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General Information

1.a General Information

Date Submitted May 01, 2009
Reporting Period April 01, 2008 through March 31, 2009
Name of the Center National Center for Earth-surface Dynamics
Name of the Center Director Efi Foufoula-Georgiou
Lead University University of Minnesota, Twin Cities
New Participating Institutions Professor Gregory V. Wilkerson

Southern Illinois University at Carbondale
Civil and Environmental Engineering
Mailcode: 6603
Carbondale, IL 62901
Tel: 618/536-2368
Email:  gwilkers@siu.edu

Changes in Contact Information None

1.b Biographical Information for New Faculty by Institution

Professor Kimberly Hill of the University of Minnesota will join NCED as a co-PI August 1, 2009. Biographical 
information for Hill is found in Appendix A: Biographical Information of New PIs.

1.c  Annual Report Contact Person

Name of the individual David Olsen
Center role Principal Accountant

Address

National Center for Earth-surface Dynamics
St. Anthony Falls Laboratory
University of Minnesota
2 - 3rd Avenue SE RM 379
Minneapolis, MN 55414

Phone Number (612) 624-4714
Fax Number (612) 624-0066
Email Address olse0046@umn.edu
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I. Context 

How will the coupled system of physical, biological, geochemical and human processes that shape 
the surface of the Earth respond to changes in climate, land use, environmental management, and 
other forcings?

The above overarching question drives the research 
of the National Center for Earth-surface Dynamics 
(NCED), a Science and Technology Center estab-
lished in 2002 with the unifying goal of predicting 
the coupled dynamics and coevolution of landscapes 
and their ecosystems, in order to transform manage-
ment and restoration of the Earth-surface environment. 
Driven by our overarching scientific goal, NCED 
tackles three grand challenges: (1) Developing a 
mechanistic understanding of the erosional and 
depositional processes that shape landscapes; (2) 
Discovering the linkages between physical, chemical, 
and biological processes; and (3) Using the under-
standing of landscape and ecosystem dynamics to 
guide management decisions. 

To address its overarching goal, NCED’s research 
has been organized into three Integrated Programs 
(IPs) each focusing on a major landscape component: 
watersheds (Desktop Watersheds IP), individual 
stream reaches (Stream Restoration IP), and deltas (Subsurface Architecture IP). All three IPs involve issues of human impact, 
management, and restoration and embrace a two-way collaboration between those developing knowledge and those applying 
it. NCED’s initiatives on Knowledge Transfer, Education, and Diversity cut across the three research IPs, and all together 
form a tight nexus that uniquely characterizes NCED’s approach to societally relevant scientific discoveries (See Figure 1).

This section puts the results reported in the main body of this Annual Report in the context of NCED’s overarching scientific 
goal and its Strategic and Implementation Plan (SIP). We start by a summary of Program level accomplishments, followed by 
community level accomplishments and finish by discussing the Center’s accomplishments in developing NCED’s Legacies. 

Program level accomplishments
Desktop Watersheds Integrated Program: The goal of the Desktop Watersheds Integrated Program (DWIP) is to discover and 
advance the fundamental relations needed to predict landscape evolution and to model the coupling of ecosystem, landscape, 
and land-use dynamics. The central method of DW research is to exploit high-resolution digital topographic data to advance 
hypotheses, guide fieldwork, and test theories. We reached two major milestones this year with the release of “Ripple” (a 
digital terrain based model for limiting factors analysis of Coho salmon) and GeoNet (a new computational tool for network 
delineation). Ripple is the first demonstration of what we term terrain-based prediction, i.e., specific testable ecogeomorphic 
predictions based on terrain, network structure and other remotely sensed data. GeoNet extracts channels and channel networks 
from high resolution digital elevation data (LIDAR). DW research has also employed digital environmental data to predict 
the most likely size and location of shallow landslides. We have developed an algorithm, based on spectral graph theory, 
which has been successful in employing topographic, soil depth, pore pressure, and strength data to efficiently predict shallow 
landslides in a study site on the Oregon Coast Range. New models have also been proposed for soil transport on hillslopes 
(using non-local theories of transport), river incision (influence of fractional advection on sediment), strath terrace formation 

Figure 1: NCED Integrated Programs centered around its overarching scientific goal.
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(periodic cutoff during lateral migration of incising channels), boundary forces due to mixed grain size granular flow, and 
slope dependent initial motion of sediment (less mobile on steeper slopes). Important discoveries have been made on algae 
interannual variation in productivity and its influence on the spatial and temporal patterns of food web, nutrient cycling, and 
drainage area-dependent thresholds in invertebrates. Also, the role of micro-turbulence in modulating algal and bacterial nutrient 
uptake and growth has been documented suggesting that turbulence cannot be neglected, even for organisms in size-ranges 
thought to be dominated by viscosity.

In addition to advances in the use of digital environmental data, collection of such data has also been expanded in the DWIP 
through work on the Keck HydroWatch monitoring site on the hillslope adjacent to Elder Creek in ACRR. Studies suggest 
that the problem of flow in near-surface fractured rock is a crucial knowledge gap in hydrology in general and in hilly and 
mountainous landscapes in particular. We are adding to our existing automatic collection of Elder Creek stream flow and rainfall 
data by developing the capability to take automatic water samples from wells to document spatial and temporal dynamics 
of water chemistry. The sampling program allows us to quantify rates of bedrock weathering to investigate the influence of 
biota on geochemistry.  

Stream Restoration Integrated Program: The goal of Stream Restoration Integrated Program (SRIP) is to advance the 
science and practice of stream restoration by conducting and coordinating research and by working with agency and industry 
partners to identify information needs, develop improved tools, and transfer this knowledge into practice. NCED research 
addresses three key areas of stream restoration practice: watershed context for evaluating and locating restoration alternatives, 
predictive relations for the physical and ecological response of stream channels to project actions, and decision making methods 
incorporating improved information, predictive methods, and uncertainty. This year has seen substantial progress in SRIP 
designed to develop a sediment budget for the Le Sueur River Basin in Minnesota. The project combines field measurements, 
radiogenic isotope models, high-resolution LIDAR analysis, and the development of water and sediment routing models to 
understand sediment sources and sinks and guide environmental decision analysis. This year we have also made substantial 
advances in the experimental approach to restoration through collaborative research in the Outdoor StreamLab (OSL). OSL 
is the first large-scale experimental facility devoted to stream restoration and has begun, in its inaugural field season, to 
contribute to our fundamental understanding of stream ecosystems and restoration practices. Work in the OSL has informed 
our understanding of how riparian vegetation influences the structure and function of fluvial ecosystems and how nutrient 
processing potential and heterogeneity develop within the benthic and surface communities. Summer 2009 work in the OSL 
will investigate the impact of in-stream rock structures, common components of stream restoration projects, on flow, transport, 
and the in-stream and hyporheic ecosystems.

OSL would be a major step in itself, but it is not being developed in isolation. We have made a major commitment to develop-
ing new computational techniques for simulating turbulence in streams and structures that we term the Virtual StreamLab 
(VSL). With OSL and VSL, we now have the first fully functional three-pronged approach to predictive stream restoration: 
our traditional experiments (ISL), the OSL, and the computational VSL. The different components of StreamLabs have an 
essential symbiosis. ISL and OSL provide the high-resolution, field-scale observations needed to validate VSL. VSL provides 
the capability to extrapolate detailed flow information beyond regions of direct observation, supporting testing of reach-scale 
hypotheses and models. VSL also expands our experimental capacity, supporting virtual experiments in a number and range 
much broader than could be accomplished in a physical flume. This interaction among the different components of StreamLabs 
is essential in developing a new approach to modeling the ecogeomorphology of streams.

Subsurface Architecture Integrated Program: The Subsurface Architecture Integrated Program (SAIP) was fundamentally 
redesigned in Year 5 to focus exclusively on restoration of the Mississippi Delta. The revised goal of SAIP is to use information 
from modern systems, experiments, and stratigraphic records to develop a predictive understanding of delta evolution, and 
apply this understanding to delta restoration. Since the change in focus to delta restoration, we have made rapid progress in 
providing tools for delta prediction and restoration. These include the first laterally averaged version of our land-building 
model, which is currently being incorporated into the existing wetlands-ecology modules that are part of the LSU Coastal 
Louisiana Ecosystem Assessment and Restoration (CLEAR) project, now closely affiliated with NCED. Our land-building 
model has been calibrated and tested using a suite of data defining the natural evolution of Wax Lake Delta (WLD) and can be 
used to optimize the design of a land buffer against hurricanes for New Orleans and to evaluate the effectiveness of different 
land-building strategies to reverse wetland loss in southern Louisiana. Results of the model suggests that it is possible to build 
substantial amounts of land over the time span of a century, even in the face of high rates of subsidence and sea-level rise.
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Additional significant advances for the advancement of delta restoration this year were the LIDAR mapping survey of WLD and 
the assembling of a data set from the lowermost Mississippi River and WLD that defines sediment transport and sedimentation 
processes associated with a relatively large, ten-year flood and two hurricanes.  Measurements from Wax Lake delta are specifi-
cally targeted at resolving characteristic patterns of sediment deposition and erosion on wetlands associated with floods versus 
cyclonic storms. Data were also collected that begin to show how these patterns are moderated by vegetation. Measurements 
collected during main-river flooding are now being used to estimate the optimal tapping depths possible diversion channels 
along the banks of the Mississippi River for delta restoration.

Knowledge Transfer: The goal of NCED’s Knowledge Transfer (KT) Initiative is to create and maintain collaborations 
between NCED and our science stakeholders, the broader research community, and NCED participants, in order to insure that 
NCED research is informed by the greatest societal needs and the insights and tools that NCED produces are incorporated into 
practice in a significant way. In Year 6 NCED developed a new model, focused on the establishment of Research Cooperatives 
(RCs), for knowledge exchange with industry and agency partners. Based upon published National Science Foundation 
(NSF) funded work by Gray and Walters (1998), RCs consist of small multi-disciplinary, multi-institutional teams working 
on critical areas of research; we have dubbed these RCs “Science Partner Groups.” These partners groups serve an important 
dual role of informing our research and providing means of immediate implementation of research products. Additionally, 
we use more traditional avenues to disseminate NCED research products, including working groups and formal programs 
aimed at involving visiting researchers in NCED projects.. Especially notable in this effort for Year 7 are the multi-disciplinary 
research collaborations of the Stochastic Transport and Emergent Scaling on Earth’s Surface (STRESS) Working Group, the 
Partnership for River Restoration in the Upper Midwest (PRRSUM), and the Visitor Program (VP). 

The STRESS Working Group, cosponsored by NCED, the University of Illinois Hydrologic Synthesis Activities, and the 
Desert Research Institute, aims to describe processes and transport laws that take place on Earth’s surface, from hillslopes to 
whole river networks. The major product from the STRESS collaboration is the forthcoming publication of a special volume 
of the Journal of Geophysical Research – Earth Surface, which includes fifteen papers coauthored by researchers from NCED 
and from outside of NCED. 

The Partnership for River Restoration in the Upper Midwest (PRRSUM) developed substantially in Year 7. The group held 
monthly meetings February 2008 through December 2008, each consisting of a 45-minute presentation, followed by open 
discussion. In the future, PRRSUM will foster discussion, knowledge exchange, and collaboration among academia, industry, 
and governmental agencies through the organization of an annual river restoration meeting in Minnesota. The meeting will 
bring stakeholders together for formal and informal exchange of knowledge especially germane or unique to restoration in 
the upper Midwest region of the country. The PRRSUM steering committee has been and will continue to meet regularly over 
the coming year to plan the annual meeting.

The Visitor Program fostered inaugural research in the OSL as NCED researchers collaborated with visitors from MIT to 
investigate how riparian vegetation influences the structure and function of fluvial ecosystems and with researchers from the 
University of Texas at Austin to develop an understanding of the development of nutrient processing potential and heterogeneity 
within the benthic and surface communities.

Education: The goal of the ED Initiative is to bring Earth-surface dynamics to life for a broad spectrum of learners, in order 
to educate future leaders in NCED’s key mission areas of land, resource, and ecosystem management. One of the central 
features of NCED’s ED program since its inception has been the collaboration with the Science Museum of Minnesota (SMM). 
With this critical partnership, our ED efforts have focused on forging strong multi-level collaboration with a national leader 
in informal education, enabling us to make our knowledge accessible to a wider community than would have otherwise been 
possible. While we continue to add exhibits and programming to our first exhibit space, the SMM Big Back Yard, we are 
increasingly focused on projects which bring aspects of Earth-surface dynamics to audiences beyond Minnesota. Our greatest 
accomplishment in this area is the “Water” exhibition. The exhibit, which opened in 2007, has visited three states and two 
countries outside the US; venues in three additional countries and four states have been secured for the near future. This year, 
we passed another milestone with the launch of our Future Earth Initiative, which involves six STCs in exhibit development 
focused on the Anthropocene Epoch, that period in Earth’s history in which humans have become the dominant agent of change. 
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Several Year 7 developments secured our leadership role in the creation of scientific visualization for large public audiences: 
SMM is now a regular producer of material for NOAA’s “Science on a Sphere” spherical projection system for museums. A 
new grant from the University of Minnesota’s Institute on the Environment, will enable NCED and SMM to develop additional 
content related to environmental science and bring that content to university settings through the use of a smaller portable 
spherical projection system. Finally, our two “Rain Table” interactive digital stream tables, through which visitors can “rain” 
on a landscape, became fully operational; one appeared at three national conferences, including AGU Fall Meeting and the 
Annual Meeting of AAAS, the other has been added to the Water exhibition.

Diversity: The goal of NCED’s Diversity Initiative is to increase participation by underrepresented groups in NCED scientific 
disciplines until minority representation is continuously reflective of the US national population. This includes an immediate 
improvement in participation by members of all underrepresented groups in NCED itself, and a specific focus on improvement 
in representation of Native Americans in NCED-related disciplines. Over the past seven years, NCED has worked with our 
diversity partners to develop new pathways into geosciences careers for young people. In this, our seventh year, we have 
demonstrated the success of the “Circle of Learning” concept for attracting and retaining Native American youth into Earth 
sciences. With this concept we have been able to bring new science partners (such as the Center for Compact and Efficient 
Fluid Power, an NSF Engineering Research Center headquartered at the University of Minnesota) to support students in 
our gidakiimanaaniwigamig (Our Earth Lodge) program for Native youth. With the introduction in 2006 of giiwed’anang 
(Northstar) undergraduate AISES Alliance, we now provide advice and opportunities for Native American undergraduates 
across the state of Minnesota. In Year 7 we launched the National Alliance for Broadening Participation of Native Americans 
in the Geosciences, a partnership with the University Consortium for Atmospheric Research and the GEMscholars program 
at Purdue University. The focus of this alliance will be to create new collaborations, establish a research agenda to define best 
practices related to Native American participation in the geosciences, and provide a forum to broadly promote geoscience 
educational opportunities for Native students.

Additionally, NCED is committed to creating greater diversity within our partner institutions by promoting opportunities to 
participate in NCED research to students from underrepresented backgrounds. NCED’s Faculty-to-Faculty program, which 
fosters research collaborations between NCED researchers and faculty from minority-serving institutions, hosted three 
Florida International University students for participation in NCED’s Le Sueur River project. Our Research Experience for 
Undergraduates (REU) Site on River and Coastal Restoration, now in its second year of NSF funding, hosted ten undergraduates 
in two team-focused, interdisciplinary research experiences.

Cross-IP connections: One of the goals of NCED management is to make sure that research within the IPs, while remaining 
focused on IP goals, is strongly cross-linked so that advances in one area accelerate work in other areas. This is one of the 
main ways in which organizing these three different but related IPs under the center structure provides synergy and makes the 
whole greater than the sum of its parts. We note that there is no one-to-one correlation between either PIs or institutions and 
IPs, i.e., there is no sense in which any IP is exclusively associated with any particular institution or researcher. Now that SAIP 
has modified its focus to delta prediction and restoration, NCED’s three IPs are more closely interconnected than ever. They 
form three focal areas within a web of interdisciplinary research. Questions that unify our research across all the IPs include:

1. What are useful approximations to the dynamic laws governing coupled ecologic, physical, and geochemical 
processes that shape landscapes, and what is the most effective way to apply these imperfectly known laws to 
landscape prediction? 

2. How do local interactions create and interact with recurring coherent structure in the landscape over a range of 
time and space scales, and how can we exploit these recurring structures to improve landscape prediction? 

3. How can we combine improved prediction of landscape processes with human decision-making in order to 
transform environmental management and restoration?

Specific cross-IP linkages are strong and growing. The basic logic of DWIP, the largest and most mature IP, is that high-
resolution topography provides the basis for predicting local values of key ecogeomorphic variables (e.g., channel properties, 
grain size, nutrient processing hotspots, biota populations). This approach is being directly ported to the SRIP by using the DW 
prediction model embodied in the Ripple software to, for example, constrain sediment flux, which is often the key missing 
variable in restoration failures, and by adapting it to low-gradient agricultural landscapes. In turn, the SRIP is feeding back 
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information on mixed-size sediment flux, sediment routing, and channel evolution to DWIP, where it is crucial to migrating 
the prediction scheme from static (fixed landscapes) to dynamic (evolving landscapes). The integrated delta prediction system 
we are building in the SAIP, combining NCED land-building models with LSU/CLEAR wetland modules, is termed “Desktop 
Delta” because it too uses the DW philosophy of basing ecogeomorphic predictions off high-resolution topography. There 
is new synergy at the microbial level as well, as we bring microbial techniques originally applied in meadows at the Angelo 
Coast Range Reserve DW focus site to wetlands in the Mississippi Delta. These powerful cross linkages would simply not 
exist if the three IPs were being pursued as separate, unconnected projects.

Broadening social sciences across NCED: Work this year produced major advances in incorporating the human dimension of 
Earth-surface dynamics into our project by incorporating social science research into all three Integrated Programs. Restoring 
environmental function, by its very nature, relies on not only prediction, but also on community action. To approach our 
goals of transforming landscape management and restoration actions, we take the predictive knowledge garnered through our 
research activities and test how such knowledge might be used to inform management and restoration actions. Throughout 
the Integrated Programs, we are working to evaluate how improved information can be used to improve decision-making. An 
intriguing challenge arises for landscape management when new monitoring techniques provide very different information 
from more traditional methods. Given a scenario in which we develop improved but disparate information, we are working 
to develop guidance for monitoring and management decision making. Applying that improved information to management 
decision-making also requires an understanding of public preference and the value placed by local and state residents on the 
benefit of improved water or landscape conditions. In light of that, we are working to determine public preference and willing-
ness to pay for management practices. Additionally, we are working to understand the scale economies or diseconomies in the 
construction costs of Mississippi River Delta coastal restoration efforts and the predicted amount of land building associated 
with such efforts. Such work will help us understand how the predictive knowledge garnered through our research activities 
may be best incorporated into landscape management and restoration activities. 

Community level and organizational developments
NCED researchers participate in leadership roles in several community-wide efforts, including the ones below:

Community Surface Dynamics Modeling System: Community Surface Dynamics Modeling System (CSDMS) is a commu-
nity-driven organization that promotes the modeling of Earth-surface dynamics by developing, supporting, and disseminating 
integrated software modules. CSDMS embraces a wide variety of approaches and aims to provide tools for model development 
as well as fully assembled large-scale models. It is led by James Syvitski and headquartered at the University of Colorado 
Institute of Arctic and Alpine Research (INSTAAR).In Year 6, NCED hosted the workshop that produced the science plan for 
CSDMS. In Year 7, NCED supported this work by transferring models and data to CSDMS. NCED Postdoctoral Research 
Associate Enrica Viparelli is working on converting the codes of NCED PI Gary Parker’s e-book and toolbox into the program-
ming platform supported by CSDMS. Additionally, NCED personnel are thoroughly integrated into the CSDMS organization, 
as NCED Education Director Karen Campbell is chairperson of the CSDMS Working Group on Education and Knowledge 
Transfer, and NCED researchers are working in the CSDMS terrestrial, marine, coastal, and hydrology working groups.

Meeting of Young Researchers in Earth Science: MYRES (Meeting of Young Researchers in Earth Science) is an educational 
and community-building effort with the goal of fostering open, unbiased, interdisciplinary, and international collaboration 
between researchers in the Earth Sciences. The main component of MYRES is a series of biannual four-day workshops targeting 
early-career academics. These workshops consist of keynote presentations and focused discussion. The goal of the meeting 
is to bring specialists together to educate each other about constraints and possible solution strategies for an interdisciplinary 
research problem. For MYRES 2008 NCED provided the overarching topic, with a meeting on the “Dynamic Interaction of 
Life and its Landscape.” The NCED-sponsored meeting involved over 70 young researchers (postdoctoral research associates 
and assistant professors) from North America and abroad along with four senior scientists, including two NCED PIs, serving as 
discussion moderators. Meeting delegates presented a poster, participated in focused discussion breakout groups, participated 
in an experiment on the effects of dam removal on a vegetated stream in NCED’s 25-foot travelling flume, and had the option 
of attending field trips around the Mississippi Delta. 
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Institute on the Environment: The Institute on the Environment (IonE) is a University of Minnesota center focused on 
developing cutting-edge research, world-class leadership and innovative partnerships to address complex, pressing environ-
mental problems of our day. A number of NCED PIs serve as resident fellows and associate fellows for the institute. NCED’s 
Education Initiative has also been awarded a grant through the institute that will enable NCED and the Science Museum of 
Minnesota (SMM) to develop additional content for the “Science on a Sphere” spherical projection educational system and 
bring that content to university settings through the use of a smaller portable spherical projection system.

Future Earth Initiative: The Future Earth Initiative (FEI) is an informal science program that links six NSF Science and 
Technology Centers with the SMM and NCED to develop distributed exhibit content and programming around the topic of the 
Anthropocene Epoch. The project includes exhibits at SMM and the University of Minnesota; a website focusing on current 
science related to Anthropocene issues; kiosks with in selected public venues; discussion groups with policy decision-makers; 
and youth programs that engage underrepresented youth with the program. This unique initiative will advance informal science 
education in two ways: 1) by revealing methods of accelerating the dissemination of scientific research to public audiences and 
2) by exploring ways science centers and museums can use exhibitions as educational frameworks for public policy dialogues.

Earth Science Literacy Initiative: The Earth Science Literacy Initiative (ESLI) is a community-wide effort, funded by NSF, 
to develop a consensus-based document that presents, in accessible terms, the critical big ideas and supporting concepts of 
Earth science. This effort is a companion to similar ones in the Climatic, Atmospheric and Oceanic communities. Together, 
these documents will comprise an Earth Systems Literacy reference that will inform future science education standards and 
community efforts to communicate with policy-makers, the press and educators. ESLI, which included significant input from 
over 100 researchers, educators and industry representatives from across the Earth sciences, including NCED, is currently 
available in draft form at http://www.earthscienceliteracy.org. 

Year 7 accomplishments towards Legacies
As NCED approaches the end of its NSF funding, increased emphasis has been placed on framing NCED’s legacies and 
planning for sustainability. The legacies of NCED can be classified into four broad categories: (1) Infrastructure (field and 
laboratory research facilities), (2) Synthesis and Discoveries (development of new knowledge in Earth-surface dynamics that 
cuts across disciplines), (3) Decision Making Tools (taking science into practice) and (4) People (ensuring a diverse workforce 
of world-class scientists and an informed general public). For reporting purposes and for tracking progress, we have grouped 
NCED’s Legacies into the following nine categories: (1) Observatories, (2) Experiments, (3) Synthesis, (4) Models, (5) 
Discovery; (6) Applications; (7) Education, (8) Opportunity; and (9) Communication (see Table 1).  Below we describe the 
Year 7 activities towards NCED’s Legacy products.

Observatories: Considerable investments were made this year in strategically enhancing the monitoring capacity in all NCED 
field sites: the Angelo Coast Range Reserve (ACRR), the Minnesota River Basin (MRB) and the Wax Lake Delta (WLD). In 
the Angelo Coast Range Reserve, in partnership with the Keck HydroWatch Project, extensive new measurements have been 
geared towards understanding water cycling through the soils to the deep rocks to the atmosphere and the two-way feedbacks 
of this cycling with the coevolution of landscapes and their ecosystems. Our newest field site, the Le Sueur River Watershed 
of the Minnesota River Basin (MRB) has also been intensively instrumented this year (in partnership with the MN Pollution 
Control Agency) with the goal of developing an integrated framework of field measurements, sediment routing modeling and 
environmental decision analysis for guiding sediment and nutrient reduction to receiving waters. Unique datasets have been 
collected this year in the lower-most Mississippi River and the Wax Lake Delta in order to quantify sedimentation processes 
associated with a relatively large 10-year flood and two hurricanes. These datasets will allow for the first time to study the 
effect of extreme events versus cyclonic storms in determining the patterns of erosion and deposition in a delta environment. 
Given the anticipated intensification of hurricanes predicted under climate change, this research is of special interest for 
understanding the sustainability of coastal ecosystems. 

Experiments: This year, a new NCED facility called Outdoor StreamLab (OSL) was inaugurated in partnership with the St. 
Anthony Falls Laboratory (SAFL).  OSL is the first of its kind outdoor laboratory, a large-scale experimental facility devoted 
to understanding the interaction of physical, chemical and biological processes from the microscopic to basin scale with an eye 
towards advancing stream restoration science and practice. OSL, together with the Virtual StreamLab (VSL) and the Indoor 
StreamLab (ISL), form a uniquely powerful trio of physical and virtual facilities (known collectively as StreamLabs) and 
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OBSERVATORIES: Intensive Field Research Sites (from Uplands to Deltas)

NCED has invested in three major field observatories which span a broad range of natural environments: Angelo Coast Range Reserve 
(ACRR), Minnesota River Basin (MRB), and Wax Lake Delta (WLD) which encompass the natural range of erosional and depositional 
processes driving source to sink landscape evolution in North America. These investments have produced major new discoveries and 
have led the foundation for future work not only by NCED investigators but also by the broader earth sciences community. 

EXPERIMENTS: Advanced Experimental Facilities

NCED has invested in developing unique expertise in designing state-of-the-art experimental facilities for environmental research. 
Major accomplishments include the Earthscape facility at SAFL, the rotating drum facility at Richmond Field Station at Berkeley 
and first meso-scale integrated earth observatory, the so-called Outdoor StreamLab (OSL), which provides a unique environment for 
laboratory-quality monitoring in a natural scale and setting. 

SYNTHESIS: Synthesis and Synergies across Engineering, Ecology, Earth Science and Social Science

NCED has pioneered a unique synergy across disciplines (hydrology, ecology, geomorphology, social sciences, and engineering), a 
true come-together of methodologies (mechanistic approaches, advanced mathematical and computational methods, seamless synergy 
between experiments, theory and field work), and transferring of these developments to practice.

MODELS: Minimal to Full Complexity Predictive Models 

NCED has pioneered modeling concepts that serve as pillars for advancing scientific hypotheses on cause and effect, guiding collection 
of new observations, and providing a framework for decision making. These models are made available to the community via NCED 
and via CSDMS. 

DISCOVERY: Discoveries about Earth-surface Dynamics

NCED’s integrated approach to earth-surface dynamics has resulted in a paradigm shift of how problems in earth surface sciences 
are approached based on: a predictive understanding of coupled processes operating at multiple scales; prediction of ecosystem 
functioning and other resource attributes using high resolution topography; development of geomorphic transport laws that can 
incorporate extremes and multi-scale variability; upscaling methodologies; eco-hydrolo-geomorphologic theories and models in 
erosional and depositional environments. 

APPLICATIONS: Predictive Landscape Restoration Practice

NCED has developed the scientific basis and modeling tools to transform the practice of stream and delta restoration and basin 
management decisions for ecosystem services. 

EDUCATION: The Next Generation of Researchers

NCED topics, approaches and spirit of collaborative interdisciplinary research has trained a new generation of young researchers 
on how to approach problems in earth surface dynamics. Some of these researchers are training their own students now following a 
similar style.

OPPORTUNITY: Broadening Participation of Minorities into Earth Sciences

NCED has demonstrated the success of the “Circle of Learning” concept for attracting and retaining Native American youth into 
earth sciences.

COMMUNICATION: Academia-Museum Partnerships for Communicating Earth-surface Process Science

NCED has pioneered the development of major partnerships between academia and Science Museums and has demonstrated the 
success of using this mechanism for educating students in K-12, the general public, school teachers and policy makers. 

Table 1: NCED Legacies
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are poised to make transformative advances in stream restoration science and practice. Also, at the Richmond Field Station 
(RFS) at Berkeley, the 4 m rotating drum (the largest even built for granular flow research) was equipped this year with new 
automated sensing technology for surface bed topography and photogrammetry and as a result attracted new research and 
collaborators from around the world. 

Synthesis: This year marked a milestone in achieving a true integration across the social sciences, physical sciences and 
engineering towards developing a framework for environmental decision analysis to guide stream and delta restoration. In the 
Minnesota River project, a synthesis of sediment source observations, predictive modeling, and an understanding of public 
preference and willingness to pay or to accept incentives for management actions, has allowed for the first time the explora-
tion of management options for reducing sediment and nutrient loadings.  In the Mississippi Delta, new ground was broken 
this year in understanding the relationship between the predicted amount of land building and estimated costs, given a range 
of diversion sizes and considerations of economies of scale (i.e., would one large diversion or multiple small diversions be 
optimal?). Synthesis across disciplines (hydrology, ecology and geomorphology), methodologies (mathematical/statistical 
approaches and mechanistic descriptions), and field work/experiments/theory continue to be strong and have resulted in 
fundamental new discoveries, new insights and new models. 

Models: This year marked a milestone in terms of releasing to the community two major models on which NCED PIs have 
been working for the past few years: Ripple (a digital terrain data-driven model for limiting factors analysis of Coho salmon 
populations) and GeoNet (a toolbox to enable the efficient and fast channel extraction from high resolution digital elevation 
data).  Also, the first version of a land-building model (a laterally averaged model) that predicts the spatial and temporal evolu-
tion of entire delta lobes was completed and a reduced complexity module to introduce the finer channel network structure 
was developed. NCED researchers have initiated this year the development of the first computational framework for detailed 
simulation of turbulent flow and sediment transport processes, including coupled turbulence/aquatic biota interactions in natural 
streams and the effect of in-stream structures at full-scale Reynolds numbers. These models (part of the Visual StreamLab) 
will serve as predictive tools for evaluating the quality of aquatic habitats and simulating the distribution of nutrients, grazers 
and biomass in natural systems. A partnership with the Community Sediment Dynamics Modeling System (CSDMS), an 
NSF funded activity, has been initiated this year to make some NCED codes and models compliant with the platform-free 
interoperability specifications of CSDMS and to supply data sets to the community for model validation. 

Discovery: New major scientific results have been reported by NCED PIs over the past year. Some of these discoveries 
include: threshold patterns in primary productivity shift riverine carbon sources to algae (instead of terrestrial plants) and 
greatly increase insect biomass and nutrient cycling dominance to grazers; soil microbial consortia are more resilient to long-
term changes in rainfall than overlying grasslands; grain size, sediment supply and spatio-temporal variations in runoff have 
a much stronger influence on channel slope and profile relief than does uplift rate and bedrock erosional resistance; extreme 
heterogeneities in transport velocities over a broad range of scales call for rethinking the typical local transport laws and point 
to the need for generalizations to accommodate non-local computation of flux; microbial metabolism and nutrient flux at the 
organism scale play an important role in reach-scale predictions; new theoretical results have been reported in the sorting of 
mixed sediment at the grain scale (vertical sorting, partial transport), section scale (grain-size patches, dunes and bars) and 
reach-scale (in-channel and overbank storage); an extremely punctuated transport of sediment has been documented in the 
lower part of the Mississippi River; the topographic signature on landscapes has common characteristics to that of unhealthy 
heartbeats, pointing to a common expression of “stress” in natural systems.  These are only but a few examples of significant 
discoveries that are critical in improving our predictive ability of the coevolution of landscapes and their ecosystems. 

Applications: The laterally averaged model for delta growth has been used during the past year to evaluate the amount of 
new land that could be built via major diversions into Barataria Bay and Breton Sound. Different scenarios of environmental 
conditions such as subsidence and sea-level rise have been explored and the modeling results have been handed off to 
modelers of storm surge to estimate potential surge reductions at New Orleans associated with those predicted with the newly 
constructed wetlands. In the Le Sueur river basin, a component of the Minnesota River watershed basin, a sediment budget 
model has been developed in collaboration with industry and agency partners and is used to predict sediment sources and 
nutrient cycling. Coupled with human preferences and incentives this model is used as an environmental decision making 
tool to suggest stream restoration practices for reducing sediment and nutrient loading into lake Pepin. In California, the 

“Ripple” Model developed in partnership with Stillwater Sciences is used by federal agencies to guide land-use management 
decisions. This year, a study funded by the Regional Water Control Board uses “Ripple” to guide a TMDL (Total Maximum 
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Daily Load) analysis of Pescadero Creek (south of San Francisco). As part of NCED’s effort to inject its science to societal 
applications, NCED PIs convene short courses on stream and delta restoration and provide training in the use of NCED 
models as decision-making tools. 

Education: In graduate education a milestone of last year was the international forum MYRES III (Meeting of the Young 
Researchers in Earth Sciences) which was inspired and co-funded by NCED on the topic “Dynamic Interaction of Life and 
its Landscape”. The Stream Restoration Certificate Program is thriving with new students graduating every year. Another 
milestone was the completion of Year 1 of our REU program on River and Coastal Restoration. Two teams (Team Marmot 
and Team Delta) participated in the program with an unprecedented success. The year 2 recruiting is almost complete and 
the success of last year’s program has resulted in many more applications than there is space available. NCED continues 
to produce and distribute material for teacher training (maps, stream tables etc.) and collaborate with partners on Teacher 
Training workshops. This year, we have introduced two new programs in an effort to reach the broader scientific community: 
the “Summer Institute on Earth Surface Processes,” starting in August 2009, has the goal of training young researchers into 
an integrated interdisciplinary approach to Earth system science research; and the Young Scientists Network has the goal of 
mentoring non-NCED young researchers and encouraging them to use the facilities, data sets and models produced by NCED.  
Also, this year, two working groups led by NCED PIs have met and have broken new ground in the areas of stochastic transport 
and emergent scaling (a special issue of JGR-ES has resulted from this working group to be published in the summer of 2009) 
and in advanced mathematical methods for geomorphic transport. 

Opportunity: This year has brought to fruition the hard work of NCED over the past 7 years in engaging minorities in science 
and engineering. 3 of the 5-member student team working on the Wax Lake delta (Team Delta) as part of the REU were from 
underrepresented groups and 4 of the 5 were women. In the Team Marmot, 3 of 5 students were minorities and 4 of 5 were 
women. More than half of those students presented their results at the 2008 AGU Fall meeting. A Native American student 
completed her MS thesis this year at UT-Austin on spatially varying subsidence of the Mississippi Delta and accepted a 
geologist position at ConocoPhillips. Three minority students have carried out extensive research at ACRR and two have won 
fellowships at UC-Berkeley. Plans are underway to re-establish a Berkeley chapter of the Ecological Society of America’s 
SEEDS (Strategies for Ecology Education, Diversity and Sustainability: Diverse People for Diverse Science) program. Our 
Faculty-to-Faculty program with Minority Serving Institutions (MSI) is thriving and has involved three minority students in 
the Le Sueur project. 

Communication: NCED’s most noticeable accomplishment in Education is the tremendous impact in informal education via 
the partnership with the Science Museum of Minnesota. Over two million people have been reached via the “Big Back Yard” 
Exhibit, and the recently completed “Water” exhibition is touring internationally. A major new accomplishment is the funding 
of a new initiative called the “Future Earth Initiative” in collaboration with six other STCs.  
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IIa. Desktop Watersheds Integrated Program

Program Team
Lead PI: William E. Dietrich 
Program Manager: Collin Bode 
Contributing PIs: Jill Banfield, Jacques Finlay, Efi Foufoula-Georgiou, Miki Hondzo, and Mary Power 

Goal
The goal of Desktop Watersheds (DW) Integrated Program (IP) is to discover and advance the fundamental relations needed 
to predict landscape evolution and to model the coupling of ecosystem, landscape, and land-use dynamics. We pursue this 
goal through mechanistic field and laboratory studies, scaling analysis, and numerical modeling.

One central theme in DW is to exploit high-resolution digital topographic data to advance hypotheses, guide field work, and 
test theories. Combining digital environmental data (topography, vegetation, precipitation, runoff, etc.) with research showing 
how local environmental properties are controlled by drainage basin structure, we propose, for example, that such data can be 
used to make spatially explicit predictions about resource attributes (landslide locations, riverbed grain size, algae abundance, 
food web interactions, etc.). Such predictions can then become null hypotheses to guide fieldwork, transforming it from simple 
data gathering or monitoring to hypothesis-testing.

Digital topographic data also offer the possibility of building watershed-scale numerical models of real landscapes to explore 
problems ranging from the long time-scale controls on landscape evolution to short time-scale response of aquatic ecosystems 
to land-use change. Such modeling efforts are inhibited, however, by a lack of knowledge and quantitative expressions for 
many of the fundamental geomorphic and biotic processes. NCED principal investigators (PIs) and collaborators are closing 
this knowledge gap and introducing new theories and approaches, leading to discoveries about landscape evolution and to 
the construction of practical numerical models that will revolutionize land-use management and environmental forecasting. 
NCED’s unique breadth of researchers, experimental facilities, and field programs has enabled it to assume this leadership role.

Approach
High-resolution digital topography provides a common template for DW research. To unlock the potential of digital topography, 
we introduce new theories, propose new analytical approaches, conduct innovative experimental studies, and perform intensive 
field studies to discover, parameterize, and evaluate the fundamental driving equations. Our findings are made available to 
others to improve watershed-scale numerical modeling being developed across the community. We use our current digital-
terrain based models to guide prioritization of research and to maintain a tight coupling between modeling and observation. 
In their simplest form, in which the topography is used to estimate such features as biological productivity, probable landslide 
location, channel morphology, or bed grain size, DW models can provide a relatively parameter-free prediction of landscape 
attributes: These predictions are useful in guiding fieldwork and in applications, such as planning timber harvests and stream 
restoration projects. Advances from new research will eventually lead to the ability to model cumulative watershed effects and 
controls on total maximum daily load (TMDL) levels of sediment and to “game” management scenarios in order to optimize 
land-use activities for ecosystem protection and restoration.

Summary of Desktop Watershed activities under the “legacy” categories
Observatories: The investment of NCED in the Angelo Coast Range Reserve (ACRR), the DWIP site of intensive field research, 
is leading to a unique facility where ecologists, geomorphologists, engineers, hydrologists, geochemists, and atmospheric 
scientists are collaborating. We are building long-term monitoring programs, testing and advancing new technology for field 
observations, and educating students through class field projects, summer research projects, and graduate research. Scientists 
and students from across the country now come to ACRR to conduct research. In the past year, the following has been added 
to the ACRR infrastructure: 1) water level recorders on seven small tributaries and an additional one on Elder Creek to 
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document seasonal (and diurnal) water level fluctuations (for winter sediment transport studies and summer water balance 
research); 2) an array of sap flow meters, climate “motes,” automatic water samplers for wells and stream flow, rain gaging 
and sampling for geochemistry, and periodic neutron probe and electrical resistivity measurements at the Keck Hydrowatch 
site; 3) replacement of an antiquated water level recording system on the South Fork Eel River; 4) 30 HOBO light sensors 
and several photosynthetically active (solar) radiation (PAR) detectors;  5) five tree-mounted (40-65m) solar power systems 
to supply power to the Keck Hydrowatch site; 6) broadband wireless network providing connectivity across ACRR for facility 
Internet access and for real time uplink of monitoring instruments; and 7) sensor observatory cyberinfrastructure allowing 
environmental monitoring data streams to be archived, managed, queried, and viewed remotely. New programs were initiated 
in: 1) uplands wetlands as ecological hotspots, 2) photogrammetric surveys down the South Fork Eel of algae abundance 
and seasonal encrusting with Epithemia, 3) annual juvenile steelhead survey at 14 sites in the ACRR, 4) expanded studies on 
controls on Foothill Yellow-legged Frog populations, 5) a “source to sink” analysis of Epithemia to document possible linkages 
between river productivity and offshore whole-basin record in marine sediments, and 6) detailed strath terrace mapping and 
numerical modeling of formation. In collaboration with the Keck Hydrowatch group, considerable effort has been given to 
data management and accessibility. 

Experiments: The NCED-sponsored Richmond Field Station (RFS) now has: 1) a 0.56 m (15 cm wide) and a 4 m (80 cm 
wide) vertically rotating drum, 2) a walk-in Titan temperature-simulation chamber (to study sediment transport on Titan 3) a 
28 m, 86 cm wide flume for sediment transport and morphodynamics study, 4) a 6.1 by 17 m sediment basin for river meander 
morphodynamics experimentation, and 5) a variety of smaller flumes for smaller projects. Specifically, NCED supported the 
development and construction of the 4 m drum (largest ever built for granular flow research). In the past year, this drum has 
experienced intensive use and attracted collaborators from Austria and Switzerland to explore pore pressure dynamics and 
the mobilizing influence of ice. NCED built a cart for the RFS 28 m flume for automated measurements of bed and surface 
topography and photogrammetry (and other measurements) that has served as the prototype model for more than 10 carts 
built since then. Recently the cart was upgraded to catch it up with its offspring models. NCED also supported maintenance 
and instrumentation of the sediment basin. The legacy is both in facilities that enable new research, but also in the training it 
has provided to students and post-doctoral fellows.

The NCED-sponsored water purification system at the Goldman Environmental Science Center at the ACRR will greatly 
facilitate future biogeochemistry studies there by eliminating the laborious and time-consuming need to import high quality 
distilled de-ionized water from the University of California, Berkeley (UCB) campus 3.5 hours to the south.

Synthesis: A key NCED legacy has been the strong interaction among researchers from different backgrounds. Currently at 
the ACRR there are many cross-disciplinary collaborative projects, including research on: 1) soil microbial response to climate 
change (geobiologists and ecologists), 2) channel network mapping (engineers and geomorphologists), 3) debris flow mechanics 
(physicists and geomorphologists), 4) soil transport (engineers and geomorphologists), 5) river food webs (ecologists and 
geomorphologists), 6) ecosystem metabolism (engineers, biogeochemists, and ecologists), 7) fine sediment infiltration into 
gravel beds (engineers and geomorphologists), and 8) coevolution of vegetation and climate with global warming (ecologists, 
geomorphologists, geochemists, engineers, computer scientists, hydrologists, statistician and atmospheric scientists). 

Models: A wide variety of models have been produced since NCED’s inception, ranging from methods of digital topography 
analysis to numerical methods for linking geomorphic and biotic processes. In the past year, NCED released two models 
(with source codes) on the web: 1) Ripple (digital-terrain data based model for limiting factors analysis of Coho salmon), 
and 2) GeoNet (a toolbox to enable an efficient and fast channel extraction from digital elevation data). New models were 
proposed for: 1) soil transport on hillslopes (using nonlocal theories of transport), 2) landslide size (based on spectral graph 
theory), 3) river incision (influence of fractional advection of sediment), 4) boundary forces due to mixed grain size granular 
flow (distinct element modeling which challenges Bagnold model for boundary forces), 5) slope-dependent initial motion 
of sediment (less mobile on steeper slopes), 6) strath terrace formation (periodic cutoff during lateral migration of incising 
channel), and 7) infiltration of fine sediment into immobile gravel (exponential decrease with depth). We are working with 
Community Surface Dynamics Modeling System (CSDMS) to bring our more mature models into compliance with their 
CCA interoperability specifications and to supply sample datasets. Ripple and GeoNet are the first models we will be porting. 
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Discovery: In addition to the new models summarized above, which represent a kind of theoretical discovery, DWIP discoveries 
in Year 7 fell into seven broad categories (two primarily about biota and four primarily about physical processes). 

1. Algae interannual variation in productivity and seasonal blanketing with Epithemia diatoms (containing nitrogen 
fixing bacterial) in the South Fork Eel River profoundly affect the spatial and temporal pattern of the food web, 
nutrient cycling, and drainage area-dependent thresholds in invertebrates and dissolved nitrogen. Comparison 
with other rivers shows similar threshold patterns of primary productivity with drainage area. The threshold 
increase in primary production shifts riverine carbon sources to algae (rather than terrestrial plants), greatly 
increases emergent insect biomass, and shifts nutrient cycling dominance to grazers (rather than shredders). The 
local biomass of these grazing invertebrates varies as a power law on the local turbulent kinetic energy.  

2. Tadpole growth and survival of the Foothill Yellow-legged Frog depends on interactive effects of temperature and 
food. 

3. Despite strong seasonal responses, soil microbial consortia are more resilient to long-term changes in rainfall 
than overlying grasslands. Extreme weather events, however, could push communities outside their window of 
adaptation.

4. A saltation-abrasion model of fluvial river incision demonstrates that grain size, sediment supply, and spatial 
variation in runoff have a much stronger influence on channel slope and profile relief than does uplift rate and 
bedrock erosional resistance. Debris flow incision appears to be driven by large excursion forces (which increase 
with coarser grain size tails) relative to the static mean weight of the flow. Grain segregation in the granular flows 
is strong, and forces at the boundary due to mixed-grain size flows do not match those expected from the Bagnold 
model. Incision into bedrock has also been proposed as headward seepage erosion process. The discovery 
that canyon morphology, generally assumed to be indicative of seepage erosion, was formed by a megaflood 
challenges the importance of seepage erosion and argues against using purely morphologic data to infer process 
(as is often done on Mars).

5. The patchy size distribution of sediment across a riverbed can be categorized as “free” (to move) and “fixed” 
patches, whose extent depends on sediment supply. Channels with reduced sediment supply may inherently be 
unable to transport sediment uniformly across their width. Furthermore, cross-stream variability in shear stress 
and grain size can produce potentially large errors in width-averaged sediment flux calculations. Sediment finer 
than median grain size of a gravel bed affects the bed mobility, and up to a limit, finer sediment (in adequate 
amounts) has a larger mobilizing effect.

6. Two-dimensional Fourier power spectra derived from high-resolution topographic maps quantify distinct 
wavelength of valley spacing in landscapes. The competition between diffusive (slope dependent) transport and 
advective incision (slope and area dependent) leads to characteristic wavelengths whose space depends on the 
ratio of the two terms. 

7. A new class of nonlocal transport laws was introduced as generalization (or alternative) to existing transport 
laws. The non locality of flux attempts to encapsulate the presence of heterogeneities in transport velocities or 
distances over a broad range of scales. Three problems were reformulated under this generalized framework: 1) 
bedrock river incision where large fluctuations in transport challenges the notion of an average advective velocity, 
2) tracer dispersal in rivers where a broad tailed distribution of step lengths called for a super-dispersive term, 
and 3) sediment transport on hillslopes where faster than linear diffusion was attributed to collective behavior in 
flux contributions from upstream. These developments have introduced a new school of thought in geomorphic 
transport on the Earth’s surface 

Application: The results of the Foothill Yellow-legged Frog studies have led to additional funding from the State of California 
to carry out further investigations that can be used to guide flow release schedules below dams. The usefulness of the digital-
terrain based Coho salmon limiting factor analysis model, Ripple, is currently being thoroughly tested in a TMDL study of 
the Pascadero River in California. 
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Education: The DWIP studies have involved numerous students. Over the past year, five graduate students, three postdoctoral 
workers, and two research specialists from Integrative Biology at UCB, as well as over 16 undergraduates from St. Olaf College 
and the College of St. Catherine, four graduate students from the University of Minnesota (UMN), and four local high school 
interns from Laytonville, California, have been partially supported by NCED funds and field resources. Eight graduate students 
in geomorphology are partially supported, and for the past year, two postdoctoral research associates. Both the postdoctoral 
research associates obtained assistant professorships this year. Two of the graduate students finished their dissertations, with 
one graduate taking a faculty position at Caltech and the other pursuing a career in consulting. 

Opportunity: In keeping with NCED’s focus on Native Americans, ACRR researchers at NCED have employed two Native 
American youth (Jesse DeWolf and Shayla Workman) as research interns at ACRR. These participants, who are resuming 
their education at Humboldt State University in Arcata California this fall, visited the St. Anthony Falls Laboratory (SAFL) 
during the NCED site visit in 2007. In addition, NCED PI Mary Power has begun collaborations with leaders of the Kurok 
Tribe who live along the Klamath River near the Salmon River confluence in California. The Kurok hosted her Ecosystems of 
California field class in spring 2008.They showed the class Native forest restoration and management techniques, discussed 
plans for restoration of Coho salmon rearing habitat in river tributaries on their ancestral lands, and treated them to Kurok 
cultural foods (roasted lamprey and salmon) and a display of traditional tribal games of skill. Kurok tribal leader Ron Reed, 
UCB ethnobotanist Tom Carlson, UCB indigenous social scientist Jenny Sowerwine, and Power are attending meetings of 
the Indigenous Mapping Network, which meets on the UCB campus to discuss the locations and issues of underrepresented 
Native peoples in California. We are supporting a plan to re-establish a UCB chapter of the Ecological Society of America’s 
Strategies for Ecology Education, Diversity and Sustainability: Diverse People for a Diverse Science (SEEDS) program. Reed 
and Kurok colleagues interested in forest and watershed management will visit the ACRR in late July 2009, and we will follow 
up with a visit to their site along the Klamath River to discuss potential collaborations, particularly environmental restoration 
projects involving Kurok youth.

Research at the ACRR has been carried out by three minority graduate students, Karelyn Cruz (Puerto Rican), Charlene Ng 
and Wil Torres (Filipino). Ng and Torres have both won minority fellowships at UCB.

Communication: We partnered with the Berkeley Natural History Museums (BNHM), the California Biodiversity Center 
(CBC), and the University of California Natural Reserve System (UCNRS) for the development of the ACRR infrastructure. 
Museum and CBC personnel are helping develop the cyberinfrastructure for ACRR. This assistance has the added benefit 
of allowing for future collaboration and education opportunities by combining the extensive species distribution data the 
museums have collected with the environmental monitoring efforts going on at ACRR. If successful, this could grow to the 
entire 35-site reserve system. 

Accomplishments and plans: Integrative projects
The multi-year commitment to projects with DWIP brought dividends in Year 7 of NCED. Continued collaborations across 
disciplines, long-term experiments and field observations, and the maturing of research questions brought many new findings. 
Below we summarize findings for the 11 DW projects. An explanation and defined milestones for each project are provided 
in the Appendix E: Strategic and Implementation Plan of this document.

 ► DW01: Numerical techniques for feature extraction

High-resolution data obtained from airborne laser swath mapping continues to be an inspiration and challenge to quantitative 
landscape analysis. In DW01 our goal is to advance methods to extract features such as channels, roads, and other topographic 
attributes of importance to environmental prediction. In the past year, we have made progress in two primary areas defined below: 
channel network extraction and road delineation.

We have introduced a framework that uses nonlinear diffusion (specifically the so-called Perona-Malik filtering) for the 
preprocessing of the digital topographic data, both to remove noise and to enhance features that are critical to the network 
extraction. Following this preprocessing, channels are defined as curves of minimal effort, or geodesics, where the effort is 
measured based on fundamental geomorphological characteristics, such as flow accumulation area and iso-height contours 
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curvature. The code developed for this analysis has been released to the community as a tool called GeoNet. GeoNet is 
available for download, executable and open source codes, and allows the user an efficient and fast channel extraction from 
the original data set in analysis. 

Figure 1 illustrates the application of GeoNet to a small basin in Italy where the channels have been mapped. Figure 1a shows 
the set of likely channelized pixels, extracted from the dataset after filtering, based on thresholding curvature and contributing 
area. The thresholds are defined based on the statistical characteristics of the area. Figure 1b shows the automatically extracted 
river network for the Rio Col Duro basin, and Figure 1c shows the comparison between our extraction (in red) and the survey 
data (in white). From a comparison with historical maps of the Rio Cordon basin, we have observed that the channels that we 
extracted, which are not present in the recently mapped data, were mapped in the past. This means that these areas are still 
convergent and present some accumulation, even though due to the presence of vegetation they are now nonactive channels. 
The analysis of the role of vegetation in the performance of GeoNet is currently under investigation.

For the past year, we have visually mapped light detection and ranging (LIDAR) data and photographic records of the roads and 
skid trails in portions of the South Fork Eel watershed. This data will be used to test automated procedures for road detection. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Channel bank identification and automated channel 
dimension mapping (Yr 6-7).

Completed. Paper done (Lashermes et al., 2007). GeoNet 
released.

Channel head location detection (Yr 6). See DW02.
Automated road mapping (location, slope, width, channel 
crossings) (Yr 9).

Hand mapping of roads in ACRR to verify automated 
techniques is underway.

Plans
We plan to test the application of GeoNet by analyzing more basins to explore the potential of this nonlinear diffusion/geodesic 
formalism for river network extraction. This approach also offers the possibility of performing backward diffusion models 
to do backwards in-time landscape evolution. We will explore this possibility. Work has begun on automated deep-seated 
landslide detection using LIDAR data, and we anticipate starting studies on road extraction using the South Fork Eel River 
data as a test case. 

 ► DW02: Exploit topographic signatures to estimate properties of and processes in the environment

Several projects are underway to exploit the high-resolution topographic data to characterize river networks and to estimate 
such things as river-bed grain size, landslide size and location, road wash and the signature of landscape erosion processes. 
These projects also contribute to goals of DW05, DW06, and DW07.

Figure 1: (a) Skeleton of the likely channelized pixels obtained by thresholding curvature and contributing area for the Rio Col Duro basin. (b) Automatically extracted 
river network for the Rio Col Duro basin, using GeoNet. (c) Figure 3. Automatically extracted river network for the Rio Col Duro basin, using GeoNet (in red) compared 
to mapped network (in white).
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Mapping the 2D branching structure of river networks to a 1D function has 
been pursued in the past using the so-called area or width function  A(x), 
which denotes the number of pixels at distance x from the basin outlet along 
the river network. Here, we have introduced two innovations. First, we 
have re-examined the statistical structure of river networks by introducing 
a distance l  that runs from source points to the outlet. We have shown 
that slope and curvature as a function of distance from the source is able 
to depict transitions from hillslope to valley to channels and also to depict 
regimes impacted from deep-seated landslides (Figure 2).

The second innovation is a new function called Incremental Area Function 
( )IAF l that depicts the incremental drainage area at distance l  along the 

mainstream ( 0l =  basin divide, l L=  length of the mainstream) when 
the resolution of the distance is ( ld ). As expected, a large spike of the 

( )IAF l  at a location would indicate the presence of a tributary at that 
location (Figure 3); the tributary arrangement would be reflected in the 
spike clustering of the ( )IAF l  function and can be studied by a multi-scale 
analysis by varying ld . We found that ( )IAF l  is a multifractal with a 
strong signature of clustering in tributary structure i.e., inter-woveness 
of small and large tributaries has a well-defined hierarchy which can be 
parameterized by two parameters. The question as to whether these param-
eters vary from basin to basin and with basin size is posed, and preliminary 
results indicate lack of universality and dependence on basin size. We 
also started on a new research direction that explores river networks as 
dynamical networks depending on the processes operating on them (i.e., 
assign a time or length timescale and redefine a “dynamical tree” based 
on the underlying static tree and the superimposed dynamics) (Figures 4 
and 5). The ultimate objective is to study the hierarchy of these dynamic 
networks and derive scaling properties which would be applicable to the 
time-dependent processes operating on these networks (Zaliapin et al., 
2009). 

Progress was made this year in developing a procedure for determining the 
size and location of potential shallow landslides using digital elevation data. 
This is a project pursued both in the research groups of NCED Director 
Efi Foufoula-Georgiou and NCED PI Bill Dietrich using complementary 
approaches. The project also involved collaboration with Jim McKean (US 
Forest Service or USFS ) and former NCED graduate student Taylor Perron 
(Massachusets Institute of Technology or MIT) to explore how to apply a 
multi-dimensional cell-based slope stability model across a landscape. This 
project, while relevant to DW02 goals, is discussed in more detail in DW05.

Field data on tributaries of Elder Creek in the ACRR have been collected 
to compare digital-terrain based estimates of boundary shear stress with 
that calculated from local field observations and to compare predicted and 
observed grain size distribution and mobility. Such data are necessary to 
improve modeling of grain size distributions from topographic data across 
watersheds. More details about these findings are discussed in DW6.

Perron et al. 2008a applied two-dimensional Fourier power spectra derived 
from high-resolution topographic maps and found that the spectral power 
declines sharply above a frequency that corresponds roughly to hillslope 
length, implying that the landscape is relatively smooth at finer scales, 

Figure 2: Statistical signature of landslides. (a) The top figures 
of the left panel show schematics of landslides. The statistical 
signature of landslides is shown in the bottom figure. Arrow 
lines show the slope distribution of the scarp, main trunk, and 
the depositional areas of landslide events. (b) The correspond-
ing statistical signature is mapped with a given confidence 
interval on Skunk Creek, South Fork Eel, California, in the 
right panel. The red color shows the scarp area, the green color 
shows the depositional area, and the blue color shows the high 
slope developments just after the landslide depositions.

Figure 3: The black color solid line in the left panel shows the 
main-stream overlaid on a shaded relief map of the South Fork 
Eel River. The red color polygons show the different size tributar-
ies joining the main-stream at tributary junctions. The blue color 
thick lines show the river network. The area magnitudes of the 
polygons correspond to the incremental area joining at each 
tributary junction. The normalized incremental area for the South  
ork Eel is shown in the right panel, where the Y-axis shows the 
normalized IAF function and the X-axis shows the normalized 
mainstream length.

Figure 4: Static and dynamic trees for the Noyo subbasin. (a) 
Static tree and (b) dynamic tree.

Figure 5: Three snapshots of the evolution of the dynamic tree 
(heavy solid lines) on the statics tree (light solid line) for the 
stream of Figure 9. Letters and number marks are the same as 
in Figure 9.
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and identifying what appears to be a spectral signature of processes 
controlling the wavelength of valleys in a landscape (Figure 6). Perron 
(Perron et al., 2008b) then developed a numerical model to explore 
valley spacing and discovered that it scales with a ratio of characteristic 
diffusion and advection timescales that is analogous to a Peclet number 
(Figure 7). This provides the first general quantitative explanation of 
valley spacing in landscapes. 

NCED Postdoctoral Research Associate Noah Finnegan has coupled the 
HEC-RAS (or Hydrologic Engineering Centers River Analysis System) 
hydraulics program with LIDAR-derived channel topographic data, and 
the NCED PI Gary Parker surface-based sediment transport equation 
to predict how the South Fork Eel responds to large-scale, long-term 
changes in sediment supply. Finnegan’s initial findings suggest that a 
doubling of sediment load (estimated to have occurred during the past 
wetter glacial periods) alone can not explain the observed 6 to 8 m of 
aggradation. Thick alluvial deposits over strath surfaces are common, 
and are not yet well understood.

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Improved model for grain size 
prediction (Yr 7).

Field monitoring is under way to test 
the hypothesis about bed mobility.

Shallow landslide size and location 
model (Yr 7).

Research is under way for an 
efficient search procedure for 
objectively mapping landslides 
based on their topographic signature.

Empirical use of mapped roads 
to estimate average fines yield to 
channels (Yr 9).

An image processing methodology 
for objectively mapping roads 
and estimating fines yield is under 
development.

Plans
IAF analysis opens up new doors for network analysis. We will determine 
how this function compares to the area function ( )A x . A framework 
in which the multiscaling properties of ( )IAF l  can be used to assess 
tributary influence downstream as a function of scale will be devel-
oped. We plan to do this via the wavelet transform Modulus Maxima 
(WTMM) method. Orthogonal wavelets can be used for compression 
and construction of the high-resolution LIDAR digital topography data 
without loss of information in terms of reproducing the statistics of the 
landscape and also extracting accurate river networks. We also intend 
to develop a formalism for analyzing dynamical processes operating 
on river networks using the concepts of dynamic trees and Boolean 
delay equations.

We will use the LIDAR data of the South Fork Eel to explore the sig-
nificance of deep-seated landslides on the whole landscape structure, 
including the long-term shaping of the fluvially dominated part of the 
network. We will seek alternative methods to define the statistical sig-
nature of deep-seated landslides. 

Figure 6: Perspective views of (a, b) landscapes, surfaces 
recon-structed from the spectral frequency bands corresponding 
to (c, d) larger valleys, (e, f) smaller valleys, and (g, h) small-scale 
roughness elements, including channel banks, using the filters. 
Horizontal tick interval is 500 m, vertical tick interval is 40 m. 
Vertical exaggeration is 2X  (Perron et al. (2008a)).

Figure 7: Steady-state topography as a function of increasing 
advection relative to diffusive transport (from 1 to 4). Colors in the 
image maps (left) show the Laplacian of elevation normalized to the 
maximum and minimum values in the grid. Concave-up areas (red) 
are valleys; concave-down areas (blue) are hillslopes. Axis tick 
intervals in the perspective views (right) are 200 m in the horizontal 
and 5 m in the vertical. Vertical exaggeration 4X. Perron et al. 
(2008b).



National Center for Earth-surface Dynamics
Annual Report 2009

Desktop Watersheds     19

The model by Perron et al. will be applied to other landscapes to detect 
its explanatory power in predicting valley wavelength. Finally, we will 
continue monitoring and characterizing the ACRR riverbed particle size 
and mobility. 

 ► DW03: Predictive mapping of key biotic populations: rela-
tionships to habitats 

The goal of this subproject is to link the distribution and abundance of 
organisms and their influences on biogeochemical cycles to habitat state 
and availability in a spatially explicit channel network framework. We are 
using new field, laboratory, and modeling analyses to discover and explain 
how distributions and physiological performances of key organisms, and 
therefore their abundances and impacts in food webs and ecosystems, 
should change through drainage networks, along environmental gradients, 
or across environmental thresholds. In particular, we are exploring how 
to use high-resolution digital data to guide fieldwork and build models of 
network-based nutrient concentrations and food web structure. This work 
is largely focused on the ACCR and the Eel River that drains through it.

Our approach is to conduct field studies of food webs (led by Power), 
perform biogechemical analyses that trace uptake and exchange processes 
(led by Finlay), and conduct local measurements in the field and apply 
advanced instrumentation and engineering analyses to identify physico-
chemical controls on organisms and their interactions with the fluid 
environment (led by Hondzo). These studies are focused on identifying 
how the landscape template affects environmental regimes that influence 
the performance and the interactions of river and watershed biota.

Downstream changes in algae, diatoms, insects and nitrogen
During the annual summer bloom, macroalgal (Cladophora) biomass 
on the South Fork Eel increases dramatically where it drains more than 
about 100 km2 (Figure 8). Through the summer, Cladophora filaments 
become overgrown by diatoms that transforms the green filaments to 
yellow. Later diatoms with nitrogen fixing cyanobacterial endosymbi-
onts (Epithemia spp.) thickly encrust the filaments, turning it a rusty 
color. These encrusting diatoms increase the per biomass nitrogen fixa-
tion rate of the assemblage by 5x (Figure 9). Because the long, branched 
filaments of Cladophora can increase the ecological surface area of the 
riverbed up to 200,000x, proliferation of these Epithemia-covered blooms may load an enormous quantity of atmospheric 
nitrogen into this generally nitrogen-limited river ecosystem. Epithemia blooms may account for the seasonal and spatial step 
increase in total dissolved nitrogen (Figure 9), which was unexpected on this otherwise nitrogen-limited river. Downstream 
from these proliferations, N:C and N:P ratios increase, to the point that P, not N, may become limiting to ecosystem growth. 
Epithemia appears highly nutritious for aquatic insect larvae, as rates of emergence of insect biomass is increased 25x on rusty 
mats relative to green, uncolonized mats. Hence Epithemia meditates two important river-atmosphere exchanges: nitrogen 
flux from the air to water and insect from water to air.

Juvenile steelhead

In the summer 2008, a new program of intensive surveys was initiated to determine the physical conditions and ecological 
interactions controlling juvenile steelhead condition and density. Across the ACRR, 14 sites were established for intensive 
sampling to assess diet sources, trophic structure, density and growth. One goal is to test new isotopic tracers to link food 
web ecology to population dynamics.

Figure 9: As biovolumes of Epithemia in epiphyte assemblages 
increase, the rate of nitrogen fixation by the mat increases five-fold 
(Jill Welter et al., unpublished). Color of symbols corresponds to 
macroscopic color of mats.

Figure 8: Cladophora, a branched macroalga, can attain lengths 
of several meters and has been estimated to increase ecological 
surface area of the riverbed by up to 200,000x. As these filaments 
can be thickly loaded with nitrogen fixing diatoms, the threshold 
for this assemblage may account for a threshold observed in total 
dissolved nitrogen in the river. Photomicrographs by Charlene 
Ng (lower right) show a living Epipthemia turgida, and a dead 
Epipthemia turgida in which the endosymbionts are more clearly 
visible. The scanning em by Rex Lowe shows that Epithemia, unlike 
other diatoms that epiphytize Cladophora, can pile thickly upon 
each other.
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Consumer-resource interactions, stoichiometry, landscape position, and nutrient transport

Five key findings have emerged in this area: 1) The role of grazers in mediating stream nutrient cycles increases with stream 
size, while the role of shredders (leaf shredders) decreases, indicating that food web influences on nutrient cycling are closely 
linked to invertebrate energy sources and food web structure; 2) Nutrient uptake rates are more responsive to variation in 
autotrophic production compared to heterotrophic metabolism; 3) Areal uptake rates and metabolism increase with stream 
size; 4) Phosphorus uptake and nitrogen fixation in stream channels can greatly alter nutrient stoichiometry as stream water 
moves through channel networks, potentially shifting N limited streams to P limitation during productive summer months; 
and 5) Sources of dissolved and particulate organic carbon shift from terrestrial to aquatic sources abruptly due to increased 
primary production.

Predictive mapping of the caddisfly Glossoma

Glossosoma is an armored (predator-invulnerable) caddisfly that is the dominant algal grazer in darker tributaries of the South 
Fork Eel network. Local field measurements at the ACRR have successfully defined the hydraulic conditions that Glossoma 
prefer. Glossoma biomass, nondimensionalized by local bed roughness, turbulent kinetic energy, and fluid viscosity was found 
to vary as a power law of a Froude strain number (ratio of the product of turbulent kinetic energy- roughness product to the 
gravity and kinematic viscosity). 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Spatially explicit Coho salmon model for rivers (Yr 6). Downstream variation and seasonal dynamics of algae 

and riverine habitat (Coho salmon and frogs) has been 
advanced over the past year (see also DW09). These 
advances are currently incorporated into a predictive 
modeling framework to be included in Ripple.

Model for frog reproductive patterns (Yr 7).
Model for seasonal peak algae distribution (Yr 8-9).

Plans
Work will continue on each of the major subthemes identified above. Additional projects to expand our understanding will 
also be initiated. We will extend the observations on Cladophora and its encrusting Epithemia down the Eel River to its mouth 
(drainage area 9,200 km2). The distribution and abundance of Nostoc (a cyanobacterium) will also be mapped to understand 
further the controls on nitrogen dynamics and insect flux (possible hot spots of midge production with areas of high Nostoc 
abundance). The effects of light intensity and effect of fluid flow on nitrogen fixation by Epithemia will be studied to explore 
the nitrogen-fixation machinery. Work has begun and will continue on using the high-resolution digital surface data to predict 
the intensity and duration of light through the network that will affect proliferation of Cladophora and nitrogen fixation 
organisms (e.g., Nostoc, Epithemia). Some 30 distributed HOBO light meters and several PAR sensors have been deployed 
throughout the basin to calibrate and test this model. This will be supported with experimental studies on N fixation. We will 
also investigate other consequences of increased autotrophic (i.e., Cladophora) production. Importantly, Cladophora mats 
appear to be hot spots for the methylation of mercury, which renders this toxic element bioavailable. This may account for a 
downstream increase in Hg concentrations in certain guilds of algal-consuming aquatic insects (Tsui, Finlay, et al., unpublished). 
In addition, Cladophora detritus, when buried, may contribute to the carbon supply and hypoxia necessary for nitrogen removal 
via denitrification (O’Connor et al., 2006). Taken together, these studies will identify the underlying mechanisms, map the 
spatial dynamics, and quantify the environmental and biogeochemical consequences of algae, diatoms, and cynobacteria 
growth and nutrient exchange through the channel network of the ACRR. 

 ► DW04: Understanding linkages among solutes, soil production, and biota 

For over six years, experimental plots on a meadow adjacent to the South Fork Eel in Mendocino County, California (39˚ 43’ 
45” N, 123˚ 38’ 40” W, ACRR) were exposed to simulations of the two major climate predictions: the Hadley model, which 
calls for intensified winter rainy seasons, and the Canadian model, which predicts extended rains into the spring and summer. 
We have expanded on an earlier study revealing profound changes in plant and invertebrate diversity in the grassland plots 
with added spring rainfall to evaluate how simulated climate change alters the structure of soil microbial communities to 
compare the above ground changes with changes in the soil.
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In the first phase of research, and working across two years, we used state-of-the-art, high-density 16S rRNA gene microarrays 
to analyze the responses of bacterial and archaeal taxa in a natural grassland to the predicted alternative precipitation regimes. 
The microarray enabled a remarkably comprehensive (approximately 9,000 distinct taxa) analysis of soil microbial community 
membership and comparisons between time points and treatments allowed us to test for treatment-specific effects. We have 
now completed this study (Cruz et al., 2009). Data defining the membership and abundances of microorganisms in plots that 
received the two treatments, plus the control plots, in combination with geochemical data, indicated that soil archaeal and 
bacterial responses are largely decoupled from changes in the production and composition of overlying organisms. Intriguingly, 
however, unusual weather events induce a short-lived response in microbial communities, but the perturbation is reset annually, 
implying unexpected resilience of soil consortia to climate changes of the magnitude tested. However, the findings do not 
indicate that microbial communities are unperturbed by changes in physical and chemical conditions (just that the seasonal 
responses are not significantly altered by changes in rainfall amount and distribution). In fact, we see strong annual changes 
in community membership. Ongoing work is currently focusing on detailed analysis of these changes across all plots. 

The first two-year experiment focused on soil samples collected many weeks to months apart. A more recent phase of research 
initiated last year examines microbial community structure changes more in response to weather events over days to weeks 
timescales. Samples were taken at four time points over a 22-day period following the first rainfall after the long summer 
drought. Geochemical parameters indicate extreme spatial heterogeneity, some statistically significant differences in conditions 
with time, and high variation with soil depth. Microarray analysis of the microbial response in these experiments, as well as 
additional soil chemical data collection, has been the focus of recent research. These results, along with a soil-under-grass 
vs. soil-under-moss comparison, will be included in the PhD thesis of NCED graduate student Karelyn Cruz, with expected 
completion May 2009. 

Microorganisms exert fundamental controls on soil fertility and nutrient dynamics. Previously it has been impossible to survey 
the membership of soil microbial communities, preventing comparison of microbial responses to factors, such as changing 
climate, with those of plants and animals. This study examined climate change impacts on all of these groups simultaneously. 
The effects of climate change on soils are uncertain but are of great interest to the scientific community and public because of 
likely consequences for land use, agricultural productivity, and the natural environment. Here we show that microorganisms 
exhibit an unexpected degree of robustness in the face of changing climate. However, the combination of extreme weather 
events and altered precipitation patterns can push communities outside their window of adaptation. Ultimately, it may be the 
extreme events that are predicted to accompany global climate change that cause irreversible changes in soil biology. Our 
findings also show that, contrary to some public opinion, microorganisms are not “canaries in the coal mine” for climate 
change effects.

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Document how microbial community in soil responds to 
changes in seasonal water loading (Yr 6 to 9).

The effects of water loading (average vs. extremes) in 
microbial communities have been documented with 
important implications for climate change impacts (see 
Cruz-Martinez et al., 2009).

Plans
At the Keck Hydrowatch monitoring site on the hillslope adjacent to Elder Creek, an expanding program of geochemical 
monitoring has been initiated. There will be three sites along the hillslope profile where automatic water samples will be taken 
from wells to document the spatial and temporal water chemistry dynamics. Elder Creek stream flow is also automatically 
sampled, and rainfall is collected for analysis. This sampling program will enable us to quantify rates of bedrock weathering 
and influence of biota on geochemistry. 

 ► DW05: Controls on rate of landslide transport to channels

Significant progress has been made in developing an algorithm that can search topographic, soil depth, pore pressure, and 
strength information at the grid scale, apply a 3-dimensional slope stability model for any collection of grids, and predict the 
optimal (most likely) size and location of shallow landslides. NCED graduate student Dino Bellugi has introduced an approach, 
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based on spectral graph theory, that efficiently performs this function. He has successfully applied this to study sites in the 
Oregon Coast Range where location, timing, and controls on landsliding are unusually well known and the LIDAR, hydrologic, 
and strength properties are known or can be calculated. This is a project being done in collaboration with McKean and Perron. 

NCED graduate student Chandana Gangodagamage and Foufoula-Georgiou have also proposed a new methodology for map-
ping landslides based on their distinct topographic signature. They demonstrated that slope vs. directed distance and curvature 
vs. local slope offered powerful tools for identifying the presence of deep-seeded landslides. They also performed a higher 
statistical moment analysis of the area/slope relationship and documented that landslide-disturbed landscapes exhibit similarities 
to an unhealthy human heartbeat. Specifically, “unhealthiness” reduces the complexity and degree of extreme fluctuations.

Along the South Fork Eel River there are extensive strath terraces, which border steep adjacent hillslopes and are wide enough 
in some areas to capture all the sediment that has arrived from the hillslopes and from small tributaries that drain onto the 
strath surface. We are exploiting one such area where two small debris fans terminate within the strath terrace to document 
rates of landscape erosion recorded in the fan deposits. Here, recent NCED undergraduate student Joel Scheingross and former 
NCED Postdoctoral Research Associate Jane Willenbring are testing the reliability of Optically Stimulated Luminescence 
(OSL) dating and 10Be exposure age dating to provide timing of deposition and rates of erosion (respectively), as we have 
independent radiocarbon dates and from such dates alone can get the timing and the total erosion (based on volume of the 
deposit). Work is in progress, but first estimates are that the cosmogenic erosion rates are essentially correct, but large error 
is possible in the OSL rates. Validation of these tools in landslide dominated landscapes is important for using them to get 
event dates and erosion rates. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Document rates of erosion associated with deep-
seated landsliding (Yr 6).

Cosmogenic data at ACRR give erosion rates in the late 
Pleistocene and Holocene—most likely driven by landsliding. 
Intensive field study evaluating methods is broadly supportive.

Develop a shallow landslide flux “law” (Yr 8). Developed a 3D theory for instability and have had initial 
success in application across real topography.

Develop a deep seated landslide flux “law” (Yr 9). Rates of sediment discharge is a start, but no specific progress 
yet.

Plans
With the initial success in the spectral graph theory approach, work is now focused on how to scale up application from small 
areas involving a few landslides to entire watersheds. At our debris flow fan site, we are obtaining more radiocarbon dates 
and will get local cosmogenic erosion rates to complete our comparison of tools. These steps will take us closer to building a 
shallow landslide flux law. Progress by Roering in the Eel River on documenting deep-seated landsliding rates and dynamics 
suggest that his group may arrive at a first-cut deep-seated landslide flux law which could be applicable to the ACRR area.

 ► DW06: Sediment routing: coarse sediment transport in shallow flow; fine sediment interaction with coarse bed

The size distribution of sediment across gravel-bedded rivers is distinctly patchy. We have been exploring what controls 
the origin of and how to predict riverbed surface patchiness. In Nelson, et al. (2009), comparison of two flume studies has 
demonstrated that: (1) there are “free” (to move) and “fixed” patches, whose extent depends on sediment supply; 2) that 
channels with reduced sediment supply may inherently be unable to transport sediment uniformly across their width; and 3) 
cross-stream variability in shear stress and grain size can produce potentially large errors in width-averaged sediment flux 
calculations. NCED graduate student Peter Nelson, working with former NCED Postdoctoral Research Associate Jeremy 
Venditti, participated in the StreamLab06 project (now referred to as Indoor StreamLab or ISL) at SAFL and obtained high 
spatial resolution data on surface grain size distribution and bed topography, which they coupled with direct measurement 
of bedload transport fields and two-dimensional flow modeling (MD-SWMS or Multidimensional Surface-Water Modeling 
System). Nelson has documented for the first time that downstream decreasing boundary shear stress can lead to stream bed 
surface coarsening. It is an important start in explaining “fixed” patches of sediment.  
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Steep, shallow streams typically have grain sizes approaching that of 
bankfull type flow depths. Under these circumstances, the conventional 
force balance that leads to our current initial motion theory breaks 
down. NCED Postdoctoral Research Associate Michael Lamb (Lamb 
et al., 2008b) reanalyzed existing flume and field data and discovered 
that there is a slope dependency in critical shear stress throughout the 
full range of data (Figure 10). He concludes that this arises from a 
relative roughness effect in which small flow depths relative to grain 
size suppresses maximum turbulence intensities, reducing the potential 
mobilization force as scaled by the mean boundary shear stress. Lamb 
offers alternative expression for initial motion to account for this effect. 
This correction is of particular value in steep, coarse-bedded streams 
that populate mountainous landscapes.

The mobilization of sediment is also influenced by the presence of finer 
particles. Experiments lead by PI Kimberly Hill have demonstrated that 
increasing the ratio of median grain size of the surface to the median 
grain size of a sediment feed led to a slope decline of the channel bed 
up to some limit. Analysis of the experimental data have suggested an 
expotential PDF of particle displacement and a mean travel distance 
proportional to grain size. These results imply that average step length is a poor predictor of actual travel distance. 

In the past year, Postdoctoral Research Associate Daniele Tonina, in collaboration with McKean, tested how well several 
surface-based bedload models can predict the bedload transport of fine sediment (mostly sand) over an otherwise static bed 
(partial transport). His work confirms that current bedload equations perform poorly when applied to the prediction of partial 
transport. 

NCED undergraduates Joel Scheingross and Eric Winchell have established a monitoring program of sediment movement 
along five steep tributaries of Elder Creek. This program included installing cameras to attempt to document at what stage 
initial motion occurred. Three of the sites are channels cut through boulder debris fans. Unexpectedly, they have documented 
significant gravel movement through these channels at flows close to and below bankfull discharge. 

Cui et al. (2008) developed a model for the infiltration of fine sediment into immobile gravel, a process of great practical 
importance, as fine sediment in gravels suppresses biotic activity. The theory predicts an exponential decrease in deposition 
with distance into the gravel, which agrees well with experimental results. The model results suggest that fine sediment 
released from a dam during periods of little gravel mobility would quickly saturate the near surface pores and result in only 
limited amounts of fine sediment penetration into the bed. Surprisingly, the theory predicts only modest effects on gravels of 
fine sediment release after dam removal. Wooster et al. (2008) report experimental data that strongly support the theoretical 
predictions.

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Theory for gravel over boulder transport (Yr 5-7). New theory published.
Theory for boulder transport (Yr 6-7). Theory for initial motion published.
Theory for fines interaction with the bed (Yr 8-9). Significant progress in coupling flow and sediment 

transport models.

Plans
We will continue our modeling work on the origin of bedload sheets and on bed surface patchiness in general. We will also 
continue field monitoring of bed material transport in the steep tributaries of Elder Creek through the next winter. These 
data will be used to test bedload transport models for channels dominated by a coarse immobile bed across which gravel is 
moved. Work will also continue on transport statistics, fine sediment mobilization of coarse sediment, and on fine sediment 
infiltration into gravel. 

Figure 10: Model predications of the critical Shields stress 
versus slope for different values of the ratio of the stress borne 
by morphologic structures to the total stress. The model includes 
particle emergence, flow aeration, the quadratic velocity profile, 
and turbulent fluctuations. The dashed diagonal line separates 
the fields of particle submergence (D < h) from emergence (D > 
h). Each model prediction tends to zero at large slopes where the 
bed-slope angle equals the friction angle Lamb et al., (2008).
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 ►  DW07: Develop predictive models for channel incision

Channel incision occurs by sediment wear of bedrock due to fluvial flows, 
debris flow cutting, and knickpoint propagation. Progress was made on 
all three processes in the past year. 

Stark et al. (2009) proposed a coupled model of river incision, hillslope 
sediment production, and transport that acknowledges the presence of 
extreme transport fluctuations due to a broad probability distribution 
of floods. These large fluctuations in transport velocities suggest a frac-
tional advection (super-advection) to account for extreme fluctuations. 
Analytical solutions derived for the coupled system of hillslope sediment 
production, bedrock sediment buffering, and transport showed that the 
profile slope-upstream drainage area scaling relationship empirically 
observed by others can be well explained by the proposed model. 

Leonard Sklar and Dietrich (2008) use their experimentally calibrated 
saltation-abrasion model to explore the controls on river longitudinal 
profile concavity and relief for the simple, but illustrative, case of steady-
state topography. Profile concavity is most sensitive to spatial gradients 
in runoff and the rate of downstream sediment fining. Concavity is also 
sensitive to the supply rate of coarse sediment, which varies with rock 
uplift rate and with the fraction of the total sediment load in the bedload 
size class. Variations in rock strength have little influence on profile con-
cavity. Profile relief is most sensitive to grain size and amount of runoff. 
Rock uplift rate and rock strength influence relief most strongly for high 
rates of rock uplift. Unlike that expected from the original stream power 
erosion law, steepness is primarily dependent on grain size and supply. 
Analysis of potential covariation of grain size with rock uplift rate and 
rock strength suggests that the influence of these variables on profile form 
could occur in large part through their influence on grain size. Similarly, 
covariation between grain size and the fraction of sediment load in the 
bedload size class provides another indirect avenue for rock uplift and 
strength to influence profile form. 

Fluvial wear of bedrock also controls the channel width and the tendency 
to form strath terraces. Nelson, collaborating with Giovanni Seminara 
(Genoa, Italy), has developed a numerical model for predicting chan-
nel width in bedrock bound channels actively cutting through bedrock, 
which uses a 2D flow model so that lateral variations in boundary shear 
stress, affecting channel width to depth ratio, is accounted for. The model 
is coupled to the Sklar and Dietrich model for fluvial incision so that 
they can explore the influence of sediment supply on channel width. 
To understand strath terrace formation, Finnegan (working also with 
Foufoula-Georgiou) has explored the coupling of the Howard channel 
lateral migration model with river incision and found a rich range of 
behavior associated with sinuosity development and periodic cutoff. He 
has directed his work to compare the South Fork Eel River with the Le 
Sueur River in terms of lateral channel migration and channel incision. 

Debris flow scour drives valley channel incision in steep landscapes, 
and we are using experimental studies to explore the mechanisms of 
bedrock erosion in order to derive expressions to predict incision rate. 

Figure 11: Muddy flow based on natural grain size distribution. 
Drum velocity 1.25 m/s. Gray line is force measured by load 
plate (1000 Hz frequency). Blue line is the running median which 
represents the bulk force exerted by the flow. 

Figure 12: Results from experiments and simulations of model 
debris flows in rotating drums. (a) Results from 3.13 kg of d = 
13.8 mm spheres rotated in (left) the smaller drum at UCB, the 
“Maytag” (D = 0.56 m, w = 0.15 m) at a constant speed of Ω = 12 
rpm, and (right) a computational experiment performed in a drum 
of the same size with particles whose force model in equation (5) is 
modified according to the kn own and measured physical properties 
of the spheres (marbles) used in the physical Maytag experiment.. 
(b) Experimental (left) and computational (right) results for the 
same systems in (a), except here, a single large intruder particle of 
size indicated is in the drum. The plots show PDFs of the locations 
of a large intruder particle. (c) and (d) boundary forces due to (c) 
454 kg of d=10 mm gravel particles rotated in the larger drum 
at UCB (D = 4 m, w = 0.8 m) at Ω = 6 rpm. The force sensor is 
4° x 15 cm on the drum perimeter. 4F  represents the data, 4F , the 
average taken over 1° of rotation, and '

4F the local extreme points. 
(d) The same for the simulations for 13.3 kg of 13.8 mm particles 
rotated in the smaller drum (b). The computational sensor is also 4° 
x 15 cm. (e) The average boundary forces 4F  from Figures 1(c) and 
1(d) normalized by the particle weight and sensor size.
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Experimental work is being compared with the results of Distinct 
Element Modeling with the goal of using this modeling work to pro-
vide mechanistic explanation for controls on the magnitude of forces 
responsible for wear. In the past year, NCED graduate student Leslie 
Hsu has conducted extensive experiments in our unique 4 m diameter 
vertically rotating drum (Figure 11). These experiments explored wear 
rate dependency on variations in grain size, water content, and drum 
speed and have focused on the boundary forces responsible for erosion. 
We now have clear data demonstrating that bedrock wear by muddy 
debris flows depends strongly on the variance of forces—the rarer high 
forces associated with particle bed collision. This variance depends on 
grain size distribution of the flows. Surprisingly, in gravel flows (no 
fines present) the wear rate scales with the bulk forces rather than the 
excursion forces. Grain segregation is startling and strongly influences 
flow behavior (Figure 11). 

Hill and Yohannes Bereket conducted numerous distinct element model (DEM) runs to compare with Hsu’s findings on 
grain dynamics. Their model predicts well the spatial pattern of grain size paths and normal stresses through a granular flow 
(Figure 12). The physical modeling experiment in mixed grain sizes shows that it is the variance of forces—the occasional 
high excursion above the static mean—that best correlates with wear and makes continuum models less useful. The DEM of 
Hill’s group can reproduce these excursions. They have also found that the Bagnold relationship between stress and shear rate 
and grain size fails for mixed grain sizes. This has important implications for debris flow modeling in general.

River incision by knickpoint propagation is the third major process cutting channels into rock. Lamb et al. 2008a report the 
discovery that a canyon in Idaho, thought to be exemplary of the morphology of canyons formed by seepage erosion, was 
formed instead by a megaflood (Figure 13). His findings challenge the common assumption that narrow, steep-walled canyons 
with no tributaries terminating in amphitheater shaped heads are indicative of seepage erosion processes, an assumption often 
used in planetary geomorphology studies. These findings also point to the need for theories to predict waterfall migration. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Observation and theory for river incision by fluvial 
sediment wear (Yr 6-7).

New model coupled hillslope, channel incision model 
proposed, further analysis of the saltation-abrasion model 
reported. New model including 2-D hydraulics under 
development to predict channel width. Discovery of mega-
flood channel formation that leaves a morphology mistakenly 
considered to be due to seepage erosion.

Observation and theory for debris flow incision (Yr 
6-8).

Discovery of the role of excursion forces and grain size 
segregation in debris flow dynamics and wear through 
compiled physical experiments and distinct element model-
ing. Modeling demonstrates that Bagnold model fails for 
mixed grain size sediment.

Plans
Further work on fluvial incision will focus on nonlocal transport laws for bedrock incision (and the role of PDFs of floods) 
and on strath terrace formation by meandering and periodic incision. The model for channel width in bedrock rivers will 
be completed. Experimental and numerical research on debris flow incision rates and processes will continue. Importantly, 
Postdoctoral Research Associate Roland Kaitna has installed devices to measure pore pressure, and may have success in 
monitoring velocity profiles in the debris flows in the large drum. These tools will allow us to understand much better debris 
flow mechanics and force generation when there is fluid present. Demian Schneider (Swiss Federal Institute for Forest, Snow 

Figure 13: (A) Shaded relief map of Box Canyon, Idaho. Airborne 
laser-swath mapping data were collected by the National Center 
for Airborne Laser Mapping. (B) Thermal Emission Imaging 
System (32) infrared daytime image of Mamers Vallis, Mars, image 
V19470014, at 19 m resolution. Lamb et al. (2008)
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and Landscape Research, Switzerland) will spend two months conducting experiments with ice-rock mixtures. NCED graduate 
student Marisa Palucis will explore experimentally how clear water flow down channels “bulk up” into debris flows. This is 
a poorly understood process but one that matters to the prediction of debris flow generation and ultimately channel incision.

 ► DW08: Upscaling transport laws and biotic processes 

We have developed two general themes of upscaling. One is directed at the physical system (e.g., soil transport) and the 
other at the linkages between biota and the channel network system. Upscaling has emerged as a common focus of the three 
components of the ecosystem investigations: food webs, biogeochemical tracing and stoichiometry, and hydraulic controls 
on biota.  

Non-local transport processes and the calculation of soil flux

Foufoula-Georgiou et al. (in review) examine the problem of slope-dependent soil transport on hillslopes, which commonly 
is proposed to vary nonlinearly with increasing steepness. They raise the question of what slope length is appropriate for 
such an analysis and point out that particles traveling downslope may have widely varying travel distances once they start 
to move. This suggests the introduction of the notion of a linear, nonlocal flux to account for the heterogeneities in transport 
lengths (hopping lengths of particles have a heavy-tailed distribution). Numerically, they derive a linear, nonlocal flux-slope 
relationship for a hillslope profile and show that it reproduces the empirically observed nonlinear relationship as well as the 
relationship resulting from linear local flux formalism (see Figure 14). However, the nonlocal formalism also reproduces the 
observed variability in sediment flux as computed in a small, experimental hillslope while the local laws cannot reproduce this 
variability without significant parameter tuning. This is a form of upscaling in that the new model does not depend strictly on just 
the local slope.

Local to reach to basin-wide algal dynamics and the marine record

We are exploring several ways to upscale algal dynamics and impacts in the Eel River Watershed over space and time. The 
transition from green to yellow and then rusty colored Epithemia covered Cladophora blooms is recognizable by photogram-
metric techniques. Hence, we are exploring whether regular photographic surveys will provide a rapid, quantitative means 
to map the seasonal dynamics, spatial variability, and extent of functionally distinct stages of algal proliferations along the 
full length of the South Fork Eel and downstream along the mainstem. Algal production depends on winter scouring events: 
When the bed is mobilized, armored grazers are removed and during the subsequent low flow season (late spring), consider-
able algal biomass builds up before invertebrates can consume it. The Epithemia that encrusts the Cladophora is a uniquely 
freshwater species and is easily recognized by its frustrule morphology. This leads to the hypothesis that winter flows after 
a high algal production year should discharge abundant Epithemia to the ocean, leading to an offshore depositional record 
of riverine algal dynamics. Cores provided by Chuck Nittrouer (University of Washington) from deep marine canyons off 

the mouth of the Eel reveal abundant Epithemia (and other freshwater 
and marine diatom) frustules with large vertical variation—suggesting 
that this is a promising path towards obtaining a long term record of 
algal productivity and its link to hydrologic regimes in the entire Eel 
Watershed (for ~ a 2,000 year period). 

Primary production driven by algae on the South Fork Eel increases 
dramatically at about the threshold area of 100 km2. We are now com-
piling similar data from other rivers and are finding the pattern to be 
general. We have thus identified what we hypothesize to be a light driven 
ecosystem threshold behavior that may be common to a broad range 
of river networks.

Micro-organisms, turbulent flows, and chemical exchange

Traditionally, the small size of microscopic organisms has been thought 
to prevent fluid motion from affecting their physiology. We have found, 
instead, that small-scale turbulence significantly modulates algal and 

Figure 14: Sediment flux computed on the suite of hillslope profiles 
using the linear, non-local transport law (circles) and the local, 
non-linear transport law (broken lines). The parameter sets for the 
non-linear transport law are: K = 0.0015  m2/yr and   Sc= 1.4, and   
K = 0.00275  m2/yr and   Sc= 1.2. The parameters of the non-local 
transport law used are: a = 1.5 and K* = 0.0007 ma/yr while keep-
ing them constant a large part of the variability of the sediment flux 
enveloped by the local, non-linear transport law was reproduced.
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bacterial nutrient uptake and growth in comparison to still-water control. The rate of energy dissipation emerges as a physically-
based scaling parameter integrating turbulence across a range of scales. This suggests that turbulence cannot be neglected, 
even for organisms in size-ranges thought to be dominated by viscosity. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Upscale local algae production rates (Yr 6-8) We are initiating field surveys and are making progress on the 

theories of upscaling
Upscale local hillslope flux processes to entire 
landscape (Yr 7-9)

Important developments have occurred this year in coupling 
hillslope-channel flux laws and in exploring connectivity of 
flow paths from hillslopes to the whole landscape. Theoretical 
developments are still tested and converted to predictive models.

Plans
The three programs of upscaling described above will be continued and expanded—both in effort and in spatial extent sampling.

 ► DW09 Link food webs and channel networks, including dynamic response

In contrast to DW03, this project is directed at documenting and explaining seasonal and interannual dynamics linking stream 
biota and physico-chemical processes. A major goal is to build sufficient understanding to guide the development of dynamic 
versions of the Ripple type model and to expand it to other organisms (i.e., algae and frogs). 

Flood and drought year effects on river food webs

Eighteen years of field observations (six with NCED support) and five 
summer field experiments along the South Fork Eel river have showed 
that hydrologic regimes influence algal blooms and the impacts of fish 
on algae, cyanobacteria, invertebrates, and small vertebrates (Power 
et al., 2008). In this Mediterranean climate, rainy winters precede the 
biologically active summer low flow season. Cladophora glomerata, 
the filamentous green alga that dominates primary producer biomass 
during summer, reaches peak biomass during late spring or early 
summer. Cladophora blooms are larger if floods during the preceding 
winter attained or exceeded bankfull discharge (sufficient to mobilize 
much of the riverbed, estimated at 120 m3s-1, Figure 15). Experiments 
showed that in postflood year, grazers capable of resisting predators and 
suppressing algae are obliterated. During drought years, when no bed 
scouring winter flows occurred, large armored caddisflies (Dicosmoecus 
gilvipes) were one to two orders of magnitude more abundant during the subsequent summer. In drought year experiments, 
stocked fish had little or no influence on algal standing crops, which increased only when Dicosmoecus were removed. Flood 
scour, by suppressing invulnerable grazers, lengthened functional food chains, enabling fish-mediated effects on algae in this 
river food web. 

Algae

We are exploring the use of photogrammetric techniques for mapping algae and its stages of Epithemia development, as 
discussed in DW08. In DW09, our focus is on the seasonal and interannual dynamics rather than on the downstream variation. 
This project also builds upon findings about limiting factors in DW08.  

Frogs

Tadpole rearing experiments on the Foothill Yellow-legged Frog (Rana boylii) have revealed interactive effects of temperature 
and food quality on larval growth and survival, and these experiments defined the lower and upper summer temperatures that 
allow successful recruitment. Mortality of tadpoles, possibly from amphibian parasites, increases sharply at high temperatures. 

Figure 15: Cladophora blooms are larger if floods during the pre-
ceding winter attained or exceeded ‘bankfull discharge’ (sufficient 
to mobilize river bed, est. 120 m3s-1)
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During 2006 and 2008, outbreaks of the parasitic copepod Lernaea cyprincea, and consequent malformations of the frogs, 
occurred, and these outbreaks correspond to years of significantly longer periods when daily mean water temperatures exceeded 
20oC. These studies are crucial to building spatially explicit, topographic-based models for frog population dynamics and will 
inform dam regulations imposed during Federal Energy Regulatory Commission relicensing, now underway throughout the 
western US (Kupferberg et al., unpublished).

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Model for stream temperature throughout the year using 
LIDAR data (Yr 7-8).

In planning and field implementation stages.

Model for fish and frog populations dynamics (Yr 8-9). Dynamic models are under development and testing.

Plans
To obtain seasonal and interannual dynamics, we have committed to programs of regular monitoring for over 20 years in 
some cases. We will continue to monitor algae, frogs, insects, river nutrients, and stoichometry and note relationships to 
stream discharge history, temperature, and location in the channel network. We will advance new techniques, such as algal 
photogrammetry, to capture large scale patterns and consequences of these dynamics. 

 ► DW10: Desktop Watersheds model code development

Our first DW model, Ripple, was released in July 2008. It is set up specifically for estimating the steady state population of 
the Coho salmon. It was released with its source code. Ripple is easy to use in ArcMap format once channel network data 
have been generated (for which local slope and drainage area has been assigned to each arc length). A collaborative testing 
with Stillwater Sciences (Frank Ligon) on the South Fork Eel showed that the model can lead to unexpected and important 
hypotheses about limiting factors on Coho salmon. In this particular application, differences between limited field data and 
model outcomes were best explained as a temperature threshold effect. 

We have started the process of porting the core model code to be CSDMS compliant. The CSDMS version will not have a 
graphical user interface, but it will allow the model to interoperate with other models. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
User-friendly model for Coho salmon population released 
to public (Yr 6).

Released July 2008.

User friendly model for frogs (Yr 8). Still under development.
User friendly model for algae (Yr 9). Still under development.

Plans
The first release of Ripple has a number of important limitations that we will eliminate this year. The model will be set up so 
that the user can add or remove barriers (road crossings, dams, etc.). In many rivers, users have some direct observations on 
channel attributes that influence fish densities. A revision of the model will include the ability for the user to replace calculated 
attributes for a given reach with field observations. Off-channel habitat, if available, is very important to Coho salmon survival. 
The user will have to specify this habitat as even high-resolution LIDAR data may fail to identify this environment. The plan 
is to have a use-specified, off-channel habitat condition that interacts with the model as a whole. 

Longer term, we intend to connect Ripple to a Geographic Information System (GIS)-based river temperature and light model. 
Also discussion is underway for how to build a Ripple-type model for algae and for frogs. These species, however, will need 
a hydrologic model more, now absent in the current Ripple. We are exploring how to add dynamic hydrology to Ripple.
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 ► DW11: Use of Desktop Watersheds models in land-use management decisions

This project aims to make DW tools and models available to agencies and private industry for practical uses. Besides releasing 
our programs freely on the Internet, we have sought collaborations with industry to test their usefulness. This year, we recently 
received a grant from the local Regional Water Control Board to use Ripple as a guide in a TMDL analysis of Pescadero Creek 
(in the Coast Ranges south of San Francisco) in collaboration with Stillwater Sciences (an NCED partner). This project is just 
beginning, but should serve as a valuable test of the usefulness of the model. Personnel from Stillwater Sciences have also 
had various discussions about applying Ripple to various streams in California.

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Development and release of topographic analysis tools for 
LIDAR (Yr 8).

GeoNet has been released. Refinements are underway as 
well as extensive validation using field observations.

Release of Ripple and demonstrated use by agencies (Yr 
8).

Ripple will be of greater use in a practical setting when 
the code improvements listed in DW10 are added.

Plans
We discussed with various groups ways to evaluate the usefulness of the Ripple-type model. We are collecting sites where 
there are sufficient data to evaluate the performance of Ripple. We hope to test the model on some USFS-managed watersheds. 
The Pescadero project, which we will take over in two years, should provide valuable experience. Once the additional features 
listed above are added, we anticipate an expanding interest in the use of Ripple in practice. 
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IIb. Subsurface Architecture Integrated Program

Program team
Lead PI: David Mohrig
Program Manager: James Buttles
Contributing PIs: Chris Paola, Gary Parker, Robert Twilley, Vaughan Voller, Nicholas Flores, Ben Hobbs

Executive summary
The Subsurface Architecture (SA) Integrated Program (IP) focuses on developing methods for predicting delta evolution in 
support of sustainable restoration of the Mississippi Delta. This IP emphasizes the development and use of predictive models 
to integrate information from modern field studies of channel network self-organization and delta ecology, as well as from 
subsurface and experimental studies of delta lobe development. We are focusing on building connections between often 
disparate models and research efforts aimed at describing the geomorphic, ecologic, and social tradeoffs of delta evolution 
and maintenance. We are also developing methods to use subsurface records to understand how the delta maintained itself 
naturally (i.e., before human influence), with the aim of using these natural self-maintenance processes to guide the design of 
a sustainable delta-restoration program. Our goal is to develop a fully integrated, quantitative description of delta evolution 
that can benefit sustainable restoration of these coastal lowland systems.

During the past year, the researchers involved with the SAIP have produced a wealth of data, discoveries, and technology 
relevant to delta construction. These achievements are summarized in the following descriptions of work accomplished 
within each of the 10 IP subprojects. Particularly significant for this year was the assembling of a data set from the lowermost 
Mississippi River and Wax Lake Delta (WLD) that defines sediment transport and sedimentation processes associated with 
a relatively large 10-year flood and two hurricanes. These data are providing new constraints on land-building processes in 
lowland rivers and distributary networks. Measurements from Wax Lake Delta are specifically targeted at resolving charac-
teristic patterns of sediment deposition and erosion on wetlands associated with floods versus cyclonic storms. Data were 
also collected that begin to show how these patterns are moderated by vegetation. Measurements collected during main-river 
flooding between river kilometers 35 and 50 constrain where within the water column the sand fraction that is most important 
to the land-building process is traveling. This information is being used now to estimate the optimal tapping depths for possible 
diversion channels along the banks of the Mississippi River.

Goal
The goal of the SAIP is to learn how the natural self-maintaining Mississippi River Delta (MRD) has worked in the past in 
order to develop from modern systems, experiments, and stratigraphic records, a predictive understanding of delta evolution, 
and apply this understanding to delta restoration.

Approach
NCED’s transdisciplinary approach, with emphasis on prediction, together with its status as an independent national research 
center, make it ideally suited to provide understanding and tools that support restoration of the MRD: An issue long recognized 
as fundamental to protecting New Orleans and the Gulf Coast infrastructure from devastation by hurricanes. NCED’s delta 
land-building field site, the WLD, will significantly contribute to our understanding of natural delta systems.

Summary of Subsurface Architecture activities under the “legacy” categories
Field: NCED is creating a database at Wax Lake Delta (WLD), an originally man-made distributary of the Atchafalaya River, 
that will benefit the broader scientific communities interested in the physical, chemical and ecological processes connected to 
delta growth and development of wetlands. The river diversion through the WLD Outlet is not managed and therefore reflects 
the natural hydroperiod of the Mississippi River. The Atchafalaya basin provides a unique natural laboratory to study the 
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capacity of large scale restoration projects to develop young deltaic lobes and track ecological succession and soil development. 
Ecologists from NCED’s partner institution Louisiana State University (LSU) have been collecting data at WLD for over 25 
years, providing an impressive baseline for evaluating ecologic change. Studies occurring during this past year were designed 
to understand how the plant-mediated processes of mineral/organic sedimentation and nutrient accumulation are controlled by 
the pace of primary plant succession. In 2008, we were able to isolate the relative contribution of large events, a 10-year flood 
and two hurricanes, on sedimentation and then produce a sediment budget for the delta. NCED has contracted the National 
Center for Airborne Laser Mapping (NCALM) to carry out a light detection and ranging (LIDAR) mapping survey of the 
WLD. The approximately 250 km2 survey of WLD was collected during early February 2009 during conditions of low water 
and maximum land exposure. This data will provide a quantitative topographic template for studies of the distributary channel 
network and ecological habitat. The LIDAR dataset will be complimented by high-resolution photography of the delta that is 
scheduled to be flown in summer 2009. Finally, NCED is investing in the collection of both multi-beam swath and single-beam 
profiling to generate a bathymetric digital elevation model (DEM) for the channels of WLD that can be combined with the 
subaerial LIDAR data to produce a complete description of delta topography.

Experiments: NCED has promoted the development of experimental basins at the St. Anthony Falls Laboraty (SAFL) that 
are critical to exploring how the morphologic properties of deltas change as deltas grow. The goal here is to improve our 
ability to forecast how key physical and ecologic indices, such as total channel edge length, change with delta area—if we 
understand that, we can take statistics measured from the single realization of, for example, WLD that we now have and map 
them onto alternative scenarios for a growing delta. Success of these experiments is in part the result of new, NCED-promoted, 
automated technologies for measuring delta topography and controlling basin base-level. These experiments use a new 
proprietary, weakly cohesive sediment mix developed at ExxonMobil Upstream Research Company. At a finer scale, NCED 
engineers and sedimentologists are using experimental channels at SAFL to better understand fine-sediment dynamics and 
trapping by vegetation. Future work on deposition of fine sediment will include the potential effect of biofilms on sediment 
trapping around plants.

Synthesis: NCED’s Subsurface Architecture Integrated Program (SAIP) has thrived because of substantial interactions among 
a group of researchers who have different backgrounds: ecology, economics, engineering, mathematics, and sedimentary geol-
ogy. All of these researchers are working toward modeling efforts on the Mississippi River Delta that are designed to couple 
natural and social science by 1) making ecogeomorphic prediction of delta growth for purposes of planning and restoration; 
2) establishing a quantitative adaptive analysis approach for planning that projects social response to, and benefits of, coastal 
restoration, and recognizes uncertainty, learning, and social values; and 3) coupling natural and social systems by efficiently 
using findings from natural-science investigations to direct and modify decision-making and then dynamically updating 
natural-science research priorities based on the adaptive analysis.

Models: NCED is aiming to produce the world’s first complete, multi-scale model of delta evolution aimed at physical and 
ecological prediction for restoration. This model will include the laterally averaged model already in use by NCED participants 
to describe spatial and temporal evolution of entire delta lobes, as well as including reduced complexity modeling, which 
has just enough local process detail to capture the channel network in a predictive manner. Target interests are: the channel 
network, including channel-edge length; fine-scale topography; shoreline geometry; and carbon storage and burning effects 
on delta dynamics.

Discovery: Major SAIP discoveries during Year 7 of NCED were primarily associated with the patterns of sediment transport 
and sedimentation associated with large floods and storms in the Mississippi River Delta. In particular, direct measurement 
of sand transport during the 2008 spring flood at river kilometers 35-50 on the Mississippi River has defined, for the first 
time, an extremely punctuated transport of sediment that is connected to temporal change in backwater conditions between 
low and high water discharge. Measurements collected at WLD during 2008 provide the first unambiguous comparison of 
sedimentation/erosion effects associated with a large river flood versus two hurricanes. All of the data are necessary to refine 
numerical models describing land-building processes. 

Application: NCED’s laterally averaged model for delta growth has been used during the past year to evaluate the amount of 
new land that could be built via major diversions into Barataria Bay and Breton Sound. Model runs have explored variability 
in land built as a function of differences in environmental conditions, such as subsidence and sea-level rise. These results 
are being handed off to modelers of storm surge to estimate potential surge reductions at New Orleans associated with the 
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predicted newly constructed wetlands. NCED is also contributing to the development of a new, spatially explicit modeling 
system for southern Louisiana, the Mississippi River Delta Desktop Model (MRDD). This model will formalize and apply 
adaptive management tools to a varying coastal landscape for purposes of planning and restoration.

Education: SAIP studies have involved numerous undergraduates, graduate students, and postdoctoral research associates. 
During summer 2008, one-half of the NCED Research Experience for Undergraduates (REU) on River and Coastal Restoration 
took place at WLD. The main focus of Team Delta was to describe ecogeomorphic changes to the landscape associated with 
the major Mississippi River flood of 2008, which was the seventh largest over the past 74 years. Student projects were chosen 
within a framework that investigated interactions between sediment, vegetation, and nutrients in the delta environment. The 
REU will continue at WLD this summer. Recent graduate students and postdoctoral research associates affiliated with SAIP 
have taken jobs both at academic institutions and in industry.

Opportunity: Sixty percent of the five-member student team working at WLD as part of the NCED REU were from under-
represented groups and 80 % were women. Two of these students, Jennifer Kelier and Michaela Long, presented posters 
summarizing their REU work at the Society for the Advancement of Chicanos and Native Americans in Science (SACNAS) 
conference. Former NED graduate student Terra George, of Native American decent, completed her Master of Science thesis 
on spatially varying subsidence of the Mississippi Delta and accepted a geologist position at ConocoPhillips. 

Communication:NCED partners at LSU participated during Year 7 in the Louisiana Sea Grant College Program: Ocean 
Commotion. Ocean Commotion brings together 3,000 area students, teachers, and chaperones to LSU to learn about our coast 
and sea. The students ranged from kindergarten through eighth grade. Most of the schools that participated were from the 
East Baton Rouge School district, in which 83% of the students are from underrepresented groups. At Ocean Commotion, the 
NCED-sponsored group presented an exhibit illustrating the biological diversity that is seen along the salinity gradient in the 
Mississippi River Delta. The LSU partners also presented talks on wetland resources and restoration at America’s Wetland 
Conservation Corps AmeriCorps Training Program. The America’s Wetland Conservation Corps is a partnership between 
the America’s Wetland Foundation and the LSU AgCenter. It engages hundreds of volunteers in hands-on coastal restoration 
and recovery activities, including vegetative planting, restorative interventions, community-wide clean ups, and hands-on 
educational projects for members, volunteers, and the communities they serve.

Accomplishments and plans: major initiatives

Airborne laser swath mapping of NCED field site at Wax Lake Delta, 
Louisiana

This past year, NCED contracted the National Center for Airborne Laser 
Mapping (NCALM) to carryout a light detection and ranging (LIDAR) 
mapping survey of the WLD. The WLD survey, collected during early 
February 2009, was intended to capture the delta during conditions of 
extreme low water and maximum land exposure. 

The surface of WLD is quite dynamic. In order to produce the best pos-
sible digital elevation models (DEMs) of the field site, members of the 
SAIP team worked closely with the NCALM staff to optimize for data 
collection during low river discharge, low tide, and low water-surface 
elevations in Atchafalaya Bay following passage of a cold front with 
strong offshore winds.

NCALM mapped approximately 250 km2 of WLD (Figure 1) using the 
University of Florida’s GEMINI Airborne Laser Swath Mapping unit. 
The data was collected at 70 – 125 kHz, and its processing by NCALM 
staff is currently ongoing.

Figure 1: WLD LIDAR coverage area. Day 1 flight plan is 
circumscribed by the red polygon. Day 2 flight plan filled in the 
yellow polygon—specifically the areas to the north and south of the 
first day polygon. 
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Accomplishments and plans: Strategic and Implementation Plan projects 
In this section we report on Year 7 research accomplishments.

 ► Project SA01: Current sediment budget and subsidence distribution in Mississippi Delta

Recent research has focused on the properties of sand transport through 
the lowermost Mississippi River, river kilometer 0–160, during low 
and high discharge. Surprisingly, very few measurements defining sand 
transport existed for this system prior to work by researchers at the 
University of Texas at Austin (UT-Austin): NCED graduate student 
Jeff Nittrouer, University of Texas Institute of for Geophysics colleague 
Mead Allison, and NCED Principal Investigator (PI) David Mohrig. 
Before our work, the only data defining sand transport in the lower river 
were depth-averaged measurements of suspended sand concentration 
collected by the US Geological Survey (USGS). We have assembled 
measurements defining bed-material load and concentration profiles 
for suspended sand at both low and high discharge. These data define a 
punctuated transport of sand through the lower Mississippi River, with 
transport rates during flood being roughly 400 times greater than those 
at low flow. Grain size analyses of bed material and suspended-sediment 
samples collected during the 2008 flood of the Mississippi River define 
lower very fine sand as the coarsest sediment traveling through the 
system as washload. Interestingly, this measured size limit for washload 
in the lowermost Mississippi is consistent with the threshold size for 
washload estimated from analyses of recent deposits collected from 
proximal WLD in 2007. During the 2008 flood, 42 % of sand transport 
in the lower Mississippi was moving as bed-material load while 58 % 
was traveling as suspended load. These data are being used now to help 
select an accurate total load equation for use in the Mississippi Delta 
system.

The measured variability in sand transport is consistent with recorded change in length of the Mississippi backwater between 
times of high and low water discharge; water surface slopes in the lower river vary by > 10x between high and low discharge 
(Figure 2). Nittrouer, NCED Postdoctoral Research Associate Mike Lamb, and Mohrig have recently reproduced these observed 
changes in water-surface elevation profiles and slopes using a 1D backwater model with realistic channel-bottom topography. 
This model for backwater flow predicts values of boundary stress at high and low flows that match stress estimates produced 
by inverting the sand transport data collected during 2008. This work will affect strategies regarding the timing for potential 
Mississippi diversions of water and sediment at targeted land-building sites.

The NCED group at UT-Austin recently completed the first systematic survey defining composition of the Mississippi River 
bottom between New Orleans and Head of Passes (the lowermost 160 kilometer of river). This survey found that ~ 75 % 
of the riverbed is covered by alluvium and ~ 25 % is exposed early Holocene to late Pleistocene substrate. This substrate is 
ornamented with flutes and grooves that are interpreted to indicate active erosion of the uncovered riverbed. Based on analysis 
of topographic data, our estimate for the mean thickness of alluvial cover is only 7 m. This relatively small thickness will 
limit any direct mining of river-bottom sediment for wetland or barrier island restoration. The discovery of a patchy, sandy 
bed with intervening bedrock should alleviate concerns expressed by some river engineers that construction of a large/deep 
diversion on the lower Mississippi might trigger a wave of bed incision that would propagate upstream, negatively impacting 
infrastructure along the river. 

Figure 2: Change in water-surface profile and water-surface 
slope as a function of Mississippi River discharge. Notice that 
the backwater length for the Mississippi River at low discharge 
is 400–500 km. At high water discharge, the backwater is pushed 
nearly all of the way to the river mouth. Punctuated sand transport 
in the Mississippi River from New Orleans and downstream is a 
consequence of the order-of-magnitude change in surface slope 
between high and low flow conditions. For reference, New Orleans 
is at river kilometer 160. 
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Assembled measurements defining bed-material load and 
concentration profiles for suspended sand at both low 
and high discharge.

Bed material and concentration data define a punctuated transport of sand 
through the lower Mississippi River with transport rates during flood 
being roughly 1,000 times greater than those at low flow.
The 1D model for backwater flow predicts values of boundary stress at 
high and low flows that match stress estimates produced by inverting the 
sand transport data collected during 2008.
The composition survey found that ~ 75 % of the riverbed is covered 
by alluvium and ~ 25 % is exposed early Holocene to late Pleistocene 
substrate.
Estimate for the mean thickness of alluvial cover between New Orleans 
and Head of Passes is only 7 m.
Grain size analysis is now being used to help select an accurate total load 
equation for use in the Mississippi Delta system. 

Completed the first systematic survey defining 
composition of Mississippi River bottom between New 
Orleans and Head of Passes.

Observed changes in water-surface elevation profiles 
and slopes have been reproduced using a 1D backwater 
model with realistic channel-bottom topography.

Plans
1. Insight gained during 2008–2009 on the punctuated character of sediment transport in the lower Mississippi River 

and its connection to a temporally varying backwater will be applied to our studies of WLD.
2. Properties of exposed bedrock in the Mississippi River channel will be compared to exposed substrate on the 

bottoms of some distributary channels at WLD.
3. We intend to collect flood data during Years 8 – 9 in the feeder channel of WLD that will be compared to the sand 

transport conditions already defined for the Mississippi River.

 ► Project SA02: Behavior and deposition of cohesive sediment

The majority of the sediment delivered to the lower Mississippi system is mud (silt and clay). From a simple mass-balance 
viewpoint, it is clear that the amount of new delta area that can be created is quite sensitive to the fraction of mud that is retained 
in the growing delta lobe (as opposed to being washed out to sea)—restored wetlands built only from sand would have a 
small fraction of the area they would otherwise have if they could efficiently retain mud (and organic matter) in the sediment 
column. The biological and physical processes are linked, as recent work by NCED PI Robert Twilley’s research group at 
Louisiana State University (LSU) has shown that freshwater grasses (e.g., Justicia sp.) are effective at trapping fine sediment; 
on the other hand, these plants require specific elevation and hydroperiod regimes that are controlled by physical processes. 
To complicate matters further, field observations at WLD indicate that much of the mud is transported as agglomerates that 
presumably behave as much coarser particles. 

NCED PI Chris Paola, in collaboration with NCED Research 
Associate Anne Lightbody, began experimental work at the St. 
Anthony Falls Laboratory (SAFL) on mud sedimentation in 
the presence of vegetation. The initial experimental sediment 
was 70 micron walnut flour in suspension. This material has a 
settling velocity (~1 mm/s) comparable to a typical value for 
clay flocs in nature (P. Hill, Dalhousie University, personal com-
munication). The suspension was run through a channel with 1 
cm wooden dowels to simulate one primary effect of vegetation, 
which is to provide roughness and slow the flow (Figure 3). 
The measured the rate of deposition of the suspended sediment 
downstream through the dowel field is shown in Figure 3. On 
the whole, Paola and Lightbody found that the dowel field 
caused increased erosion, a result found independently (and 
unbeknown to us) by former NCED graduate student Elowyn 
Yager in experiments at her lab at the University of Idaho. 

Figure 3: Top left: Aerial view of mud sedimentation within vegetation-
simulating dowel field. Bottom: Experimental design and dowel field in 
cross section. Top right: Example of measured decay in mud deposition with 
distance into the dowel field.
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Field observations indicate that much of the mud 
is transported as agglomerates that presumably 
behave as much coarser particles.

We are working on the transport and deposition of 
mud using experiments at SAFL with simulated 
vegetation, and we have begun exploring construction 
of a portable field flume to deploy at WLD with the 
LSU group.

On the whole, we found that the experimental dowel 
field caused increased erosion.

Biological and physical processes are linked, as 
recent work by the LSU group has shown that 
freshwater grasses (e.g., Justicia sp.) are effective at 
trapping fine sediment (see SA03).

Plans
1. Laboratory study of mud deposition will progress using real flocs. These mud flocs will be generated by 

combining an industrial flocculant with iron chloride.

2. Laboratory study of mud deposition will also add coating to dowels to promote biofilms and ultimately replace 
dowels with plants.

3. A methodology will be established to quantify floc settling rates using in situ methods (laser particle settling). 

4. Paola and colleagues at SAFL have begun discussions with the LSU group, principally NCED Postdoctoral 
Research Associate Guerry Holm, about building an in situ flume that we can deploy and move around on bar 
tops at WLD. The group has discussed the idea and logistics of bringing an in-situ, meters-long flume to the delta 
during a flood event. Such a device would be equipped to measure the transport properties of the clay flocks in the 
water column.

 ► Project SA03: Vegetation-sedimentation interaction in island and marsh development and maintenance

Field studies affiliated with this subproject are designed to understand how the plant-mediated processes of mineral/organic 
sedimentation and nutrient accumulation are controlled by the pace of primary plant succession. The LSU group of Twilley, 
Holm, and NCED graduate students Azure Bevington and Peter Lenaker have developed a budget of recent sediment deposi-
tion in the WLD using data collected in 2008. This data is particularly interesting in that it includes the contribution of large 
events (10-year flood and two hurricanes) on deposition. Data summarized in Table 1 and Figure 4 describes how patterns of 
accretion and erosion on delta islands are connected to atmospheric and flood events.

Data collected during the summer of 2008 is also providing quantitative definition of the enhanced delta-top sedimentation 
induced by vegetation (Figure 5). Accumulating this type of information was a primary objective of the NCED Research 
Experience for Undergraduates (REU) on River and Coastal Restoration in the WLD this past summer.

Figure 4: Distribution of plot elevation change by its elevation in 
the tidal frame associated with the effect of the 2008 Atchafalaya 
River flood (left) and the passage of two hurricanes (right). The pat-
tern of elevation gain associated with the flood results in greatest 
sedimentation at intermediate elevations in the tidal frame. With the 
storms, elevation gain is skewed toward higher elevations.

Erosion No change Accretion

plots (#) mean (cm) range (cm) plots (#) plots (#) mean (cm) range (cm)

Flood 23 1.4 0.2 – 12.6 0 64 5.5 0.3 – 32.6

Hurricanes 29 1.8 0.3 – 67.7 5 53 2.2 0.3 – 12.5

Table 1: Summary of wetland soil elevation change for the 2008 Atchafalaya River flood and the 
cumulative effects of Hurricanes Gustav and Ike, both category two storms. Geometric means 
are presented. Based on arithmetic mean elevation gain, the 10-year flood of the Atchafalaya 
River was three times more important than the cumulative effect of two storms (5.4 vs. 1.2 cm net 
soil elevation gain for each of 87 plots). The mean sediment deposition in the WLD associated 
with both of these events was on the order of 5-6 x 106 MT. This represents about 6% of the 
annual mean sediment discharge of the Atchafalaya River.



36     Subsurface Architecture

National Center for Earth-surface Dynamics
Annual Report 2009

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Developed a budget of sediment deposition for year 
2008 in the WLD.

While large hurricane events were important to net 
deposition, we are evaluating the effects of cold-front 
events on potential sediment loss from wetlands.

Comparing land built via the Wax Lake and the Caernarvon 
diversions to determine if the efficiency of sediment capture 
is very sensitive to whether the system is depositing a 
mixture of sand and mud or mud only.

Isolated the relative contributions of a 10-year flood 
versus two hurricanes on sediment deposition at WLD.
Connected patterns of sediment accretion and erosion 
to specific stands of vegetation on islands at WLD.

Plans
1. Connect ecological patterns and processes (plant communities, soil development, nutrient burial) to the physical 

elevation of delta islands. 
2. Create a Geographic Information System (GIS) of contemporary plant habitat types based on recently flown high 

resolution photography of WLD. Couple this spatial habitat mapping with recent LIDAR imagery in order to 
refine physical-biological spatial correlations at WLD and to facilitate the development of sediment and nutrient 
budgets.

3. Determine rates of soil organic/mineral matter accumulation and nutrient burial as functions of island age and 
geomorphic position.

 ► Project SA04: Reconstructing delta dynamics from seismic records

Former NCED graduate student Terra George, former NCED graduate 
student Kyle Straub, and Mohrig used an industry-grade seismic volume 
and observations of present-day surface topography to resolve the influence 
of growth faulting on evolution of the Mississippi Delta in southeastern 
Louisiana from the Pleistocene to Recent (Figure 6). The volume of seismic 
data, made available by WesternGeco, covers an area roughly 14,00 km2 in 
size, and it resolves many normal faults with displacements that can be tied to 
movement of Jurassic Louann Salt in the subsurface. The Quaternary activity 
associated with six of these normal faults has been defined by measuring 
the progressive offset of strata deposited on the delta surface over time. These 
measurements of fault displacement were restricted to the sedimentary sec-
tion positioned 150 to 1,500 m beneath the delta surface. Total vertical offsets 
measured within this Quaternary section range from 60 to 150 m. These 
fault displacements represent abrupt spatial variations in subsidence rate 
that are between 4 and 8% of the regional, long-term deposition rate. Our 
best estimates for the Quaternary rates of fault displacement vary between 
0.1 and 1 mm/yr. Five of six faults can be connected to deformation of the 
modern delta surface. Wetland on the footwall is replaced by open water on 
the hanging wall of these structures (Figure 6).

Straub, George,  Mohrig, and Paola also used the WesternGeco seismic 
volume to quantitatively evaluate Quaternary sedimentation patterns on 
the delta. In particular, the group focused on the degree of compensational 
stacking associated with sedimentation units. The analysis suggests that a 
stacking behavior midway between purely random and perfect compensa-
tion is a good starting point when quantitatively estimating the stratigraphic 
arrangement of sedimentary deposits in the Mississippi Delta. Results of 
this work have been accepted for publication by the Journal of Sedimentary 
Research.

Figure 5: Measurements of enhanced sedimentation in a 
Justicia ovata stand at WLD following passage of the river 
flood and hurricanes of 2008. 

Figure 6: Top right: Seismic cross section revealing both 
regional (R) and counter-regional (CR) growth faults. Bottom 
right: Surface expression of three coalescing growth faults near 
Empire, Louisiana. D marks the hanging walls for all three 
faults. Left: Typical examples of fault displacement histories to 
two faults mapped in the multi-client WesternGeco Grand Lake/
Black Bay/Quarantine Bay Emerge1 survey.
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Mapping in regional seismic volume reveals that 
displacements on growth faults increase roughly 
linearly with burial depth. The displacement data 
together with well-log data provide a tentative 
Quaternary rate for the normal faulting of 0.1 mm · 
yr−1 to 1 mm · yr−1.

Determining the control of spatially varying 
subsidence and discrete faulting on the positioning of 
river channels via mapping of many tens to hundreds 
of buried channels in the Quaternary section of the 
lower Mississippi River Delta.

Characterizing degree of compensational stacking 
associated with depositional sequences on the 
Mississippi Delta using seismic imaging of the 
Quaternary record.

Indentified a handful of growth faults, probably 
active since the Miocene, that are affecting modern 
surface of Mississippi Delta near Breton Sound. 
Footwalls of these faults are typically capped by 
marshland, whereas the downthrown blocks are 
drowned and sites of open water.

Plans
Develop a new set of rules for numerical models of delta growth that locate channels on a variably subsiding delta surface for 
the special case where river depths are much greater than relief on the overbank surface.

 ► Project SA05: Reconstructing delta dynamics from cores and other records

Over the past year, NCED graduate student John Shaw and Mohrig have focused on inferring the dynamics of sediment 
transport in the WLD using various datasets, including cores, hydrographic data, a DEM, and fieldwork. Since the delta is 
roughly fan-shaped, several parameters, including average channel depth, cross-sectional area, and hypsometry (Figure 7), 
have been explored simply as a function of radial distance from the delta apex. These data provide a necessary framework to 
evaluate the velocity field associated with the WLD. Preliminary analysis suggests that the cross-sectional area for channels 
increases slowly enough to keep the average flow velocity relatively 
stable through the proximal delta; a result that is consistent with the 
observed minimal accumulation of sediment over this proximal area 
at this time. 

During a field campaign to the WLD in February 2009, Paola and 
Lightbody from the University of Minnesota (UMN), Straub from 
Tulane University, NCED Postdoctoral Research Associate Enrica 
Viparelli from the University of Illinois at Urbana-Champaign (UIUC), 
and Shaw from UT-Austin collected 20 km of bathymetric profiles defin-
ing the subaqueous structure of the distal WLD and its transition to the 
open Atchafalaya Bay. The water depths shoaled to a mere 0.50 m when 
no longer confined by subaerially exposed islands. Following this line 
of minimum depth, the delta foreset was tracked to a water depth of 3 
m. The slope of this foreset surface is 4x10-4. 

Progress towards milestones/deliverables

Milestone/Deliverable Progress
Estimated radially averaged velocity field for proximal 
WLD using channel properties that depend only on 
radial distance from the delta apex.

Completed first estimates for field of suspended sediment 
necessary to build island tops; estimates consistent with 
grain-size data from a 2007 NCED shallow core.

First direct measurements defining distal, unchannelized 
segment of WLD, including its foreset and transition to 
open Atchafalaya Bay. 

Developed first hypsometric curves for WLD. These 
elevation data are being used to condition inundation 
model for plants on tops of delta islands.

Figure 7: Upper right: DEM for proximal WLD. The three cumula-
tive distributions of bed elevation characterize the delta hypsometry 
along three radial transects.
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Plans
1. Collect shallow core and surface samples from the WLD to understand how sand deposition and the topography 

it builds is tied to mud accumulation. The hypothesis is that fine-scale topography produced by sand deposition 
provides zones of low flow or protection from storm waves that facilitates mud accumulation. Measurements will 
be assembled from the proximal to distal delta in order to evaluate the control of local relief, protected island tops, 
etc., on sediment accumulation. 

2. Return to the WLD during or immediately following the 2009 flood to continue to characterize the distal part of 
the delta using an array of two or four zero-offset, high-frequency transceivers attached to either side of a boat 
with an extremely small draft. The boat will collect Global Positioning System (GPS)-registered bathymetric data 
along a series of arcs increasingly outboard from the emergent delta top. 

3. Continue collection of topographic data following one to three storms in order to characterize modification and/or 
a more complete reorganization of subaqueous topography associated with landward-directed transport events.

 ► Project SA06: Modeling land building: integration with Louisiana State University’s Coastal Louisiana 
Ecosystem Assessment and Restoration project

NCED’s radially averaged, land-building model provides a first-order connection between sediment transport and land-
building processes and can be used 1) to optimize the design of a land buffer for New Orleans against hurricanes and 2) to 
evaluate the effectiveness of different land-building strategies to reverse wetland loss in southern Louisiana. The model has 
been calibrated and tested using a suite of data defining the natural evolution of WLD. Predicted results for 100 years of land 
building at potential diversions in Barataria Bay and Breton Sound are summarized in Figure 8. These results bracket land 
building associated with optimistic, pessimistic, and most-likely values for controlling environmental variables of sea-level 
rise and subsidence rate.

Figure 8 shows that it is possible to build substantial amounts of land over the time span of a century through engineered 
avulsions, even in the face of high rates of subsidence and sea-level rise. Model results imply that success in the land building 
by the engineered avulsions does not strongly depend on the change in the location of the engineered diversions but rather on 
maintaining sediment delivered to the diversion locations. The land-building model will be coupled with existing “desktop” 
models describing ecosystem response to delta restoration measures. A fairly complete initial set of ecological desktop model-
ing tools (fresh- and salt-water marsh vegetation, fish, etc.) has already been developed as part of the LSU Coastal Louisiana 
Ecosystem Assessment and Restoration (CLEAR) program headed by Twilley (http://www.clear.lsu.edu).

Figure 8: View of the Lower Mississippi River with model predictions of new land built over 100 years by two diversions starting in 2010. 
(a) Maximum land construction—solid line; best estimate—dashed line. (b) Minimum land construction—solid line; best estimate—dashed 
line. Differences between all cases associated with varying rates of sea-level rise and subsidence. Image courtesy National Aeronautics and 
Space Administration (NASA) World Wind.
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Progress towards milestones/deliverables

Milestone/Deliverable Progress
Radially averaged, land-building model has been 
calibrated using data from WLD. The model has 
been thoroughly tested over a range of uncertainty 
including various scenarios of sediment, tectonic, 
and sea-level controls, and changes in number 
and location of the diversion(s). A document has 
been written that describes the initial prediction 
using the new land-building model by means of an 
engineered river diversion and submitted as an EOS 
feature article.

Integration with LSU’s CLEAR program is producing 
a set of design tools that will fuse insight from 
physical, biological, and social sciences. The land-
building model is being coupled with existing desktop 
models describing ecosystem response to delta 
restoration measures.
 

Plans
1. The land-building model will continue to be developed with a focus on describing the dynamic interactions of 

geo-bio-ecosystems that affect surface morphology and environmental change. The geo-bio-ecosystem study will 
be carried out through collaboration between NCED and CLEAR.

2. Use the existing land-building model to assess suitability of a newly proposed new diversion location at Myrtle 
Grove, lower Mississippi River.

3. Collect measurements of sediment transport and bed topography in the feeder channel at the entrance to WLD 
using the R/V Itasca. These data will be collected over a range of discharges and will define bed material load 
and suspended load properties for the system that will serve as upstream boundary conditions for all NCED 
morphodynamic models of WLD. Just as importantly, these data will be used to evaluate the stability of diversion 
channels cut through a Mississippi River levee in order to build land.

 ► Project SA07: Self-organization of distributary systems including elevation statistics

Developing models for the channel network using full 3D flow solvers is computationally infeasible. So we are approaching 
the problem from multiple viewpoints as we work toward a model or set of models that has just enough complexity and 
local process detail to capture the channel network in a predictive manner. The general class of models we are interested in 
is sometimes called reduced complexity modeling. Our main targets: the channel network, including channel-edge length; 
fine-scale topography; and shoreline geometry, all while remaining consistent with the laterally integrated models being 
developed by NCED PI Gary Parker’s group at UIUC (SA06). The current state of the science (at least in the open literature) 
is represented by the model proposed by Seybold et al. (2007), which seems to produce the main distributary form of a delta 
using a very reduced set of rules for flow and sediment routing. We think this model is a good starting point, but in our view it 
has reduced the complexity a little too far to be useful for prediction. Our approach is to construct models with more physical 
realism but not at the level of computational complexity, and parameter requirements, of something like the Delft 3D model. 

Our first attempt is a model based on a porous media filling analogy. We generalize our earlier diffusion-based models by 
assigning very large (~10 times background) permeability values to channel paths in the model. Channels are then determined 
as the delta evolves based on rules driven by the predicted curvature of the shoreline. This approach provides insight on controls 
on the network and its relation to shoreline geometry, but it is still too abstract for predictive use. We are now working on 
developing models using the approximation that flow in low-gradient systems, like the Mississippi and Wax Lake Deltas is 
strongly subcritical, i.e. Fr2<<1. This allows us to neglect the inertial term in the standard shallow-water momentum equation. 
The resulting numerical solution agrees well with known analytical solutions (even for relatively high Fr values). We then find 
the sediment flux field using a conventional sediment-flux formula and allow the model to evolve through the usual coupling 
among the flow, sediment flux, and topography. The model evolves topography, developing accumulations of sediment that 
are capable of bifurcating the flow.
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The structure of the growing distributary network is to a large degree set by patterns of sediment deposition at and just beyond 
the delta shoreline. As a community, we have almost no information as to what these sedimentation patterns are, nor do we 
have quantitative measurements of bathymetry that characterize this critical subaqueous topography. These data cannot be 
captured from aerial photographs or airborne LIDAR surveys. We will collect this data along a series of arcs increasingly 
outboard from the emergent delta top using an array of two or four zero-offset, high-frequency transceivers attached to either 
side of a boat with an extremely small draft. These data will be organized so that they can be used to calibrate and/or benchmark 
NCED spatially averaged and channel-resolving numerical models.

Progress towards milestones/deliverables

Milestone/Deliverable Progress
Developed a channel-resolving delta model based 
on a porous media filling analogy. This model 
builds on our earlier diffusion-based delta models 
by assigning very large (~10 times background) 
permeability values to channel paths. Channel 
locations are determined as the delta evolves based 
on rules driven by the predicted curvature of the 
shoreline.

We are now working on developing a channel 
resolving model for delta formation using the 
approximation that flow in low-gradient systems 
like the Mississippi and Wax Lake Deltas is strongly 
subcritical, i.e. Fr2<<1.
 

Plans
1. We will continue to work toward a suite of channel-resolving models for delta prediction. In particular, we will 

continue developing our shallow-water solver to study growth of bars and processes of channel initiation and 
bifurcation, where its ability to resolve the full 2D flux-vector field is crucial.

2. We will extend our enthalpy based numerical model for delta evolution (Voller et al., 2006) to include onlap and 
extensions to 2D cases.

3. We will collect data at WLD defining its topographic structure at and immediately in front of the delta shoreline.

 ► Project SA08: Upscaling short-term rates and small-scale 
geometries

 During the past year, NCED graduate student Brandon McElroy inves-
tigated the effects of time-scale integration on the rates of landscape 
change in a degrading channel network along the Apalachicola River, 
Florida. Dendromorphologic methods were used to deduce erosion rates 
from the exposure of tree roots in the network and coupled them with 
rates based on the activities of in situ produced cosmogenic 10Be. These 
rates sample the evolution of the network topography at timescales from 
decades to centuries to tens of millennia. Taken together, these rates all 
match that expectation from central limit theory and demonstrate how 
the long-term average erosion rate can be separated from the effects of 
high erosion rate variability over short timescales (Figure 9).

Progress towards milestones/deliverables

Milestone/Deliverable Progress
Developed a dataset to 
evaluate the control of 
sampling interval on the 
apparent erosion rate. 

Observed time dependence in 
measured erosion rate is being 
compared to the well-known 
dependence of deposition rate on its 
sampling interval.

Figure 9: Reduction in erosion rate as a function of measurement 
timescale. The red diamonds are erosion rates based on tree root 
exposure, and the black squares are erosion rates based on 10Be 
concentrations in the channel sands. The red line is a best-fit to 
the red diamonds; it passes through the cosmogenically derived 
data and closely matches the trend line expected from central 
limit theory. Central limit theory predicts that the scaling should 
decrease by the -0.5 power. In this case it was calculated as -0.46.
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Plans
Controls on time dependence in measured erosion and deposition rates will be incorporated into NCED models describing 
land building and loss.

 ► Project SA09: Coastal system response to rising relative sea level

Paola and members of his research group have exploited their long-standing ties to the oil industry to carry out experimental 
studies of growing deltas that can be used for model testing and to explore how critical morphologic properties evolve as 
deltas grow. The goal here is to improve our ability to forecast how key physical ecologic indices, such as total channel edge 
length change with delta area—if we understand that, 
we can take statistics measured from the single realiza-
tion of, for example, WLD that we now have and map 
them onto alternative scenarios for a growing delta. 
For the experiments, we use a new proprietary, weakly 
cohesive sediment mix developed at ExxonMobil 
Upstream Research Company (Figure 10). With NCED 
Postdoctoral Research Associate Matt Wolinsky, we 
have measured delta area, shoreline length, channel 
wetted fraction, and channel edge length as a function 
of time for a growing delta with no relative sea-level 
rise. The results for shoreline length (Figure 10) indi-
cate, perhaps surprisingly, that the shoreline grows in 
a Euclidean rather than a fractal manner.

Progress towards milestones/ deliverables

Milestone/Deliverable Progress
Carried out experimental studies of growing deltas 
that we can use for model testing and to explore 
how critical morphologic properties evolve as a 
delta grows.

Improved our ability to forecast how key physical 
ecologic indices, such as total channel edge length, 
channel wetted fraction, and shoreline length change 
with delta area.

Shoreline length for the laboratory delta indicates 
that the shoreline grows in a Euclidean rather than a 
fractal manner.

Plans
We will continue the delta experiments at SAFL using the same techniques discussed above but extending to longer experiments (there is 
one underway now with a five-month duration) using different scenarios of relative base level rise and fall.

 ► Project SA10: Social tradeoffs in Mississippi Delta restoration

One of the most endangered ecosystems in the world is the MRD. In addition to its unique environmental systems, the 
MRD coastal lands provide important navigation networks, protection from hurricane storm surge, and rich commercial and 
recreational fisheries. Because of the significant land loss in this region over the past century, long-term sustainability of the 
delta is threatened and has caused Louisiana state and federal agencies to reconsider decisions about how to restore the coastal 
lands to support the full range of environmental and social objectives.

To reduce the loss of land and start increasing some of the benefits that result from these lands, coastal restoration efforts have 
been proposed by private, state, and federal government agencies. One of the most important restoration objectives is the 
predicted amount of land building. Thus, the scientific information used to make land building predictions is essential to making 
an informed restoration decision. New understanding of the temporal and spatial distribution of sediment in the MRD, as well 
the processes to predict the amount of land building given different diversion structure sizes, may have large implications for 

Figure 10: Left: SAFL/ExxonMobil experimental delta, overhead view, with WLD inset for 
comparison. Right: Measured shoreline length increases as the square root of delta area.
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the size and mix of land-building projects necessary to effectively build land. Because of this, NCED PI Ben Hobbs and Mohrig 
and NCED Postdoctoral Research Associate Melissa Kenney and former NCED Postdoctoral Research Associate Wonsuck 
Kim have undertaken a research project to 1) understand the relationship between the predicted amount of land building and 
estimated costs, given a range of diversion sizes, and 2) consider the implications of this relationship for restoration decision 
making in the MRD. To accomplish these goals, Hobbs and Kenney are developing cost relationships, which account for 
inflation, a range of diversion sizes given historical cost information, congressional allocations, and estimates from the US 
Army Corps of Engineers (USACE) or state agencies. Mohrig, Kim, and Nittrouer are developing new relationships that 
describe the carrying capacity and vertical sediment distribution in the MRD. Combining the new land-building predictions 
with the cost functions will provide insight into optimal management schemes given cost or minimum land building constraints.

The framework of this study focuses on understanding the nature of the scale economies (or diseconomies) in both the con-
struction costs of the diversions and the predicted amount of land building. Of particular importance is the interplay between 
these functions, because this combination determines the optimal diversion size to maximize land building while minimizing 
costs (i.e., would one large diversion or multiple, smaller diversions be optimal?). If the cost and land building both have 
economies of scale, or both have diseconomies of scale, then the interpretation is straightforward: For scale economies, a 
large diversion is optimal, and for the scale of diseconomies, multiple smaller diversions is optimal. The interpretation is 
more difficult when the relationships are not the same because the optimal management alternative depends on the relative 
magnitude of the economies/diseconomies of scale.

Mohrig and Kim are retrofitting the NCED radially averaged land-building model given their new understanding of the carrying 
capacity and the vertical distribution of sediment in the Mississippi River water column during low and high discharges. Using 
2008 sediment data from the Mississippi River, they will be creating new equations for these two parameters that will provide 
the information necessary to modify the model so that it can predict land building given different diversion sizes. Mohrig has 
determined the amount of sand available for land building given the tapping depth of the proposed diversion structure (Figure 
11). Incorporation of this result into the land-building model will illuminate whether the assumption that land building is a 
linear function of diversion size is correct, or whether there are important nonlinearities such that in order to build a critical 
mass of land, the diversion needs to be a larger size.

Recognizing that environments, particularly the MRD, are dynamic and change in unexpected ways, particularly in restoration, 
adaptive environmental management (AEM) is a strategy that emphasizes experimentation, postimplementation monitoring, 
and other learning activities to provide information for reevaluating and modifying decisions at some future time to better 
achieve management goals. AEM is rarely fully executed in practice, however, due to barriers, such as inadequate models, costs 
and risks of experimentation, institutional conservatism, and conflicting stakeholder values. Bayesian multicriteria decision 
analysis methods have also been used to formalize AEM in the more common situation where tradeoffs exist among multiple 

objectives. However, there appears to have been no attempt, as yet, to 
use such methods to analyze tradeoffs and risks involved in restoring a 
large coastal ecosystem such as the MRD. In Year 7, Hobbs and NCED 
PI Nicholas Flores, along with Kenney, have been formulating an inno-
vative, quantitative adaptive decision analytic model that couples natural 
(ecological and geomorphological) and social (economic and cultural) 
systems models to provide guidance on how to make coastal restoration 
decisions that support societal values. The goal of this research is 1) 
to create a new approach for quantitative implementation of adaptive 
management of delta wetlands through the use of a new multistage 
decision-analytic framework that can be used to answer questions about 
the impact of information on restoration decisions now and in the future 
(i.e., 10, 20, or 50 years) and 2) to assess the flexibility of changing the 
decision given evolving priorities and understanding (Figure 12). This 
value is crucial because decisions about delta restoration will be made 
over the course of decades, with initial plans being modified in light of 
what is learned from scientific investigations and the results of initial 
restoration efforts.

Figure 11: Measurements of bed-material load plus suspended-
sand load collected between Mississippi River kilometer 35 and 50 
during the 2008 spring flood. These data show that most of the sand 
is moving through the channel near its bed. Diversions that tap the 
lowermost flow will have a greater fraction of sand available for 
land building.
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Quantified uncertainties, as well as value judgments concerning the relative importance of different objectives, are required 
to implement AEM quantitatively. In Year 7, Hobbs and Kenney started to quantify the effects of uncertainties and value 
judgments. In order to understand the importance and magnitude of the uncertainties associated with one of the key objectives, 
land building, Kenney led an expert elicitation exercise in February 2009 at UT-Austin individually, with PI Mohrig, and with 
Kim. The experts were asked to provide uncertainty bounds (90% confidence interval) around the model input parameters used 
in the land-building model, and they were also asked to list uncertainties associated with the model structure. In giving their 
responses, the experts provided justifications for their answers, which may have spurred clarifying or calibration questions 
by the elicitor. Kenney also probed with questions or provided comments to assure that common biases in providing such 
probabilities were minimized. 

Hobbs, Kenney, and Flores have started analyzing how past restoration decisions have been made in the MRD. It was important 
to understand how these decisions were made, some of the key assumptions and uncertainties, and to analyze how alternative 
rankings would differ if different utility functions or value weights were assigned to the various benefits. The Louisiana Coastal 
Authority (LCA) used utility functions and tradeoff weights to rank the alternatives given the results of the environment 
benefit outputs provided by CLEAR (from Twilley). Analysis of these functions and weights for the LCA function uncovered 
potentially major value judgments. The ranking of different restoration alternatives in various subprovinces were found to 
be quite different depending on the utility and tradeoff weights that are applied. In fact, in some cases the difference in the 
absolute rank was greater than 10 (out of 32 alternatives). This analysis emphasizes the sensitivity of the decisions to these 
value judgments. We anticipate that the results of our AEM analysis will be similarly sensitive.

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Developed an objectives hierarchy using objectives from the 
various Louisiana coastal restoration reports, producing the 
qualitative conceptual model that is the foundation for the 
quantitative implementation (e.g., Figure 12).

Started our quantification of the effects of 
uncertainties and value judgments on restoration 
projects.

Started analysis of cost versus land-building efficiency 
for river diversions of small to large size.

Formulating a quantitative, adaptive decision model 
that combines natural and social systems models to 
provide guidance on how to make coastal restoration 
decisions that support societal values.

Analyzed the LCA utility function and discovered two 
potentially major value judgments: 1) the interaction term for 
land and habitat benefit (U(habitat)*U(land)) was weighted 
as four times as important as the water quality benefit U(water 
quality), and 2) the interacting benefit (habitat * land) produced 
benefits greater than zero only for wetlands, meaning that open 
water and terrestrial habitats had zero benefit.

Figure 12: Adaptive Decision-Analytic MRD Framework with a Multistage Decision Tree.
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Plans
1. Implement the basic information already gathered for MRD to start development of a pilot AEM model.

2. Finalize measurements of sand and mud transport as a function of distance above the channel bed, and refine 
algorithms that connect diversion size to land-building effectiveness—a key piece of information for resource 
management analyses and decision-making policy on the Mississippi River Delta.

3. Finalize inflation-adjusted cost relationships for a range of diversion sizes given historical cost information, 
congressional allocations, and estimates from the USACE or state agencies.

Executive summary-plans
During the next year, contributors to the SAIP will be involved in the following tasks:

1. Targeted field work aimed at better defining 1) routing of water and sediment through distributary channels, 2) 
sedimentation properties associated with sand and flocculated mud, 3) vertical accretion of islands via in situ 
accumulation of organic matter, and 4) subsidence rates and controlling processes.

2. Experimental studies of sediment deposition and network formation in deltas with cohesive banks and substrate.

3. Development of predictive models defining the geomorphic, ecologic, and societal components of delta evolution 
and restoration.

Partner interactions

The Subsurface Architecture Partner Group (SAPG) is primarily made up of researchers from the energy industry. At this time, 
confidentiality agreements prevent us from releasing the details of their application to NCED research. However, we can report 
that our emphasis on moving from analogy to analysis, as the basis for prediction, with its core experimental base, is being met 
with great enthusiasm by our partners. As in past years, we collaborate with partners on short courses involving deep-water 
and terrestrial depositional systems, and NCED graduate students and alumni continue to serve as key leaders in these courses. 
We also continue to conduct joint research with partners. A major partner activity during this year has been the continuation of 
delta experiments using a proprietary sediment simulator developed at ExxonMobil Upstream Research Company The use of 
this material allows for more realistic experiments on fine-grained deltas, and allows us to study the dynamics and evolution 
of distributary channel networks that closely match those of the WLD. A second major partner activity has been the release of 
a 3D seismic survey from the Mississippi Delta transition zone (Breton Sound region) to analyze Pleistocene-to-Recent strata 
and faulting in order to improve our understanding of delta construction for purposes of improving delta maintenance. This 
seismic data has been made available to NCED by WesternGeco. The SAPG is expanding to include active participants from 
the USACE, the USGS, and Louisiana state agencies as work on the Mississippi Delta becomes the central focus of the project.
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IIc. Stream Restoration Integrated Program

Program team
Lead Principal Investigator: Peter Wilcock
Contributing PIs: Bill Dietrich, Jacques Finlay, Efi Foufoula-Georgiou, Nicholas Flores, Benjamin Hobbs, Miki Hondzo, 
Chris Paola, Gary Parker, Mary Power, Vaughan Voller, Greg Wilkerson

Goal
The goal of the Stream Restoration (SR) Integrated Program (IP) is to advance the science and practice of SR by conducting 
and coordinating research and by working with agency and industry partners to identify information needs, develop improved 
tools, and transfer this knowledge into practice. We aim to promote a transition in restoration practice from an approach based 
on single-discipline analogy to one based on multidisciplinary quantitative prediction. We plan to implement this transformation 
by defining and promoting an objectives-driven approach to restoration, emphasizing quantitative objectives and predictive 
design and supporting explicit trade-off evaluation and decision analysis.

Approach
NCED research addresses three key areas of SR practice: 1) watershed context for evaluating and locating restoration alterna-
tives, 2) predictive relations for the physical and ecological response of stream channels to project actions, and 3) decision 
making methods incorporating improved information, predictive methods, and uncertainty. To define watershed context, 
Desktop Watersheds (DW) methods are applied to identify favorable locations for restoration action and to define effective 
and sustainable activities at proposed project sites. We focus on mechanisms connecting the project site to its watershed via the 
supply of water, sediment, and nutrients. Project planning and design requires predictive relations for stream composition and 
configuration. NCED research focuses on the physical components of streambed and channel geometry and their interaction 
with the fluvial ecosystem. As the ability to predict landscape and restoration dynamics improves, we must also anticipate 
the challenges to putting these tools to work. Our goal is a professional practice in which project goals are predictive targets 
quantitatively linked to public preference, regulatory and policy guidelines, and management actions. Our focus on transforming 
SR practice also leads to an emphasis on training, which is discussed in the Knowledge Transfer (KT) section.

Summary of Stream Restoration activities under the “legacy” categories
As NCED has moved further into the second half of its tenure during Year 7, activities of the SRIP are increasingly focused 
on the Center’s legacy. Here, we summarize legacy accomplishments and plans for the SRIP: 

Observatories: We have developed a collaborative project in the Le Sueur River Watershed of the Minnesota River Basin 
(MRB). The goals of the project are to identify sediment sources to the Minnesota River and to develop a decision analysis 
approach that incorporates the environmental predictions, including uncertainty. The environmental problem is clearly defined—
reduced sediment loading to receiving waters—and compels a watershed scale approach that requires integration among field 
measurements, sediment routing modeling, and environmental decision analysis. The project has attracted leveraged support 
from the Minnesota Pollution Control Agency (MPCA) and the Minnesota Department of Agriculture and includes extensive 
collaboration among scientists from agencies, university, and private industry. The legacy of this project includes not only the 
advances in modeling and measurement, but also the example of how an integrated understanding of a large, low-gradient 
system can be incorporated into environmental management decisions at the scale of the 64,000 km2 MRB.

Experiments: NCED has championed a new standard of experiments in river ecogeomorphology, operated at full scale while 
maintaining experimental control and using instrumentation that can resolve both local- and full-scale processes. Improved 
prediction in river science will require models that can reliably represent organism-scale and grain-scale processes at larger 
scales. Development of these models requires consistent observations of local mechanisms as well as their broader interac-
tions. To lead the research transformation made possible by full-scale, high-resolution experiments, NCED and SAFL have 
invested in the creation of physical and virtual research facilities, known collectively as StreamLabs. The essential features 
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of the StreamLabs are an explicit multidisciplinary focus, experimental control at the field scale, and the use of advanced 
technology to support detailed observations and predictions typical of small-scale lab experiments. The StreamLabs program 
represents both a physical and an intellectual legacy. The StreamLab program is described in more detail in this section and 
details on the Outdoor StreamLab (OSL) and Virtual StreamLab (VSL) are given in the appendices. 

Synthesis: With a focus on transforming the practice of stream restoration, SRIP places a special emphasis on integration 
between restoration science and engineering and the social science of environmental decision analysis. In the MRB, we are 
working to develop improved decision analysis methods for prioritizing management actions to most effectively reduce 
loadings. This requires a synthesis of sediment source prediction with an understanding of public preference, willingness to 
pay, or willingness to accept incentives for management actions in order to develop decision methods for exploring tradeoffs 
among management options. Our vision of a transformed stream restoration practice is based on a close interaction between 
restoration objectives and predictive methods for achieving those options, which will require a coupling between decision 
analysis and engineering and science tools that is more thorough than it is at present. The coupling between social and natural 
science and engineering is also at the heart of our efforts in exploring options for stream bank restoration for the purpose of 
nutrient removal. We have developed a research plan that integrates OSL experiments on nitrogen removal with a survey tool 
to evaluate public acceptance of different streamside treatments to evaluate the cultural sustainability and effectiveness of 
management options for reducing nutrient loading. 

Models: In the MRB, we are evaluating sediment sources and sinks using high-resolution topography, surface exposure 
dating techniques, and traditional gaging in a sediment mass balance. These elements are linked using a reduced complexity, 
reach-averaged routing model for sand and gravel. This model builds on NCED sediment routing models developed by NCED 
principal investigator (PI) Gary Parker and NCED graduate student Wes Lauer, which incorporate channel migration and 
channel-floodplain exchange and include open-source NCED tools to support broader application of these reduced complexity 
models. In SR03 and SR07, NCED PIs Peter Wilcock, Parker, and Bill Dietrich are working on reach-averaged sediment rout-
ing models for gravel-bed rivers that incorporate the effect of in-channel topographic and grain-size variance. NCED PI Miki 
Hondzo and colleagues have developed an innovative approach to capturing the multivariate controls of stream metabolism 
and nutrient cycling by applying dimensional analysis techniques.

Discoveries:

1. Established a theoretical framework for the entrainment and transport of mixed-size sediment that incorporates 
mechanisms at the grain scale (vertical sorting, partial transport), section scale (grain-size patches, dunes and 
bars), and reach scale (in-channel and overbank storage and reduced-complexity modeling of sediment routing).

2. Established scaling relations for sediment transport that identify thresholds and spectral gaps controlled by 
turbulence, grains, and bed forms.

3. Established the first multi-scale computational framework for simulating turbulent flow and transport processes 
including coupled turbulence/aquatic biota interactions in natural streams at full scale Reynolds numbers.

4. Demonstrated that microbial metabolism and nutrient flux at the organism scale can be represented by 
dimensionless relations that capture the dominant physical controls and provide a basis for generalized reach-scale 
predictions (Hondzo).

5. Demonstrated abiotic and biotic controls on the location and rate of nutrient uptake, made possible using 
StreamLab experiments coupling high-resolution observations of flow and transport with controlled conditions of 
periphyton and invertebrate growth. 

6. Used vegetation to establish the first migrating experimental channels capable of maintaining a constant average 
dimension, thereby establishing the ability to explore channel dynamics in the laboratory (NCED PIs Chris Paola 
and Dietrich.

Applications: NCED has developed a close collaboration with industry and agency partners to move stream restoration toward 
a predictive basis in which stream restoration objectives are clearly defined and directly linked to a predictive approach to 
project design. NCED has been engaged in week-long practitioner training courses with roughly 100 students per year for the 
past five years. NCED has also implemented this training at the university level by instituting a graduate certificate program 
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at the University of Minnesota (UMN). An important element of our efforts is to provide open source computational tools 
that support a quantitative approach to restoration practice, including methods for incorporating uncertainty into the design 
process. The SR toolbox, available on the NCED website, consists of models, code, and small applications that help guide 
applied stream restoration projects. The State of Minnesota must implement widespread and expensive management actions 
to reduce sediment loading to the Minnesota River. NCED is working closely with the state, to not only develop an ability to 
predict sediment sources, but to implement a new approach to incorporating the best available information into a predictive 
decision-making process.

At the heart of SRIP is the goal of transforming stream restoration practice from an approach based on analogy and reference 
conditions to one based on prediction and quantitative goals. We are implementing this transformation by defining and promot-
ing an objectives-driven approach to restoration, emphasizing quantitative objectives and predictive design and supporting 
explicit trade-off evaluation and decision analysis. By pursuing this goal within a Center, we are able to maintain a sustained 
interaction between decision analysis and environmental research. Science and engineering informs what is possible to restore 
and how, whereas decision analysis provides focus to determine the information most needed for effective decisions. Although 
the importance of a direct collaboration among science, engineering, and decision analysis has been known for some time, 
success is difficult and rare in large part because it is difficult to support a focused yet multidisciplinary endeavor for sufficient 
time to provide results. We have assembled a multidisciplinary team with the goal of developing a combination of written and 
computational guidance that implements a transformed approach to stream restoration. Although we cannot solve all restoration 
problems, we believe that we can assemble the methods needed to address a practical range of restoration objectives, thereby 
defining and implementing a transformed practice of stream restoration. We are developing this project in collaboration with 
the US Army Corps of Engineers (USACE) to incorporate their long experience in environmental design and management 
and to use their broad influence in environmental planning and regulation to gain wide exposure and acceptance.

Education: In addition to the extensive training for stream restoration practitioners and Master of Science (MS) students 
at UMN, a wide range of students and postdoctoral research associates have participated in research and training within 
NCED. Through work on integrative projects, like the Le Sueur River Project and StreamLabs, the SRIP has offered the next 
generation of researchers the opportunity to develop their research skills in a collaborative, interdisciplinary environment. 
Collaboration extends not only across disciplines but also across academic institutions and includes partnerships with agencies 
like the MPCA, the USACE, the US Bureau of Reclamation (USBR), the US Forest Service (USFS), and private companies 
like Interfluve, Inc., Barr Engineering, and others. Three graduate students have actively participated in SR research and five 
postdoctoral research associates have been involved in leadership capacities. Four of these postdoctoral research associates 
accepted faculty position offers starting in the fall of 2009. In addition, 10 undergraduates have worked on research related to 
the removal of Marmot Dam as part of the Research Experience for Undergraduates (REU) on River and Coastal Restoration 
“Team Marmot” project.

Opportunity: We have a very successful faculty-to-faculty interaction on the Le Sueur River project. Professor Assefa Melesse 
of Florida International University and three students, Ashley Thomas, Luam Azmera, and Fukhrudin Khalif Maalim joined 
us for the 2008 field season on the Le Sueur. All three students presented their research at the 2008 American Geophysical 
Union (AGU) meeting. In 2007 and 2008, Team Marmot on the Sandy River in Oregon brought nine students, six of whom 
were from minority groups, eight of whom were women, to participate in a large, collaborative field study on the removal of 
the Marmot Dam from the Sandy River. A new team will deploy in summer 2009. The field component of the program, led 
by NCED graduate student Chuck Podolak, has been exceptionally successful, with all interns presenting their research at the 
University of Minnesota’s undergraduate summer research symposium. One undergraduate intern presented her research at 
the 2008 AGU meeting and one other intern is now in graduate school. In addition, two undergraduate summer interns from 
minority groups were involved in the 2008 OSL project.

Communication: Many aspects of SRIP research have informed the development of SMM exhibits over the years. In particular, 
the internationally-travelling Water exhibition has an interactive component that enables visitors to “remove” a dam, as well 
as signage discussing world-wide distribution of dams over time. SRIP’s ongoing research in the removal of the Marmot and 
Elwha dams have inspired two table-top models in use throughout NCED Education initiatives, and especially at SMM. Our 
travelling vegetated flume was the focal point of an exhibit at the Smithsonian Folklife Festival on the National Mall in 2005. 
Finally, the OSL is the focus of NCED’s Earth-Buzz kiosk, a part of the Future Earth Initiative with SMM.
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Accomplishments and plans – Integrative projects
Our report on Year 7 research efforts is organized by the seven projects detailed in the NCED Strategic and Implementation 
Plan (SIP). Two projects are broader and integrative and, by design, cut across several of the SRIP projects. To provide a clear 
statement of their purpose and organization, we describe these projects first and then cite connections to the seven SRIP projects.

1. An Integrated Sediment Budget for the Le Sueur River Basin, Minnesota

The Le Sueur River is a large (2,800 km2) agricultural watershed in southern Minnesota. Postglacial river incision, agricultural 
practice, and location conspire to make the Le Sueur River one of the primary sources of sediment to the Minnesota River and 
to Lake Pepin on the Mississippi River. Much of the Le Sueur and Minnesota Rivers are listed as impaired for turbidity under 
the Clean Water Act, and the Minnesota River contributes 85-90% of the suspended sediment delivered to Lake Pepin, which 
is also impaired for turbidity and eutrophication. Management decisions require identification of sediment sources and their 
relative contribution to sediment yield from the watershed. Sediment sources include field and stream bank erosion throughout 
the watershed, as well as erosion of steep bluffs and ravines along deeply incised reaches in the lower watershed (Figure 1). 
Sediment introduced into the stream can be redeposited before leaving the watershed, so reduction in sediment yield requires 
identifying not only the mechanism and rate of individual sediment sources, but also their location in the drainage network 
and a characterization of depositional opportunity between source and outlet. 

We have completed the second year of a multi-year project intended to develop a sediment budget for the Le Sueur watershed. 
The project is centered at NCED and is conducted by NCED faculty, staff, and students along with affiliated researchers. Much 
of the work is made possible using leveraged support from the MPCA. The Le Sueur River project is a test bed for integrating 
advances in watershed modeling, sediment routing, and environmental decision analysis. The project combines field measure-
ment of sediment flux and storage, historical and field evaluation of sediment sources, radiogenic isotope models of source 
apportionment, high-resolution light imaging and detection ranging (LIDAR) analysis of sediment source and storage compart-
ments, development of water and sediment routing models that account for sediment storage, all of which are conducted within 
a sediment mass balance framework (Gran et al., 2009). We are evaluating the value of improved information and forecasting 

capabilities in guiding monitoring and management decision making, 
and we are building a broader decision analysis framework using public 
preference and valuation surveys in support of water quality manage-
ment at the scale of the entire watershed. In a key partner interaction, 
Wilcock and NCED Synthesis Postdoctoral Research Associate Patrick 
Belmont are collaborating with the MPCA in evaluating water quality 
models for the Le Sueur and the larger Minnesota River basin and in 
developing a total maximum daily load (TMDL) for the Minnesota 
River.

In the NCED-MPCA collaboration, flow and suspended solid observations 
are made at eight stream gages in the Le Sueur watershed (Figure 1): one at 
the watershed outlet, two on each of the three main branches (above and 
below the knickpoint), and an eighth gage on a smaller upland basin. In 
order to better characterize a potentially large but unmonitored source of 
sediment, we collaborated with the Minnesota State University, Mankato, 
to install three automatic samplers in two ravines in Year 7. A total of 85 
samples were collected during storm runoff events from these three sites. 
In order to constrain the proportion of sediment derived from field versus 
nonfield sources, we are measuring the concentration of in situ-produced 
cosmogenic nuclides (26Al and 10Be) in stream alluvium. Other Year 7 
accomplishments include 1) ground-based LIDAR measurements of 
bluff erosion; 2) 54 channel cross section surveys and sampling along 
two of the three main rivers in the Le Sueur watershed; 3) analysis of 
airborne LIDAR to characterize bluff, ravine, and floodplain sources and Figure 1: High resolution LIDAR image of a portion of the Le 

Sueur watershed, including the Le Sueur, Maple, and Cobb Rivers. 
Red triangles indicate some of the 12 flow and TSS gaging stations.
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sinks; and 4) air photo analysis to measure ravine elongation, bluff retreat, and river migration between 1938 and 2005, as well 
as estimate net sediment contributions from stream banks. A first version of the numerical sediment routing model for the Le 
Sueur River was also completed during Year 7. In addition, samples were collected for Optically Stimulated Luminescence 
dating from nine of the nearly 400 strath terraces that were mapped using aerial LIDAR. These samples will elucidate the 
timing and rate of river incision, and therefore sediment excavation, over the Holocene. 

In another developing partnership, NCED collaborated with Barr Engineering Company during Year 7 to develop an ArcGIS 
tool that combines high resolution topographic data and field observations to predict the areal extent of floodplain inundation 
from a flow duration curve. The tool includes an easily applied code and graphical user interface within ESRI ArcMap software 
and will be made publicly available. 

Improved predictive capabilities do not assure improved management. We are working to evaluate how improved information 
can be used to improve decision making. An intriguing challenge arises because new monitoring techniques, like sediment 
fingerprinting, provide very different information from traditional stream gage monitoring. NCED PI Ben Hobbs and Wilcock 
are collaborating with NCED graduate students Sarah Jacobi and Pearl Zheng to develop guidance for monitoring and man-
agement decision making given improved but disparate information. Application of improved information to management 
decision making also requires an understanding of public preference and the value placed by local and state residents on the 
benefit of improved water quality. NCED PI Nicholas Flores is working with former NCED graduate students Aric Shafran 
(now on faculty at California Polytechnic State University) and Andrew Meyer to determine public preference and willingness 
to pay for management practices 

The Le Sueur River project contributes to SRIP projects SR01, SR02, SR04, and SR06. The Le Sueur River project and broader 
Minnesota River collaboration involves NCED PIs (Perg, Flores, Hobbs, Parker, Wilcock), postdoctoral research associates 
(Belmont, Kenney, Viparelli), graduate students (Day, Jacobi, Johnson, Meyer, Shafran, Zheng, Zuerndorfer), partners from 
Florida International University (students Thomas, Azmera, and Maalim and Professor Melesse), and NCED affiliates (C. 
Jennings, Minnesota Geological Survey; former NCED graduate student W. Lauer, Seattle University; former NCED research 
associate K. Gran, University of Minnesota at Duluth). External partners include the St. Croix Watershed Research Station 
(SCWRS), Science Museum of Minnesota (SMM), and the UMN Department of Soil, Water, and Climate.

Plans 
The Le Sueur project is entering its third field season. In the coming year, we will complete 1) a mud and sand routing 
model for the Le Sueur watershed, 2) expand isotopic tracer investigations to include meteoric 10Be with leveraged funds 
from the Minnesota Department of Agriculture, 3) use a mass balance for mud and sand to reconcile fingerprinting, gaging, 
and extrapolation methods, and 4) develop a strategy for targeting observations and management actions based on source 
magnitude, location, cost, and the effectiveness of individual observation and management options. In the subsequent two 
years, we will work to collaborate with MPCA and stakeholders to upscale these methods to the entire MRB. Social issues 
become fully enmeshed at this largest scale, and this work must incorporate public preference, willingness to pay for water 
quality improvement, and the need for incentives to promote conservation and restoration measures. 

2. StreamLabs

Experimental studies are a key component of NCED investigations, but essential features of river systems are difficult or impos-
sible to scale to laboratory dimensions. These features include processes involving aquatic organisms and their interactions with 
their physical surroundings, as well as features, such as channel-scale bed forms and habitat, that arise from interactions among 
processes operating across a range of spatial scales. Improved prediction in river science—a central NCED objective—will 
require models that can reliably represent organism and grain scale processes at larger scales, and the development of these 
models will be supported by consistent observations of local mechanisms and their broader interactions. This combination 
has been difficult to achieve under laboratory conditions. Therefore, we have worked toward a new standard of performing 
experiments at full scale while maintaining experimental control and using instrumentation that can resolve both local- and 
full-scale processes. Although such experiments impose considerable conceptual, technical, and organizational challenges, 
automated measurement technology and sustained Center-mode support have made the approach feasible (Wilcock et al., 2008).
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To lead the research transformation made possible by full-scale, high-resolution experiments, NCED and the St. Anthony 
Falls Laboratory (SAFL) have invested in the creation of related physical and virtual research facilities, known collectively 
as StreamLabs. The essential features of the StreamLabs are an explicit multidisciplinary focus, experimental control at the 
field scale, and the use of advanced technology to support detailed observations and predictions typical of small-scale lab 
experiments. The major investment in StreamLabs by NCED and SAFL is based on our conviction that prediction of physical 
and biological interactions across scales is essential in developing and testing predictive models of the integrative dynamics of 
streams. True prediction of the response of streambed composition, stream morphology, nutrient flux, and biotic community to 
changes in watershed condition or intentional management actions is not possible without developing and testing such models. 

StreamLabs include three facilities: Indoor StreamLab (ISL), Outdoor StreamLab (OSL), and Virtual StreamLab (VSL). 
ISL uses the SAFL Main Channel. In 2006, we conducted collaborative, cross-disciplinary ecogeomorphologic research as 
a proof-of-concept for combining high-resolution observation with field-scale, controlled experiments on the interaction 
between physical and biological systems (Wilcock et al., 2008)—known as StreamLab06. In Years 6 and 7, NCED and SAFL 
collaborated in the construction of the Riparian Basin of OSL, which takes the StreamLab approach outside. OSL will eventu-
ally include a second basin, the Riverine Corridor. VSL extends the StreamLab concept to full-scale, turbulence-resolving, 
predictive numerical models of flow-bed and flow-organism interactions. The different components of StreamLabs have an 
essential symbiosis. ISL and OSL provide the high-resolution, field-scale observations needed to validate VSL. VSL provides 
the capability to extrapolate detailed flow information beyond regions of direct observation, supporting testing of reach-scale 
hypotheses and models. VSL also expands our experimental capacity, supporting virtual experiments in a number and range 
much broader than could be accomplished in a physical flume. This interaction among the different components of StreamLabs 
is essential in developing a new approach to modeling the ecogeomorphology of streams. We combine active collaboration 
among a wide range of investigators with the development of new facilities, equipment, and models, all of which requires the 
sustained support and collaboration made possible by a Center. 

Progress and plans: Indoor StreamLab
The 260 Gigabytes of data captured during 2006 ISL have been processed, and a large data report is near completion; both will 
be made available on the NCED data repository in 2009. Analysis of spatial patterns of flow and transport in controlling bar 
development were conducted by Dietrich and NCED graduate student Peter Nelson and are reported under DW06. The 2006 
experiments included periods with and without periphyton growth, which led to the discovery by former NCED Synthesis 
Postdoctoral Research Associate Cailin Huyck Orr of a shift in the location of nutrient processing from surface to subsurface, 
mediated by the presence of periphyton (Orr et al., 2009). This is discussed under SR05. Additional transport experiments 
were conducted in Year 7 by NCED Director Efi Foufoula-Georgiou and NCED graduate student Arvind Singh to better refine 
new observations of spatial and temporal scaling in sediment transport (Singh et al., 2008). These results are discussed under 
SR03. ISL is currently being used to conduct detailed flow measurements around bluff objects as part of the VSL validation. 
Experiments on bar dynamics in response to changes in sediment supply are planned for fall 2009. 

Progress and plans: Outdoor StreamLab
River systems evolve in response to interactive feedbacks of ecogeomorphological processes, which are as yet poorly under-
stood. Moreover, the nonsteady state nature of meteorological and hydrological processes, coupled with biogeochemical 
processes that are nonlinear, results in a system that is fundamentally variable with time and space and inherently far from 
equilibrium. The OSL is uniquely equipped to:

• Quantify physical, chemical, and biological processes from microscopic to basin scales;

• Conduct hydrological and ecological field-scale experiments under controlled conditions;

• Provide verification for emerging environmental restoration and monitoring technologies; 

• Generate high-resolution in situ concurrent spatial and temporal data on physical, chemical, and biological 
processes; and

• Enable highly visible formal and informal education.
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The OSL is poised to contribute transformative knowledge to such important 
issues as river and landscape restoration, flood prediction and mitiga-
tion, ecological effects of climate change, agricultural and urban runoff 
generation and mitigation, aquatic habitat quality, and renewable energy. 

The OSL occupies two floodway channels adjacent to SAFL’s main build-
ing on the banks of the Mississippi River; these two channels are being 
transformed into a new outdoor laboratory to study physical, chemical, 
and biological interactions among a channel, its floodplain, and wetland 
vegetation. The concrete structures within the OSL, installed during 2007, 
can accommodate a wide range of wetland, river, stream, and lake sys-
tems. Experiments in the OSL were successfully launched during summer 
2008 (Figure 2) with the construction of a 3-m-wide sand-bed meander-
ing channel with active transport and dynamic point bars and floodplain 
vegetation. In order to establish baseline hydrologic and ecologic condi-
tions in the basin, extensive measurements were made of topographic 
adjustments, benthic composition, in-channel and subsurface fluxes of 
water and nutrients, and reach-scale water chemistry throughout multiple 
seasons. The research conducted involved multi-scale and transdisci-
plinary study including the design of a functional sand-bed meandering 
channel, including an analysis of equilibrium channel design methodolo-
gies; the characterization of sub-reach scale momentum distributions in 
meandering channels, including an evaluation of the dominant control of 
secondary circulation within meander bends in the presence of varying 
levels of bar and bed roughness; evaluation of turbidity and fine sediment 
deposition on subsurface water storage and benthic communities; and the 
residence times and ecological implications of geomorphology-driven 
subsurface flow (paper submitted to Journal of Hydraulic Engineering). 
The research involved NCED Research Associate and OSL Manager 
Anne Lightbody; NCED PIs Jacques Finlay, Hondzo, Fotis Sotiropoulos, Voller, Kimberly Hill, Paola, Dietrich, Parker, and 
Wilcock; NCED graduate students John Gaffney and Mark Morris; NCED Postdoctoral Research Associates Belmont, Orr, 
and Kyle Straub; and three groups hosted through the NCED Visitor Program (Bayani Cardenas from the University of Texas 
at Austin, Heidi Nepf from the Massachusetts Institute of Technology (MIT), and Elowyn Yager from the University of Idaho).

The core of the OSL experiments in year 8 will be an investigation of in-stream rock structures supported with leveraged funding 
from the National Cooperative Highway Research Program (NCHRP) to Sotiropoulos and Lightbody. In-stream rock structures 
are widely used in stream restoration but their impact on flow, transport, and the in-stream and hyporheic ecosystem is poorly 
understood. The NCHRP experiments are intended to develop a design methodology for the stability and impact of in-stream 
structures. These results will play a key role in supporting SR04 and SR05 and the overall SRIP goal of developing predictive 
relations for stream composition and configuration. NCED will leverage these experiments with coupled experiments examining 
the effect of structures on both in-channel and subsurface ecogeomorphic function. Our major research goals are to determine 
the effect of in-stream structures and the resulting in-stream velocity distribution, sediment transport, bed topography, and 
hyporheic exchange on 1) in-channel oxygen, temperature, nutrients, photosynthetically active radiation (PAR), periphyton, 
and grazers and 2) oxygen distributions and nutrient processing within bed and banks. This work is supported by the NCED 
Visitor Program and includes Lightbody, Finlay, Wilcock, Voller, Hondzo, Orr, and NCED visitors Breck Bowden (University 
of Vermont), Michael Gooseff (Pennsylvania State University), and Todd Wellnitz (University of Wisconsin - Eau Claire). OSL 
research will also tackle the effect of slump blocks on meandering river migration rates and floodplain erosion and deposition, 
and NCED researchers who will do this work include Lightbody, Parker, and collaborator Andrew Simon (US Department 
of Agriculture (USDA) Agricultural Research Service, National Sedimentation Laboratory). The OSL experiments are also 
designed to provide the high-resolution flow data needed to validate VSL for conditions of complex flow over and around 

Figure 2: (a) Artists’ rendering of the completed Outdoor 
StreamLabOSL. The stream within the Riparian Basin has been 
flowing since June 19, 2008. (b) Students within in the NCED 
Certificate in Stream Restoration Science and EngineeringStream 
Restoration Certificate Program take velocity measurements 
within the OSL.
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rock structures. In turn, VSL plays a key role in the ecogeomorphic experiments by providing high-resolution descriptions 
of the flow field, the ability to test reach-scale hypotheses on flow/substrate/benthos/nutrient interactions, and a platform for 
many additional virtual experiments for testing physical-ecological interactions and developing restoration design guidance.

Progress and plans: Virtual StreamLab
VSL is envisioned to be the first computational framework for simulating turbulent flow and sediment transport processes, 
including coupled turbulence/aquatic biota interactions in natural streams with real-life in-stream structures at full scale 
Reynolds numbers. VSL supports NCED’s science-based stream restoration vision by 1) developing, validating, and disseminat-
ing to the stream restoration community an advanced computational fluid dynamics (CFD) software enabling virtual design of 
stream restoration projects; 2) guiding, along with input from ISL and OSL, the development of the first, physics-based set of 
guidelines for designing, installing, and operating in-stream structures in real-life streams; and 3) providing a cyber-platform 
for integrating physical and ecological observations with state-of-the-art computational and visualization techniques to develop 
predictive tools for evaluating the quality of aquatic habitats and simulating the distribution of nutrients, grazers and biomass. 
VSL has three modules: 1) a flow simulation module, 2) a transport-modeling module, and 3) a flow/biota interaction module. 
Significant progress has been made in all three areas.

The numerical method at the heart of the current version of the VSL is the overset, chimera grid approach developed by Paik 
and Sotiropoulos (2005) and Paik et al. (2005). Our efforts focused on extending this model to simulate flows in open channels 
with complex hydraulic structures. To validate and demonstrate the predictive capabilities of the method, we selected a number 
of turbulent flow test cases, representing generic in-stream structure geometries, for which experimental data are available in the 
literature. We also conducted experiments in ISL aimed at collecting measurements for validating the VSL for field-scale flows 
past a submerged hemispherical boulder mounted on a rough bed. ADV and surface PIV were employed to characterize the flow 
and coherent structure dynamics at Re = 150,000 both upstream of the hemisphere and in the wake. Additional experiments are 
now being conducted for flow past a cylinder representing in-stream woody debris. We have developed a new version of the 
VSL tailored to facilitate the simulation of turbulent flows in natural streams with real-life in-stream structures. The method is 
based on the Curvilinear Immersed Boundary (CURVIB) method of Ge and Sotiropoulos (2007) and Borazjani et al. (2008). 
The CURVIB method has been applied to simulate flow through OSL. Bed topography observations were post-processed via 
interpolation and smoothing to reconstruct a fine-resolution smooth channel geometry that is an accurate representation of 
the actual OSL bathymetry. Figure 3 shows the result of the first large-eddy simulation (LES) of the flow through the OSL. 
Work is currently underway to obtain more detailed bathymetry data for accurate reconstruction of the OSL bathymetry and 
to validate the computer code with experimental measurements. The CURVIB method allows us to easily embed and simulate 
the flow induced by real-life in-stream structures in a natural stream. In Figure 3 we show results from the application of the 
method to carry out a LES of the flow in the OSL with a series of bendway weirs.

ISL and OSL experiments with high-resolution, time-resolved data for turbulent flows will be used to continue validation 
of VSL. The experiments will also be used to test the predictive capabilities of simpler, albeit more efficient, turbulence 
models, such as steady and unsteady Reynolds Averaged Numerical Simulations (RANS) models. This step is of critical 

importance for making the VSL framework suitable 
for quick engineering calculations on desktop com-
puters so that it can be used in a design mode by SR 
practitioners. Further tests of the new unsteady bedload 
transport model (Escauriaza 2008) will be made using 
experiments in the OSL. The ultimate objective of the 
VSL is to develop an integrated software package that 
can be used for simulating SR flows in an accurate 
and efficient manner. The envisioned software will be 
capable of accounting for all major complexities of 
such flows so that it can be used by SR engineers as a 
powerful design tool for site-specific optimization of 
SR projects.

Figure 3: LES of flow through the OSL at Re = 20,000. Left: Instantaneous streamlines and 
velocity contours at cross-sections.; Right: Instantaneous surface velocity magnitude.
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A Lagrangian and an Eulerian model of sediment transport have been developed to study the initiation of motion and transport 
process by large-scale coherent structures and to predict the evolution of scour produced by the horseshoe vortex system in the 
vicinity of a cylindrical pier, respectively. These models will be tested against observations of bed scour in the OSL in-stream 
structure experiments.

A computational algorithm was developed for simulating aquatic swimming of anatomically realistic fish. The algorithm is 
based on the curvilinear immersed boundary method of Ge and Sotiropoulos (2007) and was applied to carry out the first 
systematic investigation of the hydrodynamics of carangiform swimming.

The VSL will be extended and validated for predicting nitrogen transport, dissolved oxygen distribution, periphyton biomass, 
and grazer aggregation in streams. The data collected in the OSL 2009 and 2010 will be used to verify the VSL under a range 
of hydraulic and environmental conditions. Field measurements will also be conducted at the Angelo Coast Range Reserve 
(ACRR) at the resolution of VSL to verify the predictive ability of the CFD model and to generalize reach-based scaling 
relationships under field conditions. Led by Sotiropoulos, the work will be carried out in collaboration with Hondzo, NCED 
PI Mary Power, and Wilcock.

 ►  Project SR01: Watershed context for stream restoration

Watershed context plays a key role in SR by defining favorable locations for restoration actions as well as effective and sus-
tainable actions at designated project sites. We focus on a key mechanism controlling watershed context: the flux and storage 
of water, sediment, and nutrients. This includes topics in SR02 on routing models incorporating storage and transformations 
and fingerprinting methods for identifying source and in SR06 on using watershed location as a key factor in sediment source 
reduction management decisions. 

Extracting watershed characteristics from high-resolution topographic datasets and using this information to make resource 
management decisions is a primary focus of the DWIP and has a direct application in the SRIP. A first step in using high-resolution 
topography is determination of channel networks. NCED graduate student Paola Passalacqua has been working with Foufoula-
Georgiou and Dietrich to develop the next generation of methodologies for harnessing high resolution topography from LIDAR for 
geomorphic feature extraction over a range of scales: hillslope to valley to river network. More information on this work, including 
a new tool, GeoNet, that incorporates nonlinear diffusion for the pre-processing of the data, is provided in DW01 and DW02. 

LIDAR analysis of landscape attributes also plays a key role in identifying sediment sources in the Le Sueur River project. 
We are using high resolution LIDAR to define valley incision and terraces for the incised lower reaches of the watershed. 
Because the timing of river incision into the initial flat upland surface is well constrained by the draining of Glacial Lake 
Agassiz 11,500 years BCE, the topographic data provides an important bound on the rates of sediment supply (Gran et al., 
2009). We have now collected radiocarbon and OSL dates to constrain the timing of evacuation, which shows that much of 
the evacuation occurred in the first few thousand years after incision began. The LIDAR data have also been used to define 
channel geometry for the sediment routing model to be developed in this project. Bluffs along the main stem of the river were 
surveyed with a ground-based LIDAR unit in July 2008. The surveys will be compared with repeat surveys throughout the 
duration of the project to measure annual bluff retreat rates and reveal specific locations of change (Figure 4).

Figure 4: LiDAR image of the a bluff along the Le Sueur River in Blue Earth County, Minnesota. Areas in purple indicate area of heavy localized erosion.



54     Stream Restoration

National Center for Earth-surface Dynamics
Annual Report 2009

Watershed location is a central theme of the Le Sueur River project because the location of sediment sources, as well as the 
erosion mechanism and rate, play a key role in developing a sediment budget and guiding management actions. Zheng is 
working with Hobbs and Wilcock to use LIDAR information to extract the downslope and along channel distances from all 
mapped soil units in the watershed. We will use this information with stream gaging records to incorporate the role of watershed 
position in a linear program guiding decisions regarding the effectiveness of different management plans.

NCED’s collaborative project, Sandy River Restoration: Geomorphic Response to Dam Removal, also uses high-resolution 
topography in monitoring response to dam removal and sediment remobilization. NCED has collaborated on supporting 
two additional LIDAR flights, one flight following winter 2006/2007 floods before dam removal and another flight in 2008 
following dam removal. These LIDAR data, together with ground surveys conducted by the NCED Research Experience for 
Undergraduates (REU) on River and Coastal Restoration Team Marmot interns in summers 2007, 2008, and 2009, provide 
exceptional coverage and local detail along 50 km of a large sand/gravel/cobble river. Details on the project partnership can 
be found in the KT section of this report and research is described in project SR07.

Progress towards milestones/deliverables 
Milestone/Deliverable Progress
Establish restoration options and priorities from a 
spatially explicit Coho salmon model (Yr 7).

Ripple, the Coho salmon model developed by the 
DW IP, was released to the public in July 2008. 
Further information under DW. 

A draft sediment budget has been developed for the 
Le Sueur River and will be updated following the 
2009 field season. A program for location-based 
sediment source reduction is under development. 
Models have been developed to identify sediment 
source regions from LIDAR.

Specify location and type of restoration action for 
reduced sediment loading in a large (2,800 km2) 
watershed (Yr 9).
Demonstrate application of LIDAR topographic 
analysis tools for evaluating restoration options in 
different landscapes (Yr 10). 

Plans
We will continue to use airborne LIDAR data to extrapolate field-measured bluff and ravine erosion rates throughout the Le 
Sueur watershed and into other watersheds in the MRB. Foufoula-Georgiou and Belmont will use new leveraged National 
Science Foundation (NSF) support to extract information on land use practices and ephemeral gully erosion. We are collaborat-
ing with the MPCA to apply sediment source analysis and decision making tools from the Le Sueur to other sub-watersheds 
in the MRB, with the goal of scaling up to apply our sediment budget results and models to the basin turbidity TMDL.

 ► Project SR02: Improved models for sediment source, routing, storage, and yield

Routing of sediment through drainage networks is a core area of investigation for NCED and has direct implications for restora-
tion management decisions. In a stream restoration context, routing is needed to link target channels to their watershed, setting 
upstream boundary conditions for project sites, and contributing to the identification of the most effective sites for reducing 
basin sediment yield. NCED sediment routing projects span the range of composition, physiographic location, and management 
context: from gravel routing through boulders in steep mountain torrents to transport of sand through the Mississippi Delta to 

the delivery of mud and associated nutrients in agricultural lowlands. 
A key focus of this work is developing predictive methods for routing 
sediment—developing approaches that take advantage of new technol-
ogy for high-resolution topography while preserving interpretability 
through reduced-complexity models. SR02 efforts are closely aligned 
with work in DW06 and SA01.

The organizing principle of the Le Sueur River project is a sediment 
budget, invoking sediment mass balance for annual to decadal time 
scales with a spatial resolution of roughly 1 km along the three main 
stream channels of the watershed (Figure 5). The sediment budget uses 
routing models that are morphodynamic versions of the sediment routing Figure 5: Conceptual routing model of the sediment dynamics of 

the Le Sueur River basin.
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model developed by Lauer and Parker and applied to the Clark Fork River, Montana. An initial model has been developed 
by NCED Postdoctoral Research Associate Enrica Viparelli in collaboration with Parker and Lauer (Seattle University). This 
model routes sand and mud through gradually varying channel geometry and includes sediment exchange with storage in 
floodplains. The channel geometry has been extracted from a high-resolution LIDAR digital elevation model (DEM) with 
enhanced detail from 50 cross-sections surveyed in the field in 2008. The 2008 fieldwork also included analysis of more than 
100 samples of bed and bank samples for grain size. The routing predictions will be tested against stream gage records and 
sediment fingerprinting observations.

An important feature of the Le Sueur sediment budget is the tight integration of the physical mass balance and routing with 
different sediment fingerprinting techniques. We are collaborating with partners at the SCWRS in using fallout and cosmo-
genic radionuclides to determine sediment from surface and deeper sources. Belmont has received leveraged funding from 
the Minnesota Department of Agriculture to add meteoric 10Be to the analysis. The combination of LIDAR, stream gaging, 
fingerprinting, and a sediment budget allow for an exceptional evaluation of the methods for reduced complexity sediment 
routing modeling that NCED is developing.

We are working on a suite of sediment routing problems in gravel-bed rivers in response to dam reoperation and removal, 
gravel augmentation, and channel restoration. This NCED-supported collaboration, informally known as the Bar Flies, provides 
exceptional research opportunities for five PhD students and has the goal of developing predictive tools for sediment routing 
in coarse-bedded rivers. We are particularly interested in predicting the interaction between local sorting and topography 
and transport over long distances, using a combination of 1D and 2D numerical modeling and flume experiments aimed at 
describing the interaction between sediment supply, bed composition and topography, and sediment flux. The progress and 
plans are more fully described under SR07. 

University of Delaware graduate student Katie Skalak and Professor Jim Pizzuto are collaborating with Wilcock, using the 
sediment flume at The Johns Hopkins University to examine the controls of in-channel storage associated with large woody 
debris. This collaboration expands the sediment storage/routing spectrum under investigation, looking at finer sediments 
stored within the channel. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Test improved reach-averaged sediment routing 
models with explicit storage functions for both sand 
and gravel rivers (Yr 7).

Reach-averaged models have been developed for 
different river systems.

Establish sediment fingerprinting methods for 
sediment source and history (Yr 8).

A mix of fallout and cosmogenic radionuclides are 
being evaluated in the context of sediment budget 
and sediment routing models in the Le Sueur River 
project. 

Complete sediment budget for 2,800 km2 watershed 
combining geochemical fingerprinting and flux/
storage estimates with valley bottom sediment 
storage and steambank erosion in a network routing 
model (Yr 9). 

A draft sediment budget is complete and will 
be updated in Yr 8 using field observations of 
production and flux and a reach-averaged routing 
model. 

Plans
Year 8 will be our most complete field season on the Le Sueur River. We will sample stream sediment flux for fingerprinting 
analysis at four gage sites bracketing the incised portion of two of the three channel branches of the Le Sueur River network. 
We will complete a third season of ground-based LIDAR measurement of bluff retreat to identify sediment production rates 
and maintain stream gages in two ravines and four upland ditches. In Year 8, we will test the morphodynamic sand and mud 
routing model for a 50-km reach of one of three mainstem channels in the Le Sueur watershed and extend the modeling to the 
other two channels and the complete watershed. 
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 ► Project SR03: Dynamics of mixed-size sediment

The transport of streambed material has direct impact on surface and subsurface bed composition, the morphology of the channel, 
and surface and subsurface fluid flow. The details of the channel planform, the composition of the bed surface, and hyporheic flow 
constitute the essential, organism-scale template for the stream ecosystem. This project focuses on developing our understanding 
of the transport and sorting of coarse bed material. Our goal is the development of predictive relations for sediment entrainment, 
sorting, and transport and to extract essential mechanisms and controls for application to reach and network scales. 

NCED graduate student Brendan DeTemple, working with Wilcock, has completed development of a complete theoretical 
framework for vertical sorting and armor development in a mixed-size sediment channel. The theory accommodates both 
transport and tracer observations and includes the difficult but ecologically essential case of partial transport in which some 
grains remain immobile over the course of a transport event. The immediate goal is a complete definition of the stochastic 
vertical sorting and sediment mass conservation model originally proposed by Parker and Paola. 

Application of a vertical sorting and armoring model faces difficult challenges when confronted with topographic and grain 
size variability in gravel-bed streambeds. Nelson used the 2006 ISL experiments to examine the influence of bed topography 
on transport patterns and grain-size patches. The experiments suggest that as stress decreases, cross-stream sediment transport 
becomes increasingly selective and preferentially moves fine sediment away from zones of low stress into zones of high stress 
(Figure 6), which has important consequences for understanding patch and bar development and understanding the interaction 
of transport and topography when upscaling from bar to reach scale.

Foufoula and Singh have used ISL 2006 transport data to demonstrate that the average sediment flux depends on the time scale 
over which the average is computed and that a consistent mean flux emerges only above a characteristic scale (correspond-
ing to the length scale or time scale of bedform movement) (Singh et al., 2009). They conducted new ISL experiments to 
investigate the effect of near-bed turbulence and mixed-size particle hiding-effect on scaling properties of sediment transport 
and bed morphodynamics. This work will more fully explore a gap they have identified in the power spectral density of the 
velocity (Figure 7), separating a high-frequency range associated with turbulent eddy motions and a low-frequency regime 
that represents the local effect of bed topography. Ongoing work will analyze the spatial and temporal spectra of near-bed 
flow and transport with the goal of understanding its implications for the prediction of sediment fluxes in a flume or real river.

In collaboration with Wilcock, Parker and Viparelli have finalized two publications on the building and consumption of stratig-
raphy in a gravel-bed river. These papers describe both numerical modeling and experimentation conducted at the University 
of Illinois. The finalized numerical mixed-size transport and morphodynamic model, Stratigrafia, tracks the development of 
grain-size stratigraphy and is provided in the NCED SR toolbox.

Figure 6: Bed topography, surface median grain size (generated from automated analy-
sis), shear stress (modeled with MD-SWMS), for SAFL experiments during StreamLab06. 
The bottom plot shows stresses and surface median grain sizes along the dashed line in 
the above figures. Note that the median grain size tends to increase as the shear stress 
decreases, and vice versa

Figure 7: Power spectral density of velocity fluctuations 
over active transport of mixed sand and gravel, showing gap 
between ranges controlled by turbulence and by local bed 
properties.
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Complete initial model for vertical sorting and 
morphodynamics in spatially homogeneous beds (Yr 
7).

Theoretical development of a vertical sorting model 
is complete and tested against stratigraphy and tracer 
flume data. 

Management guidelines for gravel augmentation 
and sand infiltration have been developed by NCED 
partner Stillwater Science.

Stratigrafia papers submitted and model posted on 
NCED SR toobox website. Testing of these models is 
underway in the Trinity and Sandy Rivers and OSL.

Management guidelines for gravel augmentation and 
sand infiltration (Yr 7).
Strategy for scaling up lateral variability in reach to 
network modeling (Yr 7).

Tested model of sorting and morphodynamics for 
field data sets (SR07) (Yr 8).

Plans
Parker and Viparelli are converting routing and mixed-size morphodynamic models to Community Surface Dynamics Modeling 
System (CSDMS) standards (see Knowledge Transfer section). Podolak and Wilcock will be implementing mixed-size mor-
phodynamic code for the 2D modeling environment MD-SWMS (or US Geological Survey’s Multidimensional Surface-Water 
Modeling Sytem). DeTemple will complete publications that present his theoretical framework for vertical sorting and armor 
development in a mixed-size sediment channel, and the new experimental data recently collected to support the theory. Nelson 
will continue working on the mechanisms of grain-size patchiness. Work in 2009 in the OSL will examine size sorting around 
a point bar under base flow, bankfull, and flood regimes and will build on observations of fines infiltration made during the 
inaugural 2008 OSL experiments.

 ► Project SR04: Predictive relations for channel and floodplain geometry

Once the boundary conditions of water and sediment supply are specified (with uncertainty), predictive stream restoration 
requires an ability to forecast the dynamics of channel and floodplain geometry. Work in this project focuses on both the 
influence of channel and floodplain storage on the movement of sediment through the drainage network and the response of 
local geomorphic elements to specified water and sediment supply.

Dietrich and NCED graduate student Christian Braudrick are exploring how sediment supply influences channel morphology 
of gravel-bedded meandering rivers. They hypothesize that for meandering to occur in coarse material, bank strength must be 
added to slow the outer bank migration, finer suspended load must be available to settle into the gap between the point bar and 
the adjacent floodplain, and variable hydrographs are needed to raise 
the point bar to the floodplain level. In Year 7, Braudrick succeeded in 
experimentally creating, for the first time, a single-thread meandering 
stream with repeated cutoff but temporally constant channel width. 
Braudrick is following this work with an exploration of how sediment 
supply influences channel morphology of gravel-bedded meandering 
rivers (Figure 8). This past year, Braudrick conducted experiments in 
the University of California, Berkeley (UCB), 30-m flume on supply 
and channel bed morphology and found that alternate bar wavelength, 
celebrity, and amplitude all depend on sediment supply.

In an extension of their research on universal relations for hydraulic 
geometry, in Year 8 NCED PI Gregory Wilkerson and Parker addressed 
the hydraulic geometry of sand-bed streams. Suspension is the dominant 
mode of sediment transport for such streams, while bedload transport 
plays a major role in transporting the sediment of gravel-bed streams. 
Observed hydraulics and geometry for bankfull channels are used to 
evaluate parameters for flow resistance, sediment transport capacity, 

Figure 8: Time evolution of experimental meandering channel. 
Hours report the time during which active flow and sediment 
transport occurred. Four cutoffs are noted.
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and sediment yield to evaluate elements that are common to all rivers and elements that are distinct based on the different 
transport mechanisms in sand and gravel rivers. The work was presented at the 2008 AGU meeting (Wilkerson and Parker 
2008) and a manuscript is in review.

Gaffney, working with Hill, Paola, and Wilcock, has completed experiments on the slope required to transport an increased 
sediment supply of successively finer grain sizes. The experiments show that there is a minimum grain size below which 
transport slope is insensitive to supply, indicating for the first time a clear experimental basis for the transition between wash 
load and bed-material load.

Rock structures are an important component of many stream designs, although the amount of supporting information is sparse. 
A major new NCED initiative will develop a new modeling framework for studying these structures and optimizing design 
protocols. Lightbody will direct a combined experimental/numerical investigation of in-stream structures with leveraged 
funding from the NCHRP project. This project is discussed above under the description of StreamLabs.

Year 7 work in the OSL and the VSL played a key role in advancing our ability to observe and predict stream channel response 
to changes in flow and transport, and to the installation of in-stream structures. Further detail on the 2008 accomplishments 
are given in the StreamLabs description above but include successful implementation of a meandering channel in OSL, with 
dynamic point bars and bed sorting and successful implementation of OSL flow dynamics in VSL. The combination of field 
scale experiments, high-resolution observations, and scale-crossing numerical modeling will now be applied to the questions 
of the physical and ecological response of a stream channel to different flows and in-stream structures.

Progress towards milestones/deliverables

Milestone/Deliverable Progress
Develop sand-bed and universal hydraulic geometry 
relations and design guidelines incorporating 
variability (Yr 7).

A dynamic, vegetation-controlled meandering 
stream has been successfully developed at the UCB 
Richmond lab and studies of the effect of sediment 
supply on bar and meander growth are underway. 
Development of quasi-universal hydraulic geometry 
relationships for sand-bed rivers is complete. 
Field testing at ACRR, initial observations in OSL, 
and VSL development provide the basis for upscaling 
nutrient processing using StreamLabs research in Yr 
8.
VSL has been successfully developed for field-scale 
flows and tested against OSL observations and flows 
around different blunt objects.

Integrate hydraulic geometry and dimensional 
analysis to upscale nutrient concentrations in terms 
of stream reach length and drainage area (Yr 8).
Basis for scaling laboratory bank strength and 
vegetation effects to the field (Yr 7).
Generalized models for the influence of vegetation 
on channel dynamics (Yr 7).
Numerical StreamLab (VSL) for testing effect 
of channel geometry and in-stream structures on 
channel stability and habitat (Yr 7).

Plans
A main focus in Year 8 will be the investigation of flow, transport, and morphodynamic change in the OSL. The experiments 
will examine the response of bed topography and sorting to baseflow, bankfull, and flood discharges and to the installation of 
a large rock structure. We will make detailed observations of flow and transport and use this information to test VSL and to 
develop reduced-complexity models based on 1D routing and hydraulic geometry. The physical and virtual experiments will 
be used to develop design guidance for in-stream structures. Work will continue on developing VSL as a virtual experimental 
tool for investigating the interaction of bed configuration and channel geometry in stream channel design. Work at the UCB 
Richmond lab will focus on the effects of increased sediment supply on the interaction between point bar change and bend 
migration, using the vegetated meander flume.
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 ► Project SR05: Predictive relations for the effect of physical channel structure and disturbance regime on pri-
mary productivity, nutrient transport, and species recovery

Restoration projects commonly have ecological or water quality objectives. Predictive relations for addressing water quality, 
habitat, and species recovery are at or beyond, not only current practice, but also our general knowledge of stream ecosystems. 
This project focuses on developing knowledge to guide planning and design of stream projects for the ecological purposes of 
water quality and habitat improvement as well as for species recovery.

Predictive understanding of stream ecosystem function is needed in a number of key areas, including linkages between physical 
channel conditions and nutrient cycling, in particular between surface geomorphology and nutrient processing. Fluid flux 
between surface water and ground water mediates important naturally occurring biogeochemical and ecological processes. 
Year 7 research in the OSL investigated the subsurface/surface exchange of fluids, solutes, and energy, and the biogeochemical 
implications of this exchange in the OSL channel. Voller, Finlay, Orr, Lightbody, former NCED Knowledge Transfer Director 
Jeff Marr, and outside researchers collaborating as part of the KT Visitor Program (see Section IV: Knowledge Transfer), 
sampled a 3D network of near-stream and in-stream piezometers to characterize hyporheic flow, nutrient concentrations, 
bed permeability, organic matter content. In addition, surface water and 
benthic community samples were obtained upstream and downstream in 
the channel. The resulting characterization of the spatial and temporal 
flows and nutrient controls provides an essential baseline for the under-
standing the experimental treatments of floods and in-stream structrures 
to be investigated in Year 8.

Enhancing nutrient uptake rates is a common goal for stream and water-
shed restoration designs aimed at improving water quality, but there 
are currently no predictive relationships available for quantifying reac-
tive transport as a function of hydraulic conditions and channel form. 
Quantifying nutrient uptake rates is typically done using tracer experi-
ments in which uptake rates are fitted using a reactive transport model. 
Hondzo and colleagues used detailed flow and transport measurements 
on Elder Creek at ACRR (Figure 9) to demonstrate that dispersion 
and transient storage can dominate nutrient transport such that classic 
cycling methods underestimate the total nitrate mass loss by 82%. This 
emphasizes the importance of accurately representing local transport 
and storage processes for the quantification of nutrient uptake rates. Our 
goal in the OSL/VSL experiments is to accurately measure and model 
the relevant local controls and then use numerical experiments to test 
methods for upscaling using the sparse information typically available. 
A key element in the upscaling is to determine appropriate dimensionless 
relations that represent the organism-scale dynamics. Experiments led 
by Hondzo indicate that small-scale turbulence significantly modulates 
algal and bacterial nutrient uptake and growth and can be represented 
using the rate of energy dissipation emerges (ε) as a physically based 
scaling parameter integrating turbulence across a range of scales and 
microscopic organism responses at the cell level (Figure 10). 

The role of periphyton in mediating the metabolism and rate of nutrient 
uptake was established using ISL 2006 experiments by Orr et al. (in 
press). These experiments demonstrate an important shift from abiotic to 
biotic control (and thus timing) of the location and mechanism of nutri-
ent uptake, depending on the presence of periphyton on the bed surface. 

Figure 9: The Elder Creek study location: (a) location of the ACRR 
and a photo of the reach; (b) diagram of the reach showing the 
physical differences among the upper, middle, and lower reaches, 
as well as showing the upstream and downstream tracer reaches; 
(c) photo of the upper reach; (d) photo of the middle reach; and (e) 
photo of the lower reach.. All photos are taken looking upstream.

Figure 10: Diffusive boundary layer ( tDd ) surrounding E. coli and 
S. capricornutum in turbulent fluid normalized by the correspond-
ing still-water control ( sDd ) versus Peclet number ( KPe ). 
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Initiate OSL, bringing experimental control 
and high resolution measurement to field-scale 
ecogeomorphology studies (Yr 7).

Experiments in the OSL commenced in the summer 
of 2008. NCED personnel are collaborating with 
researchers from outside institutions through the 
NCED Visitor Program to investigate relationships 
among channel attributes, fluid mechanics, and 
ecosystem dynamics. The second field season of the 
OSL will combine high-resolution measurements and 
VSL predictions as a framework for scaling biotic 
and biogeochemical processes from local to reach 
scales. 
Field observations at ACRR demonstrate local 
relations among physical and biogeochemical 
function and the existence of larger scale gradients in 
the controls of nutrient processing.

Quantify relations among channel attributes, fluid 
mechanics, nutrient transport/transformation, 
ecosystem metabolism, and species habitat (Yr 7).
Use hydraulic geometry to establish framework for 
upscaling local biotic and metabolic processes in 
terms of stream reach length (Yr 8).
Dimensionless groups of biotic and abiotic variables 
to describe functional relations (Yr 10).

Model impact of fine sediments on carrying capacity 
and productivity of fish habitat (Yr 7).

Plans
A primary focus of the project in Year 8 will be OSL/VSL experiments exploring the linkages between stream physical channel 
conditions and nutrient cycling. Understanding interactions that cross multiple trophic levels is necessary to develop models 
that can predict stream ecosystem response to disturbance and restoration. By altering stage, slope, and velocity distribution 
within the channel, in-stream structures, such as J-hooks and W-weirs, alter both in-stream and subsurface ecogeomorphic 
function. Although a range of ecosystem benefits are claimed for such structures, including an increase in nutrient removal, there 
is little reliable information to predict the nature of these changes. The 2009 NCED Visitor Program will take advantage of a 
NCHRP project evaluating in-stream structure performance in the OSL to examine the effect of structures on both in-channel 
and subsurface ecogeomorphic function. Our major research goals are to determine the effect of in-stream structures and the 
resulting in-stream velocity distribution, sediment transport, bed topography, and hyporheic exchange on 1) in-channel oxygen, 
temperature, nutrients, PAR, periphyton, and grazers and 2) oxygen distributions and nutrient processing within bed and banks. 
We will generalize this work and develop design guidance using a close coupling between high-resolution measurement and 
VSL. The experiments provide the basis for extending and validation of VSL for predicting nitrogen transport, dissolved 
oxygen distribution, periphyton biomass, and grazer aggregation in streams. VSL provides the basis for testing methods for 
making reach-scale predictions under different physical conditions.

Cultural sustainability of stream corridor restoration for nutrient removal: Riparian zones are often highly degraded 
in urban settings, and restoration of these key landscape features could potentially be an effective means of improving water 
quality. At the same time, aspects of such restoration projects, such as standing water and wetland vegetation, may meet 
resistance from local residents. We do not have the understanding to evaluate the combined biogeochemical effectiveness 
and public acceptance of restoration alternatives for nutrient removal and so Finlay, Hobbs, Wilcock, and Lightbody, together 
with Joan Nassauer of the University of Michigan, have proposed research to the NSF Dynamics of Coupled Natural and 
Human Systems (CNH) program to fill this gap. NCED researchers collaborating on this project seek to address how common 
riparian restoration actions affect nitrogen removal in groundwater, how the public perceives these restoration actions, and how 
decision analysis can be used to couple complex natural systems with social models. With this information, we can evaluate 
and analyze the potential for successful restoration of urban riparian corridors. The goal is to find combinations of design 
choices that provide substantial nutrient uptake in a setting that is also culturally acceptable and thus sustainable. A January 
2008 proposal was recommended for funding but did not, in the end, receive approval. A revised proposal was submitted in 
the November 2008 competition.

Controls and thresholds of biogeochemical processes: In contrast to smooth gradients in rates of change in ecological 
processes with stream size and geometry, Finlay and colleagues have observed abrupt changes in conditions at ACRR. For 
example, field observations and data synthesis show strong patterns in stream water nutrient concentrations and stoichiometry 
that appear to be driven by internal (i.e., stream ecosystem) processes (Power et al., 2009; Finlay et al., in prep.). We will 
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continue to make measurements to understand the interaction of physical and biological controls of these patterns. Planned 
research and NSF proposals in development (for July submission) will examine the interaction between light, nitrogen fixation, 
and phosphorus availability in mediating threshold behavior in food webs and biogeochemistry in channel networks.

 ► Project SR06: Linking public preference, objectives, and stream restoration alternatives

As we move toward a predictive science of stream restoration, we must anticipate the challenges to putting this knowledge 
to work. Stream restoration objectives are diverse, including infrastructure protection, water quality, aesthetics, habitat, and 
species recovery. In addition, there are large uncertainties regarding the physical and biological outcomes of projects, and 
there is limited information on public preference and economic valuation. This situation raises a host of challenges: How can 
restoration objectives be more effectively identified and combined with physical and biological models in predictive restora-
tion design? How do we most effectively incorporate improved ecosystem information in stream management? How do we 
characterize uncertainty in landscape prediction and use this information effectively in management decisions? Our goal is a 
professional practice in which project goals are predictive targets quantitatively linked to public preference, regulatory and 
policy guidelines, and management actions in a consistent and transparent decision framework.

The major questions addressed in this SR project are: 

How do we evaluate the value of stream restoration projects? 

What is the value of better information in identifying restoration options? 

What is the value of returning the MRB to its legally designated use of supporting aquatic life and recreation?

NCED Synthesis Postdoctoral Research Associate Melissa Kenney, Wilcock, Hobbs, and Flores have addressed the first 
question with an initial project asking: Is stream restoration worth it? The question is posed for an urban restoration in which 
infrastructure protection and water quality improvements are the dominant objectives. We explored a third objective—aesthetic 
and recreation benefits—using a mail survey of Baltimore residents to learn how citizens feel about and value different features 
of urban stream restoration projects. We found that the cost of an urban stream project is hard to justify based on infrastructure 
protection and improved water quality alone, although by including amenity values, which exceeded the value of the other 
benefits, it was possible for benefits to exceed costs. This provides an important new perspective for evaluating urban stream 
restoration options while also establishing a rigorous standard by which projects can be evaluated.

Environmental decision analysis is playing an important role in the Le Sueur River project. The Le Sueur River Sediment Project 
and the larger context of Minnesota River water quality provide a rich opportunity for this kind of improved interaction between 
predictive Earth-surface science and decision analysis. There is considerable uncertainty regarding both the mechanism and 
location of major sources of sediment and accurate identification of both is essential to direct the most effective management 
actions. Zheng and Jacobi are working on this topic. Zheng has developed a database and model formulation for a deterministic 
optimization of sediment control measures in the Maple River basin (minimizing the cost of achieving a reduction target). This 
work is incorporating the high-resolution DEM of the watershed discussed in SR01 to evaluate the role of watershed location 
of management actions in reducing sediment loading. Jacobi has developed a stochastic optimization approach to analyze the 
information gained from both control measures and monitoring; this project builds upon Zheng’s database and information 
provided by other NCED investigators while also recognizing uncertainty in sediment balances and errors in measurements. 
The deterministic model can provide a rank order of sediment control measures, whereas the stochastic approach is a first 
attempt to explicitly include uncertainty in the analysis of source reduction options. 

Another key element of restoration decision making is determining the value placed on restoration benefits by the public. 
Work by Flores has addressed the question of what restoration of the Le Sueur and broader MRB is worth to Minnesota 
households. To that end, Flores and colleagues conducted a combination mail and Internet survey using a random sample of 
Minnesota households. The results suggest there is considerable public support for restoring water quality in the MRB to its 
designated use category. The second thrust of the preference study was to measure time preferences for restoration. As part of 
his dissertation research, Meyer developed a methodology for eliciting time preferences for environmental quality improve-
ments in the MRB. The framework is directed at measuring the lost benefits for waiting to restore the MRB surface waters. 
Results of the work suggest that waiting for restoration results in a significant loss of benefits. A delay of one year results in a 
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10% reduction in benefits and waiting five years results in a 38% reduction in benefits. These losses are important to consider 
because the Clean Water Act provides the public the right to water quality at the designated use. Two manuscripts reporting 
these results are currently in preparation. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Determine practitioner and manager 
recommendations for improved predictive restoration 
(Yr 6).

The integration of public preference objectives 
with alternative stream restoration actions has 
been advanced to a great degree in Year 7. 
Surveys have been conducted to evaluate public 
preference and we have also built an approach that 
recognizes uncertainty in research data and errors 
in measurements. We have developed a stochastic 
optimization approach to analyze both restoration 
measures and the value of additional research to 
inform those measures.
The final products of this project will demonstrate the 
watershed framework for optimizing water quality 
improvement and will implement Bayesian methods 
for estimating the value of reduced uncertainty. It is 
well on its way to assessing the value of improved 
models vs. improved data in stream restoration 
decision making. 

Demonstrate survey method for measuring public 
preference, considering uncertainty (Yr 7).
Demonstrate watershed framework for optimizing 
water quality improvement under risk (Yr 7).

Implement Bayesian methods for estimating the 
value of reduced uncertainty (Yr 8).

Assess value of improved models vs. improved data 
in stream restoration decision making (Yr 10).

Plans
 After completing our work on the worth of urban stream projects, we will generalize the analysis to support project evaluation 
in other settings. Our goal is a quantitative basis for evaluating the benefits of a wide range of stream restoration objectives, 
including infrastructure protection, water quality improvement, habitat restoration and population recovery, and aesthetic 
and recreational benefits. We will place this generalized framework in a spreadsheet tool to facilitate its use by practitioners. 

Over the coming year, we will complete an illustrative set of analyses to describe the consequences of actions for both stream 
restoration and other best management practice (BMP) actions within the LeSueur/Maple River basin. These analyses will be 
conducted using both the deterministic and stochastic multiobjective methodologies. A key factor for the implementation of 
a restoration strategy will be determining the costs required to implement restoration actions on private land. NCED graduate 
student Lorine Giangola is designing an auction experiment to reveal the willingness-to-accept payments for installing BMPs 
on agricultural lands.

We are working with the MPCA to establish a decision-making context for the Le Sueur Watershed and other watersheds in the 
MRB. As part of a state-sponsored stakeholder-driven decision process, we propose to collaborate on developing and applying 
a simulation model for water quality improvements and to provide a decision analytic framework that allows stakeholders to 
consistently evaluate different restoration options. This work represents the intersection of many NCED goals—improved 
prediction using reduced complexity models, watershed context using topographically driven prediction, and the explicit 
integration of science and engineering predictions in a decision analysis framework supporting improved environmental 
management. 

Environmental decision analysis provides the framework that organizes and directs our efforts to transform the practice 
of stream restoration. We will implement this transformation by defining and promoting an objectives-driven approach to 
restoration, emphasizing quantitative objectives and predictive design and supporting explicit trade-off evaluation and decision 
analysis. Hobbs and Wilcock, together with Kenney, are taking the lead in organizing the SR decision analysis and design 
guidance project.
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 ► Project SR07: Dam reoperation and removal for ecosystem restoration

This project is focused primarily on 1) the influence of dam operations or removal on the movement of water and sediment 
through downstream reaches and 2) the development of a predictive approach for advising reoperation or removal for ecosystem 
restoration.

A major initiative in SR07 is driven by removal of the Marmot Dam on the Sandy River, Oregon, fall 2007. In collaboration 
with the Sandy River Basin Watershed Council, Portland General Electric, Oregon State University, Graham Matthews and 
Associates, USGS, and USFS, we are conducting a multi-year study of sediment routing and channel change in response to 
the Marmot Dam removal. Our field monitoring program includes bed topography and composition along approximately 5 
km of river below the dam, which was removed October 2007. Field measurements were completed in 2007 (preremoval) 
and 2008 (postremoval) and will be repeated in summer 2009 The Sandy River project also hosted five summer interns during 
summer 2007 and is one of two field sites for the River and Coastal Restoration REU project discussed in the Diversity sec-
tion of this report. The Sandy River project provides an opportunity to combine LIDAR analysis of geomorphic change and 
to bridge high-resolution and reduced complexity flow and transport models for predicting both local topographic response 
and reach-scale routing. Results from the fieldwork to date have been reported in a suite of conference papers given by REU 
students, Podolak, Wilcock, and a number of project collaborators from private firms and public agencies. 

In collaboration with NCED partner Jack Schmidt at Utah State University and PhD student Susannah Erwin, Wilcock is 
examining gravel migration through a restored reach on the Provo River (Utah) below the Jordanelle Dam. The same restora-
tion design was used immediately below the dam and further downstream where a local source provides a supply of gravel. 
The migration of gravel through the downstream reach, and comparison with the sediment starved reach, provide a field 
experiment incorporating flow control, sediment supply, and channel re-engineering. This project is entering its first main 
field season in 2009.

We are working with another NCED partner, the Trinity River (California) Restoration Program (USBR) on routing gravel 
added below the Trinity and Lewiston Dams. The restoration program includes rebuilt channels designed to actively convey 
sediment under the reduced flow conditions below the dam. In collaboration with NCED, USBR engineers have applied 
Wilock’s inverse model for streambed change to design gravel augmentation and flow release plans, and they have developed 
a research plan to evaluate the development of topographic complexity in response to dam releases, gravel augmentation, and 
channel reconfiguration. Parker and Viparelli have completed implementation of a 1D mixed-size routing model (using the 
NCED tool Stratigrafia) for application to the Trinity River. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Develop field datasets on the effects of injected and dam-
released sediments on downstream channel geometry and 
habitat (Yr 8).

Extensive datasets have been developed for the 
Sandy and Trinity Rivers in response to dam 
release and gravel augmentation, respectively. 
A 1D model (Cui et al., 2008) has been tested 
against observed sediment routing in response to 
removal of Marmot Dam. 

Predictive relations for the control and management of 
reservoir erosion (Yr 8).

Tested application of reach-scale models for sediment 
routing and channel change (Yr 8).

Plans
We have established an active collaboration, informally termed Bar Flies, among those working on SR07 projects. The team 
includes Braudrick (SR04) and has a focus on the response of gravel-bed rivers to increases in sediment supply. Team members 
are working on implementing the Wilcock/Crowe transport equation and mixed-size morphodynamics into the USGS 2D 
flow model MD-SWMS. The team will also conduct experiments following on the 2006 ISL experiments in order to develop 
a definitive dataset on the sorting and topographic evolution of alternate bars for use in testing mixed-size morphodynamic 
models.
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IId. Facilities

Staff: All
Contributing PIs: All

Introduction
Over the course of NCED’s seven year tenure, the center’s research, its associated scientific discoveries, and its interactions with 
the community have been made possible through the development of an extensive array of field research stations, experimental 
facilities, and educational exhibits. The development of this “hardware” has enabled NCED to not only make significant 
advances in predicting the coupled dynamics of landscapes and their ecosystems, but also to communicate this knowledge to 
partners outside of NCED, helping us transform the management and restoration of the Earth-surface environment. 

In our research, we focus on a fundamental component of the Earth-surface system – channel networks and their surround-
ings – that recurs in varying, but fundamentally related forms across a wide range of environments and scales. To investigate 
these channel networks across a range of environments and scales, NCED has invested in three major field observatories: the 
Angelo Coast Range Reserve (ACRR), Minnesota River Basin (MRB), and Wax Lake Delta (WLD). Through these three 
research sites, we place landscape and ecosystem dynamics in a watershed context and investigate the erosional and depositional 
processes that drive source to sink landscape evolution in North America. Work at ACRR primarily investigates watershed 
context, while research in the MRB focuses on erosional processes that eventually come to bear on the depositionally-focused 
research site of WLD. 

As a complement for its field research stations, NCED has also invested in designing state-of-the-art experimental facilities 
for environmental research. These facilities include a wide array of equipment at Saint Anthony Falls Laboratory, among 
which are: “Jurassic Tank,” a specialized basin used to study fluvial geomorphology on a geologic time scale; and the Outdoor 
StreamLab (OSL), the first meso-scale integrated earth observatory that provides for laboratory-quality monitoring in a natural 
scale and setting. These investments have produced major new discoveries and laid the foundation for future work by the 
broader Earth sciences community. 

Communicating the scientific discoveries developed in our research field stations and experimental facilities has been largely 
accomplished through another set of activities – exhibitions and educational materials developed in concert with the Science 
Museum of Minnesota (SMM). These materials have been widely successful in educating students, teachers, policy-makers, 
and the general public about Earth sciences. Together, our field stations, facilities, and educational materials leave not only 
a physical legacy of their presence, but also a highly successful template for research, disciplinary synthesis, and education 
upon which future work can be built. 

What follows in this section is a description of each of our research stations, facilities, and museum exhibits and materials. 
The major components of each are discussed, along with the associated current and future research plans. 
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Angelo Coast Range Reserve Research Site

Research Overview

The Angelo Coast Range Reserve (ACRR) is NCED’s first designated “community field site;” a place where NCED PIs, 
students, post-doctoral associates, and colleagues can collaborate, over at least the life of NCED, on the field component 
of NCED’s field-experiment-model research approach. NCED’s fiscal and intellectual investment in the ACRR, notably in 
designing and deploying a unique wireless network to connect the reserve and its array of environmental monitoring devices 
to the Internet, has created a unique facility where ecologists, geomorphologists, engineers, hydrologists, geochemists, and 
atmospheric scientists are collaborating. ACRR has attracted additional colleagues and funding sources, in particular the Keck 
HydroWatch Project, which substantially leverage this investment. We are building long-term monitoring programs, testing 
and advancing new technology for field observations, and educating students through class field projects, summer research 
projects, and graduate research. Scientists and students from across the country now come to ACRR to conduct research.

Field Site Setting and Background

The ACRR, one of 35 natural history research reserves in the University of California Natural Reserve System, (UCNRS) is 
one of the largest tracts of coastal Douglas fir-coast redwood forest remaining in California. The Reserve itself is 9,142 acres. 
The South Fork Eel River runs north through the site, nearly parallel to the Pacific coastline for most of its length. Recent 
studies suggest that the river’s downstream reach may be uplifting as much as ten times faster than the headwaters area near 
the reserve. Continual uplift and incision into the landscape by the Eel River and its tributaries has created the steep topography 
of the reserve. The terraces of the site are the only level land in an otherwise rugged terrain of narrow ridges and steep valleys. 
Surrounding slopes may exceed 50 percent, and elevations range from 378 meters (1,240 feet) near headquarters to 1,290 
meters (4,231 feet) at Cahto Peak. Underlying most of the reserve is greywacke sandstone and mudstone of the Franciscan 
Complex, with derivative soils from the Josephine and Hugo series.

The region has a Mediterranean climate, with heavy rains in the winter (October-April) followed by a summer dry season. 
Annual precipitation is 80 inches (203cm). The Eel River floods during the rainy. The reserve contains five kilometers of 
the South Fork of the Eel River and the entire watersheds of three of its perennial tributaries. One of these, the Elder Creek 
watershed, is considered to be the largest pristine watershed remaining in the state of California, and has been continuously 
monitored since 1967 by the U.S. Geological Survey as a benchmark for purity of natural waters. 

The Reserve itself has a long tradition of environmental monitoring, which started under The Nature Conservancy and has 
been continued by the UCNRS. Meteorological and stream runoff monitoring data, including a 36 year record from Elder 
Creek, is available. There are over twenty-five years of data on the biological, ecological, geomorphological, and human 
cultural aspects of the Angelo Reserve ecosystem. The favorable location with relatively simple underlying geology and no 
major upwind sources of urban or agricultural pollution facilitates the study of atmospheric inputs from the Pacific Ocean. 
The reserve includes a $1.2M Environmental Science Center (ESC), gifted by the Goldman Fund, completed in 2002. The 
ESC includes a laboratory, computing facilities, a library, and meeting spaces. 

ACRR Environmental Observatory 

An environmental observatory such as the ACRR must contain three pri-
mary components: sensors, a network, and a data repository (Figure 1). At 
the ACRR, the sensors consist of a large array of monitoring equipment 
attached to data loggers. Our network consists of four linked wireless 
networks, which feed data to a central server at the headquarters field 
station. This central server transfers the data to our repository on the 
University of California, Berkeley campus, for storage and distribution. 
We have developed a robust, redundant system in which each component 
keeps a data cache in the event that another component goes down. A 
discussion of each component follows.

Figure 1: Flow chart of the environmental observatory components
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ACRR Monitoring Equipment: Our most recently deployed sensors 
are in the portion of ACRR referred to as ‘Rivendell’ (see Figure 2). 
We have installed fixed ladders and built trails across the site to prevent 
further damage to the steep slopes. We have rigged 6 douglas fir trees for 
climbing, five of which now have solar power systems installed, replac-
ing a previously cumbersome battery-powered system. Eight Campbell 
Scientific data loggers attach to five custom radios, enable us to uplink 
them to the larger reserve wireless network. Seventy wireless mesh 
networking motes have been installed. They are positioned 1 meter 
above the ground on stakes, and 5 are positioned in a tree, each mote 
1 meter away from the trunk on the eastern side of the tree. Two Isco 
water samplers have been installed, collecting water samples from Elder 
Creek, a well near the creek, and a well near the ridge. The samplers 
have been attached to the network and the rate of sampling can now be 

varied during weather events. 104 sap flow sensors have been installed in trees through out Rivendell. Species being sampled 
include Douglas fir, several species of oak, madrone, and yew. 30 light/temperature sensors, and four PAR sensors have been 
distributed along the South Fork Eel River to help assess spatial temporal variation in light regime along the river channel. 
This will be used to validate light models of the channel and to estimate algal habitat. 

ACRR Wireless Network and Existing Infrastructure: Four different wireless networks operate within ACRR. A backbone 
is supplemented by local 802.11 networks around the field station buildings for laptops. At Rivendell site, a Campbell Scientific 
proprietary pakbus network and an experiment mote mesh network are installed. Both of these also uplink to the backbone 
network. Four weather stations have been installed, one at reserve headquarters, the others at Cahto Peak, Angelo Meadow, 
and a micromet station installed 55 meters up a Douglas fir at Rivendell. A pressure transducer gage has been installed in the 
South Fork Eel River. We have also linked in US Forest Service turbidity monitoring equipment on the outside of a stilling well. 

ACRR CyberInfrastructure: ACRR cyberinfrastructure is managed by a four party partner group, which includes the 
Berkeley Natural History Museum Consortium (BNHM, the NSF funded Consortium of Universities for the Advancement 
of Hydrologic Science (CUAHSI), NCED and the Keck Hydrowatch Project. CUAHSI has developed an Observations Data 
Model (ODM) which, while aimed at hydrologic data, is generalizable for any streaming observations. We have adapted 
aspects of this model to an open source platform; a web interface for visualization and data retrieval is under development

ACRR Research Plans

Much of the research in NCED’s Desktop Watersheds IP focuses on the ACRR. Example research areas include upland 
wetlands as ecological hotspots, photogrammetric surveys down the South Fork Eel of algae abundance and seasonal encrust-
ing with Epithemia, annual juvenile steelhead survey at 14 sites in the ACRR, studies on controls on Foothill yellow-legged 
frog populations, a “source to sink” analysis of Epithemia to document possible linkages between river productivity and 
offshore whole-basin record in marine sediments, and detailed strath terrace mapping and numerical modeling of formation. 
A concerted effort in characterizing and modeling light within the river channel is taking place as well, as a number of the 
ecological efforts are pointing to localized insolation as a factor in habitat viability. We are approaching this issue by using 
high resolution LIDAR as a starting point in our initial testing of light models; this has informed placement of a set of 30 light 
monitors along the South Fork Eel River. 

In addition to the research efforts described under the Desktop Watershed IP section of this report, we will be experimenting 
with several monitoring technologies in the next year. The atmospherics group in the Keck Project will be testing a water 
vapor stable isotope analyzer at Rivendell. Its requirements of stable temperature conditions and very high power requirements 
(400-800 watts) will be a challenge. Two kinds of moisture measurements are being tested. The first is a form of geophysics 
that measures electrical resistance through the soil and fractured rock. The second is a neutron probe placed down the wells. 
Initial tests look promising for understanding the vertical moisture profile of the fractured rock – something we have yet to find 
a way to measure. Finally, we will be investigating distributed temperature sensing (DTS) using fiber optic cable. This will 
be placed along the Elder Creek streambed. The extremely high spatial temporal resolution of DTS may allow us to discover 
the cold seeps where the ground water is entering the stream. 

Figure 2: Sensor network in the ‘Rivendell’ region of ACRR.
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Le Sueur River Watershed Field Site

Research Overview

The Le Sueur River Watershed (LSRW) field site, located in southern Minnesota, was chosen by NCED in 2008 as an effort 
to study sediment dynamics on a watershed scale with direct implications for sustainable watershed management and policy. 
The sediment budget being developed for the LSRW integrates several state-of-the-art approaches to quantifying erosion 
rates, geochemical sediment fingerprinting, analysis of high-resolution topography, and numerical modeling, coupled with 
traditional approaches of river gaging, field-based surveys, and geological mapping. Social science efforts in the LSRW 
involve development of competing Bayesian and deterministic economic decision-making models that incorporate scientific 
understanding and multiple restoration alternatives, as well as a cost-benefit analysis for placement of Best Management 
Practices (BMPs) throughout the watershed. 

Field Site Setting and Background

The LSRW has been implicated as a primary source of sediment to 
the Minnesota River and Lake Pepin, a naturally dammed lake on the 
Mississippi River (Figure 3). Gaging records indicate that the LSRW 
contributes as much as 30-40% of the suspended sediment load to the 
Minnesota River, despite the fact that it makes up a mere 7% of the 
Minnesota River watershed area. Subsequently, the Minnesota River 
accounts for a mere 38% of the Lake Pepin watershed, yet contrib-
utes 85-90% of the sediment load to Lake Pepin (Kelley and Nater, 
2000; see figure 4). Sedimentation rates in Lake Pepin have increased 
approximately ten fold in the past 170 years since the onset of extensive 
agricultural land use in the area (Engstrom et al., 2000). The Le Sueur 
River, Minnesota River, and Lake Pepin are all impaired for turbidity 
under Environmental Protection Agency standards in the Clean Water 
Act Section 303d. 

The Le Sueur watershed represents a rare opportunity to study fun-
damental processes in landscape evolution as well as the effects of 
pervasive, and mostly uniform, human modifications. The relatively 
flat landscape was initially formed by the Wisconsinian ice sheet 12,000 
years ago. Then, 11,500 years ago, glacial Lake Agassiz catastrophically 
drained through the Minnesota River resulting in nearly instantaneously 
vertical incision of the Minnesota River by 65 meters, causing steep 
gradient, or knickpoint, at the mouth of the Le Sueur. The knickpoint 
that was created from this baselevel fall has rapidly propagated 35 km 
upstream in the Le Sueur River and its two primary tributaries, the 
Maple and Cobb Rivers. 

In the wake of the knickpoint, steep bluffs and ravines have developed, 
connecting the flat uplands with the incised river. The record of incision 
has been preserved in the strath terraces that are ubiquitous within the 
incised valley. The landscape evolution history of the Le Sueur has 
left a strong imprint on the landscape, which we can exploit to study 
processes of knickpoint propagation, bedrock incision, strath terrace 
formation, floodplain development and channel morphodynamics in 
such a way that is typically only possible on a smaller scale in physical 
experiments in a laboratory. Recent human modifications to the ecology, 
geomorphology, and hydrology of the system present new opportunities 

Figure 3: Geographic location of the Le Sueur River Watershed in 
southern Minnesota. 

Figure 4: North viewing photograph taken by Wisconsin 
Department of Natural Resources indicating poor mixing of turbid 
water derived from the Minnesota River and relatively clear water 
derived from the upper Mississippi River. 
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to study how changes in process are manifest in the landscape dynamics. Land use began to change around 1830 as wetlands 
were drained and the hardwood forest and long-grass prairie were converted to row crop agriculture. Internally drained basins 
were connected with agricultural ditches and subsurface drain tiles have been installed throughout the watershed. 

Research Activities 

Constraining incision history and Holocene sediment export from the LSRW: Holocene average GIS-based estimates of 
sediment excavation from the incised ravines and river valley of the Le Sueur and major tributaries suggest a relatively high 
sediment load on the order of 80,000 metric tonnes per year, for the last 11,500 years. To better constrain how incision and 
knickpoint propagation have proceeded over time we have mapped and dated fluvial terrace surfaces using 14C and Optically 
Stimulated Luminescence (OSL) dating. OSL dates are preliminary at the time of writing, but indicate non-linear incision 
over time with rapid incision occurring in the early Holocene and slower rates in the most recent 3 kyr. More rigorous OSL 
dates will be obtained by August 2009. 
Historic air photo analysis of meander migration and bluff and ravine erosion: We have conducted an extensive analysis 
of aerial photography spanning 1938 through 2005 to measure meander migration rates of the Le Sueur and Maple rivers as 
well as bluff retreat and ravine tip elongation. Applying the NCED Stream Restoration Toolbox Planform Statistics tool, we 
digitized banks from the 1938 and 2005 air photos and generated river centerlines. Comparing the location of the centerlines 
has allowed us calculate an average meander migration rate over that time period. Study of ravine tip elongation involved 
manually digitizing channel networks in the 1938 and 2005 air photos. Although we expect that the hydrology of the ravines 
has changed dramatically, as most ravine tips have drain tile outlets directly routed to them, it appears that ravine tips have not 
elongated greater than the georeferencing and digitizing error of our study (5-8 meters) except for a few isolated cases. The 
lack of evidence of elongation cannot refute the hypothesis that change has occurred below the resolution of our georeferencing 
error, or it may support the notion that tip-erosion mitigation practices that have been employed, such as rip-rap, have been 
successful. Bluff erosion is expected to contribute a significant amount of sediment in the knick zone. This notion is supported 
by the air photo analysis of bluff retreat in the Le Sueur and Maple rivers, which indicates that bluff ridges have retreated ~ 
10 – 15 cm on average between 1938 and 2005.

Ground-based LIDAR scans to measure bluff erosion: The second 
year of high resolution (2 cm2) ground-based LIDAR scans of bluffs 
has yielded the first direct measurements of annual erosion rates for this 
source in the Le Sueur. Figure 5 shows estimates of bluff erosion rates 
for bluffs scanned using the ground-based LIDAR instrument (red), 
bluffs surveyed in a previous study in an adjacent watershed (green), 
and erosion rates estimated from air photo analysis of bluff ridgeline 
retreat between 1938 and 2005. 
Development and application of a sediment routing model: The sedi-
ment routing model for the LSRW has been developed in the context 
of defining a sediment budget for the watershed where all the sediment 
sources and sinks are separately considered. Sediment coming from 
different sources is characterized in terms of concentration (or ratio 
between concentrations) of long-lived cosmogenic nuclides (Parker and 
Perg, 2005). The implementation and the testing of the model are done 
in different steps: 1) build a one-dimensional model that describes the 
co-evolution of the river channel and its floodplain (e.g. Parker, 2002, 
Lauer and Parker 2008a,b,c); 2) test the model against the available 
field data from the Maple River; 3) implement the procedure to trace 
the sediment coming from different sources; 4) test the results against 
analytical solutions and previous results for the conservation of long-
lived cosmogenic nuclides (e.g. Lauer and Willenbring 2008). At present 
we are very close to completing the first two steps.

Figure 5: Bluff erosion rates for the Maple and Le Sueur rivers. 
Red dots indicate rates constrained by NCED ground-based LIDAR 
measurements, green dots indicate rates constrained by traditional 
surveys conducted in the adjacent Blue Earth River watershed and 
open circles indicate erosion rates estimated from historic air photo 
analysis between 1938 and 2005.
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River channels in the watershed are divided into two reaches to properly 
account for the difference between the reach above the knickpoint and 
the reach below the knickpoint. Above the knickpoint, reaches are 
modeled as alluvial rivers that can freely aggrade and degrade in their 
substrate as they migrate in their floodplain. This assumption can be 
easily removed in the near future if field data show that the substrate 
above the knickpoint is less erodible than an alluvial bed. Below the 
knickpoint, the process of incision is modeled as a rotation around 
the downstream end of the modeled domain for a specified incision 
rate of 3mm/yr in the knickzone. The movement of the knickzone (i.e. 
downstream boundary for the reach above the knickpoint and upstream 
boundary for the reach below the knickpoint) is modeled with a moving 
boundary formulation. In Figure 6, a very simplified drawing shows the 
evolution of the channel bed profile if a) the reach above the knickpoint 
is free to aggrade and degrade into its substrate and b) the reach above 
the knickpoint has a fixed bed elevation.

The sediment is modeled as a mixture of two size fractions: sand and 
mud. To describe how sediment is exchanged between the channel and 
its floodplain, the cross section is divided in the four well-mixed layers 
represented in Figure 7. The active layer is assumed to be composed of 
channel-bed material only (i.e. sand) while the other layers are made 
of both sand and mud. As the channel migrates in its floodplain, it 
erodes sediment from the outer bank and deposits sediment in point 
bars on the inner bank. It is assumed that the river is not able to build 
its inner bank to the same height of the eroding bank resulting in a net 
input of sediment from the floodplain (e.g. Parker, 2002 and Lauer 
and Parker 2008a,b,c). In the case of dynamic equilibrium, this net 
increase of sediment for channel migration is balanced by overbank 
deposition of suspended sediment. All the other sources of sediment 
(i.e. upland erosion, incision of ravines, erosion of bluffs and terraces 
and tributaries) are assumed constant in time in the present model and 
they are user specified parameters. All the sources and sinks of sediment 
are represented in Figure 7. The total load of sand in the channel is 
computed with the relation of Engelund and Hansen (e.g. Parker, 2004). 
The load of mud is computed with the equation of mass conservation 
of sediment in suspension in the water column (e.g. Parker, 2002). The 
overbank deposition of suspended sediment is modeled with the relation 
proposed by Parker et al. in 1996.

Development and application of ArcGIS floodplain inundation tool: 
One critical step toward prediction of floodplain sediment deposition 
involves accurate prediction of floodplain inundation. To facilitate study 
of valley bottom hypsometry and floodplain inundation NCED has col-
laborated with Barr Engineering Co. to develop an easily applied code 
and graphical user interface within ESRI ArcMap software, which will 
be made publicly available. This tool will be used to predict the duration 
of floodplain inundation using high resolution LIDAR topography and 
flow data. Availability of high-resolution LIDAR topographic data for 
a portion of the LSRW provids the opportunity to apply the tool to 
predict the duration of floodplain inundation under several hydrologic 

Figure 6: Evolution of the channel bed profile if a) the reach above 
the knickpoint can aggrade and degrade and b) if the channel bed 
elevation above the knickpoint cannot change.

Figure 7: Schematic drawing of a routing model cross section with 
sources and sinks of sediment.

Figure 8: Valley bottom hypsometry changes systematically relative 
to the location of the knickpoint (~ 35 km from the mouth). Presence 
of a geomorphic floodplain is evident only in the reaches above the 
knickpoint, as indicated by the break in slope approximately one 
meter above bankfull height.

Figure 9: Surficial geologic map of the Le Sueur River Watershed. 
Red and purple dots indicate sampling locations for particle size 
analysis. Completed by Carrie Jennings, Minnesota Geological 
Survey.
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conditions that are relevant to understand the morphodynamic evolution of the riverine system. Thus, the results from this 
tool will be used to directly inform the NCED sediment budget and routing model currently under development for the LSRW 
and will prove valuable for development and implementation of TMDL management plans. The tool has also been utilized 
to study valley bottom hypsometry of the Le Sueur and Maple rivers which clearly indicate that the knickpoint exerts strong 
control over floodplain development (Figure 8).

Field observations and geologic mapping: During the 2008 field season we canoed 150 km of the Maple and Le Sueur rivers 
to measure cross sections for the routing model, make qualitative geomorphic observations, and collect samples for particle size 
analysis. In addition, NCED collaborator Carrie Jennings has completed the surficial geology map of the watershed (Figure 9).

2009-2010 Research Plans

Field work: The 2009 field season will involve continuation of efforts for multiple objectives. Additional samples will be 
collected throughout the watershed for particle size analysis to study fractionation of grain sizes during transport through 
the fluvial network. Geomorphic mapping in ravines will continue in an effort to isolate morphological characteristics that 
indicate elevated sediment production potential of these features. Ground-truthing of the GIS-based measurements of net 
streambank sediment contributions and floodplain deposition will also help constrain the sediment budget and routing model. 
Four pressure transducers have been installed in the Maple River channel to serve for validation of the hydrologic floodplain 
inundation model and clay pads have been deposited on the floodplains in multiple locations to measure annual deposition 
rates. Also, the third year of ground-based LIDAR measurements and gaging of five ravine sites and four agricultural ditches 
in addition to the eight gages on the Le Sueur, Cobb, and Maple rivers will continue.
Geochemical fingerprinting with meteoric 10Be: Leveraged funding was recently obtained from the Minnesota Department 
of Agriculture to apply a new geochemical fingerprinting tool, meteoric 10Be, the method for which has been developed by 
a recent NCED postdoctoral research associate, Jane Willenbring (Willenbring, 2009). The two year study will commence 
in May, 2009 and focus on constraining transitions in sediment sources during individual precipitation events as well as over 
decadal timescales using material from previously obtained Lake Pepin sediment cores. Work during the 2009 field season 
will involve sample collection from each major source, as well as water sample collection from the main stem of the Le Sueur 
as well as several tributaries throughout stormflow hydrographs during the late spring, summer and fall.
Completion of the sediment routing model: To complete the sediment routing model, the transport of long-lived cosmogenic 
nuclides has to be implemented (i.e. steps 3 and 4 described in the paragraph “Development and application of a sediment 
routing model”). The transport of cosmogenic nuclides is modeled assuming the conservation of mass for the tracers in all 
the layers represented in Figure 7. The validation of the model will proceed as follows: 1) the numerical solution for the case 
of a system in equilibrium will be compared with an analytical solution derived by Wes Lauer (personal communication) and 
2) the model will be applied to the Maple River and its results will be compared with the available field data.

Wax Lake Delta Research Field Site

Research overview

The WLD (WLD) field site, located in coastal Louisiana, was chosen by NCED in 2007 as part of a major initiative to 
develop methods to predict delta evolution in support of sustainable restoration of the Mississippi River Delta. Research at 
WLD is a multidisciplinary effort, involving sedimentologists, ecologists, engineers, social scientists, and industrial partners. 
Measurements collected at WLD, as well as on the nearby Atchafalaya Delta and the lowermost Mississippi River, are provid-
ing new constraints on transport processes in distributary networks and associated patterns of bed erosion and sedimentation. 
Data collected at WLD has been used to calibrate the first generation NCED model for land building. The model consists 
of a laterally averaged fluvial plus deltaic system that couples water and sediment transport with sediment mass balance to 
predict progradation and aggradation of the deltaic system. In addition, work at the WLD and Atchafalaya Delta is defining 
the contributions that accumulation of organic matter has on rates of vertical aggradation of deltaic surfaces, including 
recognition of patterns of accretion and erosion with seasonal atmospheric and flood events and the relationship to variations 
in delta island plant communities. 
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Field Site Setting and Background

WLD is situated at the downstream end of the WLD Outlet, a man-made 
channel that diverts water and sediment from the lower Atchafalaya River, 
roughly 20 km upstream from Morgan City, Louisiana. The Atchafalaya 
River receives ~30% of the water and sediment from Mississippi River 
at the Old River Diversion, and the WLD Outlet diverts about 50% of 
the Atchafalaya River water and sediment to WLD. The subaerial delta 
has been building out into Atchafalaya Bay since 1973, with a delta-front 
advance rate of approximately 0.27 km/yr. Associated with this growth 
has been the development of a distributary network of channels, separated 
by vegetated islands/bars, that continues to evolve as the delta progrades 
seaward (Figure 10).

Research Activities

Transport processes in the Wax Lake Delta: Sediment movement within the WLD distributary channel network and 
deposition on the islands/bars, as well as transport to distal areas, is essential to the past and present evolution of the delta. 
Research has focused on inferring the dynamics of sediment transport using various datasets, including cores, hydrographic 
data, digital elevation models, and fieldwork. 
Core data collected from an island/bar during the May 2007 field campaign showed a marked loss of courser sediments (153 to 
108 microns) with distance inland of the island levee. From upstream conditions inferred from US Geological Survey (USGS) 
hydrographs, and settling velocities of the various grain sizes, we were able to determine the concentration of the floodwaters. 
We were also able to infer a concentration of flood water from the distribution of grain sizes in the cores. Comparing these 
two concentrations, we were able to compute a relationship between water surface slope and height.

Using a compiled digital elevation model (DEM) from bathymetry of the proximal delta collected during the 2007 field 
campaign and light detection and ranging (LIDAR) planimetry flown by the state of Louisiana, a study of parameters that 
vary solely as a function of radial distance from the delta apex was possible. Average channel depth dependence on distance, 
channel cross-sectional area dependence on distance, and delta hypsometry as a function of distance is shown in Figure 11. The 
data suggests that the cross-sectional area increases slowly enough such that the average flow velocity is relatively uniform 
through the region of the DEM. This is also consistent with the observation of limited sediment accumulation in this region. 

Modeling land building - Application to the Wax Lake Delta: Since 1973, the subaerial WLD has been building out into 
Atchafalaya Bay, resulting in ~10 km of shoreline advance and ~100 km2 of new land. This data, together with estimates for 
sediment transport, water discharge, subsidence, eustatic sea-level rise, and initial delta-site bathymetry, have been used to 
calibrate the first generation NCED model for land building. The laterally averaged model predicts progradation and aggradation 
of the deltaic system. The land-building model reproduces both shoreline advance and created delta area for a 20 year period 
beginning in 1980. A comparison between results from the delta model and measurements from WLD is shown in Figure 12. 

Modeling land building - Application to the Mississippi Delta: The land building model has been applied to a potential 
diversion in Barataria Bay and Breton Sound during the next 100 years. The model has been thoroughly tested in order to 
cover the range of uncertainty with 1) various scenarios of sediment, tectonic, and sea-level controls and 2) changes in number 
and location of the diversion(s). Variant cases with a range of rates in sea-level rise (0–4 mm/yr) and in subsidence (1–10 
mm/yr) have been investigated, and the best case scenario is shown in Figure 13. The results show that it is possible to build 
substantial amounts of land over the time span of a century through engineered avulsions, even in the face of high rates of 
subsidence and sea-level rise.

Vegetation-sedimentation interaction in the Wax Lake Delta

Field study: Field studies have been designed to understand how plant-mediated processes of mineral/organic sedimentation 
and nutrient accumulation are controlled by the pace of primary plant succession. Our most recent success has been develop-
ing a budget of sediment deposition in WLD. We have isolated the relative contribution of large events (10-year flood and 
two hurricanes) on deposition. While these large events were important to net deposition, we are evaluating the effects of 

Figure 10: Enhanced image of Wax Lake Delta. Inset-photo of 
delta channel network and partially submerged islands/bars 
with vegetation (courtesy of G. Parker).
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cold-frontal events on potential sediment loss from wetlands. We have been able describe how patterns of accretion and erosion 
with seasonal atmospheric and flood events are related to the ecogeomorphic gradient of delta islands. Additionally, mudflats 
are typically colonized by annual species that are subject to seasonal die-back. The loss of the aboveground and belowground 
organic structure results in the loss of mineral sediments to winter cold front passages and high energy spring floods. 

Experimental study: The majority of the sediment delivered to the lower 
Mississippi system is mud (silt and clay). New delta area that can be 
created is quite sensitive to the fraction of mud that is retained in the 
growing delta lobe (as opposed to being washed out to sea)—restored 
wetlands built only from sand would have a small fraction of the area 
they would have if they can efficiently retain mud (and organic mat-
ter) in the sediment column. The biological and physical processes are 
linked, as recent work by the Louisiana State University group has 
shown that freshwater grasses (e.g., Justicia sp.) are effective at trapping 
fine sediment; on the other hand, these plants require specific elevation 
and hydroperiod regimes that are controlled by physical processes.
Current experimental work using 1 cm wooden dowels is performed to 
simulated the effect of vegetation on roughness and flow. Field obser-
vations indicate that much of the mud is transported as agglomerates 
that presumably behave as much coarser particles. Initially, 70 micron 
walnut flour was used, on the grounds that it has a settling velocity (~1 
mm/s) comparable to a typical value for clay flocs in nature (P. Hill, 
Dalhousie University, personal communication). Generally it was found 
that the dowel field caused increased erosion, a result previously found 
independently. Additionally, we are studying the possibility of deploying 
an in situ flume to measure transport properties of flocculated mud at 
WLD.

2009-2010 Research Plans 

Upcoming research at WLD will include the following tasks:

1. The possibility of deploying an in situ flume to measure transport 
properties of flocculated mud at the WLD.

2. Collection of high resolution airborne photography to create a 
Geographic Infomration System (GIS) of contemporary plant habitat 
types and couple the spatial habitat mapping with recent LIDAR imag-
ery. This will help quantify the degree of physical-biological spatial 
correlation which can facilitate the development of sediment and nutri-
ent budgets.

3. Collection of shallow cores and surface samples to understand how 
sand deposition, and the topography it builds, is tied to mud accumula-
tion. Measurements will be assembled from the proximal to distal delta 
in order to evaluate the control of local relief, protected island tops, etc., 
on sediment accumulation.

4. Characterization of the structure of the growing distributary network 
and patterns of sediment deposition.

5. Measurements of distal delta bathymetry characterizing critical 
subaqueous topography.

Figure 11: Upper right: DEM of the proximal Wax Lake Delta with 
depths in meters. The three graphs are the cumulative distribution 
functions of the depths along three radial transects.

Figure 12: Calibration of the land build model with data measured 
at Wax Lake delta since 1980. The solid and dotted lines form an 
envelope of the prediction of Wax Lake delta growth by a range of 
suspended sediment loads (38 – 25 Mt/yr).

Figure 13: View of the delta of the Lower Mississippi River below 
New Orleans, with predictions of the new land that could be built 
over 100 years starting from 2010. Results for:  a “best case” 
(Solid line): subsidence of 1 mm/yr and sea-level rise of 0 mm/yr. 
Image courtesy NASA World Wind.
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Saint Anthony Falls Research Facilities 

Research Overview

Under the NCED umbrella, SAFL/NCED personnel have pursued an extensive and prolific program of instrumentation and 
experimental system development. About twenty measurement and control systems, developed at least in part with NCED 
resources, are currently in use at SAFL and elsewhere at other US universities. During the years of NCED operation, SAFL’s 
XES basin (AKA Jurassic Tank) has seen major improvements in its functionality and measurement capability. Three basins 
having similar purpose but simpler design have been added to SAFL’s experimental facility repertoire. Novel sediment flux 
measurement systems have been designed and implemented, capable of measuring the transport of sediments ranging in size 
from 1mm to 64mm. The Outdoor StreamLab (OSL), in addition to its primary purpose of conducting field scale hydraulic 
and ecological research, has provided us with an environment for the development of novel field measurement devices and 
techniques. Field deployable, high precision measurement platforms using wireless data systems, robotic data acquisition 
devices, and in situ holographic and PIV fluid and organism measurement systems are either currently in use or scheduled for 
development in the OSL within the next two years. 

Facilities

XES Basin: A series of operation and measurement system improvements were made to XES basin (AKA Jurassic Tank) 
in Year 7, resulting in vastly reduced data acquisition effort and improved accuracies in the various associated measurement 
systems and methods. The details of one of these systems, a high speed, high resolution scanning imaging system, appeared 
as an article in the March, 2008, issue of the Journal of Sedimentary Research and an experimental image made that journal’s 
cover the following month. The scanner is a novel system for creating high-resolution digital scans of imperfectly flat surfaces 
of arbitrary size. The camera collects thousands of small overlapping digital images which, after being corrected for lighting 
and lens distortions, are then assembled into a single continuous image that contains no trace of the original image boundar-
ies. The system produces arbitrarily large, essentially perfect digital images whose resolution can be made arbitrarily fine by 
adjusting lens magnification and image frame size. The size of the composite image is limited only by available computer file 
system and the size of the camera positioning system.

Expanding on and improving the XES sonar and topography measurement system, a robotic measurement platform was 
designed and built for the University of California, Berkeley. This high speed, high precision 3-D measurement platform 
was installed at the Richmond Field Station on a 30m long tilting flume. Since that time, 10 variations of that system, with 
ever expanding capabilities and improvements, have been designed and implemented at SAFL and elsewhere. Seven related 
systems are in use at SAFL (one in the Outdoor StreamLab), two at UT and one each at UIUC and ASU. One is currently under 
construction for Cal Tech and as many as five more are likely to be built and installed within the next year for UT, Tulane 
University, and Universidade Federal Do Rio Grande Do Sul, Porto Alegre, Brazil. SAFL’s “Magic Cart” is an example of one 
of these high speed coordinated measurement and control platforms. This is a measurement system capable of positioning an 
instrumentation package anywhere in a rectangular space that measures 1.8m high, 2.75m wide, and 55m long with accuracies 
of 10µm, 100 µm, and 1mm, respectively. Its maximum speed in either horizontal direction is 2 m/s. Maximum data rates are 
100/sec (water surface), 120/sec (sonar), and 2000/sec (laser topography and misc. analog). A topo scan at 1mm x 1mm grid 
spacing over a 1.0m square domain (1,000,000 points) takes a little over 10 minutes. 

Using NCED and Oil Consortium resources, three SAFL basins having a purpose similar to that of Jurassic Tank but simpler 
design have been built, instrumented, and nearly constantly used. Unlike Jurassic Tank, these basins have fixed floors but 
experiments can still simulate uniform tectonic uplift or subsidence. Like Jurassic Tank, changes in sea level as well as water 
and sediment fluxes are experimentally controlled and modeled. The basins’ functionality is currently being expanded with the 
inclusion of tidal and wave effects. SAFL is in the process of designing a “mini Jurassic Tank” for UT, Austin, and is building 
a Magic Cart to span the new 5m wide basin.

Bedload Transport Measuring: A new method for measuring bedload transport was developed for UCB in 2004 and since 
then, additional systems have been built for SAFL and the Agricultural Research Station in Oxford, MS. These systems 
employ between 1 and 5 drums that weigh trapped, submerged bedload and, by periodically rotating the drum(s), allow 
continuous bedload flux measurement without user intervention. These systems allow the spatially and temporally non-uniform 
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measurement of bedload flux on as little as a 1 second time step and have operated continuously, in some cases, for days at a 
time. Such highly resolved bedload measurements have been used to both better understand the mechanics of bedload transport 
and to validate alternative (traditional or newly developed) methods of bedload measurement. An array of ultrasonic (sonar) 
probes has also been deployed with the SAFL system to better characterize the unsteady bedforms.

Fine Scale Flux Measurement: The flux of water and sediment at a much finer (1-100mm) scale is measured in a landscape 
evolution modeling facility using the NCED developed “Flux-o-meter.” This device, capable of resolving 0.25gf, measures 
the flux of both water and sediment over approximately a 30 second time step. These highly resolved measurements allow, for 
the first time, the accurate association of landscape complexity and evolution with basin water and sediment flux variability. 
A simulated rain machine was developed for these fine sediment mountain building experiments. Even distribution over 
wide rainfall rates is made possible by continuously rotating carefully arrayed water nozzles. Since the system is automated 
and computer driven, temporally non-uniform and periodic rainfall can be simulated without the need for user intervention. 
Day-long experiments can be conducted autonomously.

Personnel Expertise: Although NCED supported hardware and software design and implementation has been prolific, perhaps 
the development of SAFL and its staff of scientists and engineers as a leading world recognized technical resource will be 
NCED’s more significant legacy. In the area of hydraulic/geologic experimental facility and measurement system design and 
implementation, SAFL has become the “go to” resource for researchers worldwide. This has come about as a result of NCED 
support of SAFL expertise and will undoubtedly continue into the foreseeable future.

StreamLabs 

The SAFL/NCED StreamLabs represent a three-pronged approach to predictive stream restoration. Consisting of the Indoor 
StreamLab (ISL), Outdoor StreamLab (OSL), and Virtual StreamLab (VSL), StreamLabs represent a large, multidisciplinary, 
experimental effort to study reach-scale issues of sediment transport, geomorphology, and ecohydraulics under controlled 
laboratory conditions. Together, the StreamLabs support full-scale, high-resolution experiments of complex riverine processes 
using the latest in advanced technologies. 

ISL was established in 2005 and used in a series of experiments in 2006. The 3 m wide, 60 m long Main Channel in SAFL 
can recirculate large gravel particles and sand and is outfitted with equipment for high-precision laser topographic surveys 
of water surface and bed surface, along with other important data collection capabilities. The VSL represents investment in 
computational infrastructures and personnel focused on developing numerical tools and models for free-surface modeling of 
turbulence, sediment transport and fluid-sediment-biotic interactions. OSL takes the StreamLab approach outside, designed 
as the first large-scale experimental facility devoted to stream restoration. 

The three components of StreamLabs have an essential symbiosis. ISL and OSL provide the high-resolution, field-scale 
observations needed to validate VSL. VSL provides the capability to extrapolate detailed flow information beyond regions 
of direct observation, supporting testing of reach-scale hypotheses and models. VSL also expands our experimental capac-
ity, supporting virtual experiments in a number and range much broader than could be accomplished in a physical flume. 
This interaction among the different components of StreamLabs is essential in developing a new approach to modeling the 
ecogeomorphology of streams. 

OSL: The Outdoor StreamLab at SAFL is located on Hennepin Island in the heart of Minneapolis. Two abandoned spillways, 
located on the north (river left) bank of the Mississippi River adjacent to the existing indoor research facilities at SAFL, are 
being transformed into a new outdoor laboratory for ecogeomorphology and river restoration (Figure 14). SAFL and NCED 
are both committed to developing the OSL into a unique stream and landscape restoration research facility for ecogeomorphic 
processes (Figure 15).

This facility is unique in that:

• Discharge, velocity, and water surface elevations can be imposed, considerably reducing the length of time 
necessary for data collection when compared to field work.

• Measurements can be obtained within a nearly full-scale sinuous channel with a mobile bed, which is not possible 
with laboratory models. 
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• Steady and unsteady inlet hydrographs, including artificial floods, can be imposed and, if desired, repeated. 

• Velocity distribution and bed elevation can be measured along the entire channel-floodplain system, and the site is 
easily accessible for biological measurements.

• Pollution impacts to a stream reach can be studied without polluting a pristine site. 

• Outdoor location allows experimental study of processes influenced by riparian vegetation, periphyton, and other 
organisms dependant on natural precipitation and sunlight.

Construction of the OSL’s Riparian Basin finished in Fall 2007, and 2008 will be its inaugural research season. This unique 
research facility is a 40 m by 18 m area with a bed slope that can be adjusted between 0 and 2%. A weir provides full control 
of the flow rate entering the channel, and another weir at the downstream boundary allows water surface elevation control. The 
system as built can discharge up to 1.5 m3/s, though future expansions will allow up to 2.1 m3/s total flow. The downstream 
weir allows a water depth up to 1.5 m. The Outdoor StreamLab allows unprecedented control and measurement under near-
field-scale channel depths and widths.

The Riparian Basin is adjacent to the even larger Riverine Corridor (120 m long, 10 m wide, up to 1.5 m deep, flow up to 8.5 
m3/s), which will enable future expansion of this work. In addition, testing in the Outdoor StreamLab can be supplemented 
by detailed investigations using SAFL’s indoor flume facilities, advanced numerical modeling capabilities, and extensive 
field monitoring experience. 

ISL: Indoor StreamLab research takes place in the Main Channel facility at the St. Anthony Falls Laboratory. The channel 
has a rectangular cross-section that measures 2.74 meter in width and 1.8 meters in depth. Water for the channel is sourced 
from the Mississippi River by controlled diversion of water through SAFL’s intake structure. The maximum discharge in the 
channel is 8.5 m3/s. Approximately 55 meters downstream from the entrance of the channel is the Sediment Monitoring and 
Recirculation System and 15 meters downstream of the SMRS is a sharp crested weir with the dual purpose of controlling tail 
water elevation and instrumented monitoring of water discharge.

The SAFL Main Channel has the ability to recirculate large quantities and large sizes of sediment 55 meters upstream of the 
SMRS; allowing long duration sediment transport research. The recirculation system is capable of moving particles up to 
75mm (3 in) in diameter. The system was originally designed in early 1980s by the Federal Interagency Sedimentation Project 
as part of a program for laboratory testing of the 3” Helley Smith Sampler, (Hubbell et al, 1987). The intake for this system 
is located in the same floor-pit used to accommodate the weigh drum system. At the bottom of this pit is a large auger shaft 
that is attached to a variable speed hydraulic motor. Rotation of the auger causes gravel to move laterally in the pit toward 
an outlet located at the river right side of the flume, and into the recirculation pump intake. The recirculation of sediment 
is accomplished by a large three-phase recessed impeller centrifugal pump. The pump has an eight inch intake and outlet 
and requires approximately 0.25 m3/s of water. It is important to note that the water used by the pump to transport material 
upstream is not supplied from the research channel, rather it comes from an independent source. If water was withdrawn from 

Figure 14: Plan view of the SAFL Outdoor StreamLab, which is located adjacent to the 
main SAFL building.  Research in the Riparian Basin will commence in summer 2008.

Figure 15: Artists’ sketch of the completed Outdoor StreamLab, including 
both experimental basins and requested instrumentation.
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the research channel it would induce a downward flow of water that 
would 1) potentially result in the suction of sediment into the weigh 
drums, and 2) add a false loading onto the weigh drums. Water for the 
pump is therefore supplied from a separate source.

 A new installation on the Main Channel was the design, fabrication, 
and installation of a three-axis positionable data acquisition (DAQ) 
carriage (Figure 16). The DAQ carriage is capable of traversing the 
entire 55 x 2.74 m test section and can position probes to within 1 mm 
in all three axis. Streamwise travel speeds are up to 2 m/s. The DAQ 
carriage is controlled by a “backbone” computer that also serves as 
the master time clock for all data collection in the study. The DAQ 
carriage is used to position a number of data collection technologies 
such as topographic and bathymetric surveys, photography, and acoustic 
Doppler velocimetry (ADV). 

VSL: While not a physical research facility, The Virtual StreamLab (VSL) is worth briefly mentioning, as it serves as the third 
arm to our StreamLab research approach. The VSL is the first multi-scale computational framework for simulating abiotically 
and biotically generated turbulence and their interactions with biota in real-life aquatic environments and at ecologically 
relevant scales. Currently in production, the VSL will be capable of simulating turbulent flow and transport process in real-life 
aquatic eco-systems while accounting for the coupled interactions of flow with fish and organisms across a range of scales. 
The model development will feature novel multi-scale algorithms for simulating: flow and sediment transport in real-life 
streams with complex nature and man-made rigid structures; self-propelled swimming of fish and organisms in simulated 
turbulent aquatic environments; and nutrients, grazer, and periphyton biomass distributions at reach-scale. The VSL will be 
integrated with laboratory and Outdoor StreamLab (OSL) scale experiments to facilitate physics-driven virtual experiments 
in cyber-space to test scientific hypotheses and develop a quantitative, science-based stream restoration framework.

2009-2010 Research Plans

Projects within the OSL in 2009 will likely include:

 ► Determination of the effect of engineered structures on residence time, nutrient processing, and habitat within 
benthic and hyporheic environments

Understanding interactions that cross multiple trophic levels is necessary to develop models that can predict stream ecosystem 
response to disturbance and restoration. By altering stage, slope, and velocity distribution within the channel, in-stream struc-
tures such as J-hooks and W-weirs alter both in-stream and subsurface ecogeomorphic function. Although a range of ecosystem 
benefits are claimed for such structures, including an increase in nutrient removal, there is little reliable information to predict 
the nature of these changes. Here, we examine the effect of structures on both in-channel and subsurface ecogeomorphic 
function. Our major research goals are to determine the effect of in-stream structures and the resulting in-stream velocity 
distribution, sediment transport, bed topography, and hyporheic exchange on (i) in-channel oxygen, temperature, nutrients, 
photosynthetically active radiation (PAR), periphyton, and grazers and (ii) oxygen distributions and nutrient processing within 
bed and banks. We seek generalization through numerical models, coupling experimental measurements of fluid mechanics, 
sediment transport, metabolism, and nutrient processing with high-resolution numerical simulations that resolve the unsteady, 
three-dimensional flow characteristics of in-stream flow and a coupled channel/subsurface model to calculate exchange and 
nutrient processing rates. The widespread use of in-stream structures makes these experiments directly relevant to stream 
restoration practice. Our long-term goal is to develop predictive guidance on the effect of physical channel structure and 
disturbance on stream restoration objectives related to primary productivity and nutrient processing. 

 ► Development of design methods for in-stream flow control structures

The lack of engineering standards for stream restoration techniques is underscored in the design and installation of shallow, 
in-stream, low-flow structures. These structures are preferred by many federal, state, and local governmental agencies to assist 
in stabilizing beds and banks in stream restoration projects while enhancing aquatic habitat. The complexity of flows around 

Figure 16: Data acquisition carriage (DAQ) of the SAFL main 
channel. This is a measurement system capable of positioning an 
instrumentation package anywhere in a rectangular space that 
measures 1.8m high, 2.75m wide, and 55m long with accuracies of 
10µm, 100 µm, and 1mm, respectively.



National Center for Earth-surface Dynamics
Annual Report 2009

Facilities     77

in-stream structures makes it difficult to obtain much needed design criteria from any single research approach. We here 
use a comprehensive research strategy to develop comprehensive quantitative engineering guidelines, design methods, and 
recommended specifications for in-stream structure installation, monitoring, and maintenance. To accomplish this goal, we are 
coupling an in-depth review of the current use of in-stream structures to a comprehensive study using physical and numerical 
models to explore the most promising structures. A key component of this project is an examination of the performance and 
stability of in-stream structures within a sinuous channel within the Outdoor StreamLab in order to quantify potential for failure 
as function of flow rate and stream geomorphology as well as the impact of the structures on erosion rates, stream stability, and 
lateral channel migration. Results from these measurements will be extended to a wide range of other stream morphologies 
and types using SAFL’s advanced numerical model, the Virtual StreamLab, which will provide the breadth of information 
necessary to develop guidelines for the successful construction of stable in-stream structures in a wide range of streams. Model 
predictions will be verified against measurements of changes in bed and bank topography obtained from several existing field 
installations of in-stream structures. These results will be combined into comprehensive quantitative engineering guidelines.

 ► Improving the prediction of meandering river migration rates by characterizing the effect of vegetated slump 
blocks
River migration is a long-term process that unfolds over centuries, yet it results from erosion and deposition processes during 
individual flood events. Previous work has shown that bank vegetation can stabilize banks and limit migration rates. Even in 
areas where root depth is shallow relative to the stream depth, it is hypothesized that blocks of sediment dislodged from the 
bank, called slump blocks, that lodge on the bank toe can substantially reduce bank erosion. In this project, we will couple field 
and field-scale laboratory investigations into the geotechnical properties of slump blocks and their effect on near-bank shear 
stresses. Field-scale laboratory work at the St. Anthony Falls Laboratory Outdoor StreamLab will focus on the distribution of 
velocity and shear stresses around slump blocks harvested from a local field site. Companion field studies will characterize 
slump block properties in the field with the goal of predicting how long it takes for them to break down. This work is also of 
interest to ecologists trying to understand and manage in-stream habitat for fish and macroinvertebrates.

 ► Enhancing quantitative prediction of fish habitat characteristics

At least one third of restoration projects are designed to increase or manage available stream habitat, with many of them specifi-
cally targeting fish species. However, our current understanding of both the mechanics and neural control of fish swimming is 
insufficient to predict how fish make use of field environments. Understanding how organisms interact with turbulent flows 
in aquatic ecosystems is a critical prerequisite for developing a science-based aquatic restoration framework. Here, we will 
perform measurements to examine how several species of fishes with different body shapes respond to environments with 
different physical characteristics. The Outdoor StreamLab provides realistic environmental conditions yet still allows experi-
mental control and detailed data collection from fishes in localized environments. Simultaneous observations of fish position, 
simple kinematic parameters such as tail beat frequency, and flow characteristics will focus on three localized environments 
within the OSL: a deep quiescent pool, a shallow high-gradient riffle, and the region directly adjacent to a boulder or habitat 
structure. These results will be compared to multi-day records of fish position within the OSL channel to provide additional 
insight into specific habitat types preferred and avoided by various fish species to determine how turbulence characteristics 
and habitat heterogeneity affect the diversity of ecological niches present within the stream.

 ► The geomorphic signature of life: biotic feedbacks on physical systems

Biotic feedbacks on local-scale fluid and sediment dynamics influence floodplain patterns of channel dynamics and subsequent 
controls on species diversity. Understanding and predicting these feedbacks, however, entails integrating across disciplines 
and methodologies as well as across spatial and temporal scales. We will investigate the feedbacks between vegetation 
growth, flow hydraulics, sediment transport rates, and channel topography to identify the influence of vegetation on channel 
bar and floodplain sedimentation. We hypothesize that vegetation on channel banks may locally increase flow roughness, and 
reduce the average flow velocity and sediment transport rates. Conversely, the growth of vegetation within channel bars may 
significantly increase the average shear stress, near-bed turbulence intensities (for the same flow velocity), and sediment fluxes. 
Thus, the impact of vegetation on channel topography will vary with the position of vegetation in the channel and floodplain. 
We also hypothesize that the vegetation density (amount in an area) and species (i.e. rigid or flexible) may determine local 
and reach-scale patterns of deposition and erosion. 
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Science Museum of Minnesota Facilities

Science Museum Facilities Overview

The Science Museum of Minnesota (SMM) has been an NCED facility since NCED’s inception. Through the leadership of 
SMM’s Director of Environmental Sciences and Earth-system Science, Patrick Hamilton, and intensive collaboration with 
NCED PIs and Education staff Karen Campbell and Paul Morin, this facility has provided a location and focus for NCED’s 
most substantive scientific contributions as an STC. Unique amongst science museums in the US, SMM is both a natural history 
museum and a “science center,” and its exhibit shop is the leading producer of exhibits for other museums and science centers. 
In addition, SMM is a national leader in the development of interactive science exhibits and the leader in the use of scientific 
visualization in informal science education. SMM also has a substantial formal education program, reaching out to schools 
through assembly and residency programs and providing professional development to K-16 teachers through workshops, 
institutes and its Teacher Resource Center. Finally, SMM has a fully staffed Department of Evaluation and Research in Learning, 
under the direction of Dr. Kirsten Ellenbogen, making SMM a true research and development partner for NCED Education.

NCED’s SMM programs

Earthscapes—Big Back Yard: At NCED’s inaugural PI retreat at ACRR, Hamilton convened the first design meeting for the 
Earthscapes components in the Big Back Yard (BBY), at that time a patch of bare earth outside the newly-constructed SMM 
building facing the Mississippi River in St. Paul, MN. A plan was conceived to structure the BBY around NCED’s unifying 

“source to sink” approach to Earth-surface dynamics and the metaphor of miniature golf as a tool for engaging visitors was 
introduced. During the subsequent 18 months, SMM staff worked with NCED PIs, Engineer Jeff Marr and Campbell to 
develop this concept into a 9-hole regulation miniature golf-course with additional interactive components and sustainable 
landscaping. The park opened to the public in 2004 and is a focus of ongoing exhibit development and programming related 
to NCED research.
Earthscapes—School Residency and Teacher Resource Center: In collaboration with SMM, NCED funded the develop-
ment of a 3-year teacher institute and a school residency program. The teacher institute immersed interdisciplinary teams of 
middle-to-high-school teachers in comparative field studies of two contrasting Minnesota rivers, introducing them to NCED’s 
field-experiment-predictive model interdisciplinary research approach. The school residency was built around the work of 
one of NCED’s first Visitor Program Researchers, Dr. Chris Bromley. It introduced students to the issues surrounding dam 
removal, from a physical, ecological, engineering and social science perspective, using table-top experiments derived from 
Bromley’s 25 ft. research flume of the Glines Canyon Dam on the Elwha River. In 2007, SMM secured funding to turn a 
small energy-efficient demonstration building in the BBY into the Teacher Resource Center. This facility, open year-round to 
Minnesota K-16 teachers, serves as the headquarters for formal and informal professional development, from summer institutes 
to weekend workshops, to social gatherings. It is stocked with a library of books, videos and materials that can be browsed 
online and checked out for classroom use. Included in the resources are several of the Elwha Dam Removal models and other 
materials from the Earthscapes Teacher Institutes, which also served as a model for several ongoing SMM summer institutes.
Earthscapes—Big Back Yard Park Crew
This ongoing program engages at-risk urban youth, primarily from minority populations, in year-round science learning. During 
the school year, they develop programs to teach younger children and community members about river and watershed issues. 
In the summer, they work in the BBY, engaging visitors in activities which enhance visitors’ opportunities to learn from the 
permanent BBY exhibit components. The youth visit SAFL regularly and have participated in exchanges with youth from the 
Fond du Lac Ojibwe community. Several of NCED’s Graduate Museum Assistants and ESTREAM teachers have designed 
programming, such as field trips and simple stream table exercises to enhance the youth’s learning.

Water
In 2006, SMM was awarded an NSF grant to develop Water Planet, an exhibition that travels nationally and presents water 
as a critical Earth system process. At nearly the same time, the American Museum of Natural History (AMNH) was planning 
an internationally travelling exhibition. The two museums agreed to an unprecedented partnership and the 7,500 square 
foot “Water: H2O=Life” exhibition opened, a year ahead of SMM’s original schedule, at AMNH in November 2007. NCED 
staff and PIs were intensively involved in the design of Water, along with staff from sister STC, SAHRA. Subsequently, 
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SMM and AMNH produced a second copy of the exhibition; both copies are currently touring North America and the world. 
SMM hosted the exhibition in early 2009. Past and future scheduled venues include San Diego, Singapore, Chicago, Turkey, 
Australia, Brazil, Ohio, Texas, Georgia, and Toronto. Water has received a great deal of media attention, from a review 
in Nature magazine to a segment on the popular television program, The Colbert Report (http://www.colbertnation.com/
the-colbert-report-videos/164483/march-20-2008/water-is-life).

Future Earth Initiative (FEI) 
In 2008, SMM was awarded an NSF grant to develop Future Earth, a local exhibition with associated programming aimed 
especially at policy-makers. Again, NCED joins as a partner in exhibit development, this time with five additional STCs. The 
focus of FEI is what it means for humans to attempt to survive and thrive in the new Anthropocene Epoch, in which they, 
not other physical or biological processes, are the dominant agent of global change. Currently under development, a special 
feature of the FEI endeavor will be a suite of “Earth Buzz” kiosks, located in public spaces in some way connected to each 
of the participating STCs. Through these kiosks, visitors can interact with content developed by each of the STCs related to 
their research on Anthropocene issues. One kiosk has already been shipped to Biosphere2 for further development by SAHRA 
staff; another will be installed at the University of Minnesota’s new Institute on the Environment in May 2009.

Scientific Visualization
Beginning with a large 3D map of the world installed permanently in the BBY, NCED and SMM have pushed the boundaries 
of the use of scientific visualization in museums. Perhaps the simplest example is a fast-growing number of “floor maps” 
installed in museum exhibits and on walls, windows and lobby floors around the US. At the other end of the spectrum, SMM 
has become a leading developer of content for NOAA’s Science on a Sphere (SOS) spherical projection system. All content 
developed by SMM for SOS is made available to other museums with SOS systems through an ftp site. Together, NCED 
and SMM are currently developing a prototype for interactive 3D “cinema” experiences for small groups of people as part 
of larger exhibit installations. Finally, NCED and SMM, in collaboration with the Electronic Visualization Laboratory at the 
University of Illinois at Chicago, have developed hardware and software for two “Rain Tables.” Each of these table-height 
interactive instruments allows visitors to “rain” on a digital landscape, to predict, and then discover watersheds fundamentals. 
The multi-panel version of this exhibit component has begun traveling with the Water exhibition, while the multi-touch version 
will continue to be tested with visitors at SMM.

Plans 

Upcoming SMM plans include:

1. Full development of the FEI exhibition and programming

2. Ongoing development of Earthscapes exhibit components and programming

3. Continued development of SMM expertise in bringing scientific visualization to large public audiences

4. Seeking funding for additional exhibit development related to Earth-surface processes

5. Publication of additional papers based on the evaluations conducted for each of the development projects described above. 
One paper has been submitted for publication; several more will soon be in draft form.
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Summary
Over the course of NCED’s seven year tenure, the center’s research, its associated scientific discoveries, and its interactions 
with the community have been made possible through the development of an extensive array of field research stations, 
experimental facilities, and educational exhibits. These facilities have enabled NCED to not only make significant advances 
in predicting the coupled dynamics of landscapes and their ecosystems, but also to communicate this knowledge to partners 
outside of NCED, helping us transform the management and restoration of the Earth-surface environment. Together, our field 
stations, facilities, and educational materials leave not only a physical legacy of their presence, but also a highly successful 
template for research, interdisciplinary synthesis, and education upon which future work can be built.
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III. Education Initiative

Program Team
Education Director: Karen Campbell
Staff: Paul Morin
Contributing Principal Investigators: All

 
Executive summary
By Year 7, NCED is enjoying significant accomplishment in formal and informal education. By far our most notable accomplish-
ment is the tremendous impact we have had in the world of informal education. To date, over two million people worldwide 
have experienced NCED’s interactive approaches to informal education related to rivers through our large and small travel-
ling flumes, programs and exhibits at the Science Museum of Minnesota (SMM), and the internationally touring exhibition, 

“Water.” We continue to secure new funding for informal education as a result of this success and are beginning work on our 
new “Future Earth Initiative” (FEI) in collaboration with six sister science and technology centers (STCs).

While graduate student and postdoctoral research associate training continues to be our other most lasting educational achieve-
ment, Year 7 saw two particularly notable Education accomplishments. Each of these accomplishments exemplifies, as do 
our informal education achievements, NCED’s commitment to work directly with the larger community in ways that ensure 
a lasting legacy for our efforts. In the first, our May 2008 Meeting of Young Researchers in Earth Sciences (MYRES) III: 
Dynamic Interactions of Life and its Landscape meeting, an international group of young researchers from around the world 
worked in an innovative format to set their own research agenda for the upcoming years, submitting a report on this work 
to the National Research Council. The second significant accomplishment was our direct participation in course design and 
delivery for two courses, one course for teachers and one course for undergraduates, in a grant-funded science, technology, 
engineering, and mathematics (STEM) initiative at the College of St. Catherine (CSC) in St. Paul, Minnesota, the nation’s 
largest college for women. 

Finally, we made substantial contributions to education related to landscape restoration. We successfully completed Year 1 
of our Research Experience for Undergraduates (REU): River and Coastal Restoration and completed recruitment for Year 
2. Our stream restoration certificate program has been a success and continues to grow. NCED Education Director Karen 
Campbell was invited to be a plenary speaker, on the role of education in river restoration, at River Restoration Northwest’s 
2009 Northwest Stream Restoration Design Symposium, the country’s largest annual river restoration practitioner meeting. 
Coincidentally, the premiere of a full-length documentary featuring NCED’s physical model work on the removal of Oregon’s 
Marmot Dam aired on the National Geographic Channel the same day. Like the “Water” exhibition, this program will continue 
to air over National Geographic television in countries around the world for some time to come.

Each of these areas of accomplishment underscores the strides we have made toward achieving our broader impacts legacy 
goal: to create sustainable partnerships for fostering greater public understanding of Earth science research and broadening 
participation of underrepresented groups in the Earth Sciences.

Goal
The overall goal of NCED’s Education Initiative is to bring Earth-surface dynamics to life for a broad spectrum of learners in 
order to educate future leaders in NCED’s key mission areas of land, resource, and ecosystem management. 

Approach
NCED’s approach to education emphasizes informal as well as formal learners with strong connections between its research 
and education programs. Therefore, our Education Initiative includes the following key elements:
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ED01. Work intensively with SMM and other science museums to develop engaging new methods for informal education 
centered on Earth-surface dynamics and environmental awareness.

1.1. Work with SMM to develop engaging new methods and experiences for delivering NCED-related science to the 
museum’s annual audience of 800,000 visitors.

1.2. Work with SMM and the American Museum of Natural History (AMNH) to incorporate both new and existing 
NCED-related science exhibit components into a major new national and international traveling exhibition about water.

1.3. Work with SMM and five other geoscience-oriented, National Science Foundation (NSF)-supported STCs to develop 
collaborative means by which the research and science of all six STCs can reach larger, informal science education 
audiences.

1.4 Work with SMM and the University of Illinois’ Electronic Visualization Laboratory (EVL) to advance the use of 
scientific visualization technologies to communicate NCED-related science to both formal and informal science education 
audiences.

ED02. Enhance the education of NCED student participants by providing unique opportunities and an extended, cross-
disciplinary peer and mentor network.

ED03. Develop a new, practice-oriented program in stream restoration that will help advance training in restoration as well as 
attract a broader student population into NCED areas, including students who are not intent on research careers. 

ED04. Adapt research tools such as 3D visualization, wireless sensors, and laboratory experiments to provide novel K-16 
educational tools.

ED05. Design programs to engage science teachers in NCED research that allows them to bring this knowledge to their students 
in practical ways and then share the products of this work via the NCED website.

Achievements and plans 

 ► Project ED01: Work with SMM to bring Earth-surface dynamics to informal education audiences

Combining annual visitorship to SMM’s NCED-inspired Big Back Yard (BBY) and Science on a Sphere exhibits with our 
internationally travelling “Water” exhibition, by this reporting period, NCED has reached over 1,272,000 people around the 
world. (Note: This figure does not include the million plus visitors to our 2005 Flume on the Mall at the Smithsonian Folklife 
Festival.) The number of visitors we reach will rise dramatically in coming years as the “Water” exhibition continues its global 
tour of major cities. We are pleased to report this result of NCED’s educational strategy at this point in NCED’s history as an 
STC. While STCs traditionally have rather large internal staffs to support their education outreach efforts, NCED has, since 
its inception, focused instead on developing a strong partnership with the staff of SMM, infusing our science into an existing 
informal science organization. With this strategy, we hope to maintain programmatic memory and continuity, with a minimal 
staff investment, after NSF STC funding concludes. In “Engagement, Capacity,and Continuity,” Jolly et al., (2004) found 
that while engaging students and teachers in STEM content and giving them the capacity to succeed is often done well in the 
U.S., what is lacking is continuity, continuous opportunities for them to reinforce this engagement and capacity.   We feel that 
through our partnership with SMM, we have truly created this “continuity” necessary for science education achievement and 
note that many of this year’s accomplishments already reflect a growing institutionalization of a University of Minnesota and 
STC-wide collaboration with SMM. Through the daily contact between NCED and SMM staff, both institutions also have 
created a model for direct research-to-informal education collaboration that is unique and will be an enduring NCED legacy. 
NCED and SMM staffs have generated successful proposals that use one another as co-PIs, setting in motion a series of projects 
that we envision will catalyze and leverage one another well after NCED’s official conclusion as an STC. 

Science Museum of Minnesota: EarthScapes

Big Back Yard: The BBY, an outdoor park with a miniature golf course through river environments, continues to attract summer 
visitors. As the BBY becomes more well-known, external entities are approaching SMM to offer new components for display 
and visitor interaction in the park. For example, summer 2008 saw the opening of the 7 by 20 ft Camera Obscura, donated by 
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Cermak Rhoades Architects, which allows visitors to view the park’s landscape while being introduced to simple principles 
of optics. Additionally, the 3M Corporation has offered to install a new type of photovoltaic cell in the park. When fully 
implemented, this exhibit component will show visitors how photovoltaics work and will complement the various examples of 
sustainable energy production and land-use already on display. The cells will also be connected to the BBY’s Science House 
(http://www.smm.org/sciencehouse/about/), where their energy output can be monitored along with that of the house itself. 

Summer 2008 saw the official opening of the Ground Water Plaza in the BBY (http://www.smm.org/bigbackyard/plaza/). This 
area, located immediately outside the park’s front door, immerses visitors in several experiences related to groundwater. The 
plaza is centered around an artesian well: Visitors can pump drinking water, explore artesian wells and the phenomenon of 
seasonal drawdown in a physical model, learn about local aquifers, and experiment with porosity and permeability of local 
sedimentary rock. In addition, “Erosional Landscapes,” an exhibit component based on research experiments conducted at 
the St. Anthony Falls Laboratory (SAFL) by Chris Paola, Les Hasbargen, William Reinhardt, and others, was redesigned and 
permanently installed in the BBY in Year 7.

Finally, September 2008 was the official opening of the BBY for school field trips. An Educators’ Guide, based on the work 
of NCED graduate museum assistants and ESTREAM interns, is available to help teachers guide students’ exploration. In 
September 2008, 14 school groups (1,119 students) ranging from elementary to high school age, took field trips to the BBY.

Big Back Yard—Teacher Resource Center: NCED completed three teacher workshops and three years of a residency program 
in our first several years as an STC; materials from both the workshops and the residency program are now incorporated 
in SMM’s Teacher Resource Center (TRC). Housed in Science House, a centerpiece of the BBY, TRC employs 11 teacher 
development professional staff and is open year round to teachers in 25 member school districts (1,025 active teacher members). 
TRC offers formal and informal teacher education and is a place where educators can check out classroom sets of hands-on 
materials (1,645 items available with 5,010 items checked out in Year 7) for their students, engage in formal and informal 
consultation and professional development, and discuss education issues with friends and colleagues in a comfortable and 
creative environment. Materials to be checked out include eight NCED Elwha River Dam removal models and several kits 
and other devices for testing stream properties, such as dissolved oxygen content, turbidity, flow rate, and so on. 

SMM conducted seven summer institutes in 2008 for 152 elementary, middle, and high school teachers, 30 of whom are teachers 
of primarily Native American students. Due to the proximity of the Mississippi River in all institute locations, all but one of 
the institutes employed rivers as a unifying context for learning: geology and sedimentation; environmental science; forces 
and motion of water; social and cultural values as part of the nature of science; and mathematics as a tool to understand the 
complex patterns of the natural world and to make predictions about that world. In each case, NCED’s Elwha Dam removal 
models are used, with much of the overall content for each of these institutes derived from NCED’s three EarthScapes Teacher 
Institutes in Years 2-4.

Big Back Yard—Park Crew: In Year 7, the BBY Park Crew, composed 
of 13 predominately minority high school youth, expanded their activi-
ties and partnership, inside and outside of the BBY. New partnerships 
included the Ramsey Washington Metro Watersheds District and the 
St. Paul Park and Recreation Centers. They also worked with a Native 
American youth group and the Minnesota State Park Naturalists group. 
The crew reached many museum visitors and community youth with 
their science activities: They taught over 2,200 museum visitors in the 
BBY as well as 160 children and adults through one-time outreach 
events. In addition, they taught 273 elementary students in St. Paul 
Public Schools and Park and Recreation after-school programs.

The crew engaged in an exciting new project this year: Working with a 
museum evaluator, they participated in a four-part evaluation workshop 
to prepare them to work in the BBY. During the evaluation workshops, 
the crew decided they wanted to evaluate the visitors’ experience for 
each of their BBY activities. With the assistance of a museum evaluator, 

Figure 1: SMM Youth Science Center “Park Crew” use participa-
tory evaluation to plan their summer work with visitors to the Big 
Back Yard.
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the crew developed a survey for each activity (macro invertebrates, watersheds walk, Elwha Dam model, and fossil making), 
which they or a survey associate administered throughout July. The crew met in early August to examine the survey data, 
identify successes and challenges, and then propose changes to their operations in the BBY.

The crew also engaged in a technology project in which they used Scratch programming, developed by the Media Lab at the 
Massachusetts Institute of Technology (http://scratch.mit.edu/), to develop sensors that are used to count visitors as they share 
their activities in the BBY. Finally, three senior members of the team co presented a workshop at the Minnesota Minority 
Education Partnership conference in November 2008.

Science on a Sphere: In Year 7, much of SMM/NCED’s attention to scientific visualization was focused on strengthening 
our ability to produce programs for the several Science on a Sphere (SOS) projection systems installed in informal education 
settings around the world. This effort also included an SOS system in the EarthScapes Indoors space at SMM and the two SOS 
systems travelling with the “Water” exhibition (see the “Water” exhibition section below). Recent successful grants commit 
SMM to producing seven new SOS programs during the next three years. In addition, we continue to work on NCED-related 
material for an “on the floor” 3D movie experience at SMM.

Wider audiences.

Long a national leader in exhibit production for museums around the US, SMM is making significant strides to be a leader in 
the production of scientific visualization exhibit components, as well as more traditional interactive physical components, for 
a growing international audience.

“Water” exhibition: In Year 7, our 7,500 square foot travelling exhibition, “Water” (also known as “WaterPlanet” and “Water: 
H2O=Life”), left its first venue at Manhattan’s AMNH to begin its international tour. SMM exhibit designers crafted a second 
full copy of the exhibition so that there are currently two touring copies. The US copy has visited the San Diego Natural 
History Museum, in San Diego, California, and is currently (through April 2009) at SMM before travelling to the Field 
Museum in Chicago, Illinois. Future venues include museums in Ohio, Texas, Georgia, and Canada. Outside North America, 
the international copy of the exhibition has visited Singapore and is currently in Istanbul, Turkey, for the Fifth World Water 
Forum from whence it will travel to Australia and Brazil. 

“Water” combines the exhibit design strengths of a natural history museum with those of a “sci-tech” museum and includes 
nine interactive exhibits that use water, three of which use water, sand, gravel, and/or rock. In addition, the “Water” exhibition 
includes three aquaria, with 95–108 gallons of water in the exhibit at any given time. As this exhibition matures, improve-
ments, upgrades, and even new components are being added. For example, NCED expertise and funds in Year 7 allowed for 
new plumbing, a revised GeoWall exhibit, and the new Rain Table component for the “Water” exhibition. (see the Rain Table 
section below for further details on this component).

An Educator’s Guide, with ties to national and state science standards, was initiated by AMNH. SMM staff modified the 
guide for a Minnesota audience, and the guide is available on the websites of both museums (http://www.amnh.org/education/
resources/card_frame.php?rid=1440&rurlid=1425 and http://www.smm.org/water/educators/). As with the BBY’s Park Crew, 
SMM’s Youth Science Center hosts a Water Crew. This crew is composed of mostly minority high school youth who work 
within their team to learn more about the concepts in “Water” in order to design activities to share with museum visitors. The 
Water Crew worked closely with the BBY Park Crew for much of Year 7. In addition, the Water Crew shared some visits with 
a companion Water Crew based out of the Fond du Lac Ojibwe community.

A small, leveraged grant from the McKnight Foundation has enabled us to continue 
piloting a workshop model that engages policy-makers and/or stakeholders in topics 
related to the environment using museum exhibitions as a springboard for discus-
sions. A continuing partner in this effort has been the education program known 
as Nonpoint Education for Municipal Officials (NEMO), which was developed at 
the University of Connecticut. We first piloted this concept in 2005 with the help 
of an NCED graduate museum assistant. This year, we also partnered with the St. 
Paul Riverfront Corporation to conduct three workshops: two in conjunction with 
the “Water” exhibition. Figure 2: “Three phases of water” component in 

Water exhibition.
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“Future Earth Initiative”: FEI, an NSF-funded project, explores what it means for humans to live in the Anthropocene 
Epoch. The budget is $2,999,377 from September 2008 through August 2012. A special target audience for FEI is decision 
makers—government, corporate, nonprofit, and community leaders—who are increasingly concerned about global change 
and are seeking opportunities to understand how these issues affect the broad policy decisions that they influence. FEI tools 
and strategies include a collaborative website and Internet kiosks, shared exhibits, and a 3,500 square-foot exhibition for 
long-term display at SMM. FEI Principal Investigator (PI) Patrick Hamilton is seeking funding opportunities to expand FEI 
to 5,000 square feet and then replicate it so that FEI can tour while still remaining on display at SMM. Through the co-PIs 
Campbell and NCED Visualization Specialist Paul Morin, SMM’s very successful collaboration with NCED will provide a 
model for partnerships with the Center for Multi-Scale Modeling of Atmospheric Processes (Colorado State University), the 
Center for Microbial Oceanography: Research and Education (University of Hawaii, Manoa), the Center for Coastal Margin 
Observation and Prediction (Oregon Health and Science University), the Center for Remote Sensing of Ice Sheets (University 
of Kansas), and the Center on the Sustainability of semi-Arid Hydrology and Riparian Areas (University of Arizona). FEI 
also will involve the Limnological Research Center and Department of Geography, University of Minnesota (UMN), and the 
Department of Global Ecology, Carnegie Institution, Stanford University. Technical expertise will be provided by EVL at the 
University of Illinois-Chicago. In addition, UMN’s IonE will collaborate with SMM on eight case-study exhibits (two per 
year) on the newest developments in the relatively new fields of sustainability science and sustainability design.

We are working with the other five STCs involved in FEI and other research partners to adapt Earth-system science computa-
tional models for use in science museum/centers and other informal science education settings. SMM is adapting its Science 
Buzz (www.smm.org/buzz) program to create online Earth Buzz resources highlighting stories about the research being done 
at each of the six FEI STCs. Earth Buzz kiosks, built by SMM, are being distributed to all six STCs for installation in a free, 
Internet-accessible public space of their choosing. A kiosk has recently been shipped to Biosphere 2, SAHRA’s choice of 
location for its kiosk. A second kiosk will be installed May 2009 in NCED’s choice location, UMN’s IonE. Its content is under 
development, but it will feature NCED’s Outdoor StreamLab and REU on River and Coastal Restoration. 

Energy, environment, economics, and education: Museums can and should play a significant role in communicating the 
challenges and opportunities of energy, environment, economics, and education (E4) to large public audiences because they 
are the public’s most trusted source of information. E4 is a proposal to build on the experience that SMM and NCED have 
accumulated over the past seven years in organizing and operating sophisticated partnerships. SMM and NCED envision a 
collaboration with a wide range of informal education institutions, academic institutions, and research centers with expertise in 
the interplay of energy, environment, and economics and knowledgeable about public opinion and citizen decision making. An 
E4 collaborative would require a level of funding that may be impractical for individual federal agencies to realize individually. 
However, SMM (Hamilton) and NCED (NCED Director Efi Foufoula-Georgiou and Campbell) have begun and will continue 
conversations with federal agencies about whether a multi-agency initiative might be a means to communicate the following 
messages to large public audiences across the US:

• Our energy prospects are in our hands and minds. What is the post fossil fuel energy future that we will create? 

• The health of the planet is now a human responsibility. Human activities are now comparable to natural processes 
as driving forces of many planetary processes. How will we adapt to and mitigate the undesirable global changes 
humans have set in motion? 

• Our economics must now account for all costs—human and environmental. How do we employ market signals to 
simultaneously speed and ease the transition to a low-carbon economy? 

• Wider audiences: Global Great Rivers Partnership (GGRP) proposal

• The emerging GGRP proposal (Hamilton, Campbell, NCED PI Fotis Sotiropoulos, David Wiggins, US Park 
Service) seeks to create opportunities to apply scientific understanding of river management to major river 
systems around the world, in particular by using the Mississippi River itself as a major case study. 

A number of river advocacy organizations and consortiums currently exist. GGRP would distinguish itself by being a long-
term, research-based, multi-institutional partnership organized and operated to achieve 1) major advances in our scientific 
knowledge of rivers, 2) greater public and decision-maker understanding of the science of rivers, and 3) enhanced regional, 
national, and international cooperation on the scientific renewal and restoration of rivers. GGRP proposes to address all three 
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of these challenges by bringing together and formalizing a powerful 
partnership among SAFL, NCED, SMM, and the Mississippi National 
River and Recreation Area (MNRRA).

Each GGRP partner will take the lead on an essential GGRP element. 
SAFL and NCED will seek to take a second abandoned spillway, adja-
cent to the Outdoor StreamLab’s (OSL) Riparian Basin, and convert it 
to the Riverine Corridor, a larger and longer outdoor research flume that 
can be used to study river processes at a larger scale than is possible in 
OSL. SMM will work to develop the next generation of exhibitions for 
display at SMM and at SAFL: These exhibitions will help a wide range 
of audiences develop a more sophisticated and nuanced understanding of 
rivers and their watersheds. MNRRA will apply the scientific expertise 
of SAFL, NCED, and SCWRS, and the river educational resources of 
SMM, to create events and forums intended to catalyze public conversa-

tion and action regarding the need for enhanced river stewardship.

University of Minnesota’s Institute on the Environment: Through an Institute on the Environment (IonE) Discovery grant, 
IonE, NCED, and SMM will work together to develop three new SOS programs over the next three years. Over 200,000 
people a year see SOS at SMM. New SOS programs developed through the support of IonE will ensure that a large, regional 
audience will be exposed to environmental information of key importance to IonE. IonE, NCED, and SMM, furthermore, will 
make these programs available free of charge to all SOS institutions, thus making it possible for these new SOS programs to 
reach audiences, potentially numbering in the millions, across the US and around the world. 

Rain Table: In Year 7, two versions of our virtual stream tables, or Rain Tables, were tested with large audiences at national 
meetings and at SMM—we hope to include Rain Table in the “Water” exhibition, future exhibits, and formal research and educa-
tion. Codeveloped by NCED/SMM and EVL at the University of Illinois at Chicago, both tables are currently used to engage 
visitors in the question: “Where does water go when it rains?” The Rain Tables use infrared and digital computer technology, 
combined with high resolution digital images (either enhanced US Geological Survey (USGS) topographic maps or satellite-
derived imagery), to allow visitors to “rain” on a landscape. In one case, several LCD computer panels together form the Rain 
Table on which multiple viewers can use cloud-shaped “pucks” to “rain” on a landscape, or they can use a magnifying-glass 
puck to zoom into the landscape. This table has now been incorporated into the “Water” exhibition, which currently features 
a map of Mount Rainier. The second Rain Table consists of a single, large monitor employing “touch” technology that allows 
visitors to pan, zoom, and “rain” using their hands. This smaller, more portable table was featured at NCED’s booth at the 2008 
Fall Meeting of the American Geophysical Union, at the NSF booth at the 2009 American Association for the Advancement 
of Science (AAAS) Annual Meeting, and at EVL’s booth at the 2008 SciDAC meeting. Dr. Kent Kirkby, UMN Department 
of Geology and Geophysics, has obtained an NSF Course, Curriculum, and Laboratory Improvement (CCLI) grant to study 
the use of the Rain Table by university students using SMM as a laboratory field trip. 

Floor maps: Our floor maps continue to be very popular with museums and informal science centers across the US. These 
images, usually high resolution aerial or satellite imagery printed onto a flexible flooring material, are typically installed in a 
lobby floor or on a window. Even in the age of Google Maps and Google Earth, people of all ages are still fascinated by being 
able to actually walk over a landscape, almost as if they were in an airplane, and thus experience a familiar or unfamiliar 
landscape at a new scale or perspective. The cost of preparing this type of exhibit is relatively low, making it accessible, 
particularly to smaller museums. In Year 7, maps were installed or were being developed for: The Maryland Science Center 
(16 ft x 16 ft image of Antarctica), Los Angeles Science Center (120 ft x 40 ft floor map and 30 ft x 15 ft wall map of the local 
area), and the National Park Service Visitor Center, located in the lobby of the Science Museum of Minnesota (40 ft x 30 ft 
image of the Mississippi River through the Twin Cities region).

Professional meetings and public lectures: The Association for Science and Technology Centers (ASTC) is the annual, 
professional meeting for the science museum community. SMM always has a strong presence at this meeting—Morin has 
presented at the meeting for several years. This year, Hamilton chaired a session on “Creating Stronger Partnerships between 

Figure 3: “Raining” on Mt. Ranier.
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Research Institutions and Science Centers,” at which Campbell was one of the three speakers. Many of the approximately 60 
attendees requested copies of Campbell’s talk. Morin, meanwhile, gave a talk in the “Remote Worlds: Bringing Visitors New 
Experiences through Scientific Visualization” session chaired by staff from San Francisco’s Exploratorium.

As discussed above, SMM/NCED had a strong presence at the 2008 Fall Meeting of the American Geophysical Union, bringing 
the new “multi-touch” Rain Table to the Exhibits Hall. Hamilton joined Campbell, a student from EVL, and Jim Washburne, 
education director at sister STC SAHRA, in staffing the booth. In addition to creating a high degree of visibility for NCED and 
SAHRA, the booth served as an opportunity to test the research community’s response to Rain Table. It was extremely favor-
able, with many inquiries into how such a device could be incorporated into both teaching and research laboratories to model 
all sorts of fluid flows, from subglacial flow in Antarctica to groundwater, petroleum, and natural gas to landslides and lahars.

Campbell presented three one hour-length public lectures in Year 7. In February 2009, she was an invited plenary speaker at 
River Restoration Northwest’s 2009 Northwest Stream Restoration Design Symposium, addressing the 400 attendees on the 
role of education in river restoration. She was also an invited speaker at the Osher Lifelong Learning Institute at UMN. This 
talk, “A River Runs Through It: Understanding River Systems,” was initially presented in January 2009. It was so well received 
that she was invited to give it to a wider audience of 200 people at a large, regional public library in March 2009 and again 
in April 2009 to a planning group for an upcoming international art exhibition: Women and Water: Rivers of Regeneration. 

Progress toward milestones/deliverables 
Project Project name Milestones Progress
ED01 Bring surface dynamics to 

informal education with 
SMM

BBY exhibits fully 
functioning, at least one 
new component added, and 
functioning YSC –NCED 
docent program for the BBY; 
BBY visitor target of 150,000 
reached or surpassed; initial 
NCED components of the 

“Water” exhibition and SOS 
developed; 3D film outline 
developed with SMM

In addition to a fully functioning set of exhibits in Year 6, 3 
major new components, 2 with NCED content were opened 
to the public in Year 7.  The YSC program continues to 
flourish with active NCED involvement and ongoing new 
activities. Our visitor target was surpassed in Year 6 and 
NCED components are travelling the country and the 
world “Water” exhibition.  Plans for a single 3D film have 
been replaced by ongoing development of short segments 
that can be incorporated directly into exhibit components. 
Finally, we secured funding for a new FEI exhibit in Year 7, 
with content at SMM and 6 STCs.

ED01.1 Deliver NCED-related 
science to the SMM’s annual 
audience of 800,000 visitors.

BBY and associated YSC-
NCED docent up and running 
since June 2004; at least one 
new component added each 
season; BBY visitor target of 
150,000 reached or surpassed

In addition to a fully functioning set of exhibits in Year 
6, 3 major new components, 2 with NCED content, were 
opened to the public in Year 7.   The YSC program 
continues to flourish with active NCED involvement and 
ongoing new activities. Our visitor target was surpassed 
in Year 6:  Attendance figures are not yet in for the Year 7 
SMM installation of Water, but will substantially add to that 
figure.

ED01.2 Incorporate both new and 
existing NCED-related 
science exhibit components 
into a national and 
international travelling 
exhibition about water.

Open exhibition at AMNH 
in November 2007; replicate 
the exhibition so that two 
copies are available for the 
national and international 
tours beginning in May 2008

“Water” exhibition began its international travel in Year 7, 
visiting California, Minnesota, Singapore, and Turkey.  It 
is scheduled to visit 4 states and 3 more contries in the 
coming year.  

ED01.3 Develop collaborative means 
such that the research and 
science of six STCs can 
reach larger, informal science 
education audiences.

Through SMM’s pending 
FEI, fabricate and distribute 
SMM’s Science Buzz kiosks 
to all STCs in 2008; SMM 
and all six STCs collaborate 
in creating online science 
content

FEI awarded by NSF; development underway.
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Project Project name Milestones Progress
ED01.4 Advance the use of scientific 

visualization technologies to 
communicate NCED-related 
science to both formal and 
informal science education 
audiences.

Develop new scientific 
visualization programs, 
especially for GeoWall and 
SOS; distribute programs 
to educational institutions 
throughout the US that use 
these visualization systems

Ongoing development of SOS material, posted on NOAA 
website for download by any museum with an SOS 
system; GeoWall component of the "Water" exhibition 
rewritten and incorporated into both travelling exhibitions; 
EarthScapes GeoWall material under development; 2 
versions of Rain Table operational and “floor” tested; one 
now travelling with the "Water" exhibition.

Plans
1. Continue to carry NCED research to national and international audiences through NCED-developed 

componentsof the  “Water” exhibition.

2. Collaborate with SMM and five sister STCs in continuing development of FEI. We plan to have kiosks and Earth 
Buzz content for all six STCs installed in public spaces in Year 8. 

3. Continue to develop 3D visualization components for use “on the floor” at SMM.

4. Continue to develop NCED-related programming for the YSC youth and the public.

5. Continue using the TRC to promote the use of river science to improve teaching and learning at the K-16 level.

6. Hamilton, as a new IonE fellow, will seek additional avenues over the next several years by which IonE, NCED, 
and SMM can collaborate together for their mutual benefit and for the ultimate benefit of the many and diverse 
audiences that each of them serves.

7. Continue to promote and seek funding for E4 .

8. Work with SAFL colleagues to develop more opportunities for public education about environmental restoration 
and renewable energy at both SAFL and SMM.

9. Continue to work with colleagues at SAFL and at the National Park Service to develop support for the GGRP.

10. Continue to promote NCED’s transformational partnership with a leading science museum, through talks and 
sessions at national meetings of both informal science educators and undergraduate to graduate level educators, 
researchers, and the public.

 ► Project ED02: Enhance the education of NCED student participants 

Internal activities

Our tradition of enhancing NCED student participants’ experience continued in Year 7. NCED graduate student Stephanie Day 
took over the helm of the NCED Graduate Student Council (GSC) from University of Texas Austin (UT-Austin) PhD candi-
date Brandon McElroy, who served in this capacity for two years. During Year 7, NCED graduate students and postdoctoral 
research associates dominated the list of NCED weekly videoconference seminars: Graduate students gave eight presentations, 
postdoctoral research associates gave eight presentations, and NCED alumni gave two presentations. This situation reflects 
a maturity of NCED as a Center—videoconferences are no longer a tool just for PIs to present ongoing research to the group 
but also a forum for students and postdoctoral research associates to discuss current findings. PIs and staff continue to attend 
the seminars, but they have become primarily a tool of the students and a very effective means for keeping the geographically-
challenged group in regular communication. In Year 7, we introduced a Best NCED Thesis Award and a Best Student Service 
Award. Awardees are being determined and will be honored at the 2009 Site Visit.

A particularly unique development in Year 7 was the very active involvement of NCED Postdoctoral Research Associates 
Patrick Belmont and Guerry Holm and NCED graduate student Chuck Podolak in enhancing the experience of NCED graduate 
and undergraduate students. Belmont, who with NCED PIs Lesley Perg and Peter Wilcock, heads NCED’s Minnesota River 
Project, worked closely with several NCED graduate students, especially Day and Ted Fuller, as an informal advisor. In addition, 
Belmont worked with SMM volunteers assigned to the “Water” exhibition, providing a lecture and a tour of SAFL, and took 
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leadership of NCED’s videoconference seminar series in Year 7. Finally, he served as academic advisor to three interns from 
NCED’s Faculty to Faculty program in summer 2007 (see the Diversity section of this report). Holm and Podolak served as 
lead field advisors for NCED’s REU on River and Coastal Restoration program. Holm led efforts to plan and oversee field 
research conducted by Team Delta in summer 2008; Podolak did the same for Team Marmot. The two, along with Louisiana 
State University (LSU) staff member Azure Bevington and REU PIs Campbell and Dalbotten, are actively involved in planning 
for the summer 2009 REU teams’ work. In a related development, NCED Synthesis Postdoctoral Research Associate Melissa 
Kenney collaborated with former NCED summer intern and John Hopkins University (JHU) undergraduate Danielle Martinez 
(Team Marmot ‘07) to conduct a survey of public preference related to urban river restoration in Baltimore, Maryland.

International Research Experience Program  

NCED’s International Research Experience Program (IREP) was successfully completed in 2008, with a report submitted to 
NSF (see the 2008 NCED Annual Report). Many of the collaborations established through the IREP remain strong, particularly 
those with Brian McArdell (IREP advisor to University of California, Berkeley (UCB), student Leslie Hsu) and Giovanni 
Seminara (IREP advisor to UCB student Peter Nelson). Both McArdell (Swiss Federal Institute (WSL), Switzerland) and 
Seminara (University of Genoa, Italy) made research visits to NCED institutions in Year 7; Seminara also served as the keynote 
speaker at the December 2008 meeting of the Gilbert Club. IREP advisor Francois Metivier (Institut de Physique du Globe 
de Paris) is hosting a sabbatical visit by NCED PI Chris Paola in Spring 2009, and IREP advisor Mario Amsler (Universidad 
Nacional del LitoralArgentina) is working with several NCED PIs to host RCEM2009. Though not part of the initial IREP 
program, a new international collaboration has formed in the same spirit. Foufoula-Georgiou and Stafano Lanzoni (University 
of Padua, Italy) are coadvising NCED graduate student Arvind Singh in response to the enthusiasm for this program expressed 
by both student participants and international advisors: A new proposal was submitted to NSF in February 2009 by Campbell, 
NCED Diversity Director Diana Dalbotten, and IREP advisors Metivier and Catriona Hurd (University of Otago, New Zealand).

Graduate Museum Assistantship program 

This program was not active during Year 7. However, its spirit was extended, through the involvement of SAHRA’s Biosphere 
2 student fellows in creating content for the FEI Earth Buzz program (see section ED01). Due to opportunities arising through 
the Future Earth Initiative, NCED students are likely to participate more actively in SMM programs again in Year 8.

Synthesis postdoctoral research associates

In Year 7, NCED hosted 10 synthesis postdoctoral research associates, 4 of 
whom left NCED for academic positions. As mentioned above, in addition 
to their work synthesizing research across PIs and projects, many served as 
informal advisors to NCED graduate and undergraduate students. One post-
doctoral research associate and one graduate student organized sessions at 
the 2008 Fall Meeting of the American Geophysical Union. Overall, NCED 
synthesis postdoctoral research associates, with their integrative approach 
to the postdoctoral experience, are already emerging as academic leaders 
very early in their careers. Perhaps the best example of this is the May 2008 
MYRES III: Dynamic Interactions of Life and its Landscape meeting held 
at Tulane University in New Orleans, Louisiana (http://www.myres.org/
myres3/index.html). This four-day meeting, with optional three days of 
field trips around the Mississippi Delta, brought together nearly 100 young 
researchers from around the world. While previous MYRES meetings 
had focused on solid Earth topics, in Year 6, NCED postdoctoral research 
associates, alumni, and colleagues formed a committee to propose, plan, 
and bring to fruition the first Earth-surface processes MYRES meeting, 
expanding the meeting’s scope to include ecologists. MYRES attendees are 
required to be ten or fewer years past their PhD and, for MYRES III, from 

Figure 4: Pointing out post-removal effects downstream of the dam.
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disciplines spanning ecology, hydrology, and geomorphology. The meeting was sponsored primarily by NCED and NSF 
(including a supplementary grant from NSF’s Geomorphology and Landuse Dynamics (GLD) program) and resulted from a 
competitive proposal process. 

The goal of MYRES III was to challenge the long-standing paradigm that physical processes sculpt the landscape, setting 
a template for life to inhabit. To challenge this paradigm, MYRES III sought to establish an interdisciplinary framework 
for examining feedbacks and for developing approaches to model them, within the context of the pressing problems facing 
human and ecological communities today. The theme of the workshop was to formulate a hypothesis-driven framework for 
examining feedbacks between geomorphology and ecology. To accomplish this, each day of the meeting was organized 
around a theme of life-landscape interaction at a particular scale, beginning with micro and concluding with anthropogenic. 
An opening discussion by an invited senior researcher was followed by day-long breakouts, based on attendees’ interests. 
Breaks were spent outside the conference center, where NCED reprised its “Flume on the Mall” from the 2005 Smithsonian 
Folklife Festival. Under a large tent, our 25-foot travelling flume was set up with a new experiment involving the response of 
sediment, vegetation, and flow to damming and un-damming a river. In addition, NCED’s Elwha River Dam removal model, 
table-top “Delta Box,” and new table-top model based on the 2007 removal of the Marmot Dam on Oregon’s Sandy River, and 
short film clips for teaching purposes, were featured each day. Over the four days, attendees removed the dam in the 25-foot 

“veggie” flume, predicting the response of the delta, vegetation, and flow and then observing results. Many attendees had little 
or no experience in experimental approaches to surface processes; the break-out tent offered them a chance to interact both 
with an example experiment and with other attendees experienced in this approach. In addition, the flume, to some degree, 
simulated a field experience, offering a real-time opportunity for attendees to discuss natural processes and scaling from their 
varied perspectives, rather than doing so exclusively with slides and white boards. Finally, the table-top models introduced 
attendees to the teaching opportunities offered by simple portable flumes.  Though not a formal part of the conference, the 
outdoor experiments were open to the public, as well as to conference attendees.

The MYRES organizing committee was cochaired by Doug Jerolmack (University of Pennsylvania, NCED PhD, and former 
NCED postdoctoral research associate) and William Reinhardt (University of Exeter and SAFL postdoctoral research associ-
ate visitor). A combination of NCED postdoctoral research associates and alumni, including Michal Tal, Nikki Strong, Jane 
Willenbring, Cailin Huyck Orr, Wonsuck Kim, Anne Lightbody, and Matt Wolinsky,  joined the organizing committee. Senior 
invited researchers were NCED PIs Bill Dietrich and Robert Twilley, NCED partner Gordon Grant (US Forest Service or 
USFS), and Steven Earl, Central Arizona - Phoenix Long-Term Ecological Research (CAP LTER), Phoenix, Arizona. Campbell, 
former NCED Knowledge Transfer Director Jeff Marr, and NCED graduate student Sara Johnson worked with Grant to plan 
and execute the flume experiment and associated activities. Törbjorn Törnquist of Tulane University served as local host at 
Tulane University and led the Mississippi Delta field trip. While the entire meeting was an extremely stimulating and enriching 
experience for all attendees, fostering lasting new research collaborations and connections, it also offered a lasting contribution 
to research. Following the meeting, Jerolmack and Reinhardt led a team of authors in creating a white paper, submitted to the 
National Research Council in summer 2008, aimed at setting the research agenda for an entire generation of young researchers 
as they launch their careers in integrative, quantitative, predictive surface-process science.

NCED alumni

As NCED matures, our alumni become greater in number and more advanced in their own careers. In addition to those who 
participated in the steering committee for MYRES III, several have been exceptional in their ongoing contribution to NCED 
initiatives. Juan Jose Fedele, St. Cloud State University associate professor and former NCED postdoctoral research associate, 
recruited a Native American intern to work in OSL in summer and fall 2008. Karen Gran, University of Minnesota assistant 
professor and former NCED research fellow, Duluth, coadvises NCED graduate students. Jerolmack recruited a student for 
the first year of NCED’s REU on River and Coastal Restoration, who has been invited back to serve as a teaching assistant for 
the Team Marmot portion of the 2009 REU program. Wes Lauer, a former NCED graduate student now at Seattle University 
as an assistant professor, remains a part of the Minnesota River Project, contributing his modeling expertise. Leonard Sklar, 
San Francisco State University, recruited a student for the REU on River and Coastal Restoration, who presented a poster on 
her work at the fall meeting of the American Geophysical Institute. Kyle Straub, a former NCED graduate student now at 
Tulane University, is heading up a new NCED initiative to create a Young Scientists’ Network (see below). Jill Welter, a former 
NCED postdoctoral research associate and now at CSC, is active in the Science, Technology, Engineering, and Mathematics 
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(STEM) initiative described elsewhere in this report. In addition, Welter and John Schade (a former NCED postdoctoral research 
associate now at St. Olaf College) continued their research at the Angelo Coast Range Reserve (ACRR), in collaboration with 
NCED PIs Mary Power and Jacques Finlay. Schade and Welter regularly bring undergraduates from CSC and St. Olaf College 
to ACRR to involve them in summer research; one undergraduate has gone on to be an NCED graduate student with Finlay. 
This work was featured in the October 2008 SCAN: St. Catherine Alumnae News. Miguel Wong, former NCED graduate 
student and Barr Engineering consultant, and John Martin, former NCED graduate student and geologist with ExxonMobil 
Upstream Research Company, continue to work with NCED on research projects and industry short courses. Wonsuck Kim, 
a former NCED graduate student and postdoctoral research associate, has joined the faculty at UT-Austin, where he will 
continue his work with the Deltas Program.

Young Scientists’ Network

Building on our inspiring network of NCED alumni and the success of the MYRES conference, in Year 7 NCED established 
a Young Scientists’ Network. The scope of this program is to engage young scientists into NCED’s interdisciplinary research, 
education, and knowledge transfer approaches to Earth-surface dynamics, which integrate theory, physical experiments, 
fieldwork, and numerical modeling.  Beginning in Year 8, selected young researchers will be given the opportunity for a 
short stay at an NCED institution of their choice . Opportunities for these researchers will include collaborating on laboratory 
experiments and fieldwork, participating in NCED’s videoconferences, and developing Broader Impacts programs with SMM 
and NCED’s “Circle of Learning” concept, which engages underrepresented groups into STEM. These contacts can enhance 
proposal writing of young PIs (e.g., NSF CAREER awards and broader-impacts component of grants). In addition, one meet-
ing per year of all networked scientists, possibly before an AGU meeting or similar event, will be sponsored by NCED. The 
program will be open to both US and international applicants, and approximately $1,000 per young scientist will be allocated 
to be flexibly used towards the above activities. We anticipate election to the network of approximately five young scientists 
per year. Funding for this program beyond the 2012 NCED-NSF funding will be pursued. 

Summer Institute on Earth-surface Processes

Finally, in Year 7, we introduced a permanent, annual forum that engages young scientists in a focused topic in Earth-surface 
processes, drawing on NCED’s approach of integrating theory, laboratory experiments, and fieldwork. This ten-day institute, 
the 2009 Summer Institute on Earth-surface Processes (SIESP), will combine lectures with practical experiences in the labora-
tory and the field. Specifically, the SIESP will focus on complexity and predictability in Earth systems (physical structure 
and life, coupling across scales, and response to natural and human perturbations). The 2009 SIESP will be in August at the 
University of Minnesota. 

Progress toward milestones/deliverables
Project Project name Milestones Progress
ED02 Enhance the education of 

NCED student participants 
by providing unique 
opportunities and an 
extended, cross-disciplinary 
peer and mentor network.

Strong graduate student participation in 
cross-disciplinary research and seminars, 
GSC, videoconferences, NCED retreats, site 
visits, partner research, internships; thriving 
Graduate Museum Assistantship program 

Active involvement in all of these 
programs continued in Year 7, with 
submission of a new proposal for 
international research to NSF  and 
continued placement of alums, 
introduction of Young Scientists’ 
Network and Summer Institute being 
highlights.

Plans 
We will continue to encourage all NCED students to be involved in the GSC and in videoconference seminars. We will 
continue to encourage them to seek NCED coadvisors from outside their own department or institution.  We will strengthen 
the Young Scientists’ Network and continue to seek international opportunities for our graduate students. We will continue 
to recruit for and promote the SRSE Certificate Program and look for opportunities for graduate museum interns through the 
FEI and Earth Buzz programs. Year 8 will see the first NCED SIESP with plans for additional SIESPs to continue through 
NCED’s tenure and hopefully beyond.
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 ► Project ED03: Establish stream restoration certificate program

The NCED-sponsored UMN post baccalaureate Certificate in Stream Restoration Science and Engineering (SRSE), a one-
year graduate program leading to a post baccalaureate certificate in the science and engineering of stream restoration, is now 
approaching the end of its third year of operation. The certificate comprises an interdisciplinary curriculum that is a blend 
of engineering, ecology, biology, geology, and social science. Its objective is to produce graduates who will understand how 
to blend engineering, physical, biological, and social sciences in order to contribute to the process of prioritizing, designing, 
implementing, and evaluating stream restoration projects. Successful SRSE graduates are able to design stream restorations that:

1. Integrate across disciplines;

2. Incorporate natural variability and uncertainty;

3. Aim for prediction by analysis, not analogy;

4. Account for the range of space and time scales; and

5. Optimize within the constraints of the science and engineering objectives economic and social use.

To date (since fall 2008) 24 students have enrolled in the program and 10 students (two classes) have graduated with the 
certificate. The upper-level graduate class—CE/EEB/GEO 8601 Introduction to Stream Restoration—specifically developed 
for the program, and taught every fall, is proving to be a popular course. Its last offering in fall 2008 attracted 18 students 
across a wide range of disciplines, from civil engineering to ecology.

In Year 6, a proposal was made to UMN’s Graduate School to expand the certificate into a master’s degree in landscape 
restoration. This proposal was met with favor. To move forward, UMN’s Graduate School has initiated a working group under 
the umbrella of Whole Earth Dynamics to explore the development of comprehensive graduate programs in the environmental 
arena. It is likely that, with continued input from NCED PIs, the bulk of this effort will be taken up by UMN’s IonE.

Progress toward milestones/deliverables 
Project Project name Milestones Progress
ED03 SRSE Certificate Program Functioning certificate program in stream 

restoration
24 students have enrolled in the 
program; 10 students  have graduated 
with the certificate

Plans 
NCED PI Vaughan Voller will continue to direct the SRSE Certificate Program while working with fellow members of the plan-
ning committee to integrate the SRSE Certificate Program into UMN’s new Whole Earth Dynamics master’s degree program. 

 ► Project ED04: Adapt NCED research tools and approaches to provide novel K-16 educational tools

Visualization

Developments in this area in Year 7 have been primarily through informal science (see section ED01 and the CCLI grant 
described later in this section for details). 

Models and experiments 

Our portable dam removal stream tables are in use in formal and informal education around the US. These tables were derived, 
in collaboration with SMM, directly from a research flume used by NCED visitor Dr. Chris Bromley to study potential impacts 
on the Lake Mills Delta by various scenarios of removal of the Glines Canyon Dam on the Elwha River in Olympic National 
Park, Washington. SMM’s 16 models regularly travel to schools in Minnesota, are available for checkout at SMM’s BBY 
Science House, and were featured in a workshop at the 2009 National Science Teachers Association (NSTA) Annual Meeting. 
In 2008, NCED and SMM constructed and delivered six copies of the flumes to the Head Waters Science Center in Bemidji, 
Minnesota, for use by teachers, many of whom teach predominantly Native American students in that part of the state. This 
quote from the TRC’s logbook typifies the impact of these models in engaging students in science: 
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“We enjoyed the Elwha River Models at Monroe. We used it with our 1st-4th grade Level 3 Emotionally 
and Behaviorally Disturbed (EBD) program, since they did not have much previous knowledge with 
the FOSS Landforms unit. The students were shown the video beforehand and were so outraged at 
the story [of treaty violations and salmon decimation on the Elwha River]. They got extremely excited 
about using the models – they engaged immediately and were focused for a whole afternoon with no 
behavior problems. Thanks.” 

 Doug Paulson, 
 STEM Magnet School Coordinator, 
 Anoka-Hennepin Public Schools

As described above, the models are routinely used in SMM summer teacher institutes. The models were featured at five 
teacher professional development seminars, including the one at the NSTA Annual Meeting in March 2009. These workshops 
are typically four hours in length and average 30 participants. They focus on using the dynamic, context-specific, hands-on 
example of dam removal on the Elwha River to explore the intense historical, social, political, and economic questions and 
tensions raised by dam removal to provide an engaging case study of the intersection between science, culture, and society.

Finally, the models serve as the focal point for a unique training program for K-12 and college teachers on teaching science 
within a cultural context. Through a generous grant from the Medtronic Foundation, the Nexus group was formed in 2006 to 
design a professional development program specifically designed for STEM curriculum coordinators. With increased funding 
from both Medtronic and a statewide education initiative in STEM in 2007, Nexus was able to significantly expand in the 
2007-2008 academic year from 14 to 17 districts and from 28 to 44 participants. Nexus expanded again in the 2008-2009 
academic year to include 26 districts and universities and 82 participants. Participants included STEM coordinators, curriculum 
coordinators, principals, equity coordinators, university education and science faculty, and individuals in other roles with 
district-wide responsibility. During Nexus training, the Elwha River Dam models are used as an example of culturally relevant 
pedagogy in a STEM lesson: With their inherent context, the dam models provide a compelling model of STEM integration 
and culturally relevant pedagogy for the Nexus participants.

NCED also has two of the Elwha River Dam models available for use by NCED and SAFL students and staff at informal 
outreach events. These models were featured in Year 7 at the OSL grand opening, at the Minnesota State Fair (for a second year), 
and at the National American Indian Science and Engineering Fair held in St. Paul, Minnesota. They are regularly borrowed 
by local K-12 and undergraduate instructors for use in classrooms and are a  featured component in the STEM Education 
Minor at CSC, a program that Campbell helped develop.

NCED’s table-top “Delta Box,” a clear-sided flume for teaching delta formation and sequence stratigraphy, con-
tinues to be used in undergraduate classrooms around the US. Significant enhancements were made to the design 
of the box late in Year 7; these enhancements will be documented in a new construction manual to be posted 
on NCED’s website in 2009. Early in Year 7, Catherine Shafer and Dr. Bosiljka Glumac of Smith College pre-
sented the paper, “Reconstructing the ‘Slug’ Model of Sequence Stratigraphy Using the ‘Delta Box’ Physical 
Model of Sedimentation,” at the annual meeting of the Southeastern Section of the Geological Society of America. 
Finally, as is true each year, Campbell led the effort to open SAFL and OSL to undergraduate and graduate classes from 
outside UMN and/or NCED core disciplines. In Year 7, these included repeat visits from geomorphology, hydrology, and 
sedimentology classes from the University of St. Thomas, Carleton College, Macalester College, the University of Wisconsin 
at Eau Claire, and UMD, Duluth, as well as a graduate architecture class from UMN and a graduate landscape architecture 
class from the University of Illinois at Chicago.

Instruction

Research Experience for Undergraduates on River and Coastal Restoration: Piloted in summer 2007 by Wilcock, Podolak, 
Campbell, and Marr with the summer Team Marmot interns, this program was formalized with a 2008 REU award. In Year 7, 
NCED’s first five-member Team Delta joined a second five-member Team Marmot to experience NCED’s unique field-and-
model-based approach to landscape restoration. Dalbotten and SAFL faculty member Kimberly Hill were joined by Campbell, 
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Marr, Wilcock, Twilley, Holm, and NCED Research Associate Azure Bevington in engaging the students and in group and 
individual experiments and field research. In Year 8, Campbell and Dalbotten will continue to lead this effort to immerse 
predominately minority undergraduates in NCED research (see the Diversity section of this report for further details).

Textbooks: Exploring Geology, the innovative, highly visual McGraw-Hill undergraduate textbook coauthored by Morin, 
continued to see wide adoption in Year 7 and went into a second edition. The team of authors, led by Steve Reynolds of Arizona 
State University, is planning related text in Geography. A new 3D map, “The West,” was added to our series of 3D posters. 
This map, and others, were given out by NCED, the Smithsonian Environmental Research Center (SERC), the National 
Earth Science Teachers Association (NESTA), and the Michigan Earth Science Teachers Association (MESTA) at local and 
regional science and education meetings, including the 2008 Fall Meeting of the American Geophysical Union  and NSTA. 
In addition, they were offered free or at cost to various undergraduate institutions around the US that have shown an interest 
in incorporating the maps in teaching.

Course design: In keeping with NCED’s goal of creating strong partnerships—partnerships that will lead to a lasting legacy 
for NCED’s education efforts—Campbell has, for the last five years, been a member of a STEM team of instructors at CSC, 
the nation’s largest college for women. This team, led by NCED External Advisory Board (EAB) member emeritus Anthony 
Murphy, received a grant from the 3M Foundation to develop an undergraduate minor to strengthen the STEM competence 
and confidence of nonscience majors, particularly elementary education majors. Each course in the five-course minor sequence 
focuses on a specific STEM discipline in relation to environmental science and is developed by a team of two or more education 
and science division instructors. The courses immerse the students in a STEM discipline, while modeling effective pedagogical 
approaches (http://www.stkate.edu/academic/stem/index.php). 

In Year 7, Campbell became the only instructor from outside CSC invited to codevelop and teach a course in the program, 
the capstone course, Robots and the Earth. This course, taught as a J-Term intensive, combined elements of engineering, 
geology, and literacy to introduce students to basic geologic concepts and the ways in which engineering is used to help us 
better understand the Earth. The capstone project for the course (and the minor as a whole) involves developing an interactive 
museum component that illustrates these concepts to a public audience. In addition to Campbell’s involvement, NCED was 
represented in the course through the use of Exploring Geology as a text, the use of NCED’s Elwha River Dam removal model 
and simple stream tables, and the involvement of SMM exhibit designer Bette Schmit as an evaluator of the capstone exhibit 
projects, which were demonstrated to a large invited audience. This year’s course involved eight CSC students, all women, 
ranging from first years to seniors and in majors ranging from engineering to teaching. They worked in two teams to develop 
two exhibits: One exhibit in which visitors bet against a robot’s predictions to place a house in a site safe from landslides, 
which they then participated in creating by adjusting slope and water flow, and one exhibit in which visitors predicted the 
permeability of various natural and man-made materials.

Following the successful implementation of this STEM project at CSC, and the Montessori STEM project documented in ED05 
below, writing projects are underway to document and publish each STEM model. In the case of the undergraduate minor, 
all instructors, including Campbell, Murphy, and Welter, will participate in a set of writing workshops in Year 8 to develop a 
monograph documenting the STEM minor sequence and the philosophy used in developing it. In the case of the Montessori 
teacher program, for which additional courses are still under development, we anticipate conference presentations leading to 
publications focused on the Montessori program’s particular opportunities for producing strong STEM students.

Course, Curriculum and Laboratory Improvement : Phase 1: Morin serves as co-PI with UMN Geology and Geophysics 
instructor Kent Kirkby on the Course, Curriculum and Laboratory Improvement (CCLI) grant, “Transforming Museums and 
Colleges into an Effective Earth Science Partnership: Creating Student Explorations of Museum Exhibits for Undergraduate 
Education,” which was awarded in Year 7. This proposal seeks to remedy the fact that science museums remain underused 
by undergraduate students. In order to remedy this situation, SMM and UMN will create a partnership to integrate museum 
resources with regional undergraduate programs. Two laboratory modules, built about interactive museum exhibits, are being 
constructed, assessed, and revised. Students are able to complete these modules independently without any support from 
instructors or museum staff. This “plug and play” design allows the modules to be incorporated into existing curriculums with 
minimal effort. One module explores how animals’ skeletal design reflects their lifestyle and evolutionary lineage, while the 
other model uses new visualization technology: Rain Table. Rain Table technology allows students to interactively simulate 
water flow across any part of the Earth’s surface. This table allows them to contrast flow across fluvial-sculpted landscapes 
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with flow in urban settings or across landscapes modified by nonfluvial processes, such as glacial areas or karst terrain. Each 
of these modules also targets common misconceptions and explicitly discusses the basis, design, and limitations of the relevant 
scientific models.

Progress toward milestones/deliverables 
Project Project name Milestones Progress
ED04 NCED enhancements to 

K-16 education 
Non-NCED participation in summer 
research surpasses 20 total participants 
(shared with Diversity); NCED 
research-based materials made available 
to undergraduate instructors through 
textbooks, 3D maps, web-based and 
physical materials, and field trips, with 
documented use at local and national 
scales

27 students have been supported 

NCED research is reaching many 
undergraduate classrooms through 
Exploring Geology, 3D maps, models, 
and our work with the College of St. 
Catherine. 

Plans 
A major goal for ED04 in Year 8 will be documenting, through articles written and submitted for publication, the models 
developed by NCED, with its partners, for achieving effective Earth science education—education informed by NCED 
research methods and results. We will continue to promote the use of our table-top models and to facilitate the use of SAFL, 
SMM, and other NCED facilities in undergraduate education. In Year 6, we introduced the concept of NCED eClips, a series 
of short You-Tube like videos to be posted online for teaching purposes. Due to a lack of appropriate staffing, we have made 
only small progress toward this goal to date but intend to continue to pursue it into Year 8.

 ► Project ED05: Professional development, involving NCED research, for teachers of grades K-16 

SMM-based EarthScapes programs 

While the NCED-funded teacher institutes at SMM concluded in 2006, much of the material developed for the EarthScapes 
Teacher Institutes has been incorporated into ongoing institutes and programming at SMM’s TRC (see section ED01).

ESTREAM teacher interns

In Year 6, the decision was made to terminate our ESTREAM teacher intern program. While this program offered welcome 
enrichment for the interns involved, and helped NCED develop teaching materials informed by current pedagogical approaches, 
it reached very small numbers of preservice teachers. In keeping with our philosophy of focusing on the “capacity” part of 
Jolly’s “Engagement, Capacity and Continuity” trilogy (see Section ED01), we felt it best to focus on the education programs 
we had develop—those with the greatest potential for sustainability after NCED funding is completed. However, NCED did 
host two short-term teacher interns in Year 7. Tony Soruco, an experienced middle school biology teacher seeking a second 
license, joined us at SAFL to complete an independent study credit in Earth science. Greg Boesel, an early-career middle 
school biology teacher, joined us for two weeks as part of a larger UMN program designed to give teachers first-hand research 
laboratory experience. In both cases, the teachers assisted with ongoing OSL research , worked with Campbell on development 
and construction of teaching models, and visited the BBY and TRC at SMM.

Teacher workshops

In 2008, CSC received a STEM grant from the Medtronic Foundation for its Graduate STEM Certificate program-Montessori 
(http://minerva.stkate.edu/offices/administrative/orsp.nsf/pages/montessori). In this case, the target “students” are practicing 
Montessori teachers in the elementary grades. The first course to be developed in this sequence had an Earth science focus. 
Campbell codeveloped a week-long institute with an experienced Montessori teacher. The 14 participants, from public, charter, 
and private Montessori elementary schools around Minnesota, were additionally enrolled in a one-credit, year-long course in 
which they attended two follow-up workshops led by Campbell and coinstructor Catherine Ibes, with classroom visits by Ibes. 
Each follow-up workshop required the teachers to 1) report on classroom progress in adopting the materials and approaches 
introduced in the summer workshop and 2) featured additional exposure to NCED projects, such as the Marmot Dam removal 
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and the “Water” exhibition. The teachers worked with NCED 
stream tables, which they then brought back to their own 
classrooms, and received a newly developed Montessori 

“album” and set of “charts,” the traditional curriculum materi-
als of Montessori education.

In addition, Campbell served as an instructor in two sum-
mer Rivers Institutes (http://www.hamline.edu/education/
cgee_site/GradEd/riversinstitute.html) organized by the 
Center for Global Environmental Education (CGEE) at 
Hamline University. The first of these institutes, in which 
Campbell has served as an instructor for several years, brings 
together approximately 100 teachers from around the country, 
and from as far away as Jamaica, to a one-week river resi-
dency on the Mississippi River in Minneapolis. The second 
institute, new in 2008, brought a smaller group to a similar 
program on the St. Croix River on the Minnesota-Wisconsin 
border. Finally, Campbell also developed and taught a two-
day workshop on the Geology of the Twin Cities for CGEE.

In Year 7, NCED introduced the Best NCED Teacher Award. An awardee has not yet been selected. However, the awardee, 
once selected, will be invited to attend the 2009 Site Visit to receive the award.

Progress toward milestones/deliverables
Project Project name Milestones Progress
ED05 K-12 teacher development Materials developed and made available 

online, through the TRC at SMM, and 
promoted at local and national conferences

Our Elwha Dam models continue 
to receive wide use through SMM 
and were featured at the 2009 annual 
meeting of the National Science 
Teachers Association.  New 3D maps 
were distributed at AGU and NSTA 
annual meetings. Our tabletop flumes 
were featured at the international 
MYRES meeting and continue to be an 
integral part of two programs for pre-
and-in service teachers at the College of 
St. Catherine.

Plans
In Year 8, we will continue to promote and support the use of our dam removal and “Delta Box” models by educators across 
the country for use in teacher education and undergraduate settings. With SMM TRC, we will continue to look for opportuni-
ties to distribute NCED-related material to teachers through this venue. Finally, we will continue to work with CSC’s STEM 
Montessori initiative and the CGEE Rivers Institutes and then strive to publish papers documenting this work. 

Additional broader impacts activities
Community Surface Dynamics Modeling System: In Year 7, NCED strengthened its connections to sister effort CSDMS, 
the Community Surface Dynamics Modeling System (http://csdms.colorado.edu/). In addition to NCED EAB Board member 
Rudy Slingerland also chairing CSDMS’ Steering Committee, NCED Postdoctoral Research Associate Enrica Viparelli is now 
working intensively to integrate NCED modeling tools into CSDMS format. We are pursuing opportunities to include NCED 
data in the CSDMS framework, and Campbell is serving as chair of the Education and Knowledge Transfer Working Group.

Figure 5: Montessori elementary teachers design experiments in the  NCED 
stream tables they will bring to their classrooms.
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National Science Foundation Earth Science Literacy Initiative: Beginning in Year 7, Campbell served as a member 
of the NSF-funded Earth Science Literacy Initiative (ESLI-http://www.earthscienceliteracy.org) Organizing Committee. A 
companion to the previously completed Oceans, Atmospheres, and Climate Literacy initiatives, this effort seeks to identify, 
through community consensus, the eight to10 Big Ideas and supporting concepts all Americans should know about Earth 
science. The goal of this effort is that the ESLI framework will be influential in a wide variety of scientific, educational, and 
political settings. Future government legislation will be guided by it, and future national and state education standards will 
be based upon it. Working with the College of Exploration, an online education vendor, ESLI conducted a two-week online 
workshop in May 2008 in which over 500 Earth science researchers and educators participated. The online workshop was 
structured around a conference metaphor; Campbell moderated the Surface Processes “break-out room.” Following detailed 
analysis of the online discussion in the workshop, organizing committee members invited a smaller group of 27 Earth science 
researchers and educators from academia, industry, and the K-12 community to a three-day workshop. During this workshop, 
they joined the organizing committee in further refining the Big Ideas and developing supporting concepts. The resultant 
draft was presented to the larger community at workshops and Town Halls at the 2008 Geological Society of America Annual 
Meeting and at the 2008 Fall Meeting of the American Geophysical Union. Input from each subsequent comment period has 
been incorporated into a final draft to be presented to NSF shortly. 

Documentaries: Late in Year 7, Oregon Public Television’s Field Guide series featured the removal of the Marmot Dam as 
one of three stories in this half-hour program. The video follows the story of the dam’s removal, from the planning stages to the 
October 2007 failure of the cofferdam, and features coverage of SAFL/NCED’s physical model study. The length of this video 
makes it extremely useful for showing to any group visiting SAFL and for classroom use: Campbell uses it regularly in tours, 
workshops, and courses. The video may be accessed online at: http://www.opb.org/programs/ofg/videos/view/73-Marmot-Dam.

In February 2009, a full-length documentary version of the Marmot Dam story premiered on the National Geographic Channel. 
This film part of the “Break It Down” series, follows the story in greater depth and contains significant coverage of the SAFL/
NCED model study. National Geographic has provided NCED with a copy of the film for educational use. A preview for 

“Break It Down: Dam” may be viewed at http://channel.nationalgeographic.com/series/break-it-down/3860/Overview. 

Antarctic Geospatial Information Center: The Antarctic Geospatial Information Center (AGIC) is an NSF-funded initia-
tive that became fully operational in Year 7 (http://www.agic.umn.edu/). Morin and Campbell serve as PIs, with a portion of 
the programming work being done by SAFL/NCED technical staff. AGIC’s goal is to provide, via the Internet, geospatial 
information in support of both science and operations in Antarctica. The AGIC website serves as a one-stop shop for digital 
products ranging from historical scanned paper maps and aerial photos to up-to-the-minute satellite imagery and newly created 
maps. AGIC is unique in that it also serves as a vehicle for identifying geospatial data gaps in Antarctica and mounting field 
campaigns to fill those gaps. For example, in January 2009 a field crew that included Morin and Hamilton traveled to the Dry 
Valleys to establish accurate survey locations to aid in “ground truthing” geospatial data already collected remotely. A second 
field campaign is currently in the planning stages, and demand for AGIC products continues to rise rapidly. 
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Executive summary – plans
In Year 8, NCED’s Education Initiatives will continue to strive for the following goals:

• Focus heavily on innovative development and distribution of NCED research through the “Water” exhibition FEI, 
and other SMM initiatives, especially in the area of visualization products for education and knowledge transfer.

• Support the unique, Center-based activities of our graduate students, through the GSC, and those of our alumni 
and close collaborators, through the Young Scientists’ Network and SIESP.

• Support the ongoing development of the SRSE Certificate Program and the UMN effort to create a master’s 
degree in Whole Earth Dynamics.

• Expand our impact on K-16 education locally, nationally, and internationally, through new textbook development, 
the CSC STEM initiatives, and AGIC.

• Complete another successful REU on River and Coastal Restoration program.

• Continue active leadership of national, professional efforts, such as the ESLI.

• Focus, in particular, in documenting successful NCED Education Initiatives, through reports and papers submitted 
for publication, and ensuring initiative sustainability through seeking additional ongoing funding sources. 
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Evaluation and performance indicators

MEASUREMENT
Description Value

NCED Students
1. Graduate student participation in NCED center-wide 
activities.

Number of participating students 64

2. Graduate student application and graduation rates and 
job placement.

Number of students graduated Year 7: 9
Cumulative: 55

Number of students placed:
(note that this figure includes students placed 
in a higher degree program or post-doc as 
well as those placed in a faculty position or 
outside academia)

Year 7:9
Cumulative: 55

In academic positions
(note that this figure includes students placed 
in a higher degree program or post-doc as 
well as those placed in a faculty position)

Year 7:6
Cumulative: 32

In government/industry Year 7: 3
Cumulative: 23

In other
3. New seminars and course materials developed for 
undergraduate education. 

Number of courses impacted 100+
Number of institutions 100+

Earth Science Teachers and Students
1. Participation in NCED programs. Number of K-12 teachers Year 7: 166

Cumulative: 217
Number of K-12 students Cumulative: 381

2. Classroom tools developed and used. Number of tools developed new maps: 1
new or improved 
tabletop models: 3

Number of web hits
(Maps, ESTREAM, and SERC resources)

Year 7: 7494 hits
Cumulative: 25468 hits

Data downloaded
(same)

Year 7: 252738 Kb 
Cumulative: 991854 Kb 

Public 
1. Attendance statistics and feedback from the BBY. Attendance 35,000 (2008)

205,000 (cumulative)
Feedback Participatory evaluation 

completed with YSC 
BBY crew
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IV. Knowledge Transfer Initiative

Project team
Knowledge Transfer Director: Jeff Marr
Staff: Collin Bode, James Buttles, Craig Hill, Deborah Hudleston, Sara Johnson, Melanie Lord-Van Slyke
Contributing PIs: All

Executive summary
Over the past seven years, NCED has developed an extensive array of unique and pioneering research approaches, facilities, 
cognitive paradigms, training methodologies, and community partnerships. These products of NCED activities have had 
and will continue to have a significant impact on the Earth-surface dynamics research community and on the application of 
Earth-surface sciences to practice and training. The Knowledge Transfer Initiative has contributed to nine areas of NCED 
legacy in the following manner:

Observatories: NCED has invested in three major field observatories: the Angelo Coast Range Reserve (ACRR), the 
Minnesota River Basin (MRB), and Wax Lake Delta (WLD). These investments have provided unique opportunities for 
the development of partnerships and knowledge exchange with the broader Earth sciences community. A noteworthy 
example of this is the collaboration with the Minnesota Pollution Control Agency and the Minnesota Department of 
Agriculture for the development of a sediment budget and routing model for the MRB. These partnerships provide 
an excellent opportunity to bring NCED research to decision-makers who need it most and to use NCED research 
expertise to directly address environmental regulatory decisions. NCED has capitalized on similar opportunities for 
the WLD site through partnership with the Louisiana State University (LSU) Coastal Louisiana Ecosystem Assessment 
and Restoration (CLEAR) program and for ACRR through partnership with the US Forest Service (USFS) sediment-
monitoring program. These partnerships provide the foundation through which NCED facilities, and the unique 
research opportunities they provide, can continue to be of service to the broader community. 

Experiments: In addition to its investments in major field observatories, NCED has also contributed to the develop-
ment of state-of-the-art experimental facilities for environmental research. These facilities include the rotating drum 
facility at Richmond Field Station at the University of California, Berkeley (UCB), and the first meso-scale integrated 
Earth observatory, the Outdoor StreamLab (OSL) at Saint Anthony Falls Laboratory (SAFL). Important partnerships 
and knowledge exchange that have been made possible by these advanced monitoring technologies include work with 
the Universität für Bodenkultur Wien in Austria, which included investigating snow avalanches and ice and rock debris 
flow processes. Additionally, collaboration with US Geological Survey (USGS) Menlo Park researchers resulted in the 
creation of rocks with accelerometers for use in the drum. The OSL has also been instrumental in creating community 
partnerships and knowledge exchange opportunities. From its inception, the OSL has fostered interaction between 
NCED scientists, the community of restoration practitioners, and outside researchers. Practitioners from Interfluve, 
Inc., assisted in designing the OSL channel, and researchers from the Massachusetts Institute of Technology (MIT), the 
University of Vermont, the University of Texas at Austin, the University of Wisconsin-Eau Claire, and Pennsylvania 
State University have all participated in research in the OSL through the NCED Visitor Program. The positive results 
of these partnerships involving NCED-supported field observatories provide the intellectual stimulus and data for 
generating proposals that will sustain knowledge exchange within the Earth-surface dynamics community. 

Synthesis: NCED has pioneered a unique synergy across the disciplines of hydrology, ecology, geomorphology, 
social sciences, and engineering. Such synergy has promoted the application of diverse methodologies to real-world 
problems, resulting in holistic approaches and solutions. Current work in the OSL and the Virtual StreamLab (VSL) 
that explores the effects of in-stream rock structures on flow, transport, and in-stream and hyporheic ecosystems is an 
example of synergistic investigations informing applied endeavors, thereby promoting the development of a design 
methodology that is quantitatively linked to objectives in a rational design framework. This contact between NCED 
researchers and industry provides the basis for sustainable outreach and has led to a new model for restoration practice. 
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Models: NCED has pioneered modeling concepts that promote the understanding of environmental cause and effect, 
guide the collection of new observations, and provide a framework for decision making. The pioneering partnership 
between NCED and the Community Surface Dynamics Modeling System (CSDMS) has enabled NCED to make 
these models available to individuals from outside of the center. Models such as those in development for the VSL 
and tools such as the Stream Restoration (SR) eBook are significant instruments for knowledge exchange with the 
wider community and could not have been possible outside of the NCED framework. Dissemination of these tools 
through outreach activities like short courses and workshops will ensure that they continue to be used by community 
members like outside researchers, practitioners, and educators. 

Discovery: NCED’s integrated approach to Earth-surface dynamics has resulted in a paradigm shift of how problems 
in Earth-surface sciences are approached. The discoveries uncovered through this paradigm shift are transforming our 
understanding of Earth-surface dynamics such that we are able to promote and facilitate predictive-based restoration 
activities. The usefulness of research products, such as the SR toolbox, ensures that these discoveries will persist in 
informing the wider community’s (outside researchers’, practitioners’, educators’, and policy-makers’) understanding 
of Earth-surface processes. 

Application: The modeling tools and scientific approaches developed by NCED over the past seven years have the 
capability to transform the practices of stream and delta restoration and inform basin, stream, and delta management 
decisions. Tools that have been produced, such as Ripple and GeoNet, have facilitated the practice of predictive, 
science-based restoration actions. Tools in development, such as the sediment routing model for the Minnesota River 
Basin and the Stream Restoration Decision Analysis and Design Guide (SRDADG), inform responsible management 
decisions. The NCED model of predictive landscape restoration practice will facilitate the transformation of restoration 
practices into predictive, science-based endeavors. The success of this approach will provide incentive for further 
development and application of these tools

Education: NCED has trained a new generation of young researchers on its unique approach to research through 
innovative means such as the Meeting of Young Researchers in Earth Science (MYRES) and the Summer Institute 
on Earth-surface Processes (SIESP), which provide a forum for young researchers to learn about and approach 
problems in a multidisciplinary, collaborative manner. Additionally, the annual meeting formed by Partnership for 
River Restoration and Science in the Upper Midwest (PRRSUM) will allow young researchers to become involved 
with applied science and practice. These training venues will have a lasting impact as they teach a multidisciplinary, 
collaborative approach to Earth-surface science as pioneered by NCED. 

Opportunity: NCED has demonstrated the success of the “Circle of Learning” concept for attracting and retaining 
Native American youth into Earth sciences. NCED Knowledge Transfer programs have fully integrated these students 
into Earth science by applying their findings and data to practical problems addressed in each research project. The 
Circle of Learning approach ensures that future involvement in science by these minority students will encourage 
others.

Communication: NCED has pioneered the development of major partnerships between academia and science muse-
ums, like those with the Science Museum of Minnesota (SMM) and the Berkeley Natural History Museum. These 
partnerships have provided unique venues and opportunities for Earth-surface dynamics knowledge transfer. Through 
projects, such as the development of cyberinfrastructure at ACRR and NCED’s involvement in the Big Back Yard and 
the “Water” exhibition at SMM, NCED has developed interactions with museums that reach the broader community 
and have created a template upon which such interactions can be built in the future. 

The Knowledge Transfer Initiative has contributed to the above nine areas of NCED legacy by disseminating its pioneering 
innovations throughout the broader community. These products of NCED activities have had and will continue to have a 
significant impact on the Earth-surface dynamics research community and on the application of Earth-surface sciences to 
practice and training. 



102     Knowledge Transfer

National Center for Earth-surface Dynamics
Annual Report 2009

Goal
To establish and foster collaboration and communication among NCED researchers and participants, our applied science 
partners, and the broader research community. Such interactions are intended to ensure that NCED research is informed 
by the most pressing societal concerns and that the tools and insights gleaned through the work of NCED are disseminated 
throughout the broader community.

Approach
In Year 6 NCED developed a new model, focused on the establishment of Research Cooperatives (RCs), for knowledge 
exchange with industry and agency partners. Based upon published National Science Foundation (NSF)-funded work by Gray 
and Walters (2008), RCs consist of small multi-disciplinary, multi-institutional teams working on critical areas of research. 
The hallmarks of the RC model of knowledge exchange include the following features:

• Small numbers of participants with multidisciplinary expertise. Participants represent academia, industry, and 
government.

• Focus on a specific research topic. 

• Regular meetings aimed at fulfilling publicly stated goals.

• Eventual self-sustaining capabilities after establishment by a founding center like NCED. 

Year 7 saw the continuation of this model with a focus on setting the foundation for partnership continuation beyond the years 
of NCED funding. In support of that goal, the formal and informal Science Partner Groups (table 1.) that have been established 
for each of the three IPs were strengthened over the course of the year.  
Table 1: Knowledge Transfer Science Partner Groups.  A comprehensive listing of Science Partner Groups active in each of the three IPs – Desktop Watersheds (DW), 
Stream Restoration (SR), and Subsurface Architecture (SA). A full description of the activities of each group is available in the Knowledge Transfer project descriptions below. 

Group Name Partner Institutions IP
Coho Fish Population Model 
Development Group

Stillwater Sciences DW

Debris Flow Erosion Partner 
Group

Universität für Bodenkultur Wien; US Geological Survey Menlo Park DW

Keck HydroWatch Project Keck Foundation; University of California, Berkeley, Angelo Field Station DW
Wireless Observatory 
Development Partner Group

California Biodiversity Center; UCB Angelo Field Station, DW

Sensor Observatory Cyber-
Infrastructure Group

University of California Natural Reserve System; University of California, Berkeley, Field 
Stations; Berkeley Natural History Museum Consortium; CUAHSI; California Biodiversity 
Center; Keck Foundation 

DW

Le Sueur River Basin 
Watershed Group 

Minnesota Pollution Control Agency; Barr Engineering; Florida International University; 
Minnesota Geological Survey; University of Minnesota at Duluth; St. Croix Watershed 
Research Station (Science Museum of Minnesota); and University of Minnesota 
Department of Soil, Water, and Climate

DW

Training and Education 
Partners

Virginia Technological Institution; Stillwater Sciences; the US Army Corps of Engineers SR

Sediment Monitoring Partner US Bureau of Reclamation; US Forest Service; plus all partners listed in the Le Sueur 
River Basin Watershed Group 

SR

River and Dam Partners Oregon Watershed Enhancement Board; the US Geological Survey; Graham Matthews and 
Associates; US Forest Service

SR

Partnership for River 
Restoration and Science in the 
Upper Midwest (PRRSUM)

Environmental consulting firms; federal, state, and local governmental agencies; 
nongovernmental organizations, and research agencies. For a full list, see the External 
Partnerships section of the Annual Report. 

SR
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Group Name Partner Institutions IP
Stream Restoration Decision 
Analysis and Design Guide

US Army Corps of Engineers SR

Delta Restoration Partners Coastal Louisiana Ecosystem Assessment and Restoration SA
Industrial Partners ConocoPhillips; ExxonMobil; Japan Oil, Gas, and Metals Corporation; Shell Oil Company SA

In addition to the establishment and promotion of RC activities, each of the three IPs promotes knowledge exchange with the 
wider community through the following activities:

• Developing website content for each Integrated Program (IP), including making research products available 
online.

• Teaching short courses focused on science applications.

• Conducting workshops and lectures for targeted groups within the community to communicate research ideas to 
the public. 

Finally, major initiatives within NCED’s Knowledge Transfer component have been developed, including the Visitor Program, 
the Faculty-to-Faculty Program (F2F), and the Working Groups Program, to promote collaboration with researchers outside 
of NCED as another method for the promotion of idea exchange.

Achievements and plans

 Major initiatives 

As part of its Knowledge Transfer Initiative, NCED has developed several unique programs designed to facilitate interaction 
and collaboration between NCED researchers and researchers outside of the NCED community. Among such programs are 
the Visitor Program, the F2F Program, the Working Groups Program, and CSDMS. The activities of these programs in Year 
7 are summarized below:

Visitor Program: The summer of 2008 saw exciting collaborative research in the OSL. In a project entitled “Using the 
SAFL Outdoor Stream Lab to predict water residence time and sedimentation within patches of aquatic vegetation,” NCED 
Research Associate Anne Lightbody and principal investigator (PI) Chris Paola worked with Heidi Nepf and Jeff Rominger 
from MIT to address one of the key NCED SR IP questions – how does riparian vegetation influence the structure and func-
tion of fluvial ecosystems? The work from the summer was presented at the fall meeting of the American Geophysical Union 
(AGU) 2008 and has been submitted to the Journal of Hydraulic Engineering. It has also been used as baseline data for an 
NSF Geomorphology and Land-Use Dynamics grant. In an example of intra-NCED collaboration, NCED graduate student 
Seok Koo Kang has incorporated the survey data into the VSL computational simulations of the OSL. 

The second project completed through the 2008 Visitor Program investigated the link between surface geomorphology and 
nutrient processing. Together with M. Bayani Cardenas, Audrey Sawyer, and Travis Swanson from the University of Texas at 
Austin, NCED PIs Vaughan Voller and Jacques Finlay, NCED postdoctoral research associate Cailin Huyck Orr, Lightbody, and 
NCED Knowledge Transfer Director Jeff Marr designed, installed, and monitored a 3D network of piezometers with a goal of 
understanding the development of nutrient processing potential and heterogeneity within the benthic and surface communities. 

Faculty-to-Faculty Program: The Year 7 F2F Program also generated fruitful collaboration. During the summer of 2008, 
students from Florida International University, mentored by Professor Assefa Melesse, participated in research on the Minnesota 
River Project. Students Ashley Thomas, Fkhrudin Khalif Maalim, and Luam Azmera traveled to the University of Minnesota 
(UMN) where they worked with NCED Postdoctoral Research Associate Patrick Belmont to investigate sediment sources along 
the main stem of Minnesota’s Le Sueur River. The students built an ArcGIS database of major bluffs, terraces, and drainage 
tiles and are planning to model sediment transport in the ravines using MIKE 11, a dynamic, one-dimensional modeling tool. 

Working Groups Program: The other major NCED Knowledge Transfer Initiative that cuts across all three IPs is the Working 
Groups Program. First convened in November 2007, the Stochastic Transport and Emergent Scaling on Earth’s Surface 
(STRESS) Working Group, led by NCED Director Efi Foufoula-Georgiou, investigates the use of heavy-tailed stochastic 
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models and fractional probability density equations (PDEs) to describe processes and transport laws that take place on Earth’s 
surface, from the hillslope to the whole river network. The group is cosponsored by NCED, the University of Illinois Hydrologic 
Synthesis Activities, and the Desert Research Institute and includes the following participants: Foufoula-Georgiou, NCED 
graduate students Paola Passalacqua and Vamsi Ganti, Associate PI Kimberly Hill, and researchers from École Polytechnique 
Fédérale de Lausanne Station 18 in Switzerland, the Colorado School of Mines, the Desert Research Institute, the University of 
Pennsylvania, the University of Illinois -Urbana/Champaign, Michigan State University, the University of Colorado-Boulder, 
the University of Otago, New Zealand, Purdue University, Northwestern University, Arizona State University, and Columbia 
University. 

The major product from the STRESS collaboration is the forthcoming publication of a special volume of the Journal of 
Geophysical Research – Earth Surface, which includes fifteen papers coauthored by researchers from NCED and from outside 
of NCED: Subjects range from nonlocal theories of hillslope sediment transport to subordinated St. Venant equations to the 
use of fractional calculus for transport in heterogeneous media to sanddune structure and the stochastic treatment of tracer 
dispersal. A special session on the STRESS working group was held at the fall 2008 meeting of the AGU and at the spring 
2009 meeting of the European Geophysical Union (EGU).

A second NCED working group, the Mathematics of Geomorphology group, met for the fifth time in July 2008. Members of 
this working group include NCED PIs Voller, Paola, and David Mohrig, along with NCED Postdoctoral Research Associate 
Enrica Viparelli and researchers from the University of Oxford, Pennsylvania State University, UMN, Stanford University, 
Woods Hole Oceanographic Institution, Columbia University, the University of Illinois, and the University of Padova. In 
Year 7, the group convened at the Woods Hole Oceanographic Institution in Massachusetts to discuss the development of 
hierarchical models for understanding the process of delta land building. 

Community Surface Dynamics Modeling System: CSDMS is an NSF-funded project that promotes the modeling of Earth-
surface processes by developing, supporting, and disseminating integrated software modules. The software predicts the 
movement of fluids and the flux of sediment and solutes in landscapes and sediment basins. NCED is supporting this work by 
transferring models and data to CSDMS. Viparelli is currently working on converting the codes of NCED PI Gary Parker’s 
ebook and toolbox into the programming platform supported by CSDMS. Additionally, NCED Education Director Karen 
Campbell is chairperson of the Education and Knowledge Transfer CSDMS Working Group, and NCED researchers are 
working in the CSDMS terrestrial, marine, coastal, and hydrology working groups. 

Plans

Visitor Program: As in 2008, the 2009 Visitor Program will also take advantage of the OSL facility. In the project entitled 
“Determination of the effect of engineered structures on residence time, nutrient processing, and habitat within benthic and 
hyporheic environments,” Finlay, NCED PI Peter Wilcock, Voller, NCED PI Miki Hondzo, and Lightbody will collaborate 
with Breck Bowden from the University of Vermont, Mike Gooseff from Pennsylvania State University, and Todd Wellnitz 
from the University of Wisconsin-Eau Claire to investigate the link between the physical conditions of stream channels and 
nutrient cycling. Students will visit OSL in May and June 2009 to conduct the work and collect data. 

Faculty-to-Faculty Program: The fieldwork conducted during the 2008 F2F Program will continue to provide fruitful 
opportunities for knowledge transfer. Maalim and Azmera will incorporate their findings into their Master’s theses and the 
work will enhance our understanding of sediment transport within the Minnesota River basin. Khalif and Azmera will conduct 
additional fieldwork in 2009. 

Working Groups Program: During Year 8, the special volume of the Journal of Geophysical Research – Earth Surface will 
emerge from the work of the STRESS Working Group. The next meeting of the working group will take place in November 
2009 in Lake Tahoe, Utah. The other major NCED Working Group, the Mathematics of Geomorphology group, will continue 
to meet on an approximately annual basis. Working group members Voller and Paola anticipate publishing an algorithm for 
the mapping of complex coasts that they developed while participating in the group. 

Community Surface Dynamics Modeling System: The Coho salmon population model Ripple, along with other NCED-
developed models, will be made CSDMS-compatible during Year 8.



National Center for Earth-surface Dynamics
Annual Report 2009

Knowledge Transfer     105

Summer Institute: Additionally, NCED will establish a new major initiative in 2009, SIESP. Aimed at late-stage graduate 
students and young faculty, the program will engage participants in interdisciplinary research on Earth-surface processes based 
on integration of theory, physical experiments, fieldwork, and numerical modeling. The curriculum of the SIESP will be based 
on a quantitative, cross-disciplinary approach to the study of the Earth’s surface through exploration of the dynamic linkages 
between ecology, hydrology, and geomorphology within a watershed context. The program will promote the dissemination 
of NCED knowledge to emerging researchers.

 ► Project KT01: Interactions with Desktop Watersheds Science Partner Groups

Desktop Watersheds (DW) Science Partner Groups have been formed to direct DW IP research towards the areas of knowledge 
most needed by industry partners as well as to provide a community outlet for the research products. Towards those goals, five 
DW Science Partner Groups had been formed in previous years: 1) the Coho Fish Population Model Development Group, 
2) the Debris Flow Erosion Partner Group, 3) the Keck HydroWatch Project, 4) the Wireless Observatory Development Partner 
Group, and 5) the Sensor Observatory Cyberinfrastructure Partners Group. In Year 7, an additional Science Partner Group has 
been established, the Le Sueur River Basin/Minnesota River Group on Sediment Budgeting and Routing. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Select members for the DW Science Partners Group 
(Yr 6).

Six partner groups have been established and each is 
resulting in fruitful communication and information 
exchange. Hold first formal meeting of DW science partners (Yr 

6-7).
Hold regular meetings with DW science partners (Yr 
8-10). 

Plans
Future work of the DW Science Partner Groups will include maintaining the established productive avenues of communication 
and fostering additional collaborations for Years 8–10. Specifically, we expect the Sensor Observatory Cyberinfrastructure 
Partners Group to grow to include new members as the University of California Natural Reserve System (UCNRS) becomes 
more involved with wireless data collection.

 ► Project KT02: Collaborative Desktop Watersheds research with stakeholders and partners

Coho fish population model development 

NCED researchers have worked in close collaboration with Stillwater Sciences to produce a fish population model for Coho 
salmon. Dubbed “Ripple,” the digital terrain-based model provides estimations of fish populations throughout a watershed 
channel network. Ripple was released to the public in July 2008. Since then, the model has been downloaded by graduate student 
classes and provides a rapid, spatially explicit assessment of possible factors limiting salmon populations from a minimum 
of data. Thus far, NCED partner Stillwater Sciences has applied Ripple to investigate the effects of stream temperature and 
large woody debris on Coho populations in Rock Creek, Oregon. Stillwater Sciences has also used Ripple in Lagunitas Creek, 
California, and in the Tonsina River of Alaska to guide field investigations.

Debris Flow Erosion Partner Group 

The Debris Flow Erosion Partner Group has been especially active in research over the past year, driven in large part by the 
creation of the 4 m-diameter vertically rotating drum debris flow facility. Partner group activities in Year 7 include collaboration 
with Roland Kaitna, a postdoctoral fellow visiting from Universität für Bodenkultur Wien in Austria. Kaitna arrived at UCB 
in November 2008 to conduct experiments at the debris flow facility. Additionally, UCB and NCED graduate student Leslie 
Hsu has been collaborating with USGS Menlo Park researcher Joel Johnson to extend the instrumentation of the debris flow 
facility. Together, Hsu and Johnson developed rocks with accelerometers for use in the facility. 
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Keck HydroWatch Project, Wireless Observatory Development Partners, and the Cyberinfrastructure Partners Group 

As ecological monitoring and data retrieval are achieved through the work of all three of these partner groups, the activities 
of the three groups will be described together.

The above partner groups have made significant progress in Year 7 at ACRR. The infrastructure to store and easily retrieve 
both monitoring data-streams, and the necessary metadata, has progressed significantly over the course of Year 7. The Keck 
Foundation has facilitated environmental monitoring by purchasing three new weather stations for the ACRR, placing 467 
sensors on data loggers and weather stations, 250 microclimate sensors on wireless motes, 100 sap flow sensors on tress, and 
connecting all to the electronic network. 

The Hydrologic Information Systems (HIS) project of the Consortium of Universities for the Advancement of Hydrological 
Science (CUAHSI) designed the data storage architecture and web services and the Observations Data Model (ODM) for data 
retrieval. The California Biodiversity Center (CBC) has contributed to the initial effort to develop the wireless observatory 
system, providing funding for both a web interface developer and a database developer. Implementation and web interface has 
been accomplished through collaboration with the Berkeley Natural History Museums and the CBC. Finally, the University 
of California (UC) Reserve System and the Berkeley Field Stations will be using the database system for other field sta-
tions within the reserve system, starting with Sagehen, Hastings, and Gump stations. The UCB field stations are provided 
with Information Technology (IT) expertise from the Berkeley Natural History Museum Consortium (BNHM). With the 
infrastructure in place, ACRR has developed collaborative partnerships with the USFS sediment-monitoring program, and a 
collaborative NSF-funded Nutrient Spiraling study by former NCED Postdoctoral Research Associates John Schade and Jill 
Welter (now faculty at the College of St. Olaf and the College of St. Catherine, respectively), Steve Thomas (University of 
Nebraska), Finlay, and NCED PI Mary Power.

Le Sueur River Basin Watershed Group 

The Le Sueur River Basin Watershed Group is a collaboration focused on addressing the role of watershed context in river 
restoration research and implementation. Watershed location is a central theme of the Le Sueur River project because the 
location of sediment sources, as well as the erosion mechanism and rate, play a key role in developing a sediment budget and 
guiding management actions. Details on the research activities of this group can be found in the SR IP section of the report. 
The collaborative group of the project involves NCED PIs (Flores, Hobbs, Parker, Wilcock), postdoctoral research associates 
(Belmont, Kenney, Viparelli), graduate students (Day, Jacobi, Johnson, Meyer, Shafran, Zheng, Zuerndorfer), partners from 
Florida International University (Thomas, Azmera, and Maalin, and Melesse), and NCED affiliates (Jennings, Minnesota 
Geological Survey; NCED PhD graduate Lauer, Seattle University; NCED research associate Gran, UMN at Duluth). External 
partners include the St. Croix Watershed Research Station (SMM) and the Department of Soil, Water, and Climate (UMN). 
Much of the work on this project is made possible using leveraged support from the Minnesota Pollution Control Agency 
(MPCA). The group interacts regularly in support of the goal of evaluating water quality models for the Le Sueur and the 
larger Minnesota River basin and developing a total maximum daily load (TMDL) for the Minnesota River.

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Establish annual working groups on DW fish 
population model (Yr 5-6).

The DW working group for fish population models 
has been established and has produced fruitful 
results – Ripple: A Coho Salmon Population Model 
was released to the public in July 2008. Efforts are 
underway to use lessons learned in creating Ripple to 
build models for other species, most notably a clam 
species of the Le Sueur River.  

Plans
Ripple: A Coho Salmon Population Model: NCED researchers are currently working to allow model users to add and 
remove barriers in simulated waterways. Additionally, there are plans to further customize Ripple by including more user-
specified field observations. Specifically, calculated attributes for a given reach will be replaced with field observations and 
off-river habitat effects on the rearing of juveniles will be added. Longer-term plans for the model include connecting it to 
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Geographic Information Systems (GIS)-based models for spatially explicit river temperatures and developing the “Ripple 
approach” for other species. Additionally, Ripple will be applied to Pescadero Creek for TMDL assessment by the California 
State Water Control Board in collaboration with Stillwater Sciences and Leonard Sklar of San Francisco State University. To 
enhance dissemination of Ripple throughout the community, DW researchers will schedule a series of formal meetings with 
practitioners for that express purpose. 

Debris Flow Dynamics Partner Group: Collaborative debris flow work with Swiss partners will continue. A doctoral 
student working with the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL) plans to run experiments 
to investigate snow avalanches in the UCB debris flow drum during the spring of 2009. Additionally, Hsu is collaborating 
with Brian McArdell of WSL to conduct experiments in Switzerland on ice and rock debris flow processes. This Partner 
Group will also expand its research in the future, as NCED graduate student Dino Bellugi is collaborating with the USFS 
and researchers at MIT to understand how the size of shallow landslides affects sediment flux to channels, the erosional area 
affected by landsliding, and the potential for downslope scour. 

Keck HydroWatch Project, Wireless Observatory Development Partners, and the Cyberinfrastructure Partners Group: 
Collaboration with the Keck HydroWatch group at UCB will continue. Plans for this group include an intensive field hydrologi-
cal investigation in the Elder Creek Watershed of the ACRR. The goal of this work is to understand linkages among climate, 
vegetation, hydrology, and ecosystems so that prediction of the coevolution of California’s climate and vegetation is possible 
under changing climatic conditions. The monitoring effort of the wireless observatory partners will intensify and expand in 
the next two years. Currently, the group is discussing how to model unsaturated and saturated flow in fractured rock coupled 
with watershed-scale vegetative water demands. Outside studies suggest that the problem of flow in near-surface fractured 
rock is a crucial knowledge gap in hydrology in general and in hilly and mountainous landscapes in particular.

Le Sueur River Basin/Minnesota River Group on Sediment Budgeting and Routing: The Le Sueur project is entering 
its third field season in which all members of the partner group will collaborate to collect field data. One of the targets during 
Year 8 is to develop a strategy for the subsequent two years for upscaling the constructed models to the entire Minnesota River 
Basin. Social issues become fully enmeshed at this largest scale and this work must incorporate public preference, willingness 
to pay for water quality improvement, and the need for incentives to promote conservation and restoration measures. The 
basin-scale model will be developed in coordination with MPCA and stakeholders in the Minnesota River Basin.

 ► Project KT03: Dissemination of Desktop Watersheds knowledge, approaches, and tools outside of NCED
Year 7 proved to be an especially productive year for the dissemination of DW knowledge, methods, and products. Some 
highlights include:

Desktop Watersheds tools

• As mentioned previously, Ripple: A Coho Salmon Population Model was released to the public in July 2008. It is 
now available for download on the NCED website (http://software.nced.umn.edu/ripple/index.html).

• GeoNet, a new computational tool for network delineation, was also released in Year 7. Developed by Foufoula-
Georgiou and Passalacqua in collaboration with NCED PI William Dietrich and image processing expert Guillermo 
Sapiro at UMN, GeoNet extracts channels and channel networks from high resolution digital elevation data. Future 
versions of GeoNet will also allow users to extract landslides, service roads, and terraces. The current version of the 
tool is now available for download from the NCED website (http://www.nced.umn.edu/Desktop_Watersheds3.html). 

• Meteorological and network quality data have been added to the ACRR website (http://angelo.berkeley.edu/sensors/
met, http://angelo.berkeley.edu/sensors/net) courtesy of NCED.

• A Cyberinfrastructure Development website has been created (http://sensor.berkeley.edu).
• Paula Furey, an NCED postdoctoral research associate since fall 2008, prepared an image rich algal identification 

guide of the common algal taxa in the Eel River watershed, along with their biovolume estimates. Furey assisted 
students and researchers with algal collection, analysis, and identification, and compiled the guide, which will be 
posted online. The guide will allow researchers to identify functionally distinct taxa, and to account for contrasting 
ecological contributions of algae of different sizes on a biomass basis, rather than by abundance alone. 
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Lecture series

• Foufoula-Georgiou gave a series of lectures at two schools in Italy summer of 2008. Foufoula-Georgiou spoke 
at the Alpine Summer School in Val D’Aosta, Italy, and the Summer School on Environmental Dynamics at the 
Venice Academy of Sciences in Venice, Italy, in June 2008. Lectures at the Alpine Summer School covered a 
wide array of topics including modeling environmental fluxes, sediment buffering and bedrock channel evolution, 
and the scaling of biomass; lectures at the Venice Academy of Sciences discussed precipitation space-time 
downscaling for hydro-geomorphologic applications. 

Invited lectures

• April 2008, Foufoula-Georgiou gave the Moore Lecture on “Landscape organization: statistical signatures 
and physical connections” at the University of Virginia. Foufoula-Georgiou also gave a keynote lecture at the 
International Association of Hydrological Sciences (IAHS) conference in Chengdu, China, and a lecture at the 
Key Research Laboratory of Chichuau University, China, in November 2008. 

• January 2009, Power gave a presentation on watershed research at the ACRR for the Science, Technology, 
Engineering, Policy, and Society (STEPS) Institute. The symposium featured academics, government leaders, and 
directors of environmental nongovernmental organizations interested in NCED approaches to linking landscape 
and ecosystems for predictions of future trajectories. Power also spoke at the graduate student Annual Workshop 
on Resilience and Sustainability in Ecological Management in March 2009. Power’s participation in the workshop 
led to prolonged interactions with students working in Columbia, Brazil, and in Western Samoa. 

• February 2009, Dietrich unveiled the Ripple model in a presentation to over 400 practitioners at the River 
Restoration Northwest (RRNW) Stream Restoration Design Symposium. Dietrich gave additional lectures on 
NCED work at Indiana University, Colorado State University, Pennsylvania State University, UCB, AGU, the 
Institut de Physique du Globe de Paris, the Federal University of Minas Gerais (UFMG), and the Belo Horizonte 
Symposium in Brazil. 

Short courses

• Parker and Dietrich each gave six lectures for a US Bureau of Reclamation short course. 

• May 2008, Dietrich gave summary comments entitled “History and Life” at the MYRES Conference in New 
Orleans, Louisiana. Dietrich also gave an NSF-sponsored “Three Quick Things” workshop on high-resolution 
topography in Boulder, Colorado. In August 2008, Dietrich presented “River networks and channel morphology in 
hilly and mountainous landscapes” at UFMG in Belo Horizonte, Minas Gerais, Brazil.

Media coverage 

• DW research has been especially visible in the popular media over the past year. In researching how rivers (as 
opposed to debris flow) cut through bedrock, then NCED graduate student (now Assistant Professor at Caltech) 
Mike Lamb discovered that a canyon in Idaho, thought to be exemplary of the morphology of canyons formed 
by seepage erosion, was formed by a megaflood. The findings were first reported in the journal Science and have 
since been covered in Science News, Nature Geoscience, Space.com, National Geographic, Telegraphy.co.uk, 
New Scientist, the New York Times, and Discover. 

• Lamb also gave on interview on the topic on Idaho Public Radio in May 2008. 

• Three films about research at the ACRR have been released over the past year:

• “RiverWebs,” an independent film about Shigeru Nakano, began airing in November 2008.

• “Tracking Raindrops,” a KQED television special focusing on the Keck HydroWatch Project was released.

• “Mapping the Future,” a University of California Natural Reserve System film about NCED themes in relation to 
the ACRR will be released in 2009. 
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Develop webpages for the DW IP, including tool 
downloads and other data (Yr 5).

New DW tools, the Ripple model and GeoNet, are 
now available for download from the DW webpage. 
NCED PIs have developed educational opportunities 
for introducing research products to the community, 
such as the Ripple presentation given at RRNW.

Develop short course on Ripple model (Yr 6-7).

Develop other educational and training opportunities 
as DW components are developed.

Plans
Success in disseminating DW knowledge, approaches, and tools outside of NCED in Year 7 has resulted largely from the 
community interest generated with the production of groundbreaking research. We would like to continue to be highly 
productive in the transfer of DW knowledge over coming years. To that end, all six DW Science Partner Groups will continue 
with their fruitful collaborative work. Major plans include the modification of the Ripple model to make it more reflective 
of field conditions and applicable to a wider range of species. Likewise, work will continue on the GeoNet tool to broaden it 
applicability. NCED PIs will continue to disseminate these tools throughout the community by providing short courses and 
seminars that discuss their utility. 

 ► Project KT04: Interactions with the Stream Restoration Science Partner Groups

Five active SR Science Partner Groups have been established: 1) Training and Education Partners, 2) Sediment Monitoring 
Partners, 3) Rivers and Dams Partners, 4) PRRSUM, and 5) SRDADG. These partnerships are critical to informing NCED 
researchers about knowledge gaps within the community as well as to providing the community with the tools and information 
to fill those gaps. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Convene regular meetings with SR Science Partner 
Groups to advise NCED SR IP.

Each of the SR Science Partner Groups has met 
regularly throughout Year 7, whether formally or 
informally via email and telephone conferences. 
PRRSUM is currently planning a technical meeting 
for the early months of 2010. 

Convene regular technical workshops with SR 
Science Partner Groups.

Plans
In Year 7, PRRSUM developed substantially. The group held monthly meetings February 2008 through December 2008, each 
consisting of a 45-minute presentation, followed by open discussion. In the future, PRRSUM will foster discussion, knowledge 
exchange, and collaboration among academia, industry, and governmental agencies through the organization of an annual river 
restoration meeting in Minnesota. The meeting will bring stakeholders together for formal and informal exchange of knowledge 
especially germane or unique to restoration in the upper Midwest region of the country. The PRRSUM steering committee has 
been and will continue to meet regularly over the coming year to plan the annual meeting. The SRDADG Partner Group is a 
new collaborative effort between NCED researchers and the US Army Corps of Engineers (USACE). This group will also be 
especially active in Year 8. Details of their work are described below in project KT05. 

 ► Project KT05: Collaborative stream restoration research with stakeholders and partners

Training and education partners

In an effort to promote and facilitate the integration of current interdisciplinary science into the practice of stream restoration, 
we have extended the reach of this partner group. In Year 7, a core group of partners active within industry, government, and 
academia convened to investigate the development of an open-access, peer-reviewed, electronic journal on the practice of river 
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restoration. Through the publication of state-of-the-science project analysis, case studies, monitoring reports, and industry 
commentary, the journal would serve as an informal educational forum for the promotion of knowledge and experience 
exchange. Research into the legacy capabilities of this project will continue into the months of May and June 2009.

Sediment monitoring partners 

In Year 6, NCED hosted the International Bedload Surrogates Monitoring (IBSM) Workshop with the aim of identifying new 
technologies for safe and continuous river bedload monitoring. The collaborative partnerships established in that workshop 
have continued through Year 7 as members of the group from the US Bureau of Reclamation continue work on the development 
of discrete-impact sensing devices for monitoring gravel in rivers. Additionally, Postdoctoral Research Associate Daniele 
Tonina, in collaboration with Jim McKean from the USFS, tested how well several surface-based bedload models can predict 
the bedload transport of fine sediment over an otherwise static bed (partial transport). His work confirms that current bedload 
equations perform poorly when applied to the prediction of partial transport models. 

Collaborative research on river sediment is also underway in two additional projects. NCED researchers are working with the 
MPCA; Minnesota State University, Mankato; the UMN Department of Soil, Water, and Climate; Seattle University; UMN, 
Duluth; the St. Croix Watershed Research Station; Barr Engineering, and the Minnesota Geological Survey to develop an 
integrated sediment budget for the Le Sueur River basin. A second project, beginning April 2009, will attempt to link erosion 
to the hydrograph of the Minnesota River by tracing sediment sources with 10Be. Work on the project will continue through 
2011 and will contribute to the knowledge base used for decision-making by the Minnesota Department of Agriculture. 

River and dam partners 

During the summer and fall of 2007, NCED collaborated with the Oregon Watershed Enhancement Board (OWEB), the US 
Geological Survey (USGS), Graham Matthews and Associates (GMA), and the USFS to monitor and investigate ecological 
and hydrological repercussions of the removal of the Marmot Dam from the Sandy River in Oregon. In Year 7, data from the 
project continued to be added by all partners to NCED’s FTP (or file transfer protocol) site where it is freely available to the 
public. The Research Experience for Undergraduates (REU) on River and Coastal Restoration was also active in this in Year 7. 
Over the summer months of 2008, NCED Postdoctoral Research Associate Chuck Podolak led REU students in fieldwork 
and data collection in the Sandy River. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Define and implement application working groups. The application working groups have been 

defined and implemented, with associated outside 
collaborations. Metrics for evaluating the impacts of 
research on practice are in development, as are tools 
for the evaluation of restoration design effectiveness, 
costs, and benefits. 

Develop other ongoing collaborations outside of 
NCED.

Establish metrics for evaluating impacts of research 
on practice. 

Plans
Research into the sediment budget of the Le Sueur River basin will continue in Year 8. The strong, extensive partnership 
network will continue to produce research knowledge that will inform policy decisions made by the MPCA on sediment loads 
and management in the Minnesota River Basin. This partnership will also continue to contribute to the NCED Education 
and Knowledge Transfer Initiatives through research collaboration with the F2F Program. Maalinwill visit the site again in 
the summer of 2009 to conduct fieldwork and test his modelof the system. Collaboration with the Minnesota Department of 
Agriculture is just beginning in 2009. The project will promote the transfer of NCED research knowledge on sediment flux 
to the government agency where it is most needed and will be applied. Our SR journal partnership is also in its initial stages. 
We will continue to explore this project in Year 8 to determine whether the journal will serve needs of the community and 
whether it can become a self-sustaining entity.
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The activities of the SRDADG Partner Group will be a major focus of SR knowledge transfer activities in Year 8. The group 
will combine the expertise of NCED researchers with the applied experience of the USACE to develop a decision analysis 
framework for SR projects that assesses the environmental drivers of the system, the restoration objectives, proposed manage-
ment actions, and subsequent assessment. The design guide will put each project into its watershed context, establishing the 
locations and restoration actions available for accomplishing particular objectives, assessing the water and sediment supplies 
of a given target site, and determining the biological components of the system, such as nutrient supply and organism popula-
tions. Once the watershed context is established, the partner group will address issues relating to channel design, such as how 
do channel dynamics relate to water and sediment supply or to biogeochemical processing, or how will in-channel structures 
influence these processes? Finally, the partner group will provide a tool that helps restoration practitioners weigh the benefits 
and costs of a project before deciding on proper actions. 

 ► Project KT06: Dissemination of stream restoration knowledge, approaches, and tools outside of NCED

Stream restoration publications 

NCED has integrated discussions on stream restoration training and education into several Knowledge Transfer projects. 
Most recently, the NCED stream restoration newsletter, the Stream Restoration Networker (SRN), has involved individuals 
throughout the community in a dialog on these topics by publishing issues dedicated exclusively to training and certification. 
The spring/summer 2008 SRN focused on training while the winter 2008/spring 2009 SRN issue covered professional certifica-
tion. Authors of the newest SRN issue include national authorities on stream restoration, Steve Kite and J. Craig Fischenich, 
with input on certification from Association of State Floodplain Managers Deputy Executive Director George Riedel. The 
distribution list of the newsletter continues to expand, from 282 subscribers in March 2007 to over 1,000 subscribers today 
from across the nation.

Stream restoration toolbox

• Two new E-clips have been added to the NCED website. E-clips are movies designed for use by students, faculty, 
and researchers. The movies cover natural processes involving sediment and water and illustrate many processes 
associated with rivers, deltas, oceans, and surface landforms. Included in the E-clips collection is a movie on 
stratigraphic processes and a movie on the Glines Canyon Dam on the Elwha River. 

Lectures and presentations

• Parker spoke at a number of venues throughout the year on a number of stream restoration projects: The EGU 
meeting in Vienna, Austria; the American Association for Petroleum (AAPG) Research-Society for Sedimentary 
Geology (SEPM) in San Antonio, Texas; the 70th Anniversary Symposium of SAFL in Minneapolis, Minnesota; 
the International Summer School: Complex flows, turbulence, morphodynamics, and ecology in lowland rivers in 
Delft, the Netherlands; the River Flow 2008, International Conference on Fluvial Hydraulics in Cesme, Turkey; 
the 8th International Conference on Hydro-Science and Engineering in Nagoya, Japan; the 4th International 
Symposium on Scour and Erosion in Tokyo, Japan; the 2nd International Symposium on Shallow Flows at the 
Hong Kong University of Science and Technology in Hong Kong; the Geology and Civil Engineering Department 
at the University of Illinois Urbana-Champaign; and the Geology Department at the University of Illinois, Chicago.

• May 2008, Finlay worked with Schade to organize a special session on stoichiometry in rivers at the North 
American Benthological Society (NABS) Meeting in Salt Lake City, Utah. 

• August 2008, Hobbs, NCED PI Robert Twilley, and Kenney presented a talk on Mississippi River Delta coastal 
restoration decision-making to the Decision Analysis Institute for Operations Research & the Management 
Sciences in Washington, DC. Zheng presented “Optimization of a Portfolio of Dam Removals.” 

• Additional knowledge transfer presentations given to the community by Kenney include “Using Decision 
Analysis to Address Complex Restoration Problems,” presented to the USACE Engineer Research and 
Development Center; and “Using Water Quality Models and Decision Analysis to Recommend Nutrient Criteria,” 
presented to the Chesapeake Bay Scientific and Technical Advisory Committee and to the National Water 
Research Institute.



112     Knowledge Transfer

National Center for Earth-surface Dynamics
Annual Report 2009

• During the fall of 2008, NCED graduate student John Gaffney, with guidance from Hill, Paola, and Wilcock, 
presented the results of research on the response of gravel bed slopes to the addition of fine particles at the Water 
Resources Conference in St. Paul. 

• February 2009, Power gave an invited plenary talk at the RRNW symposium in Stevenson, Washington. Dietrich 
and Campbell also presented NCED work at the conference.

• Several NCED PIs, graduate students, and postdoctoral research associates presented data from the Marmot Dam 
removal and the Trinity River Restoration Program to the Dam Removal Guidance workshop sponsored by the 
Subcommittee on Sedimentation of the Advisory Committee on Water Information and also at meetings of the 
AGU and the GSA.

Media coverage 

• Collaborative NCED work on the Marmot Dam’s removal was featured in “Break it Down: Dam,” a television 
show that aired on the National Geographic Channel in February 2009. 

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Develop community-wide technical newsletter for 
SR.

The SRN is a well-established publication with over 
1,000 subscribers. The SR website continues to 
improve, with tools such as an eBook on sediment 
transport and a threshold channel calculator in 
development. 

Develop SR community website.

Develop SR toolbox containing free models and tools 
that support stream restoration practice. 

Plans
Stream restoration publications: We will continue to explore the development of an open-access, peer-reviewed, electronic 
journal on the practice of river restoration. This journal would serve to promote and facilitate the integration of current inter-
disciplinary science into the practice of stream restoration. In Year 8, we will continue to develop and explore a sustainable 
business model for the project. 

Stream restoration toolbox:

• Parker and Viparelli, in cooperation with Wilcock, have developed a numerical model describing the building 
and consumption of stratigraphy in a gravel-bed river. The model will be made available online as part of the SR 
toolbox. 

• Parker, Viparelli, and Wilcock are also finalizing the results of a numerical model of gravel augmentation, which 
will result in another new tool for the SR toolbox. 

• The iSURF tool, a program that aids in channel design and forecasting by modeling the ways in which a riverbed 
will change in response to changes in sediment supply, will be added to the toolbox in the spring of 2009. This 
program draws on the work of Wilcock to predict whether a stream will tend to accumulate or evacuate sediment 
under a change in mixed-size sediment supply. 

Lectures and presentations: NCED PIs will continue their extensive lecture and presentation activities as an effective method 
of disseminating SR IP knowledge to the wider community. 
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 ► Project KT07: Promotion and development of education and training programs in stream restoration

NCED Certificate in Stream Restoration Science and Engineering 

NCED continues to lead one of the few stream restoration certificate programs in the country. This program provides graduate 
students and working professionals the opportunity to study stream restoration in a science-based, multi-disciplinary context. 
Part of the program is based on existing courses at UMN, while two additional courses have been developed specifically for 
the program. Voller and Paola have taken a leading role in teaching these courses. The OSL is now used as the field site for 
the program. Fourteen students have graduated from the program thus far.

Short courses

• Geomorphic and Ecological Fundamentals for Stream Restoration. One-week short course taught by PIs Wilcock 
and Power and in collaboration with others from outside of NCED, Truckee, California.

• The Principles and Practice of Stream Restoration. One-week short course taught by Wilcock in collaboration 
with others, Logan, Utah.

• Channel Design for Stream Restoration. One-week advanced design course taught by Wilcock in collaboration 
with others, Logan, Utah. 

• The Ecological and Geomorphic Principles of Stream Restoration. One-week short course taught by Wilcock in 
collaboration with others, Baltimore, Maryland.

• Estimating Sediment Transport in Gravel-bed Rivers. Three-day short course in Boulder, Colorado, taught by 
Wilcock in collaboration with others. 

• Geomorphic and Ecological Fundamentals for Stream Restoration. One-week short course in Patterson, New 
Jersey, taught by Wilcock in collaboration with others. 

• Four lectures given by Parker for The International Summer School: Complex flows, turbulence, 
morphodynamics, and ecology in lowland rivers in Delft, the Netherlands.

• Introduction to American Society of Civil Engineers (ASCE) Manual 110, Sedimentation Engineering. Taught by 
Parker at River Flow 2008, International Conference on Fluvial Hydraulics in Cesme, Turkey. 

• A Comparison of Large Meandering Rivers and Huge Meandering Channels on the Bottom of the Ocean: So 
Near and Yet so Far. Taught by Parker at the 8th International Conference on Hydro-Science and Engineering in 
Nagoya, Japan.

Workshops

• Wilcock presented “Incorporating Uncertainty in Stream Restoration Design and Effectiveness Monitoring” in 
November 2008 at the Southeast Regional Stream Restoration Conference in Asheville, North Carolina.

• Paola and Mohrig participated in a two-day River Diversion Summit in New Orleans run by the USACE at which 
NCED model results and data were used to make the case for large-scale river diversion to rebuild wetlands in 
coastal Louisiana.

• Hondzo presented “Scaling Denitrification in Aquatic Ecosystems to its Controlling Environmental Drivers” and 
“Life in Moving Fluids” to Eawag, the Swiss Federal Institute of Aquatic Science and Technology. 
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Develop and maintain an expansion of education and 
training opportunities in stream restoration.

The SR certificate program continues to 
grow and educate students in science-based, 
multidisciplinary restoration practice. Through 
the venue of the SRN, and a new river restoration 
meeting in the Midwest, we are fostering a 
community-wide dialog on stream restoration 
education and certification. The new “Whole 
Earth Dynamics” graduate program at UMN will 
begin in 2009, incorporating SR training and 
knowledge into its program (see below). 

Expand impact of SR certificate program at UMN.

Explore the need for establishing a formal standard of 
proficiency for stream restoration practice. 

Plans
Stream Restoration Training Partners Group: This group has used four teleconference meetings in 2009 to plan for future 
work in Year 8. The partners will continue to meet to develop a five-year goal for establishing a formal journal on the practice 
of stream restoration as a method for improving training and education practices and opportunities in the US. 

Regional stream restoration conferences: Three regional stream restoration meetings are held annually around the country 
and have become critically important arenas for exchange between practitioners and scientists: RRNW, Southeast Regional 
Stream Restoration Conference, and Mid-Atlantic Stream Restoration Conference. Through the development of a fourth meeting 
for the upper Midwest region of the country, NCED will further shape training and education in the field of stream restoration.

Stream restoration certificate program: In 2007, Voller submitted a proposal to expand the SR certificate into a Master’s 
degree program in landscape restoration. This proposal, in combination with a number of related proposals, prompted the 
graduate school to form a working group to develop a coordinating theme—Whole Earth Dynamics—around which the various 
proposals could be woven into a single graduate program. Voller is part of this working group that will initiate its graduate 
degree program in 2009. This vehicle will allow for the long-term sustainable legacy of NCED-themed graduate courses.

 ►  Project KT08: Interactions with Subsurface Architecture Science Partner Groups

Delta restoration partners 

The CLEAR program is a collaborative effort among state, federal, and LSU scientists and engineers to test how deltaic 
systems work relative to specific restoration hypotheses. This partnership provides a conduit for NCED research and tools 
to reach Louisiana’s coastal restoration managers and decision makers. The group continued its work in Year 7, developing 
conceptual models and publications outlined below in project KT09. Additionally, the fieldwork and associated scientific 
findings of NCED’s REU Team Delta (details available in the Education and Diversity sections) were incorporated into the 
CLEAR modeling framework after the REU LSU visit in the summer of 2008. 

Industrial partners 

The NCED collaboration with our industrial partners group has been long lasting and mutually beneficial. This group includes 
the Industrial Consortium as well as three American petroleum companies involved in training courses offered by NCED 
researchers – ExxonMobil, CononcoPhillips, and Chevron. Interactions include collaborative research and experiments, data 
sharing, and training. This partners group, created when the Subsurface Architecture (SA) IP focused on deep-time stratigraphy, 
continues to play an important role in providing data (seismic reflection data, cores, well logs, and experimental methods) that 
is vital to predicting the outcome of delta-restoration scenarios.

Additionally, the University of Texas RioMAR industrial consortium held a two-day semi-annual meeting in November 2008. 
At this meeting, NCED graduate students Jeff Nittrouer and Elke Baitis, along with Mohrig, presented results of NCED’s delta 
research to geologists from BHPBilliton, ConocoPhillips, Shell, Statoil, BP, Devon, and Woodside.



National Center for Earth-surface Dynamics
Annual Report 2009

Knowledge Transfer     115

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Establish members of SA Science Partner Groups. SA Science Partner Group membership has been 

established and the group is holding regular meetings 
and workshops to advise SA research. Technical 
workshops and the annual oil consortium meeting 
were held in May, June, and August of Year 7 at 
SAFL.

Convene regular meetings with SA Science Partner 
Groups to advise NCED SA IP.

Convene regular technical workshops with SA 
Science Partner Groups. 

Plans
Delta restoration partners: Work with this partner group will continue to provide a conduit for NCED research and tools to 
reach Louisiana’s coastal restoration managers and decision makers. The group will meet regularly, formally and informally, 
throughout Year 8 to further the integration of NCED knowledge and data into the arenas where it can best inform ecosystem 
management and resource- and land-use decisions. The REU Team Delta will conduct fieldwork again in the summer of 2009. 

Industrial Partners Group: Three short courses are planned for Year 8 at SAFL. ConocoPhilips will attend a course on shallow 
water and fluvial deltaic environments in May 2009. ExxonMobil and Chevron are planning short courses on shallow- and 
deep-water environments in July and October 2009. Additional meetings will occur as necessary. 

 ► Project KT09: Collaborative subsurface architecture research with stakeholders and partners

Delta restoration partners 

NCED Postdoctoral Research Associate Wonsuck Kim, along with Twilley and the CLEAR group, participated in Conceptual 
Ecological Modeling (CEM) workshops for coastal basins influenced by river diversion. The goal of the workshops was the 
development of conceptual ecological models of delta building. The interaction resulted in the publication of several book 
chapters and the “Final Report to the Department of Natural Resources, Coastal Restoration Division, Baton Rouge, LA.” 

In collaboration with researchers at the University of Padova, Alessandro Frascati visited the University of Illinois to develop 
theory and experiments on the response of a prograding delta to spatially varying topography and subsidence rate. Frascati’s 
work with Parker will continue in June 2009. 

Industrial partners

The Saint Anthony Falls Industrial Consortium for Experimental Stratigraphy continues to thrive and produce two-way transfer 
of ideas and data between NCED researchers and the oil industry. As a result of these relationships, NCED researchers are now 
able to conduct experimental studies of growing deltas using a new proprietary, weakly cohesive sediment mix developed at 
ExxonMobil Upstream Research. This sediment mix mimics the delta dynamics and morphology of the Mississippi River Delta 
and Wax Lake Delta, producing better predictions for restoration planning and numerical model development. Most recently, 
this sediment mix has been used to perform laboratory experiments on growing deltas under various scenarios of sea-level 
rise. These experiments inform channel-resolving predictive models of delta formation in development by Paola and Voller. 

ConocoPhilips participated in a training course on shallow water fluvial deltaic environments at SAFL in May 2008. Course 
work included using physical delta experiments at SAFL to study steady-state and changing base-level conditions in fluvial and 
deltaic environments. ExxonMobil participated in a second course held in August 2008, which examined several deep-ocean 
physical process demonstrations in flumes and tanks in addition to steady-state and changing base-level conditions in fluvial 
and deltaic environments. 

In August 2008, Postdoctoral Research Associate Kyle Straub and Mohrig presented results from analyses of a large 3D 
seismic volume covering Breton Sound, LA to geologists at WesternGeco, the company that provides NCED with access to 
the geophysical data instrumental for quantifying spatial variability in delta subsidence patterns.
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Progress towards milestones/deliverables
Milestone/Deliverable Progress
Define and implement Application Working Groups. Delta restoration and industrial working groups 

have been created and are engaging in on-going 
collaborative work. Metrics for evaluating the 
impacts of research on practice are in development, 
including work on developing a method for 
understanding and documenting the societal 
implications and benefits of delta restoration.  

Develop other ongoing collaborations outside of 
NCED.

Establish metrics for evaluating impacts of research 
on practice. 

Plans
Delta restoration partners: Twilley will combine existing CLEAR models with studies of the modern Mississippi River 
Delta system, laboratory experiments, and theoretical models to make ecogeomorphic predictions for restoration planning. 
The ultimate goal of this partnership is the development of a set of numerical models designed to accomplish two tasks: 1) 
evaluate the land-building efficiency of a diversion structure, and its effect on the main river channel, and 2) predict land 
building, of both a laterally averaged delta surface with hypsometric descriptions of sedimentation processes, ecology, and 
nutrient cycling, and of deltas with resolved channels. These models will interface with the CLEAR GIS-based model for 
southern Louisiana that connects science, policy, and resource management. 

Industrial partners: Three short courses will be held at SAFL in Year 8. The courses will again study deep-ocean physical 
processes through the use of flumes and tanks as well as steady-state and changing base-level conditions in fluvial and deltaic 
environments. Paola, in collaboration with former NCED graduate student John Martin, now with ExxonMobil, will soon 
complete a five-month long experiment on cohesive delta evolution with varying sea level. 

 ► Project KT10: Dissemination of subsurface architecture knowledge, approaches, and tools outside of NCED

NCED PIs presented and discussed SA IP research through a number of presentations and lectures in Year 7, 

Presentations and invited lectures

• Twilley gave a presentation of the NCED land-building model of Wax Lake to the Coastal Protection and 
Restoration Authority. Twilley also presented “Designing Self-Maintaining Deltas: A Multidisciplinary Approach 
to Restoration,” at the American Association for the Advancement of Science (AAAS) Symposium in Boston, 
Massachusetts, and “Adaptations to Reduce Vulnerability of Coastal Landscapes: Lessons from the Gulf Coast” at 
the Adaptations to Climate Change Conference given by the Pew Center for Climate Change in Washington, DC.

• June 2008, Parker gave a number of lectures on stream restoration throughout the globe, including to the 
Accademia Nazionale dei Lincei XXVI Symposium on the Environment in Rome, Italy; the 4th Joint Seminar 
on Earth Surface Processes at Chiba University in Chiba, Japan; the Sedimentology Summer School in Akkeshi, 
Japan; the Catholic University of Louvain in Louvain-la-Neuve, Belgium; the National Science Foundation in 
Arlington, Virginia; and Harvard University in Cambridge, Massachusetts. 

• March 2009, Mohrig participated with Paola in a two-day River Diversion Summit in New Orleans run by the 
USACE, at which NCED model results and data were used to make the case for large-scale river diversion to 
rebuild wetlands in coastal Louisiana. 

• Voller gave a Modeling Deltas presentation at LSU in Baton Rouge March 2008 and again at the Indian Institute 
of Science in Bangalore July 2008.

• NCED Postdoctoral Research Associate Guerry Holm presented Sediment Elevation and Plant Community 
Change During Rapid Delta Growth: Applications for Louisiana Coastal Wetland Restoration at the 4th National 
Conference on Coastal and Estuarine Habitat Restoration in Providence, Rhode Island, October 11-15, 2008. 
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• NCED Research Associate Azure Bevington and NCED graduate student Kelly Henry presented talks on wetland 
resources and restoration at the new member training session of The America’s Wetland Conservation Corps, a 
partnership between the America’s Wetland Foundation and the LSU AgCenter. The program engages 18 members 
and hundreds of volunteers in hands-on coastal restoration and recovery activities, including vegetative planting, 
restorative interventions, community-wide clean-ups, and hands-on educational projects for members, volunteers, 
and the communities they serve. 

• Mohrig co-organized a number of scientific gatherings where results of NCED research were presented and 
NCED support was acknowledged, including a session on Stochastic Transport and Emergent Scaling on the 
Earth’s Surface at the 2008 fall AGU meeting; a technical session on Channel Networks as a Template for Earth 
and Environmental Processes: Toward an Integrative Process Model for Landscape Evolution at the 2008 GSA 
Meeting; and a SEPM Research Conference entitled “Clinoform Sedimentary Deposits: The Processes Producing 
Them and the Stratigraphy Defining Them”.  This research conference was held in Rock Springs, Wyoming.

Progress towards milestones/deliverables
Milestone/Deliverable Progress
Develop webpages for SA research, tools, and 
training opportunities.

SA research, tools, and training opportunities are 
available online. Education and training opportunities 
have been developed through the REU program and 
through the prolific speaking and outreach activities 
conducted by SA researchers. 

Plans
Our interactions with stakeholders will continue into Year 7, as the NCED-LSU CLEAR partnership has significant potential 
to influence decision-making for Louisiana coastal restoration. Industrial short courses will continue in 2009 as a means of 
two-way exchange with the important US petroleum industry. Finally, we will further develop and promote the SA IP web 
pages as an information resource not only for researchers, but also for others seeking information on social and environmental 
issues surrounding coastal restoration.

Executive summary - plans

Partnerships

A priority for all research IPs is to continue to develop and deepen partnerships, as they are a key to the legacy of NCED. 
The RC model will continue to guide our collaborative efforts while we make adjustments to suit unique NCED goals. We 
will also continue to develop new partnerships as we see opportunities – such as with those that support the development of 
CSDMS and SRDADG.

Major initiatives

The F2F, Visitor, and Working Groups Programs will expand on their very successful track record of bringing NCED research-
ers together with researchers from outside institutions for collaborative research. The Visitor Program will continue to take 
advantage of the unique OSL research facility to foster large, multi-investigator projects between NCED researchers and groups 
from outside institutions. The F2F and Working Groups Programs will continue to foster their current partnerships, as they 
have resulted in fruitful research collaborations and knowledge transfer in recent years. The CSDMS and the SIESP are new 
additions to NCED’s Knowledge Transfer activities. Even in each program’s infancy, they are fostering extensive collaborative 
research and knowledge exchange. Both programs will provide fruitful partnerships in forthcoming years. 

Web and tool development

Webpages for the three IPs will be updated with ongoing research, model development, and data access. The NCED data 
repository will continue to be enriched with past NCED research as well as with other legacy datasets. The E-clips program 
will complete more videos and make these available on the NCED websites for free download.
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Evaluation and Performance Indicators

Measurement
Description Value

All Stakeholders
1. Visits and downloads to NCED Website and 
research sub-pages within nced.umn.edu. Numbers 
listed are annual hits to the websites.
 
 
 
 
 

Total visits to NCED homepage
 
 
 
 

2005: 12,967
2006: 19,928
2007: 26,806
2008: 25,832
2009: 31,524

Total visits to Desktop Watershed Website 2009: 3,743
Total visits to Subsurface Architecture Website 2009: 2,550
Total visits to Stream Restoration Website 2009: 6,193

2. Archival of NCED data, legacy data, and other 
documents with appropriate metadata on NCED 
Data Repository.
 
 
 
 
 
 
 
 

Total visits (per year) to NCED’s data archive
 
 
 
 

2005: 1,647
2006: 6,299
2007: 2,393
2008: 2,009
2009: 958

Amount of research data archived and made available (in 
gigabytes)
 
 
 

2005: 0.9
2006: 1,000
2007: 3,800
2008: 3,700
2009: 3,600

3. NCED sponsored working groups and 
workshops. Participation by NCED and non-nced 
researchers
 
 
 
 

Number of working groups active in year 2009: 2
Number of NCED PIs participating in working groups 2009: 5
Number of non-NCED participants in active working 
groups

2009: 33

Number of NCED organized workshops 2009: 9
Number of NCED PIs attending workshops 2009: 3
Number of non-NCED researchers attending workshops 2009: 200

4. NCED sponsored conference special sessions 
and conference special volumes.
 
 
 
 
 
 
 
 

Special sessions convened at conferences
 
 
 
 

2005: 1
2006: 3
2007: 4
2008: 1
2009: 1

Special journal issues/proceedings
 
 
 
 

2005: 0
2006: 1
2007: 1
2008: 0
2009: 1
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Measurement
Description Value

5. Collaboration with partners and visitors. 
Research products developed through collaborative 
research with partners. Visitor Program projects.
 
 
 
 
 
 
 
 
 
 
 
 

Number or major collaborative research projects involving 
NCED and partners 
 
 
 
 

2005: 3
2006: 4
2007: 6
2008:14
2009: 5

Number of joint publications with partners
 
 
 
 

2005: 2
2006: 3
2007: 3
2008: 14
2009:12

Number of outside institutions involved in Visitor Program
 
 
 
 

2005: 3
2006: 8
2007: 0
2008: 2
2009: 3

6. NCED Desktop Watersheds Tools and E-Clips
 

Number of DW Tools authored by NCED researchers 2009: 2
Number of E-Clips videos available for download 2009: 2
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VI. Diversity

Project team
Diversity Director: Diana Dalbotten
Faculty and Staff: Andrew Wold, Holly Pellerin, Lowana Greensky, Robby Schreiber
Contributing Principal Investigators: All

Executive summary 
Over the past seven years, NCED has worked with our diversity partners to develop and perfect programs that provide new 
pathways for young people into geosciences careers. NCED has demonstrated the success of the “Circle of Learning” concept 
for attracting and retaining Native American youth into Earth sciences. Native American geoscientists are sorely needed by 
their communities to address various situations, such as management ofNnative land and water resources and preventing loss 
of traditional sources of food caused by habitat loss. However, Native Americans make up a small percentage of geoscientists 
graduating with bachelor’s and upper-level degrees in this country. Since NCED’s establishment in 2002, the partnership 
between Fond du Lac Tribal and Community College and other NCED partners has grown and made an impact within and 
outside of the Center. Originally focused locally in the northern Minnesota community of the Fond du Lac Band of Lac Superior 
Chippewa and nearby cities, the gidakiimanaaniwigamig (Our Earth Lodge) program, focused on Native youths, now reaches 
across the state and nationally. We began with a locally focused K-12 program, which introduced Native students in grades 
8-12 to the Earth sciences, and built on the Circle of Learning concept, which uses traditional Native teaching and learning 
practices, as the foundation of our program. This program has led to a model in which our partnership supports a framework 
that allows us to bring in new science partners (such as the Center for Compact and Efficient Fluid Power (CCEFP), a National 
Science Foundation (NSF) engineering research center headquartered at the University of Minnesota (UMN) to support students 
in gidakiimanaaniwigamig. We have then been able to reach out to other Native communities in Minnesota, and nationally, to 
advise them on using our model to establish new programs. The legacy of the NCED collaboration with Fond du Lac Tribal 
and Community College (FDLTCC) will be partnerships that not only extend well beyond the NCED funding cycle and but 
will reach well beyond the original NCED partners. With the introduction by NCED and its collaborators of an undergraduate 
program in 2006, the giiwed’anang (Northstar) American Indian Science and Engineering Society (AISES) Alliance, we 
now are able to provide advice and opportunities for Native American undergraduates across the state of Minnesota. In the 
past year, we have begun a partnership with the University Corporation for Atmospheric Research (UCAR) at the University 
of Colorado, Boulder, and the GEMscholarsprogram at Purdue University to launch a National Alliance for Broadening 
Participation of Native Americans in the Geosciences: We are seeking funding to hold a national conference within the next 
year. The focus of this alliance will be to 1) create new collaborations, 2) establish a new research agenda aimed at closing gaps 
in our knowledge on barriers and best practices related to Native American participation in the geosciences, and 3) provide a 
forum to communicate educational opportunities for Native students in geosciences programs.

NCED is committed to creating greater diversity within our partner institutions by promoting NCED research opportunities to 
students from underrepresented backgrounds. Our programs actively promote relationships that will last beyond the term of 
NCED funding. NCED’s Faculty-to-Faculty (F2F) program fosters research collaborations between NCED researchers and fac-
ulty from minority-serving institutions. Our Research Experience for Undergraduates (REU) on River and Coastal Restoration, 
in its second year of NSF funding, sprang from partnerships and activities developed through NCED’s Undergraduate Summer 
Internship Program (USIP). The partnership between The Johns Hopkins University, Louisiana State Univeristy, and UMN 
has led to the development of a research experience that is team-focused and interdisciplinary. And, this research experience 
also gives students a chance to work in the laboratory and in the field, which reflects NCED’s approach to research problems. 
While increasing diversity of NCED’s research population, which was 8 percent minority at NCED’s inception and is currently, 
18%, we have also laid the foundation for broadened participation at NCED institutions through ongoing partnerships.
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Goal
The overall goal of NCED’s Diversity Initiative is to increase participation by underrepresented groups in NCED scientific 
disciplines until minority representation is reflective of the US national population. The specific goals of our initiative include: 
1) an immediate improvement in participation by members of all underrepresented groups in NCED itself and 2) an improve-
ment in representation of Native Americans in NCED- related disciplines.

Approach
NCED uses the intrinsic appeal of landscapes and surface dynamics to engage diverse communities in the study of Earth-surface 
science at all levels and to attract diverse participants into its research programs. The following key elements are included in 
our “marketing” approach:

1. Use a vigorous USIP to bring upper-level students from underrepresented groups to NCED facilities for a summer 
to do research on NCED topics. We specifically structure these programs to include interesting field trips, hands-
on laboratory experimentation, and theoretical modeling studies.

2. Build research ties with faculty members from schools with large minority enrollments, particularly minority-
serving institutions (MSI’s), through the Faculty-To Faculty Program. Identify faculty members who work in 
NCED research areas and bring them with their students to NCED as visiting researchers, seminar speakers, and 
participants in NCED workshops.

3. Work with, and support efforts by, NCED participating institutions, science and technology center (STC) partners, 
and other broader, national efforts, such as the National Consortium for Graduate Degrees for Minorities in 
Engineering and Science (GEM), to recruit and fund students from underrepresented groups in NCED-related 
graduate research. 

4. Use the NCED Certificate in Stream Restoration Science and Engineering (SRSE) to provide an additional 
gateway to NCED graduate programs by encouraging early-career professional engineers from underrepresented 
backgrounds to consider research careers.

5. Increase the number of potential future recruits by collaborating with local communities, including the Fond 
du Lac Reservation, to provide Native American youth science enrichment and immersion programs, including 
seasonal camps and after-school activities.

6. Use the Youth Science Center (YSC) at the Science Museum of Minnesota (SMM), and especially the Big 
Backyard (BBY) Park Crew, to team underrepresented youths with faculty and graduate student mentors from 
NCED and create NCED-based hands-on activities.

Achievements and plans—major initiatives

 ► Project DV01: Faculty-to-Faculty Program: Building durable connections to minority-serving institutions and 
universities with high minority enrollments

By involving faculty from MSIs in NCED research projects, we are fostering long-term relationships that will lead to a natural 
increase in the flow of underrepresented individuals into graduate and postgraduate positions at NCED and other national 
research centers. Through the F2F program, 

• Faculty will gain a new level of excitement and interest in NCED research.
• Faculty will also be able to inject some of this excitement into their courses, potentially recruiting an untapped 

source for future research scientists.
• Faculty will provide a link to students at MSIs, increasing the natural flow of students into NCED research groups 

and the geoscience community at large.
• Research partnerships will help to build the research infrastructure of the faculty members’ home institutions.
• Junior faculty will be greatly assisted in their professional development.
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In Year 7, the first year of a two-year collaboration with Florida International University (FIU), Assistant Professor Assefa 
Melesse participated with two graduate students (Fukhrudin Khalif Maliim and Luam Azmera) and a summer undergraduate 
researcher (Ashley Thomas) from FIU to work with NCED PIs on the Le Sueur River Project. Melesse’s team from FIU did 
research on sediment dynamics in the agricultural Le Sueur River watershed, and in particular on uplands, ravines, and bluffs as 
sources of sediment for the Le Sueur River. The FIU team presented the results of their research at the American Geophysical 
Union (AGU) fall meeting in December 2008. This work will continue in summer 2009 when Maliim returns to complete his 
thesis research, supervised by Professor Melesse and the NCED Le Sueur River team. Thomas will pursue summer research 
in 2009 with the Center for Embedded Networked Sensing (CENS), another NSF STC. 

In addition, in Year 7 several past F2F faculty participants recommended students for NCED’s REU on River and Coastal 
Restoration, confirming that relationships built through F2F collaborations will contribute to fostering new opportunities for 
students well beyond the original collaboration. Two students who will participate in the summer 2009 REU were recruited 
because of F2F participants.

Progress towards milestones/deliverables for Year 7
Milestone/Deliverable Progress
Five new faculty introduced to NCED in Years 
6-10. Faculty will conduct major research projects 
or collaborate closely with NCED on diversity 
recruiting.

FIU F2F participant Assefa Melesse begins a 
two-year collaboration and becomes an NCED 
affiliated PI. William Velez continues summer 
internship-recruiting partnership with NCED to place 
minority students from Arizona State University’s 
Mathematics Department in NCED summer research 
positions. 

New collaborations and recruiting visits by NCED 
faculty.

NCED Diversity Director Dalbotten co-organized a 
conference session at Society for the Advancement 
of Chicanos and Native Americans in Science 
(SACNAS) (“An Inconvenient Truth”) that 
included representatives from five NSF Geoscience 
STCs and from UCAR to encourage new 
research collaborations and recruit for summer 
research programs. Dalbotten organized sessions 
at SACNAS and AGU on “An Alliance for 
Broadening Participation of Native Americans in the 
Geosciences.”

Plans
In Year 8, NCED will again host Professor Melesse’s FIU research team over the summer to work on the Le Sueur River 
project. We will continue working on developing new potential collaborations. 

 ► Project DV02: Direct recruitment of underrepresented students to NCED graduate and postdoctoral programs

Since its inception, NCED has made steady progress in increasing the diversity of our researchers and staff. Participation by 
members of underrepresented groups in our research program, including graduate students, postdoctoral research associates, 
affiliated researchers, and faculty has risen from 8% at NCED’s inception to 18% by the end of Year 7. 

Progress towards milestones/deliverables for Year 7
Milestone/Deliverable Progress
Bring percentage of graduate students, including 
participants in the SRSE, from underrepresented 
groups to parity with overall US national population 
by the end of Year 10.

Percent of NCED graduate students and postdoctoral 
research associates who are from underrepresented 
groups has risen from 2% at NCED’s inception to 
13% by end of Year 7.
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Plans
We will continue our vigorous program of graduate recruiting, including visits to national recruiting venues such as the AISES 
National Conference, the Society for the Advancement of Chicanos and Native Americans in Science (SACNAS) National 
Conference, the American Indian Higher Education Consortium (AIHEC) National Conference, and the state and regional 
Louis Stokes Alliance for Minority Participation (LSAMP) conferences. We will continue supporting NCED recruiting efforts 
by providing diversity supplements to their research grants. We will collaborate with the National Consortium for Graduate 
Degrees for Minorities in Engineering and Science (GEM) through the GEM-STC fellowship program in order to recruit 
new graduate fellows. We will continue to promote diversity through the new NCED-managed REU on River and Coastal 
Restoration. This summer, 12 visiting undergraduate students will do research at NCED, with 10 students from groups under-
represented in the sciences.

Two former undergraduate summer interns, one from NCED’s Team Marmot (advised by PI Peter Wilcock) and one from 
NCED affiliated PI Kimberly Hill’s 2007 REU Site (advised by PI Chris Paola), enrolled in NCED graduate programs in year 7.

 ► Project DV03: Undergraduate Summer Internship Program

Each year, the USIP brings undergraduate students from underrepresented groups to NCED institutions for a 10-week summer 
program. The USIP  has played an important part in accomplishing our diversity mission. Year 7 saw the launch of our REU 
on River and Coastal Restoration funded by NSF based on NCED’s Marmot Year 6 pilot, supporting ten students on two 
teams: “Team Marmot” and “Team Delta” (based in coastal Louisiana). Team Marmot participated in an ongoing campaign 
to document the geomorphic response of the Oregon’s Sandy River to the 2007 removal of the Marmot Dam. NCED research 
staff, in collaboration with state and federal agencies, used high resolution measurements to compile a detailed record of how 
the river redistributed sediment formerly trapped behind the 50-ft tall Marmot Dam. Sediment redistribution of this magnitude 
has important implications for ecological habitat, in this case, for salmonid species. This project provides a real-world experi-
ment, critical to the development of more effective river management and restoration practices (http://www.marmotdam.
com). Team Delta participated in research related to coastal restoration of the Mississippi River Delta. NCED’s Wax Lake 
Delta field laboratory presents an excellent opportunity to examine linkages between geomorphology and ecology in a coastal 
restoration context. Additional historical field research areas in the deltaic plain provide students the opportunity to integrate 
short-term projects into a longer-term perspective of geomorphic, biogeochemi-
cal, and ecological processes (http://www.sce.lsu.edu/wbi). Just as with the pilot 
Team Marmot all the interns began their research experience at NCED and the St. 
Anthony Falls Laboratory (SAFL): They participated in hands-on modeling at the 
laboratory in order to prepare for their field work.  

In summer 2009, we will bring a new group of 10 undergraduates (80% from 
underrepresented groups) to participate in the REU. In addition, in collaboration 
with the Minnesota Northstar Alliance for Minority Participation (an NSF LSAMP), 
we are arranging research experiences for students from the giiwed’anang (North 
Star) AISES Alliance. For example, June Sayers, a Native American student from 
St. Cloud State University (Minnesota), will return for a second summer to continue 
her research in the SAFL/NCED Outdoor Stream Laboratory (OSL). Two other 
students from underrepresented groups are currently working on proposals to do 
LSAMP-funded research in the OSL. 

NCED’s USIP is now producing graduate students from underrepresented groups. 
Of the students supported through the USIP, 51% have expressed a desire to con-
tinue their education in graduate programs, and 34% are already in graduate 
programs.

Figure 1:  Michaela Long, Team Delta, taking water 
samples.
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Progress towards milestones/deliverables for Year 7
Milestone/Deliverable Progress
Ongoing participation of five undergraduate students 
(from underrepresented groups) each summer. 
Consistent recruitment of USIP students to NCED-
related graduate programs with the majority of USIP 
students going to graduate school.

- 35 students have been supported: 24 women and 11 
men
- 2 have done graduate work with NCED and 
graduated with master of science (MS) degrees
10 are currently in graduate programs, 2 with NCED
- 15 more students plan to apply to graduate 
programs when they finish their undergraduate 
programs
-4 student have graduated and are currently working 
in industry, 3 with plans to continue with graduate 
work
-4 students are no longer in contact
In addition, 3 students have taken part in the NCED 
International Research Experience Program (IREP), 
advised by NCED graduate students

Plans
As part of our legacy planning, NCED is exploring ways to continue our center-focused REU beyond Year 10. In addition, 
we will continue to develop pathways into our research experiences for students from FDLTCC and other students in the 
giiwed’anang program (see below under DV04). We will also develop methods to provide support and mentoring to these 
students as they transfer to four-year programs: NCED is collaborating with CCEFD and the UMN’s Institute of Technology 
Academic Programs for Excellence in Engineering and Science (APEXES) to provide mentoring, visiting research talks, 
research experiences, and travel opportunities.  

 ► Project DV04: gidakiimanaaniwigamig (Our Earth Lodge) Native American Youth Science Immersion Program

The NCED gidakiimanaaniwigamig (Our Earth Lodge) program offers Native American youths a science immersion experi-
ence. This program provides ongoing opportunities for K-12 students from the Fond du Lac reservation and other nearby Native 
American communities to explore and gain knowledge about the Earth sciences. More than 350 students have participated in 
NCED gidakiimanaaniwigamig camps and related activities, with 50 % attending more than one activity. New partnerships 
brought 8 scientists from UMN, from tribal entities, and from other institutions across the country to lead activities at our 
camps in the past year. Our collaboration with CCEFP has led to new opportunities for Fond du Lac students, including a 
Lego camp for students in grades 3-6 and a FIRST! (For Inspiration and Recognition of Science and Technology) Robotics 
team, which competed this March at the Minnesota FIRST competition at UMN. This year we began a new partnership with 
the Global Learning and Observations to Benefit the Environment (GLOBE--www.GLOBE.gov) program—the first GLOBE 
tribal college partnership.

Students in our gidakiimanaaniwigamig middle- and high-school pro-
grams have shown improvements in their math and science grades and 
school attendance since the inception of the program. In addition, a 
number of students are now enrolled in advanced math and science 
courses. Students’ enthusiasm can also be seen by their participation 
in the NCED/FDLTCC-sponsored American Indian Regional Science 
Fair, which had over 250 middle- and high-school student exhibitors 
in its first five years. In the years 2005-2009, NCED collaborated with 
FDLTCC and the Ojibwe School to send 70 students from this group 
to the AISES National American Indian Science and Engineering Fair 
(NAISEF). In 2009, AISES brought NAISEF to the Twin Cities, with 
NCED partners from UMN, SMM, and FDLTCC on the local organiz-
ing committee. In addition, NCED sponsored a booth in the NAISEF Figure 2:  gidakiimanaaniwigamig students at summer camp
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EXPO and a special award for the best projects with water as a topic. 
And, SMM played a key role by hosting all the NAISEF students free 
of charge and providing special activities for the students. Twenty-seven 
of our students attended and brought home over 30 medals and awards, 
including the National Aeronautics and Space Administration (NASA) 
Science Exploration Award, the Association of Women Geoscientists 
Award, and two Women in Science and Engineering awards. Five of our 
students took medals in the NAISEF math competition this year. Best of 
all, two of our students were chosen as Grand Award winners and will 
be among the six who will represent AISES at the Intel International 
Science and Engineering Fair (ISEF). 

In order to continue support of these students, and other Native 
American undergraduates in the state, collaborative efforts with the 
Minnesota Northstar STEM Alliance and the CCEFP have led to the 
formation of several giiwed’anang (North Star) AISES Alliance chap-
ters in Minnesota, including UMN (Twin Cities, Morris, and Duluth), 
FDLTCC, Bemidji State University, and St. Cloud State University 
(fledgling chapter). AISES is a national organization whose goal is to 
increase participation of Native American college students in science, 
technology, engineering, and math (STEM) fields. Through our partner-
ship with the Minnesota Northstar STEM Alliance and CCEFP, NCED 
is coordinating, sponsoring, and hosting all activities of giiwed’anang. 
Goals of the alliance include: 1) engaging students in STEM-related 
activities, 2) interesting students in pursuing their education at two-year 
and/or four-year schools and universities, 3) developing a Minnesota 
student cohort network, and 4) increasing the number of AISES chapters.

In order to obtain the above goals, giiwed’anang aims to form a sup-
portive network of AISES chapters in Minnesota and to provide tools 
and resources to assist the students that participate in AISES. Specifically, the Alliance promotes educational opportunities 
and academic guidance; opens research doors; and bridges the gap between high school, pre- and post-secondary education, 
and industry in STEM fields. By networking with Minnesota corporations and educational institutions, this Alliance fosters 
fundraising capabilities and professional support, and in doing so will increase the number of AISES chapters in Minnesota 
for a larger representation of Native Americans in STEM fields and disciplines. 

An example of collaboration among several NCED STEM programs is the last giiwed’anang North Star AISES Alliance Retreat, 
which was held February 13 – 14, 2009, in Cloquet, Minnesota. On the first day of the retreat, program participants met with 
representatives from FDLTCC, UMN, CCEFP, North Star STEM Alliance (LSAMP program), NCED, and the Fond du Lac 
Indian Reservation. Following dinner, giiwed held a meeting that included presentations from the North Star STEM Alliance, 
the local planning coordinator for the NAISEF Science Fair to be held in St. Paul, MN, a Native professor from FDLTCC, 
and lastly a planning meeting for the AISES Region V Meeting held at the UMN campus in April 2009. The second day of 
the retreat, giiwed’anang students attended the gidakiimanaaniwigamig STEM Camp held at FDLTCC in Cloquet and served 
as mentors for the participants of the camp and engaged in STEM learning alongside the students, teachers, and community 
participants. Later in the day, the giiwed’anang students were given a three-hour block of time to search the Internet and apply 
for REU positions, scholarships, or internships within their field. Subsequently, two of these students were offered research 
experiences during this academic year and the upcoming summer.

Our collaborative efforts seek to deliver direct support for all Native American students in STEM disciplines in Minnesota. This 
alliance aims to provide tools and resources to assist the students who participate in the state of Minnesota’s AISES chapters and 
to encourage their participation in the Northstar Alliance. Through the meetings we organize, we are also developing personal 
relations with all of the students in giiwed’anang and are encouraging them to participate in NCED research opportunities. 

Figure 3:  Courtney Jackson, winner of a NASA award at NAISEF

Figure 4: Rikko Loyzola dissecting a fetal pig with help from 
giiwed’anang undergrad John Carlson.
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giiwed’anang student June Sayers, a summer 2008 participant in USIP, will return in summer 2009 to continue her research 
in OSL and reports she is eager to begin graduate school at UMN  upon graduation from St. Cloud State University (SCSU). 
Her hydrology professor at SCS, Juan Fedele, is a former NCED graduate student and postdoctoral research associate.

Outcomes

• 10 of 12 gidakiimanaaniwigamig high-school graduates are now, or will this fall, be enrolled in college or university 
programs. Two of our gidakiimanaaniwigamig students finished their senior year of high-school and concurrently 
earned an AA degree at FDLTCC as a Post-Secondary Education Option (PSEO) student; one student transferred to a 
four-year program in fall 2008, and the other student will transfer to a four-year program in fall 2009. Both students 
were Grand Award winners at NAISEF in previous years and represented NCED and won special awards at the Intel 
Science Fair. Five other gidakiimanaaniwigamig high-school PSEO students are taking courses at FDLTCC and are 
involved in giiwed’anang. Several other gidakiimanaaniwigamig students are on track for taking advanced courses 
next year and have plans to continue on to college. Our first gidakiimanaaniwigamig graduate student began work at 
UMN, Duluth, in fall 2008. Worth mentioning is the fact that NCED-affiliated teacher Cindy Welsh just received her 
PhD. Her thesis was on the effectiveness of science fair participation in encouraging academic success in the sciences 
by Native American youths.

• Students in gidakiimanaaniwigamig are showing improvements in math and science grades and test scores (See Figure 
5).

• A core group of FDLTCC undergraduate students interested in science is now affiliated with NCED and participating 
in research activities and academic enrichment. This year, NCED supported four of these students to attend the AISES 
National Conference. Seven Native American students have participated in research opportunities with NCED. And 
we have collaborated with the Minnesota Northstar Alliance for Minority Participation and the CCEFP to create the 
giiwed’anang (North Star) AISES Alliance chapters to provide support for gidakiimanaaniwigamig students as they 
become undergraduates.

• gidakiimanaaniwigamig students participated in SMM’s “Water” exhibition, a travelling version of the American 
Museum of Natural History’s Water: H20=Life exhibition. This “Water” exhibition brought together the students from 
SMM and NCED’s gidakiimanaaniwigamig program in a novel outreach program. The student teams helped to develop 
hands-on activities to be conducted in conjuction with the “Water” exhibition during its visit to Minneapolis/St. Paul in 
spring 2009. 

• The NCED Regional Native American Science Fair is now drawing student participants from five school districts 

Figure 5:Math and science proficiency. Students in gidakiima-
naaniwigamig (Our Earth Lodge) Native American Youth Science 
Immersion Program. Note: Changes in standard tests in Minnesota 
mean values starting in 2007 are not compatible with previous 
years. Statewide scores have dropped 18% as a result of changes 
to the tests (see www.districtadministration.com/newssummary.
aspx?news=yes&postid=17727).
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and from other tribes within northern Minnesota and Wisconsin. 
Sixty-eight students exhibited at the science fair this year, and 
12 students were supported by NCED in collaboration with 
the Ojibwe School, Cloquet High School, and Fond du Lac 
Reservation to attend the AISES NAISEF. Students from the 
science fair will also present their research at the Minnesota 
State Fair this summer; two gidakiimanaaniwigamig students 
had projects entered in last year’s Minnesota State Science Fair 
as well as at NAISEF. In addition, gidakiimanaaniwigamig 
helped initiate two new regional Minnesota Native American 
science fairs, one in northwestern Minnesota on the White 
Earth reservation, and another science fair in Minneapolis. The 
Minneapolis regional science fair produced a third Grand Award 
winner (of 6) at NAISEF.

• New partnerships have broadened the content of NCED’s Native American science camps. Collaboration with CCEFP 
has added a FIRST Robotics Team, a FIRST Lego League, and a summer Lego camp to gidakiimanaaniwigamig. We 
also have a new collaboration with the Algebra Project (http://www.algebra.org/whoweare.php), a group from City 
University of New York that works to increase the success of minority students in mathematics. The Algebra Project 
will bring their curriculum to our gidakiimanaaniwigamig camps and into our affiliated schools.

• Teachers for gidakiimanaaniwigamig received training before bringing an earthquake shake table from the UMN’s 
Civil Engineering Department to their classrooms for extended use in their science classes.

• NCED staff members were on the local organizing committee for the AISES NAISEF 2009 conference, which took 
place in Minneapolis-St. Paul in March of 2009. The location of this conference allowed a larger number of Native 
American students from the Midwest to participate in NAISEF. Teachers saw first-hand the benefits of encouraging 
their students to participate in science fairs. NCED focused January and February gidakiimanaaniwigamig camps on 
science fair preparation.

• Since the inception of the giiwed’anang North Star AISES Alliance, this program has received permanent funding 
from the North Star STEM Alliance (LSAMP program), which is headquartered at UMN, and is now one of the North 
Star STEM Alliance’s official undergraduate programs. 

• The giiwed’anang North Star AISES Alliance has held four retreats where students gather, network, share academic 
and career goals, set the agenda and purpose for the Alliance, and work to build a greater network of AISES students 
across Minnesota. 

• The giiwed’anang North Star AISES Alliance supported 13 students to attend the Regional AISES Meeting in Rapid 
City, South Dakota, in April 2008 and supported 12 giiwed’anang students to attend the AISES National Conference 
in Anaheim, California, in November 2008. 

• The giiwed’anang North Star AISES Alliance has grown from eight participants at the first retreat to nearly thirty 
students across Minnesota as well as in North Dakota and Wisconsin. (While this project is still focused in Minnesota, 
some of our students have subsequently transferred to schools outstate. We continue to promote their academic careers 
and invite them to participate in the program.) 

• While the giiwed’anang North Star AISES Alliance is still in its infancy, we continue to gain exposure and create 
partnerships across Minnesota. We have a solid base of students in four core schools and have formed a significant 
network of contacts among the Native American community. However, there continues to be the challenge of 
establishing a “critical mass” at additional schools. To date, we have received commitments of participation from 
schools that have not yet participated in the giiwed’anang retreats. 

Figure 6:  June Sayer working in the Outdoor StreamLab.
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• NAISEF, hosted by SMM in March 2009, included several 
giiwed’anang participants, who served as judges and staff volunteers 
during this event. 

• In the first year of the giiwed’anang North Star AISES Alliance 
(2008), June Sayers from St. Cloud State University was hired as an 
undergraduate summer intern student at NCED. The giiwed’anang 
North Star AISES Alliance also contributed to the creation of an 
AISES Chapter at Cloquet Middle School in Cloquet, Minnesota, as 
well as at St. Cloud State University in St. Cloud, Minnesota.  

• The giiwed’anang North Star AISES Alliance hosted the 
April 2009 Region V AISES Meeting on the UMN campus, and 
the UMN AISES Chapter organized that event with help from the 
giiwed’anang North Star AISES Alliance.The Region V AISES 
meeting included AISES chapters from across Canada, Iowa, Illinois, 

Upper Michigan, Minnesota, Nebraska, North Dakota, South Dakota, and Wisconsin.  June Sayers presented a session 
on the benefits of undergraduate research at this meeting and presented results of her research in OSL.

• In the second year of the giiwed’anang North Star AISES Alliance (2009), a mechanical engineering giiwed’anang 
student, John Carlson, was granted an undergraduate research opportunity with faculty and students from CCEFP; his 
work was jointly funded between UMN’s Undergraduate Research Opportunities Program (UROP), the North Star 
STEM Alliance (LSAMP program), and CCEFP.

Progress towards milestones/deliverables for Year 7
Milestone/Deliverable Progress
Forty students per year participate in 
gidakiimanaaniwigamig programs in Years 6-10.

One hundred seventy two students participated in the 
gidakiimanaaniwigamig program.

Documented improvement in grades and test scores 
for students in both programs.

See Figure 5

Majority of participants attend college, with 
substantial fraction majoring in science, math, 
engineering, or technology.

There were 2 graduating seniors in Year 7 with 
both planning on attending FDLTCC. Seven other 
gidakiimanaaniwigamig students are continuing as 
college students. 

Plans
By the end of Year 10, NCED expects to have created a permanent network of support for Minnesota Native American STEM 
education that spans from K-12 to undergraduate and graduate programs. Our gidakiimanaaniwigamig camps, which we 
strive to institutionalize through new partnerships within and outside UMN, will recruit new young students each year as other 
students graduate and attend college. New centers and academic units are joining our efforts each year. The newly-formed 
giiwed’anang North Star AISES Alliance is set to provide support to undergraduate students and to encourage them to pursue 
graduate careers. By forming a national working group on increasing Native American participation in the geosciences, we 
will move these efforts to the national arena, instituting new research on best practices and creating new collaborations.

For Year 8, we are working to develop two new partnerships that will enhance the academic abilities of gidakiimanaaniwigamig 
participants. With the GLOBE program, we will initiate the first ever GLOBE tribal college partnership. Using our Circle 
of Learning principles and our community model, we will work to introduce the GLOBE program to teachers in our camps 
and into NCED partner schools during the 2009-10 school year. In cooperation with the Algebra Project, we are working to 
improve the math skills of our students both in the camps and in their schools. Ten teachers attended an NCED-sponsored 
workshop on the Algebra Project in conjunction with our February gidakiimanaaniwigamig camp.

NCED program administrators will present workshops on Native American science education at professional conferences, 
including the National Research Center Educator’s Network, SACNAS, and AGU.

Figure 7: June Sayer presents results of her research at AISES 
Region V meeting.
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 ► Project DV05: EarthScapes in the Science Museum of Minnesota’s Youth Science Center 

NCED’s partnership with SMM includes working with students from the YSC Park Crew. These are students, funded by 
NCED, who work in the BBY, leading visitors in hands-on activities. The Park Crew also does outreach to inner-city students 
at park centers and other locations. 

The Park Crew reached many museum visitors and community youth with their science activities. They taught over 2,200 
museum visitors in the BBY, and they reached 160 kids and adults through one-time outreach events. The Park Crew also 
initiated several new projects this year: In April 2008, the Park Crew participated in a four-part evaluation workshop facilitated 
by their program manager and Amy Grack Nelson, an internal museum evaluator.  The Park Crew also engaged in a technol-
ogy project in which they used Scratch programming to develop sensors that will be used to count visitors as they share their 
activities in the BBY. Finally, three senior members of the team co-presented a workshop at the Minnesota Minority Education 
Partnership conference in November 2008.

From June-August 2008, during the evaluation workshops, the Park Crew decided they wanted to evaluate the visitors’ 
experience for each of their BBY activities. With the assistance of a museum evaluator, the Park Crew developed a survey 
for each activity (macroinvertebrates, watershed walk, Elwha Dam model, and fossil making). They met in early August to 
examine the survey data, identify successes and challenges, and propose changes to their operations in the BBY: Because of 
the evaluation workshops, the Park Crew had learned about evaluation, were able to make meaning of evaluation data, could 
connect the data to their work, and ultimately took more ownership and control of their work.

The Park Crew worked throughout the summer with Keith Braafladt, Senior Manager of Research and Development in 
the Learning Technologies Center, on a technology project. The youth learned about Scratch (a Massachusetts Institute of 
Technology Media Lab programming language) and learned how to program and use the Scratch sensor board. They also met 
Christopher Ellis, Senior Research Associate at SAFL, to learn about environmental monitoring. The Park Crew identified 
applications of this new knowledge to their work in the BBY, and decided  that they wanted to make counting visitors easier. 
The Park Crew then set to work creating counting tools and programs in Scratch. When the summer ended, the Park Crew 
had reached the prototype phase of the project: They will revisit this project summer 2009.

In August 2008, Park Crew visited the Minnesota Conservation Corps (MCC) Summer Youth Program and led stream inves-
tigation activities for the MCC youth. The Park Crew camped out overnight at the site. Also, the Park Crew presented an 
assortment of outreach and BBY activities to eight Native American youth who worked with Scott Schoemaker, Interpretive 
Gardener for Ethnobotany.

With the help and expertise of Kristen Poppleton, Youth Program Manager, the Park Crew engaged in a four-part Project WET 
(Worldwide Water Education) workshop (www.projectwet.org). The Park Crew identified and developed new activities from 
the Project WET curriculum for the winter outreach season.

Three veteran Park Crew youth presented at the Minnesota Minority Education Partnership’s State of Students of Color and 
American Indian Students Conference November 6, 2008, at Coffman Memorial Union on the UMN campus. The youth spent 
~12 hours preparing for the event in September and October.  The students used Ross Velure Roholt’s recently published book, 
Becoming Citizens: Deepening the Craft of Youth Civic Engagement, to create a framework for the presentation. The youth 
shared their experience in the KAYSC and then talked about how it connected to the principles of youth civic engagement 
explained in Roholt’s research. In addition, Park Crew members presented their activities to a group of Minnesota Department 
of Natural Resources state park naturalists at their annual meeting.

Robby Schreiber, Park Crew program manager, coauthored an article “Participatory evaluation: A case study of involving stake-
holders in the evaluation process,” Journal of the Visitor Studies Association (pending, see Appendix F: Program Evaluation). 

The Park Crew developed new partnerships with several individuals and organizations in Year 7. They are now connected to 
two new groups: Ramsey Washington Metro Watershed District (RWMWD) and the St. Paul Park and Recreation Centers. 
These connections will better enable the Park Crew to reach out into the community with Park Crew activities. For example, 
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the Park Crew has been facilitating outreach activities at St. Paul Park and Recreation Centers this season. They will also 
share their activities at the RWMWD annual WaterFest in May 2009. The Park Crew shared their activities with youth from 
the MCC, an Native American group from the Twin Cities, and a group of Minnesota state park naturalists. 

Progress toward milestones/deliverables for Years 7 
Milestone/Deliverable Progress
Substantial participation by minority students in 
the YSC Park Crew and other activities. 

13 students participated: 6 males and 7 females with 12 
students from underrepresented groups

Number of youths from community groups 
taught; number from underrepresented groups. 

381 youths taught by YSC Park Crew, 275 from 
underrepresented groups

Number of activities conducted outside SMM by 
YSC program; Number of hours of activities

9 activities/30 program hours per Park Crew youth

Number of educational outreach activities 
conducted outside SMM by YSC program; 
number ofhours

26 activities/34 hours per Park Crew youth

Plans 
In Year 8, the Park Crew will participate in the following activities:

• Serve as docents in the BBY summer 2009 using evaluation data from summer 2008 to better inform their training 
and work.

• Track the number of BBY visitors they reach.

• Develop and document challenges and experiments to be used at several places in the BBY, and bring stream table 
activities developed through the community outreach program to visitors in the BBY. 

• Bring NCED-related stream table and other activities to community centers in the Minneapolis/St. Paul 
metropolitan area 

• Write a grant to support an environmental monitoring project and/or allow them to travel to another NCED site.

Partnerships and collaborations
Major liaisons with other programs have been developed. These liaisons, or partnerships, enrich our diversity programs by 
creating sustainability and by leveraging our efforts. These partnerships also establish NCED as a leader in defining best 
practices and pathways for engaging minorities—especially Native Americans.

Summary of plans
In Year 8, our plans include the following initiatives:

1. Continue two-year F2F research collaboration on the NCED Le Sueur River Project in collaboration with FIU. 
2. Continue working with the giiwed’anang North Star AISES Alliance connecting Minnesota Native American 

undergraduate AISES chapters.
3. Expand gidakiimanaaniwigamig to connect with science centers and organizations across the country, such as 

developing new partnerships with GLOBE and the Algebra Project.  In addition, we will work to organize a 
national working group and conference on increasing Native American participation in the geosciences.

4. Create a network of UMN mentors who will help support Native American participation in regional and national 
science fairs. 

5. Continue with the second year of our REU on River and Coastal Restoration (Team Marmot and Team Delta). In 
addition, the NCED USIP will continue to support students to do research at SAFL. This summer two students 
from underrepresented groups will do research projects in the OSL.
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Metrics

 MEASUREMENT  

Description Value 
NCED Community   

1. Increasing the number of undergraduates 
participating in summer research in 
collaboration with NCED. 

Number of undergraduate students from underrepresented 
groups doing research at SAFL in Year 7.

12

Number of undergraduate students from underrepresented 
groups doing research at SAFL in Year 6

10

2. Increasing the representation of under-
represented groups within NCED

Percent of underrepresented research ers in current year 18%

Percent of underrepresented research ers in previous year 17%

Percent of underrepresented participants/affiliatesin current 
year 

Participant: 23% 
Affiliate: 6% 

Percent of underrepresented participants/ affiliates in 
previous year 

Participant: 22%  
Affiliate: 5% 

3. Enhancing educational and career 
outcomes for NCED participants from 
underrepresented groups 

List of outcomes See Table 2 below 

Native American Students   
1. Number of Native students participating in 
NCED programs, camps, science fairs, field 
trips, and other activities
2. Repeat contacts with students – camps only 
(total # of students = 170)

Number of students 361
Attendance and grades See Figure 5
Number of repeat contacts  
1 camp 85
2 camps 24
3 camps 14
4 camps 10
5+ camps 37

Youth Science Center   
1. Number of youth enrolled/demographics Number of students 20

Male 6
Female 15
% from underrepresented groups 75%

2. Number of visitor youth/demographics Number of visitors 186
Number from underrepresented groups 138

3. Number of activities conducted outside 
SMM by YSC programs/hours 

Number of activities 28
Number of program hours 84
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The table on educational outcomes has been deleted from the public version of this report due to the confidential nature of the 
information contained therein. Please contact Diana Dalbotten (dalbo001@umn.edu) with any questions pertaining to this table.
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V. External Partnerships
External Partnerships are listed in this section.  Goals, activities, and plans are described in the Knowledge Transfer, Education, 
and Diversity sections of the report.  

Knowledge Transfer Partners
Stream Restoration Partners 

Governmental and corporate organizations involved with stream restoration activities

Organization Name Organization Type
Allred Restoration, Inc. Environmental Consulting Firm
Barr Engineering Company Environmental Consulting Firm

Bureau of Land Management, National Science and Technology Center Government Agency
Canaan Valley Institute Non-profit organization
City of Baltimore Local Government
Federal Interagency Sedimentation Project Federal Interagency
Graham Mathews and Associates Industry
Inter-Fluve, Inc. Environmental Consulting Firm
Minnesota Department of Agriculture State Government
Minnesota Department of Natural Resources State Government
Minnesota Department of Transportation State Government
Minnesota Geological Survey State Government
Minnesota Pollution Control Agency Government Agency
NASA, Goddard Space Flight Center, Hydrological Sciences Government Agency
National Parks Service, Geologic Resources Division Government Agency
National Parks Service, Water Resources Division Government Agency
NOAA Fisheries Government Agency
Otis Bay Consulting Environmental consulting firm
Provo River Restoration Program State Government
R2 Resource Consultants Environmental consulting firm
Sandy River Basin Watershed Council Local Government
St. Croix Watershed Research Station Research Institution
Stillwater Science Environmental consulting firm
Swanson Hydrology, Inc. Environmental consulting firm
US Army Corps of Engineers Government Agency
US Bureau of Reclamation, River Sedimentation and Hydraulics Group Government Agency
US Bureau of Reclamation, Trinity River Restoration Program Government Agency
US Environmental Protection Agency Government Agency
US Fish and Wildlife Service Government Agency
USACE, Research and Development Center, Coastal & Hydraulics Laboratory Government Agency
USACE, Research and Development Center, Environmental Laboratory Government Agency
USACE, St. Paul District Government Agency
USDA, Agricultural Research Service, National Sedimentation Laboratory
Water Quality and Ecology

Government Agency
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Organization Name Organization Type
USDA, Agricultural Research Service, National Sedimentation Laboratory, Watershed Physical 
Processes Research Unit

Government Agency

USDA, Agricultural Research Service, Southwest Watershed Research Center Government Agency
USDA, Forest Service, Mount Hood National Forest Government Agency
USDA, Forest Service, Pacific Northwest Station, Corvallis Forestry Science Laboratory Government Agency
USDA, Forest Service, Pacific Southwest Station, Redwood Sciences Laboratory Government Agency
USDA, Forest Service, Rocky Mountain Research Station, Boise Aquatic Sciences Laboratory Government Agency
USDA, Forest Service, Stream Systems Technology Center Government Agency
USDA, National Sedimentation Laboratory Government Agency
USDA, Natural Resources Conservation Service Government Agency
USGS, Cascades Canyon Observatory Government Agency
USGS, Columbia Environmental Research Center Government Agency
USGS, Grand Canyon Monitoring and Research Center Government Agency
USGS, Menlo Park Government Agency
USGS, Office of Surface Water Government Agency
USGS, Oregon Water Science Center Government Agency

Partnership for River Restoration and Science in the Upper Midwest (PRRSUM)

Partners interested in river research and restoration in the upper Midwest region of the country

Organization Name Organization Type
Applied Ecological Services Environmental Consulting Firm
Barr Engineering Company Environmental Consulting Firm
Belwin Environmental Consulting Firm
Board of Water and Soil Resources Governmental Unit - State
Bonestroo Environmental Consulting Firm
Cannon River Watershed Partnership Environmental Consulting Firm
CH2M HILL Environmental Consulting Firm
Dakota County Soil and Water Conservation District Governmental Unit - Local
Environmental Protection Agency Governmental Unit - State
Geomatrix Consultants, Inc. Environmental Consulting Firm
Great River Greening Non-Governmental
HR Green Non-Governmental
Illinois State Geological Survey Governmental Unit - State
Inter-Fluve Inc. Environmental Consulting Firm
Johns Hopkins University University
Kangnung National University University
Kestrel Designs Environmental Consulting Firm
Legislative Citizen Committee on Minnesota Resources Governmental Unit - Local
Metropolitan Council Governmental Unit - Local
Minnehaha Creek Watershed District Governmental Unit - Local
Minnesota Association of Watershed Districts Governmental Unit - Local
Minnesota Department of Agriculture Governmental Unit - State
Minnesota Department of Natural Resources Governmental Unit - State
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Organization Name Organization Type
Minnesota Department of Transportation Governmental Unit - State
Minnesota Pollution Control Agency Governmental Unit - State
Minnesota River Board Non-Governmental
Minnesota Sea Grant Research
Mississippi Watershed Management Organization Governmental Unit - Local
National Park Service Governmental Unit - Federal
Natural Resource Research Institute Research
Nine Mile Creek Watershed District Governmental Unit - Local
Prior Lake - Spring Lake Watershed District Governmental Unit - Local
Ramsey Washington Metro Watershed District Governmental Unit - Local
Resource Professionals Alliance Non-Governmental
Rice Creek Watershed District Governmental Unit - Local
River Alliance of Wisconsin Non-Governmental
Short Elliott Hendrickson Inc. Environmental Consulting Firm
Southeastern Minnesota Water Resources Center University
St. Croix Watershed Research Station/ Science Museum of MN Research
Sterns County Soil and Water Conservation Districts Governmental Unit - Local
Trout Unlimited, Kiap-TU-Wish Chapter Non-Governmental
United States Army Corps of Engineers Governmental Unit - Federal
United States Department of Agriculture Forest Service Governmental Unit - Federal
United States Department of Agriculture Natural Resources Conservation Service Governmental Unit - Federal
United States Fish and Wildlife Service Governmental Unit - Federal
United States Forest Service Governmental Unit - Federal
United States Geological Survey Governmental Unit - Federal
United States Geological Survey/ Minnesota Water Science Center Governmental Unit - Federal
University of Illinois University
University of Minnesota Center for Transportation Studies University
University of Minnesota Civil Engineering University
University of Minnesota Duluth University
University of Minnesota St. Anthony Falls Laboratory University
University of Minnesota Stream Restoration Certificate Program University
University of Minnesota Water Resources Center University
University of Wisconsin Madison University
Upper Mississippi River Basin Association Non-Governmental
USGS Upper Midwest Environmental Sciences Center Governmental Unit - Federal
Watermark Initiative Non-Governmental
Wisconsin Department of Natural Resources Governmental Unit - State

Delta Restoration Partners

Partners interested in the long-term dynamics of delta systems

Organization Name Organization Type
Louisiana Department of Natural Resources Government Agency
US Army Corps of Engineers Government Agency
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Organization Name Organization Type
WesternGeco Geophysical Services Company

Stratigraphic Partners 

Oil companies interested in the long-term dynamics of channel systems

Organization Name Organization Type
ConocoPhillips Oil exploration company
ExxonMobil Oil exploration company
Japan Oil, Gas and Metals Corporation Oil exploration company
Shell Oil Company Oil exploration company

Research Partners
Our research relationships to other institutions are most often based on interpersonal collaboration and are described in the 
three Integrated Project reports.  A tabular summary of these institutions with which research partnerships are active or in 
development follows:

Research Partners

Non-NCED institutions that partner with NCED to perform join research

#
Organization Name Organization Type
Description of Partnership

1
Arizona State University University
Joint research on stream ecosystems

2
California Biodiversity Center University Center
Collaboration on Sensor Observatory Cyber Infrastructure

3
Berkeley Natural History Museum Consortium (BNHM) Consortium of academic museums
Collaboration on Sensor Observatory Cyber Infrastructure

4
Duke University University
Joint research on decision analysis

5
Florida International University University
Stream Restoration research through the Faculty-to-Faculty Program

6
Hokkaido University, Japan University
Collaboration on SR research

7
Hydrologic Information Systems (HIS) project of the Consortium of Universities 
for the Advancement of Hydrological Science (CUAHSI) 

NSF-funded consortium of universities

Collaboration on Sensor Observatory Cyber Infrastructure

8
Imperial College, London University
Collaboration on SA research

9
Intermountain Center for River Rehabilitation and Restoration, Utah State 
University

University Center

Collaboration on stream restoration decision analysis and design guide

10
Lamar University University
Collaboration on SR research

11
Lawrence University University
Collaboration on SR research
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#
Organization Name Organization Type
Description of Partnership

12
Louisiana State University - CLEAR University Center/Government 

partnership
Collaboration on SA research

13
Massachusetts Institute of Technology University
Stream Restoration research through the NCED Visitor Program

14
Minnesota State University, Mankato University
Joint research on sediment routing and river restoration

15
Nagasaki University University
Collaboration on SA research

16
National River Restoration Science Synthesis Collaborative restoration project
Ongoing collaboration on river restoration study

17
NSF supported Center for Airborne Laser Mapping (NCALM) NSF Center
Collaboration to develop visualizations from LiDAR survey data of the ACRR and other areas

18
University of Limerick University
Collaboration on Working Groups Program

19
Pennsylvania State University University
Stream Restoration research through the 2009 Visitor Program

20
Saint Anthony Falls Laboratory University Center
Joint research on stream restoration

21
San Francisco State University University
Research collaboration in DW

22
Seattle University University
Joint research on sediment routing and river restoration

23
St. Croix Watershed Research Station Museum research center
Joint research on sediment routing and river restoration

24
Swiss Federal Institute of Aquatic Science and Technology (EAWAG) Federal research institute
Joint research on stream ecosystems

25
Swiss Federal Research Institute (WSL) Federal research institute
Collaboration on debris flow research in DW

26
Tulane University University
Collaboration on various research, ED and KT activities

27
Universidad Nacional del Litoral University
Joint studies of large river systems and river engineering

28
Universität für Bodenkultur Wien, Austria University
Joint research on debris flow

29
University of California Natural Reserve System University research reserve network
Collaboration on Sensor Observatory Cyber Infrastructure

30
University of California, Santa Barbara University
WATERS Network (WATer and Environmental Research Systems) Network Design Team

31
University of Colorado University
Coordinated development of Community Surface Dynamics Modeling System
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#
Organization Name Organization Type
Description of Partnership

32
University of Illinois Hydrologic Synthesis Activities University Center
Participation in STRESS

33
University of Louisiana at Lafayette University
Collaboration on CLEAR project

34
University of Maryland University
Collaboration in stream restoration training programs

35
University of Michigan University
Collaboration on cultural sustainability of stream corridor restoration for nutrient removal

36
University of Minnesota, Department of Aerospace Engineering University
Collaboration on SR research

37
University of Minnesota, Department of Soil, Water, and Climate University
Joint research on sediment routing and river restoration

38
University of Minnesota, Duluth University
Joint research on sediment routing and river restoration

39
University of New Orleans University
Collaboration on CLEAR project

40
University of North Carolina University
Collaboration on stream restoration decision analysis and design guide

41
University of Padova, Italy University
Collaboration on SA research

42
University of Texas at Arlington University
Collaboration on SA research

43
University of Texas at Austin University
Joint stream restoration research through the 2008 Visitor Program

44
University of Texas Institute for Geophysics University Center
Collaboration on SA research

45
University of Trento, Italy University
Collaboration on SR research

46
University of Vermont University
Joint stream restoration research through the 2009 Visitor Program

47
University of Washington University
Joint research on gravel bed streams

48
University of Wisconsin, Eau Claire University
Joint stream restoration research through the 2009 Visitor Program

49
University of Wyoming University
Collaboration on SA research

50
Utah State University University
Collaboration on stream restoration short courses

51
Virginia Polytechnic Institute and State University University
Collaboration on SR research

52
Yale University University
Joint research on stream ecosystems
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Education and Diversity Partners
Partners involved in our Education and Diversity initiatives 

Education and Diversity Partners

#
Organization Name Organization Type
Description of Partnership

1
1854 Treaty Authority Tribal entity
Collaborates with NCED on gidakiimanaaniwigamig camps.

2
AISES:  American Indian Science and Engineering Society Minority Professional Organization
NCED sends Native American students in our programs to AISES science fair.  Fond du Lac’s Ojibwe School has also joined 
AISES with sponsorship from NCED. NCED exhibits at annual meeting for recruiting purposes.

3
AlBrook School MN School
Collaborates on programs for teachers and students.

4
American Museum of Natural History Non-Profit
Collaborates with NCED/SMM on exhibit development

5
Association for Women Geoscientists, Minnesota chapter Professional Association
Purpose: Connections to local professionals, career development for students, networking events, K-12 activities for children, 
events at regional conferences; Karen Campbell and Lesley Perg, past presidents.

6
Center for Compact and Efficient Fluid Power NSF Center
Collaborates on K-12 and undergraduate programs for Native youths.

7
Center for Embedded Network Sensing NSF Center
Collaborates on joint recruiting of underrepresented undergraduate and graduate students.

8
Center of Research Excellence in Science and Technology, Texas A&M Kingsville University
Collaborates on joint recruiting of underrepresented undergraduate and graduate students; Faculty-to-Faculty participant.

9
Center for Transportation Studies, University of Minnesota University
Collaborates with NCED on gidakiimanaaniwigamig camps.

10
City Technology of New York Non-Profit
Collaborates on developing culturally-appropriate science and math curricula

11
Cloquet Forestry Center, University of Minnesota University Center
Partners with gidakiimanaaniwigamig Native American youth science immersion program.

12
Cloquet School District MN School
Collaborates on programs for teachers and students.

13
Division of Indian Work Non-Profit
Collaborates with NCED on grade-school diversity programming.

14
Fond du Lac Ojibwe School Public School
Partners with NCED on gidakiimanaaniwigamig Native American youth science immersion program.

15
Fond du Lac Reservation Natural Resources Reservation
Partners with NCED gidakiimanaaniwigamig Native American youth science immersion program.

16
Geowall Consortium Consortium
Purpose: Exchange visualizations, tools and methods with 3-D developers worldwide; Paul Morin, organizer (NCED is a 
member).

17
LacCore, University of Minnesota Research Center
Partners with the gidakiimanaaniwigamig Native American youth science immersion programs.

18
Louis Stokes Mississippi Alliance for Minority Participation (LSMAMP) NSF LSAMP
Collaborates to find research internships and graduate opportunities for LSMAMP participant students at NCED.
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#
Organization Name Organization Type
Description of Partnership

19
SAHRA: Sustainability of Semi-Arid Hydrology and Riparian Areas NSF Science and Technology Center
Collaborates on joint recruiting of underrepresented undergraduate and graduate students, AGU booth, and Future Earth exhibit

20
SERC: The Science Education Resource Center@Carleton College Non-Profit
Collaborates with NCED on designing/sponsoring/conducting workshops for college faculty, distribution of 3D maps

21
St. Louis County Schools MN School District
Collaborates on programs for teachers and students.

22
Steadfast Television Educational Television producers
Partners on educational science programming for all ages

23
NAGT:  National Association for Geoscience Teachers Non-Profit
Collaborates with NCED on designing/sponsoring/conducting workshops for college faculty and middle-to-high-school 
teachers

24
NOAA Federal Agency
Collaborates with NCED/SMM on exhibit development

25
St. Louis Riverwatch State Agency
Collaborates with NCED on gidakiimanaaniwigamig camps.

26
University of Minnesota, Duluth, Department of Engineirng and Robotics University
Collaborates with NCED on gidakiimanaaniwigamig camps.

27
University of Minnesota, Duluth E-Portfolio University
Collaborates on developing technology for education programs.

28
University of Minnesota, Duluth School of Medicine University
Collaborates with NCED on gidakiimanaaniwigamig camps.

29
University of Minnesota Institute of Technology, North Star STEM Alliance (an NSF 
LSAMP)

University

Collaborates with NCED on the giiwed’anang (North Star) undergraduate AISES Alliance.

30
Little River Research Non-Profit
Collaborates with NCED on stream table design

31
Electronic Visualization Laboratory, University of Illinois at Chicago University
Collaborates with NCED on scientific visualization for education 

32
Center for Coastal Margin Observation and Prediction NSF Science and Technology Center
Collaborates with NCED on NSF Future Earth Initiative

33
Center for Microbial Oceanography: Research and Education NSF Science and Technology Center
Collaborates with NCED on NSF Future Earth Initiative

34
Center for Multiscale Modeling of Atmospheric Processes NSF Science and Technology Center
Collaborates with NCED on NSF Future Earth Initiative

35
Center for Remote Sensing of Ice Sheets NSF Science and Technology Center
Collaborates with NCED on NSF Future Earth Initiative

36
Institute on the Environment, University of Minnesota University
Collaborates with NCED on NSF Future Earth Initiative

37
College of St. Catherine Women’s University
Collaborates with NCED on the design and teaching of STEM programs for undergraduates and teachers

38
Center for Global Environmental Education Educational provider for teachers
Collaborates with NCED on river-related education for teachers
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VII. Management

Management team
Director: Efi Foufoula-Georgiou
Deputy Director, Administration: Rochelle Storfer
Staff: Melanie Lord-Van Slyke (science writer), Charles Nguyen (information technology professional), David Olsen (principal 
accountant), and Debra Pierzina (events coordinator)

Goal
The overall responsibilities of NCED management are to articulate the Center’s vision, to keep the Center moving towards it, 
and to maximize the Center’s added value by ensuring that the whole is greater than the sum of its parts. NCED management 
does this by: working with Center participants to formulate compelling, well-focused initiatives; facilitating communication 
about the Center’s goals, initiatives, and expectations among Center participants; and promoting synthesis and synergy across 
Center initiatives.

Approach
NCED is neither a “top down” nor a “bottom up” organization but rather one that encourages shared goals and rapid, clear 
communication throughout its network of participants. NCED seeks an optimal balance between consensus and efficiency as 
well as between creative adaptation to changing circumstances and organizational stability. NCED’s management is driven by 
the goals expressed in our statement of purpose and developed in our Strategic and Implementation Plan (SIP). NCED uses 
an array of metrics to measure progress towards these goals; metrics for management are shown at the end of this section and 
at the end of the appropriate report section for each of NCED’s initiatives.

Accomplishments and plans

Changes in Principal Investigators and NCED management

New National Center for Earth-surface Dynamics Director

Efi Foufoula-Georgiou replaced Chris Paola as the third director of the Center at the beginning of Year 7. In her first year as 
director, Foufoula-Georgiou has structured NCED’s management aspirations for the next three years around the so-called 
“Three S’s” (System, Signature, and Sustainability). The goal of this structure is to provide a solid footing for NCED’s legacy 
and sustainability framework and has led to substantial progress in building relationships with an expanded range of NCED 
stakeholders, including the upper administration of participating institutions, University of Minnesota’s (UMN’s) Institute 
on the Environment (IonE), Barr Engineering, and numerous other organizations that serve the geosciences community such 
as the  Consortium of Universities for Advancement of Hydrologic Science, Inc. (CUAHSI) and the Community Surface 
Dynamics Modeling System (CSDMS).

Foufoula-Georgiou has also dedicated significant effort to increasing public awareness of the Center. For example, she has 
been the driving force behind the creation of two new programs: the Affiliate Members and Young Researchers Network in 
Earth-Sciences and the Summer Institute on Earth-surface Processes.  She has also committed NCED as a partner in a number 
of activities with the goal of developing synergies with other NSF-funded efforts in order to bridge across communities. 

New personnel

Professor Kimberly Hill (UMN) will join the NCED scientific team as a principal investigator at the beginning of Year 8. Hill 
received her PhD in Physics from UMN in 1997 and specializes in experimental studies and computer modeling of granular 
materials. Following the successful review of a research proposal, which she was invited to submit to NCED, the Executive 
Committee (EC) recommended support of her research to develop a Distinct Element Model (DEM) framework that incor-
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porates particle-particle interactions and, when needed, fluid-particle interactions. This framework is complementary to the 
mechanistic continuum modeling approach pursued by other NCED Principal Investigators (PIs) and contributes uniquely to 
understanding the dynamics of mixed-size sediment in debris flow and bedload transport. 

In addition, Deborah Hudleston has been appointed knowledge transfer manager. Hudleston is an ecologist by training and 
has spearheaded NCED’s initiative to establish an open access journal for stream restoration science.  She is well-positioned 
to oversee the day-to-day activities of the Knowledge Transfer (KT) program.

Change of status

Jill Banfield: NCED PI Jill Banfield decided not to submit a proposal for the funding period of 2009-2012, and thus her PI 
affiliation ends effective August 01, 2009.

Fernando Porté-Agel: NCED PI Fernando Porté-Agel has focused his research in other directions and stepped down as an 
NCED PI effective August 01, 2008.

Jeff Marr: Effective January 01, 2009, Knowledge Transfer Director Jeff Marr accepted a position as the St. Anthony Falls 
Laboratory’s (SAFL’s) Associate Director of Applied Research. While Marr will remain an integral member of the NCED 
family, his duties have been transferred to Deborah Hudleston and NCED Education Director Karen Campbell. 

Rochelle Storfer: Administrative Deputy Director Rochelle Storfer is retiring from UMN  and will step down on June 5, 
2009. Her duties will be replaced with current staff, with the bulk of these duties absorbed by NCED Principal Accountant 
David Olsen.

Partner institution changes 

Over the course of the past year, NCED PI Gregory Wilkerson has moved from the University of Illinois at Urbana-Champaign 
(UIUC) to Southern Illinois University Carbondale. The list of participating institutions now stands as follows: University 
of Minnesota (lead institution), Fond du Lac Tribal and Community College (FDLTCC), The Johns Hopkins University, 
Louisiana State University (LSU), Science Museum of Minnesota (SMM), Southern Illinois University Carbondale, University 
of California at Berkeley, University of Colorado at Boulder, UIUC, and University of Texas at Austin.

Management and communication systems

A center-mode of research is built upon the interaction among principal investigators, staff, postdoctoral research associates, 
external stakeholders, and students. To achieve this level of integration, NCED leadership relies heavily on the following 
administrative bodies and communication methods:

External Advisory Board

The External Advisory Board (EAB) is comprised of a distinguished group of scientists, educational experts, and members 
of the public and private sectors. The role of the EAB is to offer an independent assessment of the Center’s progress through 
a thoughtful, but rigorous, annual review of our goals and achievements.  This year, NCED is pleased to announce that Eric 
Barron (Director, National Center for Atmospheric Research or NCAR), Michael Ellis (Head of Science, Climate Change, 
British Geological Survey), and Nancy Stueber (CEO, Oregon Museum of Science and Industry) have accepted invitations 
to serve on the Board. Appendix C: External Advisory Board contains a list of current members, and the report from the EAB 
meeting held in Minneapolis, Minnesota, February 19-20, 2009. The Director’s response to the EAB’s comments can also be 
found in this appendix.

Executive Committee

The EC is charged with ongoing review of Center performance, including progress on research projects and with individual 
PIs, and also with assisting the Director in formulating policy, allocating funds, selecting Center research personnel, and 
evaluating NCED management performance. NCED’s EC is comprised of the following members: Efi Foufoula-Georgiou 
(director), Bill Dietrich (lead PI for Desktop Watersheds), Peter Wilcock (lead PI for Stream Restoration), David Mohrig (lead 
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PI for Subsurface Architecture), Mary Power (member at large and NCED PI), Karen Campbell (education director), and Diana 
Dalbotten (diversity director). As the result of changes in the composition of NCED’s leadership, Vaughan Voller (member at 
large and NCED PI) and David Olsen (ex officio member) have also been added as members of the EC.

Partner groups

Partner groups not only act as a mechanism to encourage two-way collaboration between NCED and the community-at-large, 
but they also act as a conduit for keeping research informed and societally relevant. The recommendations from NCED partners 
are critical to our success and strongly influence NCED policy and direction. Each group, along with the KT manager and 
Integrated Program (IP) leaders, communicate informally throughout the year. Once a critical mass of material is developed, 
a meeting of all partners within an IP is convened to disseminate research findings and evaluate research direction.

Graduate Student Council

The Graduate Student Council (GSC) is a self-organized body of NCED graduate students that fosters unity among graduate 
students throughout all of NCED’s participating institutions, represents student interests in NCED meetings, and communicates 
relevant information on NCED issues back to the students. In addition to acting as a liaison to NCED leadership, the GSC also 
organizes a number of events throughout the year for students and are provided funds in the form of travel/research grants.

PI retreats

NCED conducted two Center-wide PI retreats over the reporting period. The first retreat was held in May 2008 and capitalized 
on the availability of PIs, postdoctoral research associates, and staff who were in Minneapolis for NCED’s Year 6 site visit. 
During this retreat, PIs talked about several issues relating to the direction and progress of the research IPs, discussed plans for 
summer field campaigns, and met with Andreas Krauss to discuss the Trinity River Restoration Project in Northern California. 
In addition, NCED graduate students took this opportunity to meet, network, share experiences, and discuss research interests.

The second retreat, held in January 2009, was hosted in Burnet, Texas, by Mohrig and included participation by the majority of 
PIs, postdoctoral research associates, along with several graduate students. Significantly larger in scope, the goal of the Texas 
PI retreat was to discover what the PIs had researched since the May PI retreat, as well as critically assess how individual 
research plans fit into the bigger picture. In addition, the postdoctoral research associates briefed the group on their research 
and how they have progressed as agents of research synthesis; the social sciences group discussed the human dimension in 
environmental restoration, and the PIs discussed the best ways to engage the broader community.

Finally, the Minnesota PIs held a day-long science forum in November 2008 to discuss progress; hear presentations from 
students, postdoctoral research associates, and PIs; explore further collaborations among groups; and learn the latest develop-
ments in the Minnesota River project. The meeting was led by NCED Postdoctoral Research Associate Patrick Belmont with 
help from NCED students.  

Annual reporting

NCED views our annual reporting process as an opportunity to take stock of how progress is made in achieving the goals of 
each IP as articulated in the SIP. In February of each year, PIs are asked to generate a 10–12 page progress report detailing the 
developments of their research program, their efforts in collaborating with other NCED PIs, as well as how s\he contributed to 
NCED’s education, knowledge transfer, and diversity initiatives. In addition, each PI is asked to fill out a metrics questionnaire 
that details the outputs produced during the current year, which in turn provides the basis for tracking the Center’s progress 
towards our goals.

Weekly cyberseminars

NCED holds weekly cyberseminars throughout the year featuring topics of interest to PIs and students. While the purpose of the 
cyberseminars is primarily to disseminate results from research (both within and external to the Center), the videoconference 
also provides an open environment in which to debate and discuss the research in the context of NCED’s IP structure. Invited 
speakers include researchers from the broader scientific community as well as partners from industry, federal agencies, and 
other institutions with which NCED seeks to foster a collaboration (e.g., CSDMS).
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Allocation of center resources

Year 8 begins a new funding cycle for the distribution of Center resources. Similar to the protocol adopted in Year 6, each 
PI was requested to submit a proposal summarizing the research performed over the past year and to provide plans for the 
research to be undertaken over the next three years, including how the PI contributes to education, knowledge transfer, and 
diversity efforts. The proposals were thoroughly reviewed by the EC using the following criteria: 

• The extent to which the proposed research served the goals of one or more IPs;

• The extent to which the research capitalized on the center mode, i.e., included collaboration among PIs, across 
institutions, and across disciplines; and

• The extent to which the proposed research broadens NCED’s educational, knowledge transfer, and diversity 
activities

Based on the above criteria, recommendations were made by EC members on the individual PI proposals, including possible 
adjustments to the requested resources and realignment of research to better meet the IP goals.  Recommendations have 
been discussed and approved by the director and final decisions and written comments are being provided for each proposal, 
mainly focusing on: topics to emphasize or de-emphasize to meet the IP goals; synergies that could be further strengthened; 
and additional activities that the EC thought promising for that PI to undertake over the next three years.  

Day-to-day responsibilities for allocated resources are vested with the PI but with oversight by the IP leader, NCED’s admin-
istration, and the EC. Annual reporting by PIs is an expectation and will be followed up with review and comments by the IP 
leaders and EC.  

Strategic and Implementation Plan 

The current version of our SIP is available as Appendix E: Strategic and Implementation Plan. No major revisions to the SIP 
have occurred over the past year. However, upon recommendation of the Year 6 site visit team, the term “Integrated Projects” 
has been changed to “Integrated Programs.” NCED will revisit the objectives espoused in the SIP in Year 8 to streamline 
management of the IPs and align them with our legacy and sustainability roadmap.

Legacy and sustainability
As NCED approaches its sunset as a National Science Foundation (NSF) Science and Technology Center (STC), one of our 
priorities has been to develop a concrete plan for transitioning NCED to a new mode of operation. That mode is envisioned 
to include the continuation of a substantial part of the cross-disciplinary, collaborative research among PIs, the coadvising 
of graduate students and postdoctoral research associates, the continuation of some key elements of our education (ED) and 
diversity (DV) initiatives, and a sustainable knowledge transfer (KT) component related to stream and delta restoration. 

Managing Center legacy and sustainability

Over the past year, an informal transition team (led by Foufoula-Georgiou and comprising members of the EC) has made 
significant progress towards framing our legacy both as a whole and within each of NCED’s six primary initiatives.

Legacy 

NCED’s major achievements have been grouped into nine categories that define our legacy products:

Intensive field research sites (from uplands to deltas): NCED has invested in three major field observatories that 
span a broad range of natural environments: Angelo Coast Range Reserve (ACRR), Minnesota River Basin (MRB), 
and Wax Lake Delta (WLD). These environments encompass the natural range of erosional and depositional processes 
driving source to sink landscape evolution in North America.  As investments, these field observatories have produced 
major new discoveries and have laid the foundation for future work, not only by NCED investigators, but also by the 
broader Earth sciences community. 
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Advanced experimental facilities: NCED has invested in developing unique expertise in designing state-of-the-art 
experimental facilities for environmental research. Major accomplishments include the EarthScapes facility at SMM, 
the rotating drum facility at Richmond Field Station (University of California, Berkeley), and the first meso-scale, 
integrated Earth observatory, the Outdoor StreamLab (OSL), which provides a unique environment for laboratory-
quality monitoring in a natural scale and setting.

Synthesis and synergies across engineering, ecology, Earth science, and social science: NCED has pioneered 
a unique synergy across disciplines (hydrology, ecology, geomorphology, social sciences, and engineering), a true 
coming-together of methodologies (mechanistic approaches; advanced mathematical and computational methods; 
seamless synergy between experiments, theory, and fieldwork). And, NCED continually strives to transfer these 
developments into practice.

Minimal to full complexity predictive models: NCED has pioneered modeling concepts that serve as pillars for 
advancing scientific hypotheses on cause and effect, guiding collection of new observations, and providing a framework 
for decision making. These models are made available to the community via NCED and via CSDMS. 

Discoveries about Earth-surface dynamics: NCED’s integrated approach to Earth-surface dynamics has resulted 
in a paradigm shift of how problems in Earth-surface sciences are approached. NCED’s approach is based on 1) a 
predictive understanding of coupled processes operating at multiple scales, 2) prediction of ecosystem functioning 
and other resource attributes using high resolution topography, 3) development of geomorphic transport laws that 
can incorporate extremes and multi-scale variability, 4) upscaling methodologies, and 5) eco-hydro-geomorphologic 
theories and models in erosional and depositional environments. 

Predictive landscape restoration practice:  NCED has developed the scientific basis and modeling tools to transform 
the practice of stream and delta restoration and basin management decisions for ecosystem services.  

The next generation of researchers: NCED topics, approaches, and spirit of collaborative interdisciplinary research 
has trained a new generation of young researchers on how to approach problems in Earth-surface dynamics. Some of 
these researchers are training their own students now following a similar style.

Broadening participation of underrepresented groups in the Earth sciences: NCED has demonstrated the success 
of the “Circle of Learning” concept for attracting and retaining Native American youth into Earth sciences.

Academia-museum partnerships for communicating Earth-surface process science: NCED has pioneered the 
development of major partnerships between academia and science museums and has demonstrated the success of 
using this mechanism for educating K-12 students, the general public, school teachers, and policy makers. 

Sustainability

Over the last two years, NCED has begun to establish partnerships aimed at enhancing the viability of the Center after its 
NSF-funded life. To establish the contextual framework for this effort, we have structured our sustainability plans around five 
categories:

Collaborative research funding: Concerted efforts have been made in developing and submitting collaborative 
research proposals for competitive funding of the PI’s research activities. NCED is also pursuing partnerships with 
applied research firms and other government institutions and plans to develop formal memorandum of understanding 
(MOUs). These MOUs will not only continue the goal of transforming practice through research, but they will also 
create revenue for research, especially in stream and coastal restoration activities.

Developing infrastructure: NCED’s investment in research infrastructure has provided our facilities a competitive 
edge when it comes to seeking future funding.  For example, an MRI proposal using OSL is already under review 
at NSF and involves developing a state-of-the-art digital observatory for quantifying interactions between physical, 
chemical, and biological processes from the microscopic to the basin scale. The ACRR, especially with the addition 
of the Hydrowatch project funded by the Keck Foundation, represents an attractive site to be proposed as a Critical 
Zone Observatory (CZO) facility.
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Creating institutional buy-in: NCED PIs continue to pursue institutional buy-in and to position themselves individu-
ally, and as groups, as key players/contributors in the strategic initiatives of their own universities.  For example, 
UMN recently created IonE to serve as an umbrella organization for coordinating research, education, and outreach 
across departments and colleges involved in environmental research.  NCED PIs are actively participating in IonE’s 
efforts and some concrete partnerships have already been established through: 1) an IonE Discovery Grant awarded to 
NCED’s partner institution SMM (led by NCED PI Patrick Hamilton) to develop and distribute Science-on-a-Sphere 
content to international audiences and 2) the selection of two NCED PIs, Hamilton and Foufoula-Georgiou, as two 
of the first cohort of 20 IonE resident fellows. 

The partnership between UMN and SMM has flourished under NCED’s leadership, and it will be important to continue 
that partnership  in a formal way beyond 2012. Our vision is to convince UMN leadership to create a permanent position 
that can serve as a liaison between the academic community and the museum community. This liaison will allow for 
a continued partnership in translating research into exhibits, creating teacher training materials, and providing other 
informal education pathways.  

Institutionalizing education, outreach, and knowledge transfer programs: A major NCED-led graduate education 
initiative has been the establishment of a stream restoration certification program.  It is envisioned that UMN will be 
able to continue this program beyond 2012 by providing the resources (two teaching assistants and partial support for 
a faculty coordinator) that NCED is now annually investing in this program.     

Under NCED’s leadership, the Partnership for River Restoration and Science in the Upper Midwest (PRRSUM) 
group has been formed, with this group composed of industry, agency and academic partners.  PRRSUM has already 
demonstrated its region-wide impact on the practice of river restoration and technology exchange. We anticipate that 
this group will become self-supported through membership fees or industry donations.

The newly established NCED Summer Institute on Earth-surface Processes (SIESP) is envisioned to become a national 
and international forum for young researchers to engage in interdisciplinary research, with emphasis on the integration 
of theory, physical experiments, fieldwork, and numerical modeling. Funding for SIESP will be supported by NCED 
for the next two years, and we anticipate that the program will be self-sustained in subsequent years by funding that 
will result from submitting proposals to NSF and other agencies. 

NCED’s investment in the Young Researchers network will likely not be able to be continued in terms of monetary 
support, but it is anticipated that it will continue to grow with the incentive of providing free access to NCED’s 
research facilities.

Fostering diversity: NCED’s diversity program has been a catalyst in uniting other STCs, academic institutions, and 
NGOs with the underrepresented populations, particularly the Native American community. NCED will continue to 
explore opportunities for external funding and for marketing our diversity programs to UMN’s central administration 
by aligning them with the UMN-wide initiatives in broadening participation of minorities in science and engineering.  

Legacy and sustainability accomplishments
NCED’s accomplishments over the past year continue to reflect our service to the community and our commitment to main-
taining the Center after NSF funding.  The following items represent some of the achievements that reflect our pathway to 
legacy and sustainability:

Partnerships established

• NCED (led by Hamilton), in collaboration with The Center of Advanced Materials for the Purification of Water with 
Systems (WaterCAMPWS) and Sustainability of semi-Arid Hydrology and Riparian Areas (SAHRA), have worked 
closely with the American Museum of Natural History (AMNH) and SMM to develop a 7,500 sq ft internationally 
traveling water exhibition (Water: H2O=Life), a website, and associated programs focusing on the new and evolving 
field of Earth-system science. The “Water” exhibition applies the dynamic technologies of Science on a Sphere, 
the Digital River Basin, and Geo Wall II to engage museum visitors in the processes by which water mediates 
interactions among the atmosphere, hydrosphere, cryoshpere, biosphere and geosphere.
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• NCED PIs are involved with several research and education activities of other STCs, specifically SAHRA and the 
Center for Embedded Network Sensing (CENS). For example, our partnership with CENS focuses on the installation 
and maintenance of a wireless network in the ACRR and sharing the practical lessons learned in establishing a large, 
field-based communications network at the reserve.

• NCED PIs are involved with the hydrology and atmospheric sciences communities via CUAHSI and UCAR/
NCAR for scientific collaboration and visitor exchanges. Dalbotten also co-organized a session at Society for the 
Advancement of Chicanos and Native Americans in Science (SACNAS) that included representatives from UCAR 
and five NSF Geoscience STCs.

• NCED PIs (led by Foufoula-Georgiou) are involved with the NSF-funded Hydrologic Synthesis Activities led 
by the UIUC; NCED PIs  are serving on their advisory board and cosponsoring the working group on Stochastic 
Transport and Emergent Scaling on Earth’s Surface (STRESS).  

• NCED PIs Mohrig, Gary Parker, and Paola have extensive collaborations with the oil industry, which has provided, 
among other things, access to critical data for the Mississippi River Delta land-building initiative.

• NCED PIs (led by Dietrich) are involved with a research and education activity, the Biosphere II project, at the 
University of Arizona.

• NCED PIs (led by Robert Twilley) are involved with the LSU Coastal Louisiana Ecosystem Assessment and 
Restoration (CLEAR) program to explore coastal processes and rebuilding of the Mississippi River Delta.

• NCED PIs (led by Miki Hondzo), in collaboration with UIUC, University of Iowa, Purdue University, University of 
Wisconsin, University of Minnesota, and Iowa State University, are involved in establishing a testbed for watershed 
monitoring and modeling in the Upper Mississippi River Basin.

• NCED has initiated an MOU with Barr Engineering to formalize a pathway to science-based stream restoration and 
environmental resource management. 

• NCED PIs (led by Dietrich and Power) are collaborating with the Keck Hydrowatch group on an intensive field 
hydrologic investigation in the Elder Creek Watershed of ACRR to understand the linkages between climate, 
vegetation, hydrology, and ecosystems and to predict the coevolution of California’s climate and vegetation under 
climate change.

• NCED synthesis postdoctoral research associates have taken it upon themselves to actively seek collaborations 
outside of NCED (both within academia and industry). The activity highlights and reinforces the NCED spirit of a 
holistic, interdisciplinary approach to research.

• Dalbotten and NCED PI Andrew Wold, in partnership with the Northstar STEM (or science, technology, engineering, 
and mathematics) alliance, have initiated contact with Global Learning and Observations to Benefit the Environment 
(GLOBE) program coordinators to include FDLTCC students and gida participants in an investigation of how land 
use, surface permeability, stream discharge, and human impacts affect watersheds.  

Community leadership and involvement

• NCED PIs (led by Paola and Parker) are involved with the NSF-funded CSDMS effort to promote the modeling 
of Earth-surface processes by developing, supporting, and disseminating integrated software modules. 
Additionally, Rudy Slingerland (NCED EAB chairperson) is the chairperson of the CSDMS Steering Committee. 
In addition, Campbell is the chairperson of the Education and Knowledge Transfer CSDMS Working Group, and 
several PIs are participants in the CSDMS terrestrial, marine, coastal, and hydrology working groups. NCED 
Postdoctoral Research Associate Enrica Viparelli is the NCED-CSDMS liaison leading the effort to make NCED 
codes compatible with CSDMS standards. 

• NCED PIs (led by Foufoula-Georgiou) are involved with CUAHSI and synergies are continuously explored in 
interdisciplinary research, education, knowledge transfer, and diversity, including the use of the HIS technology 
for data storage, transfer and visualization.
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• Young researchers from NCED took a leadership role in organizing the MYRES conference held in New Orleans, 
LA, May 2008 with the theme “Dynamic interactions of life and its landscape.”  NCED was the inspiration and a 
co-sponsor of the conference.

• NCED PIs (led by Voller) are involved in an extensive working-group effort to provide a more comprehensive 
mathematical underpinning for geomorphic processes. This international group has met multiple times and is 
currently preparing papers for the applied math and geology communities related to aspects of delta land-building 
processes.

• NCED PIs (led by Foufoula-Georgiou) initiated the STRESS working group. Comprised of approximately 30 
mathematicians and Earth-surface scientists, this working group explores how extremes and collective behavior 
can be incorporated into geomorphic transport laws at the river, hillslope, and landscape scales. Sixteen papers 
resulting from this working group are currently under review and will appear in a special issue of the Journal of 
Geophysical Research-Earth Surfaces in summer 2009. 

• NCED PIs (led by Peter Wilcock and Paola) are involved in developing the Water and Environmental Research 
Systems (WATERS) Network Science Plan for the construction of a national-scale network of observational 
and experimental facilities. This effort complements NCED efforts in developing a predictive research and 
management framework, at the scale of large watersheds, for the entire nation.

• NCED has released a suite of tools for use by the community, including the first public releases of Ripple (an 
ArcGIS-based Coho salmon population model), GeoNet (a MatLab code to extract channel networks from light 
detection and ranging (LIDAR) data), and iSURF (an Excel-based mixed-size sediment transport tool).

• NCED PIs had a formidable presence at the 2008 American Geophysical Union (AGU) Fall Meeting in San 
Francisco, California. NCED convened seven sessions, gave 27 oral presentations, and displayed 28 posters.

• NCED PIs dedicate significant effort to increase the visibility of NCED science within the community. In the 
current reporting period, NCED PIs gave over 100 invited talks and seminars and provided 18 lectures at short 
courses/workshops throughout the world. 

• NCED established PRRSUM in order to focus on important topics in stream restoration and research. In the next 
year, NCED will host a PRRSUM symposium in La Crosse, Wisconsin.

• NCED PIs Paola and Dietrich are serving on the National Research Council (NRC) panel “Challenges and 
Opportunities in Earth Surface Processes.” The panel was appointed by NRC to provide a report on the status and 
future of Earth-surface dynamics, including recommendations to NSF. 

• Campbell is involved in the NSF Earth Science Literacy Initiative. As one of 13 organizing committee members, 
Campbell helped create a document that incorporates the fundamental “Big Ideas” of Earth science from across 
a wide variety of research areas—a document that will ultimately establish what Americans should know about 
Earth science.

Initiatives funded (2008-2009)

• Foufoula-Georgiou and Dietrich, in collaboration with Guillermo Sapiro (electrical engineering, UMN), received 
an NSF CDI grant to study “Geometric image analysis for knowledge discovery in geosciences.”

• Foufoula-Georgiou, in collaboration with Colin Stark (geomorphologist, University of Columbia) and Mark 
Meerschaert (mathematician, Michigan State University), received a grant from NSF’s Mathematics in 
Geosciences program to study “Geomorphic transport laws, landscape evolution, and fractional calculus.”

• Hamilton and Campbell received nearly $3M over four years from NSF’s Informal Science Education program 
for the Future Earth Initiative (FEI), a 3,500 sq ft exhibit to introduce audiences to the Anthropocene. This exhibit 
will not only rely on NCED research, but also research from five other NSF STCs (CMMAP, C-MORE, CMOP, 
CReSIS, and SAHRA).

• Dalbotten received funding from NSF for an NCED-managed Research Experience for Undergraduates (REU) 
on River and Coastal Restoration. The upcoming field season will bring 13 visiting undergraduate students to 
do research at NCED, with nine students from groups underrepresented in the sciences. Student research is 
supervised by Wilcock (Team Marmot) and Twilley (Team Delta).
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Proposals written (2008-2009)

• NCED PIs (led by Hondzo) submitted a MRI proposal “Development of Digital Observatory for 
Ecogeomorphology and Environmental Restoration” to instrument the OSL with state-of-the-art sensors in order 
to quantify physical, chemical and biological interactions at the microscopic to basin scales.   

• NCED PIs (led by Jacques Finlay) submitted a proposal to NSF’s Dynamics of Coupled Natural and Human 
Systems program to explore restoration of key landscape features that could potentially be an effective means of 
improving water quality.

• Campbell and Dalbotten submitted an International Research Experiences for Students (IRES) proposal on river, 
coastal, and wetlands restoration. Graduate students (along with an undergraduate student research assistant) will 
collaborate on projects with researchers at foreign institutions who have close research partnerships with NCED 
faculty.  

• Hamilton, along with other SMM staff, submitted a National Aeronautics and Space Administration (NASA) 
proposal, “The Anthropocene Atmosphere Initiative,” to create educational content demonstrating how human 
activities are now comparable to natural processes as driving forces of geomorphic change.

Metrics
Target Metric Done by Frequency Current status
PI evaluation Standard measures 

(publications etc) 
+ collaboration + 
contributions to ED, 
DV, KT 

Directors, EC Annually Proposals have been evaluated by the EC and 
feedback is being sent to PIs.

Project progress Progress relative to 
deliverables; see SIP 
tables

Directors, EC Semi-annually or as 
needed

Very good. See individual IP sections for details.

Research integration Collaboration + 
research synthesis + 
cross-IP synthesis + 
coadvised students, 
postdoctoral research 
associates

Directors Semi-annually or as 
needed

Very good. See individual IP sections for details.

Research – KT 
integration

Development of 
research applications + 
adoption by partners

Directors, EC, 
IP managers

Annually or as needed Good. See KT section for further details.

Research – ED 
integration

Use of research results 
and tools in Education

Directors, EC Annually or as needed Excellent. See ED section for details.

Research – DV 
integration

Diversity of 
participants in research 
programs

Directors, EC Annually or as needed Very good. See DV section for details.

ED – DV integration Diversity of participants 
in education programs

Directors, EC Annually or as needed Very good.Ssee DV section for details.
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Target Metric Done by Frequency Current status
Center-wide 
communication

Participation in 
centerwide activities: 
videoconferences, 
retreats, field sites, joint 
experiments

Admin staff, 
Directors

Weekly or per-event Very good. Retreats, seminars, and videoconver-
ences well-attended.

Center visibility Participation in: short 
courses, working 
groups, Visitor 
Program, special 
sessions. Total number 
of outside professionals 
supported by NCED 
programs

Admin staff, 
Directors

Ongoing Fair: While the PI’s efforts to increase visibility are 
excellent, NCED as an organization, will continue 
focusing efforts on improving our public face and 
increasing the number of working groups, short 
courses, and opportunities to interact with the 
public.

International presence Number and intensity 
of international 
collaborations

Directors, PIs Ongoing Very good: NCED PIs have active collaborations 
with scientists throughout the world, have given 
lectures in several summer institutes, and have 
coadvised undergraduate and graduate students.

External buy-in to 
center activities

Leveraged funding by 
NCED PIs

Directors, PIs Annually Good. Total for Year 7: $7,164,448

Research community 
building

Community buy-in 
to transdisciplinary 
surface process science

Directors, EC, 
PIs

Ongoing Very good: NCED PIs are leading community-wide 
efforts in related disciplines (CUAHSI, CSDMS, 
etc.) and have initiated collaborative efforts with 
non-NCED researchers.

Financial 
management: review 
of headquarter 
(HQ) and subaward 
accounts

Relevant federal 
audit standards; 
rapid, effective 
communication 
between HQ and other 
NCED institutions

Deputy 
Director, staff

Monthly Very good: Initiated new subawardee audit.

Financial 
management: 
review of overall 
Center spending and 
allocation

Resources used in a 
timely and effective 
manner; deployed 
appropriately relative 
to project goals and 
progress

Directors, staff Quarterly Very good: Monitoring expenditures for allocability, 
allowability, accountability, and reasonableness is 
accomplished within an acceptable timeframe.

Staff evaluation Provide written 
objectives and 
performance evaluation 
for all staff employees

Deputy 
Director, 
Directors

Annually Very good: Implement mid-year informal 
evaluation.

EAB communications Impact of EAB report 
and comments on 
NCED activities

Directors, EC, 
EAB

Annually Very good: EAB reconstituted and members 
interacting well with NCED..

Website effectiveness Content contribution 
by NCED participants; 
website use (hits)

Directors, staff Ongoing NCED is in the process of revamping the look of our 
website and we expect the new version to be ready 
by the end of May 2009.
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VIII. Center-wide Outputs

Center Publications
This list includes all NCED research publications that explicitly acknowledge NCED support either published in the current 
reporting year or in previous years, are in the various stages of prepublication, or were omitted from previous annual reports. 
They are divided into: 1) journal articles, 2) books, 3) book sections, 4) textbooks, and 5)  proceedings of major conferences.  

JOURNAL ARTICLES
In press:

Barnes, E., M. E. Power, E. Foufoula-Georgiou, M. Hondzo, and W. E. Dietrich (in press), Scaling Nostoc biomass in a 
gravel-bedrock river: Combining local dimensional analysis with hydrogeomorphic scaling laws, Geophysical Research 
Letters.

Borazjani, I., and F. Sotiropoulos (in press), Why don’t mackerels swim like eels? The role of form and kinematics on the 
hydrodynamics of undulatory swimming, Physics of Fluids. 

Daly, E., A. Porporato, and I. Rodriguez-Iturbe (in press), Ecohydrological significance of the coupled dynamics of 
photosynthesis, transpiraiton and soil water balances, Journal of Hydrometeorology.

Daly, E., A. Porporato, and I. Rodriguez-Iturbe (in press), Modeling photosynthesis, transpiration and soil water balance 
hourly dynamics during inter-storm periods, Journal of Hydrometeorology.

Holomuzki, J. R., J. W. Feminella, and M. E. Power (in press), Biotic interactions in freshwater benthic habitats, Journal of 
the North American Benthological Society. 

Kupferberg, S. J., A. J. Lind, and W. J. Palen (in press), Infestation of young of the year Foothill Yellow-Legged frogs, Rana 
boylii, with parasitic copepods, Lernaea cyprinacea, coincident with limb abnormalities, Copeia. 

Nelson, P. A., J. G. Venditti, W.E. Dietrich, J. W. Kirchner, H. Ikeda, F. Iseya, and L. Sklar (in press), Response of bed 
surface patchiness to reductions in sediment supply, Journal of Geophysical Research. 

Orr, C. H., J. J. Clark, P. Wilcock, J. C. Finlay, and M. W. Doyle (in press), Impact of bed composition and light and transient 
storage, hyporheic exchange and nutrient uptake in a field-scale flume, Journal of Geophysical Research. 

Paik, J., A. Eghbalzadeh, and F. Sotiropoulos (in press), 3D URANS simulation of discontinuous gravity currents, Journal 
of Hydraulic Engineering. 

Patnaik, S., V. R. Voller, G. Parker, and A. Frascati (in press), Morphology of a melt front under a condition of spatial 
varying latent heat, International Journal of Heat and Mass Transfer.

Rowland, J. C., W.E. Dietrich, G. Day, and G. Parker (in press), The formation and maintenance of single-thread tie channels 
entering floodplain lakes: observations from three diverse river systems, Journal of Geophysical Research. 

Rowland, J. C., M. T. Stacey, and W.E. Dietrich (in press), Turbulent characteristics of a shallow, wall-bounded, plane jet: 
experimental implications for river mouth hydrodynamics, Journal of Fluid Mechanics.

Sculley, J., P. Furey, C. Nittrouer, T. Drexler, R. Lowe, and M. E. Power (in press), Projecting responses of aquatic food 
webs to climate change: Synthesizing ecological data and models with a new paleoproductivity indicator, Bulletin of the 
Ecological Society of America. 

Sequeiros, O. E., H. Naruse, N. Endo, M. H. Garcia, and G. Parker (in press), Experimental study on self-accelerating 
turbidity currents, Journal of Geophysical Research. 

Stark, C. P., E. Foufoula-Georgiou, and V. Ganti (in press), A nonlocal theory of sediment buffering and bedrock channel 
evolution, Journal of Geophysical Research. 
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Straub, K., C. Paola, D. Mohrig, M. A. Wolinsky, and T. George (in press), Compensational stacking of channelized 
sedimentary deposits, Journal of Sedimentary Research. 

Trueba, J. L., V. R. Voller, T. Muto, W. Kim, C. Paola, and J. B. Swenson (in press), A similarity solution for a dual moving 
boundary problem associated with a coastal-plain depositional system, Journal of Fluid Mechanics.

Wilcock, P. R., J. Pitlick, and Y. Cui (in press), Sediment transport primer: Estimating bed-material transport in gravel-bed 
rivers, US Forest Service General Technical Report, Rocky Mountain Research Station Fort Collins.

In review:

Duan, J. (in review), Mean flow and turbulence around a spur dike, Water Resources Research.
Finlay, J. C., R. Doucett, and F. C. McNeely (in review), Tracing energy flow in stream food webs using stable isotopes of 

hydrogen, Freshwater Biology.
Foufoula-Georgiou, E., V. Ganti, and W.E. Dietrich (in review), A nonlocal theory for sediment transport on hillslopes, 

Journal of Geophysical Research. 
Ganti, V., A. Singh, P. Passalacqua, and E. Foufoula-Georgiou (in review), A subordinated Brownian motion model for 

sediment transport, Physical Review E. 
Ganti, V., M. M. Meerschaert, E. Foufoula-Georgiou, E. Viparelli, and G. Parker (in review), Normal and anomalous 

dispersion of gravel tracer particles in rivers, Journal of Geophysical Research. 
Green, E. G., A. E. Taunton, S. A. Welch, J. F. Banfield, and A. A.Berhe (in review), Chemical weathering across a retreating 

escarpment, Geological Society of America Bulletin.
Green, E. G., J. L. Macalady, and J. F. Banfield (in review), Lanthanide concentrations within soil and saprolite vary with 

microbial abundance and landscape position, Geochimica et Cosmochimica Acta.
Green, E. G., J. L. Macalady, and J. F. Banfield (in review), Microbial communities control the distribution of lanthanide 

elements in the vadose zone, Geochimica et Cosmochimica Acta.
Green, M., and J. C. Finlay (in review), Controls of stream nutrient stoichiometry in pristine watershed of the United States, 

Biogeochemistry.
Hondzo, M., M. Morris, V. R. Voller, J. C. Finlay, M. E. Power, and A. Wüest (in review), Aquatic ecosystem metabolism: 

Eulerian and Lagrangian estimators, Water Resources Research, 
Jerolmack, D. J., D. Mohrig, K. M. Straub, and P. Heller (in review), Formation of an anabranching river and its bifurcations 

by avulsion, Geological Society of America Bulletin. 
Kenney, M. A., A. E. Sutton-Grier, S. E. Gresens, and R. F. Smith (in review), Benthic macroinvertebrates as indicators of 

water quality and stream restoration status, Terrestrial Arthropod Reviews. 
Markfort, C. D., and M. Hondzo (in review), Dissolved oxygen measurements in aquatic environments: The effects of 

changing temperature and pressure on three sensor technologies, Limnology and Oceanography.
Martin, J., B. Sheets, C. Paola, and D. Hoyal (in review), The influence of steady base-level rise on channel mobility, 

shoreline migration, and scaling properties of a cohesive experimental delta, Journal of Geophysical Research.
McElroy, B., and D. Mohrig (in review), The nature of deformation of sandy bedforms, Journal of Geophysical Research. 
Paola, C., K. M. Straub, D. Mohrig, and L. Reinhardt (in review), The “unreasonable effectiveness” of stratigraphic and 

geomorphic experiments, Earth Science Reviews. 
Parker, G. (in review), M. S. Yalin’s contribution to bedload transport in rivers: 46 years of hindsight, Canadian Journal of 

Civil Engineering.
Passalacqua, P., T. D. Trung, E. Foufoula-Georgiou, G. Sapiro, and W.E. Dietrich (in review), A geometric framework for 

channel network extraction from LiDAR: nonlinear diffusion and geodesic paths, Journal of Geophysical Research. 
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Puma, M. J., M. A. Celia, I. Rodriguez-Iturbe, J. M. Nordbotten, A. J. Guswa, and D. Kavetski (in review), Effects of 
spatial heterogeneity in rainfall and vegetation on soil moisture and evapotranspiration predictions, Advances in Water 
Resources.

Rominger, J., A. Lightbody, and H. Nepf (in review), The effects of added vegetation and sand bar stability and stream 
hydrodynamics, Journal of Hydraulic Engineering.

Sequeiros, O. E., B. Spinewine, M. Garcia, R. Beaubouef, T. Sun, and G. Parker (in review), Experiments on internal deltas 
created by density currents in submarine minibasins Part I: Conceptual framework and flow description, Journal of 
Sedimentary Research.

Sequeiros, O. E., B. Spinewine, M. Garcia, R. Beaubouef, T. Sun, and G. Parker (in review), Experiments on internal 
deltas created by density currents in submarine minibasins Part II: Morphodynamic evolution of the delta and associated 
bedforms, Journal of Sedimentary Research.

Sequeiros, O. E., A. Cantelli, E. Viparelli, J. D. L. White, M. H. Garcia, and G. Parker (in review), Modeling turbidity 
currents with non-uniform sediment and reverse buoyancy, Water Resources Research. 

Sutton-Grier, A. E., M. A. Kenney, and C. J. Richardson (in review), Does restoration of ecosystem structure restore 
ecosystem function?, Ecological Applications. 

Tal, M., and C. Paola (in review), Effects of vegetation on channel and morphodynamics: results and insights from laboratory 
experiments, Earth Surface Processes and Landforms. 

Tsui, M. T.-K., J. C. Finlay, and E. A. Nater (in review), Spatial variation of mercury bioavailability in a river network, 
Environmental Science and Technology.

Zheng, P. Q., B. Hobbs, and J. Koonce (in review), Multiobjective optimization of multi-dam removal: linkages between 
tributary habitat and the Lake Erie ecosystem, Water Resources Research.

2009:

Borazjani, I., and F. Sotiropoulos (2009), Numerical investigation of the hydrodynamics of anguilliform swimming in the 
transitional and inertial flow regimes, Journal of Experimental Biology, 212, 576-592, doi:10.1242/jeb.025007.

Cantero, M. I., S. Balachandar, A. Cantelli, C. Pirmez, and G. Parker (2009), Turbidity current with a roof: Direct numerical 
simulation of self-stratified turbulent channel flow driven by suspended sediment, Journal of Geophysical Research, 114, 
C03008, doi:10.1029/2008JC004978.

Corsair, H. J., J. B. Ruch, P. Zheng, B. F. Hobbs, and J. F. Koonce (2009), Multicriteria decision analysis of stream restoration: 
Potential and examples, Group Decision and Negotiation, doi:10.1007/s10726-008-9148-4.

Cruz-Martinez, K., K. B. Suttle, E. L. Brodie, M. E. Power, G. Andersen, and J. F. Banfield (2009), Despite strong seasonal 
responses, soil microbial consortia are more resilient to long-term changes in rainfall than overlying grassland, The ISME 
Journal, 1-7, doi: 10.1038/ismej.2009.16.

Evans, M. A., C. Vossler, and N. E. Flores (2009), Hybrid allocation mechanisms for publicly provided goods, Journal of 
Public Economics, 93, 311-325, doi:10.1016/j.jpubeco.2008.06.006.

Hondzo, M., and A. Wüest (2009), Do microscopic organisms feel turbulent flows?, Environmental Science and Technology, 
43 (3), 764-768, doi: 10.1021/es801655p.

Kenney, M. A., G. B. Arhonditsis, L. C. Reiter, M. Barkley, and K. H. Reckhow (2009), Using structural equation modeling 
and expert elicitation to select nutrient criteria variables for south-central Florida lakes, Lake and Reservoir Management, 
25, 119-130, doi:10.1080/02701960902821373. 

Martin, J., C. Paola, V. Abreu, J. Neal, and B. Sheets (2009), Sequence stratigraphy of experimental strata under known 
conditions of differential subsidence and variable base level, AAPG Bulletin, 93, 503-533, doi:10.1306/12110808057.
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Paik, J., F. Sotiropoulos, and F. Porte-Agel (2009), Detached eddy simulation of flow around two wall-mounted cubes in 
tandem, International Journal of Heat and Fluid Flow, 286-305, doi:10.1016/j.ijheatfluidflow.2009.01.006.

Power, M., R. Lowe, P. Furey, J. Welter, M. Limm, J. C. Finlay, C. Bode, S. Chang, M. Goodrich, and J. Scully (2009), Algal 
mats and insect emergence in rivers under Mediterranean climates: towards photogrammetric surveillance, Freshwater 
Biology, doi:10.1111/j.1365-2427.2008.02163.x.

Qian, Q., J. J. Clark, V. R. Voller, and H. G. Stefan (2009), Depth-dependent dispersion coefficient for modeling of vertical 
solute exchange in a lake bed under surface waves, Journal of Hydraulic Engineering, 135, 187-197, doi: 10.1061/
(ASCE)0733-9429(2009)135:3(187).

Qian, Q., V. R. Voller, and H. G. Stefan (2009), Modeling of vertical solute dispersion in a sediment bed enhanced by 
wave-induced interstitial flow, Journal of the American Water Resources Association, 45, 343-354, DOI: 10.1111/j.1752-
1688.2008.00297.x.

Roux, S. G., V. Venugopal, K. Fienberg, A. Arneodo, and E. Foufoula-Georgiou (2009), Evidence for inherent nonlinearity 
in temporal rainfall, Advances in Water Resources, 32, 41-48, doi:10.1016/j.advwatres.2008.09.007.

Singh, A., K. Fienberg, D. J. Jerolmack, J. Marr, and E. Foufoula-Georgiou (2009), Experimental evidence for statistical scaling 
and intermittency in sediment transport rates, Journal of Geophysical Research, 114, F01025, doi:10.1029/2007JF000963.

Straub, K. M., and D. Mohrig (2009), Constructional canyons built by sheet-like turbidity currents: Observations from 
offshore Brunei Darussalam, Journal of Sedimentary Research, 79, 24-39, doi:10.2110/jsr.2009.006.

2008:

Aalto, R., J. W. Lauer, and W. E. Dietrich (2008), Spatial and temporal dynamics of sediment accumulation and exchange 
along Strickland River floodplains (Papua New Guinea), over decadal-to-centennial time scales, Journal of Geophysical 
Research, 113,  F01S04, doi:10.1029/2006JF000627.

Al-Homoud, A., and M. Hondzo (2008), Enhanced uptake of dissolved oxygen and glucose by E. Coli in a turbulent flow, 
Applied Microbiology and Biotechnology, 79, 643-655, doi: 10.1007/s00253-008-1446-x.

Blom, A., J. Ribberink, and G. Parker (2008), Vertical sorting and the morphodynamics of bed form-dominated rivers: A 
sorting evolution model, Journal of Geophysical Research, 113,  F01019, doi: 10.1029/2006JF000618.

Borazjani, I., and F. Sotiropoulos (2008), Numerical investigation of the hydrodynamics of carangiform swimming in the 
transitional and inertial flow regimes, Journal of Experimental Biology, 211, 1541-1558, doi:10.1242/jeb.015644.

Cantelli, A., S. Johnson, J. D. L. White, and G. Parker (2008), Sediment sorting in the deposits of turbidity currents created 
by experimental modeling of explosive subaqueous eruptions, The Journal of Geology, 116, 76-93, doi: 10.1086/524676.

Carper, M., and F. Porté-Agel (2008), Subfilter-scale fluxes over a surface roughness transition. Part I: Measured fluxes and 
energy transfer rates, Boundary-Layer Meteorology, 126, 157-179, doi: 10.1007/s10546-007-9228-z.

Carper, M., and F. Porte-Agel (2008), Subfilter-scale fluxes over a surface roughness transition. Part II: A priori study of 
large-eddy simulation models, Boundary-Layer Meteorology, 127, 73-95, doi:10.1007/s10546-007-9255-9.

Chatanantavet, P., and G. Parker (2008), Experimental study of bedrock channel alluviation under varied sediment supply 
and hydraulic conditions, Water Resources Research, 44, W12446, doi:10.1029/2007WR006581.

Day, G., W. E. Dietrich, J. C. Rowland, and A. Marshall (2008), The depositional web on the floodplain of the Fly River, 
Papua New Guinea, Journal of Geophysical Research, 113,  F01S02, doi:10.1029/2006JF000622.

Francalanci, S., G. Parker, and L. Solari (2008), Effect of seepage-induced nonhydrostatic pressure distribution on bed-
load transport and bed morphodynamics, Journal of Hydraulic Engineering, 134, 378-389, doi: 10.1061/(ASCE)0733-
9429(2008)134:4(378).

Gerber, T. P., L. F. Pratson, M. A. Wolinsky, R. Steel, J. Mohr, J. B. Swenson, and C. Paola (2008), Clinoform progradation by 
turbidity currents: modeling and experiments, Journal of Sedimentary Research, 78, 220-238, doi:10.2110/jsr.2008.023.



National Center for Earth-surface Dynamics
Annual Report 2009

Center-wide Outputs     155

Green, M., and J. C. Finlay (2008), Detecting characteristic hydrological and biogeochemical signals through nonparametric 
scatter plot analysis of normalized data, Water Resources Research, 44, W08455, doi:10.1029/2007WR006509.

Higashino, M., B. L. O’Connor, M. Hondzo, and H. G. Stefan (2008), Oxygen transfer from flowing water to microbes in 
an organic sediment bed, Hydrobiologia, 614, 219-231, doi: 10.1007/s10750-008-9508-8.

Hondzo, M., and T. A. Warnaars (2008), Coupled effects of small-scale turbulence and phytoplankton biomass in a small 
stratified lake, Journal of Environmental Engineering, 134, 954-960, doi: 10.1061/(ASCE)0733-9372(2008)134:12(954).

Hsu, L., W. E. Dietrich, and L. Sklar (2008), Experimental study of bedrock erosion by granular flows, Journal of Geophysical 
Research, 113, F02001, doi:10.1029/2007JF000778.

Lamb, M. P., W.E. Dietrich, S. M. Aciego, D. J. DePaolo, and M. Manga (2008), Formation of Box Canyon, Idaho, by 
megaflood: implications for seepage erosion on Earth and Mars, Science, 320, 1067-1070, doi: 10.1126/science.1156630.

Lamb, M. P., W.E. Dietrich, and J. G. Venditti (2008), Is the critical Shields stress for incipient sediment motion dependent 
on channel-bed slope?, Journal of Geophysical Research, 113, F02008, doi:10.1029/2007JF000831.

Lauer, J. W., and G. Parker (2008), Modeling framework for sediment deposition, storage, and evacuation in the 
floodplain of a meadering river: Application to the Clark Fork River, Montana, Water Resources Research, 44, W08404, 
doi:10.1029/2006WR005529.

Lauer, J. W., and G. Parker (2008), Modeling framework for sediment deposition, storage, and evacuation in the floodplain 
of a meadering river: Theory, Water Resources Research, 44, W04425, doi:10.1029/2006WR005528.

Lauer, J. W., and G. Parker (2008), Net local removal of floodplain sediment by river meander migration, Geomorphology, 
96, 123-149, doi:10.1016/j.geomorph.2007.08.003.

Lauer, J. W., G. Parker, and W. Dietrich (2008), Response of the Strickland and Fly River confluence to postglacial sea level 
rise, Journal of Geophysical Research, 113,  F01S06, doi: 10.1029/2006JF000626.

Mullin, J., and C. Ellis (2008), Method to produce grain-scale digital images of large experimental sedimentary deposits and 
other imperfectly flat stratigraphy, Journal of Sedimentary Research, 78, 239-244, doi:10.2110/jsr.2008.024.

Nittrouer, J. A., M. A. Allison, and R. Campanella (2008), Bedform transport rates for the lowermost Mississippi River, 
Journal of Geophysical Research, 113, F03004, doi:10.1029/2007JF000795.

O’Connor, B., and M. Hondzo (2008), Dissolved oxygen transfer to sediments by sweep and eject motions in aquatic 
environments, Limnology and Oceanography, 53, 566-578.

O’Connor, B., and M. Hondzo (2008), Enhancement and inhibition of denitrification by fluid-flow and dissolved oxygen 
flux to stream sediments, Environmental Science and Technology, 42, 119-125, doi: 10.1021/es071173s.

Parker, G., T. Muto, Y. Akamatsu, W.E. Dietrich, and J. W. Lauer (2008), Unraveling the conundrum of river response to rising 
sea-level from laboratory to field. Part I. Laboratory experiments, Sedimentology, 55, 1643-1655, doi: 10.1111/j.1365-
3091.2008.00961.x.

Parker, G., T. Muto, Y. Akamatsu, W.E. Dietrich, and J. W. Lauer (2008), Unraveling the conundrum of river response to 
rising sea-level from laboratory to field. Part II. The Fly-Strickland River System, Papua New Guinea, Sedimentology, 
55, 1657-1686, doi: 10.1111/j.1365-3091.2008.00962.x.

Perron, J. T., J. W. Kirchner, and W.E. Dietrich (2008), Controls on the spacing of first-order valleys, Journal of Geophysical 
Research, 113, F04016, doi:10.1029/2007JF000977.

Perron, J. T., J. W. Kirchner, and W.E. Dietrich (2008), Spectral signatures of characteristic spatial scales and nonfractal 
structure in landscapes, Journal of Geophysical Research, 113, F04003, doi:10.1029/2007JF000866.

Power, M. E., M. S. Parker, and W. E. Dietrich (2008), Seasonal reassembly of a river food web: Floods, droughts, and 
impacts of fish, Ecological Monographs, 78, 263-282. 
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Qian, Q., V. R. Voller, and H. G. Stefan (2008), A vertical dispersion model for solute exchange induced by underflow and 
periodic hyporheic flow in a stream gravel bed, Water Resources Research, 44, W07422, doi:10.1029/2007WR006366.

Schmidt, J. C., and P. R. Wilcock (2008 ), Metrics for assessing the downstream effects of dams, Water Resources Research, 
44, W04404, doi:10.1029/2006WR005092.

Shaw, J. B., M. A. Wolinsky, C. Paola, and V. R. Voller (2008), An image-based method for shoreline mapping on complex 
coasts, Geophysical Research Letters, 35, L12405, doi:10.1029/2008GL033963.

Singh, A., S. Lanzoni, and E. Foufoula-Georgiou (2008), Nonlinearity and complexity in gravel bed dynamics, Stochastic 
Environmental Research and Risk Assessment, doi:10.1007/s00477-008-0269-8.

Straub, K. M., D. Mohrig, B. McElroy, J. Buttles, and C. Pirmez (2008), Interactions between turbidity currents and 
topography in aggrading sinuous submarine channels: A laboratory study, Geological Society of America Bulletin, 120, 
368-385, doi: 10.1130/B25983.1.

Straub, K. M., and D. Mohrig (2008), Quantifying the morphology and growth of levees in aggrading submarine channels, 
Journal of Geophysical Research, 113, F03012, doi:10.1029/2007JF000896.

Strong, A., and N. E. Flores (2008), Estimating the economic benefits of acidic rock drainage clean up using cost shares, 
Ecological Economics, 65, 348-355, doi:10.1016/j.ecolecon.2007.06.021.

Strong, N., and C. Paola (2008), Valleys that never were: Time surfaces versus stratigraphic surfaces, Journal of Sedimentary 
Research, 78, 579-593, doi:10.2110/jsr.2008.059.

Swanson, K. M., E. Watson, R. Aalto, J. W. Lauer, M. Bera, A. Marshall, M. Taylor, S. Apte, and W.E. Dietrich (2008), 
Sediment load and floodplain deposition rates: Comparison of the Fly and Strickland rivers, Papua New Guinea, Journal 
of Geophysical Research, 113, F01S03, doi:10.1029/2006JF000623.

Tsui, M. T.-K., J. C. Finlay, and E. A. Nater (2008), Effects of stream water chemistry and tree species on release of 
methylation of mercury during litter decomposition, Environmental Science and Technology, 42, 8692-8697, doi: 
10.1021/es800956q.

Wilkerson, G. V. (2008), Improved bankfull discharge prediction using 2-year recurrence-period discharge, Journal of the 
American Water Resources Association, 44, 243-258, doi: 10.1111/j.1752-1688.2007.00151.x.

Wooster, J. K., S. R. Dusterhoff, Y. Cui, L. Sklar, W.E. Dietrich, and M. Malko (2008), Sediment supply and relative 
size distribution effects on fine sediment infiltration into immobile gravels, Water Resources Research, 44, W03424, 
doi:10.1029/2006WR005815.

2007:

Al-Homoud, A., and M. Hondzo (2007), Energy dissipation estimates in oscillating grid setup: LDV and PIV measurements, 
Environmental Fluid Mechanics, 7, 143-158, doi: 10.1007/s10652-007-9020-0.

Al-Homoud, A., M. Hondzo, and T. M. LaPara  (2007),  Fluid dynamics impact on bacterial physiology: Biochemical oxygen 
demand, Journal of Environmental Engineering, 133, 226-236, doi: 10.1061/(ASCE)0733-9372(2007)133:2(226).

Barnes, E., M. E. Power, E. Foufoula-Georgiou, M. Hondzo, and W. E. Dietrich (2007), Upscaling river biomass using dimensional 
analysis and hydrogeomorphic scaling, Geophysical Research Letters, 34,  L24S26, doi:10.1029/2007GL031931.

Basu, S., E. Foufoula-Georgiou, B. Lashermes, and A. Arneodo (2007 ), Estimating intermittency exponent in neutrally 
stratified atmospheric surface layer flows: A robust framework based on magnitude cumulant and surrogate analyses, 
Physics of Fluids, 19, doi: 10.1063/1.2786001.

Cantelli, A. , M. Wong, G. Parker, and C. Paola (2007), Numerical model linking bed and bank evolution of incisional 
channel created by dam removal, Water Resources Research, 43,  W07436, doi:10.1029/2006WR005621.

Colosimo, M., and P. R. Wilcock (2007), Alluvial sedimentation and erosion in an urbanizing watershed, Gwynns Falls, 
Maryland, Journal of the American Water Resources Association, 43, 499-521, doi: 10.1111 / j.1752-1688.2007.00039.x.
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Dodov, B., and E. Foufoula-Georgiou (2004), Generalized hydraulic geometry: Derivation based on a Multi-scaling 
Formalism, Water Resources Research, 40, WO6302, doi: 10.1029/2003 WR002082.
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Dodov, B., and E. Foufoula-Georgiou (2004), Generalized hydraulic geometry: Insights based on fluvial instability analysis 
and a physical model, Water Resources Research, 40, W12201, doi: 10.1029/2004 WR003196.

Fernandez-Illescas, C., and I. Rodriguez-Iturbe (2004),  The impact of inter-annual rainfall variability on the spatial and 
temporal patterns of vegetation in a water-limited ecosystem, Advances in Water Resources, 27, 83-95, doi:10.1016/j.
advwatres.2003.05.001.

Hondzo, M., and Z. Haider (2004), Boundary mixing in a small stratified lake, Water Resources Research, 40, W03101, 
doi:10.1029/2002WR001851.

Jerolmack, D. J., D. Mohrig, M. T. Zuber, and S. Byrne (2004), A minimum time for the formation of Holden Northeast fan, 
Mars, Geophysical Research Letters, 31, L21701, doi: 10.1029/2004GL021326.

Lima-Vivancos, V., and V. R. Voller (2004), Two numerical methods for modeling variably saturated flow in layered media, 
Vadose Zone Journal, 3, 1003-1037.

Porporato, A., E. Daly, and I. Rodriguez-Iturbe (2004), Soil water balance and ecosystem response to climate change, 
American Naturalist, 164, 625-632.

Sklar, l., and W. E. Dietrich (2004), A mechanistic model for river incision into bedrock by saltating bedload, Water Resources 
Research, 40, W06301, doi: 10.1029/2003WR002496.

Toniolo, H., P. Harff, J. G. Marr, and G. Parker (2004), Experiments on reworking by successive unconfined subaqueous 
and subaerial muddy debris flows, Journal of Hydraulic Engineering, 130, 38-48, doi: 10.1061/(ASCE)0733-
9429(2004)130:1(38).

Voller, V. R., J. B. Swenson, and C. Paola (2004), An analytical solution for a Stefan problem with variable latent heat, 
International Journal of Heat and Mass Transfer, 47, 5387-5390, doi:10.1016/j.ijheatmasstransfer.2004.07.007.

Voller, V. R. (2004), A Monte Carlo scheme for tracking filling fronts, Journal of Computational Physics, 200, 399-411, 
doi:10.1016/j.jcp.2004.04.009.

Wang, H., M. Hondzo, B. Stauffer, and B. Wilson (2004),  Phosphorus dynamics in Jessie Lake: Mass flux across the 
sediment-water interface, Lake and Reservoir Management, 20, 333-346.

2003:

Federici, B., and C. Paola (2003), Dynamics of channel bifurcation in non-cohesive sediments, Water Resources Research, 
39, 1162, doi:10.1029/2002WR001434.

Mohrig, D., and J. G. Marr (2003), Constraining the efficiency of turbidity current generation from submarine debris flows and 
slides using laboratory experiments, Marine and Petroleum Geology, 20, 883-899, doi:10.1016/j.marpetgeo.2003.03.002 
.

Parker, G., C. M. Toro-Escobar, M. Ramey, and S. Beck (2003), The effect of floodwater extraction on mountain stream 
morphology, Journal of Hydraulic Engineering, 129, 885-895, doi: 10.1061/(ASCE)0733-9429(2003)129:11(885).

Venugopal, V., F. Porté-Agel, E. Foufoula-Georgiou, and M. Carper (2003), Multiscale interactions between surface shear 
stress and velocity in turbulent boundary layers, Journal of Geophysical Research, 108, 4613, doi:10.1029/2002JD003025.

2002:

Hondzo, M., and H. Wang (2002), Effects of turbulence on growth and metabolism of periphyton in a laboratory flume, 
Water Resources Research, 38, 1277, doi:10.1029/2002WR001409.
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BOOKS
In review:

Foufoula-Georgiou, E., and C. Stark (Eds.) (in review), Stochastic Transport and Emergent Scaling on Earth’s Surface, 
Journal of Geophysical Research-Earth Surface.

2008:

Nichols, G., E. Williams, and C. Paola (Eds.) (2008), Sedimentary Processes, Environments, and Basins: A Tribute to Peter 
Friend, 648 pp., Wiley-Blackwell, Oxford.

2006:

Parker, G., and M. H. Garcia (Eds.) (2006), River, Coastal and Estuarine Morphodynamics: RCEM 2005, Taylor & Francis 
Group, London.

2005:

Parker, G. (2005), Sediment Transport Morphodynamics, with Applications to Fluvial and Subaqueous Fans and Fan-Deltas, 
edited, copyrighted e-book.

2004:

Rodriguez-Iturbe, I., and A. Porporato (2004), Ecohydrology of Water Controlled Ecosystems: Soil Moisture and Plant 
Dynamics, Cambridge University Press.

BOOK SECTIONS
In press:

Gran, K. B., P. Belmont, S. Day, C. Jennings, A. Johnson, L. Perg, and P. Wilcock (in press), Geomorphic evolution of the 
Le Sueur River, Minnesota, and implications for current sediment loading, in Geological Society of America Special 
Paper on Management and Restoration of Fluvial Systems with Broad Historical Changes and Human Impacts, edited by 
A. James, et al.

Kim, W., C. Paola, J. Martin, M. A. Perlmutter, and F. Tapaha (in press), Net pumping of sediment into deep water due to 
base-level cycling: Experimental and theoretical results, in Sediment Transfer to Deep Water, SEPM Special Publication 
92, edited.

Power, M. (in press), Regulators of biotic processes in stream and river ecosystems, in Encyclopedia of Inland Waters, 
edited by G. E. Likens, Academic Press.

Sabo, J. L., J. C. Finlay, and D. M. Post (in press), Food chains in freshwaters, in The Year in Ecology and Conservation 
Biology edited by R. S. Ostfeld and W. H. Schlesinger, Wiley-Blackwell (on behalf of the Annals of the New York 
Academy of Sciences), Boston.

In review:

Fienberg, K., A. Singh, E. Foufoula-Georgiou, D. Jerolmack, and J. Marr (in review), A theoretical framework for interpreting 
and quantifying the sampling time dependence of gravel bedload transport rates, in USGS Science Investigation Report, 
edited.

Zheng, P. Q., B. Hobbs, and J. Koonce (in review), The economics and ecosystem restoration of dam decommissioning: 
Making informed decisions to remove aging U.S. dams, in Dam and Water Systems, edited by D. B. Gardner and R. 
Simmons, The Independent Institute, Oakland.
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2009:
Day, G., W.E. Dietrich, J. Rowland, and A. Marshall (2009), The rapid spread of mine-derived sediment across the Middle 

Fly River Floodplain, in The Fly River Papua New Guinea: Environmental Studies in an Impacted Tropical River System, 
edited by B. R. Bolton, pp. 113-152, Elsevier B. V.

Twilley, R., and V. H. Rivera-Monroy (2009), Ecogeomorphic models of nutrient biogeochemistry for mangrove wetlands, 
in Coastal Wetlands: An Integrated Ecosystem Approach edited by G. Perillo, et al., pp. 641-683, Elsevier B. V.

2008:
Parker, G., M. Hassan, and P. Wilcock (2008), Adjustment of the bed surface size distribution of gravel-bed rivers in 

response to cycled hydrographs, in Gravel-Bed Rivers VI: From Process Understanding to River Restoration, edited by 
H. Habersack, et al., pp. 241-285, Elsevier Science.

2007:
Finlay, Jacques C., and Carol Kendall (2007), Stable isotope tracing of temporal and spatial variability in organic matter 

sources to freshwater ecosystems, in Stable Isotopes in Ecology and Environmental Science, edited by R. Michener and 
K. Lajtha, pps. 283-333, Wiley-Blackwell, Oxford.

Sapozhnikov, S., and E. Foufoula-Georgiou (2007), An exponential Langevin-type model for rainfall exhibiting spatial and 
temporal scaling, in Nonlinear Dynamics in Geosciences, edited by A. Tsonis and J. Elsner, p. 604, Springer.

Sheets, B., C. Paola, and J. M. Kelberer (2007), Creation and preservation of channel-form sand bodies in an experimental 
alluvial system, in Sedimentary Processes, Environments and Basins: A Tribute to Peter Friend, edited by G. Nichols, et 
al., pp. 555-567, Wiley-Blackwell, Oxford.

2005:
Dubayah, R., et al. (2005), Characterizing forest canopy structure and ground topography for hydrological analysis using 

lidar in Encyclopedia of Hydrological Sciences, edited by M. G. Anderson, pp. 875-886, John Wiley & Sons.

2004:
Paola, C. (2004), Improving public understanding of scientific research: A view from the research side, in Creating 

Connections: Museums and the Public Understanding of Current Research, edited by D. Chittenden, et al., Altamira 
Press, Walnut Creek, CA.

Tal, M., K. Gran, A. B. Murray, C. Paola, and D. M. Hicks (2004), Riparian vegetation as a primary control on channel 
characteristics in noncohesive sediments, in Riparian Vegetation and Fluvial Geomorphology: Hydraulic, Hydrologic, 
and Geotechnical Interactions, edited by S. J. Bennett and A. Simon, American Geophysical Union.

2003:
Casadei, M., and W. E. Dietrich (2003), Controls on shallow landslide width, in Debris-Flow hazards mitigation: mechanics, 

prediction, and assessment, Proceedings of the Third International Conference on Debris Flows Hazards Mitigation, 
edited by D. Rickermann and C. Chen, pp. 91-102, Millpress, Rotterdam, Davos, Switzerland.

Dietrich, W. E., D. G. Bellugi, L. S. Sklar, J. D. Stock, A. M. Heimsath, and J. J. Roering (2003), Geomorphic transport laws 
for predicting landscape form and dynamics, in Prediction in Geomorphology, edited by P. Wilcock and R. Iverson, pp. 
103-132, American Geophysical Union, Washington DC.

Leclair, S. F., and R. W. C. Arnott (2003), Windermere Enigmatic Strata: Indicators of Internal Hydraulic Jump, in Shelf 
Margin Deltas and Linked Downslope Petroleum Systems: Global Significance and Future Exploration Potential, 23rd 
Annual GCS-SEPM Foundation Bob F. Perkins Research Conference, edited by H. A. Roberts, et al., pp. 817-835, Gulf 
Coast Section of the Society for Sedimentary Research.

Voller, V. R., and C. Paola (2003), Moving Boundary Problems in Earth-surface Dynamics, in Moving Boundaries VII: 
Computational Modeling of Free and Moving Boundary Problems, edited by A. A. Mammoli and C. A. Brebbia, WIT 
Press.
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TEXTBOOKS
2007:

Reynolds, S., J. Johnson, M. Kelly, P. Morin, and C. Carter (2007), Exploring Geology, McGraw-Hill, New York.

CONFERENCE PROCEEDINGS
2008:

Chatanantavet, P., G. Parker, E. Lajeunesse, P. Planton, and P. Valla (2008), Physically-based model of downstream fining in 
bedrock streams with side input and verification with field data, in River, Coastal and Estuarine Morphodynamics: RCEM 
2007, edited by Dohmen-Janssen and Hulscher, pp. 571-579, Taylor & Francis Group, London.

Grant, G. E., J. D. G. Marr, C. Hill, S. Johnson, K. Campbell, O. Mohseni, J. R. Wallick, S. L. Lewis, J. E. O’Connor, J. 
J. Major, and B. K. Burkholder (2008), Experimental and field observations of breach dynamics accompanying erosion 
of Marmot cofferdam, Sandy River, Oregon, in World Environmental and Water Resources Congress 2008 Ahupua’a 
Proceedings of the Congress, edited by Babcock, Jr., R. W. and R. Walton, American Society of Civil Engineers, Honolulu, 
Hawaii.

2006:

Akamatsu, Y., G. Parker, and T. Muto (2006), Effect of sea level rise on rivers flowing into the ocean: application to the 
Fly-Strickland river system, Papua New Guinea, in River, Coastal and Estuarine Morphodynamics: RCEM 2005, edited 
by G. Parker and M. H. Garcia, pp. 685-695, Taylor & Francis Group, London.

Akamatsu, Y., G. Parker, and T.  Muto (2006), Response of river deltas to sea level rise, Proceedings of the Japan Society 
of Civil Engineers, B, 62, 169-179.

Bateman, A., M. Fernandez, and G. Parker (2006), Morphodynamic model to predict temporal evolution of local scour in 
bridge piers, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 
911-920, Taylor & Francis Group, London.

Blom, A. (2006), The impact of variability in dune dimensions on sediment sorting and morphodynamics, in River, Coastal, 
and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 873-881, Taylor & Francis 
Group, London.

Cantelli, A., G. Parker, S. Johnson, J. D. L. White, and B. Yu (2006), Dynamics of sand sedimentation resulting from 
turbidity currents caused by explosive submarine volcanic eruptions, in River, Coastal, and Estuarine Morphodynamics: 
RCEM 2005, edited by G. Parker and M. Garcia, pp. 571-577, Taylor & Francis Group, London.

Chatanantavet, P., and G. Parker (2006), Modeling the bedrock river evolution of western Kaua’i, Hawai’i, by a physically-
based incision model based on abrasion, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. 
Parker and M. H. Garcia, pp. 99-110, Taylor & Francis Group, London.

DeTemple, B., and P. Wilcock (2006), Observations of armor formation in a sediment-recirculating flume, in River, Coastal, 
and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 1049-1058, Taylor & Francis 
Group, London.

Dietrich, W. E., P. A. Nelson, E. Yager, J. G. Venditti, M. P. Lamb, and L. Collins (2006), Sediment patches, sediment supply 
and channel morphology, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. 
Garcia, pp. 79-90, Taylor & Francis Group, London.

Francalanci, S., G. Parker, and E. Paris (2006), Effects of non-hydrostatic pressure distribution on bedload transport, in 
River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. Garcia, Taylor & Francis 
Group, London.
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Grams, P., P. Wilcock, and S. M. Wiele (2006), Entrainment and nonuniform transport of fine sediment in coarse-bedded 
rivers, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 1074-
1081, Taylor & Francis Group, London.

Jerolmack, D. J., D. Mohrig, and B. McElroy (2006), A unified description of ripples and dunes in rivers, in River, Coastal, 
and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 843-851, Taylor & Francis 
Group, London.

Kostic, S., and G. Parker (2006), Numerical experiments on subaqueous cyclic steps due to turbidity currents, in River, 
Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 535-541, Taylor & 
Francis Group, London.

Lauer, J. W., and G. Parker (2006), Response of a simple channel network to post-glacial sea level rise, in River, Coastal, 
and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 697-707, Taylor & Francis 
Group, London.

Mohrig, D., K. M. Straub, J. Buttles, and C. Pirmez (2006), Controls on geometry and composition of a levee built by 
turbidity currents in a straight laboratory channel, in River, Coastal and Estuarine Morphodynamics: RCEM 2005, edited 
by G. Parker and M. Garcia, pp. 579-584, Taylor & Francis Group, London.

Parker, G., O. Sequeiros, and s. River Morphodynamics class (2006), Large scale river morphodynamics: Application to the 
Mississippi Delta, in River Flow 2006: Proceedings of the International Conference on Fluvial Hydraulics, edited by R. 
M. L. Ferreira, Alves, Leal, and Cardoso, pp. 2247, Taylor & Francis, London.

Parker, G. (2006), Theory for a clinoform of permanent form on a continental margin emplaced by weak, dilute muddy 
turbidity currents, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, 
pp. 553-561, Taylor & Francis Group, London.

Rowland, J., and W. E. Dietrich (2006), The evolution of a tie channel, in River, Coastal, and Estuarine Morphodynamics: 
RCEM 2005, edited by G. Parker and M. Garcia, pp. 725-736, Taylor & Francis Group, London.

van der Mark, C. F., A. Blom, S. J. M. H. Hulscher, S. F. Leclair, and D. Mohrig (2006), On modeling the variability of 
bedform dimensions, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. 
Garcia, pp. 831-841, Taylor & Francis Group, London.

Wilkerson, G. V., K. C. Trowbridge, and S. D. Prager (2006), Risk assessment methodology using a regional channel erosion 
potential model, in River, Coastal and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, 
pp. 1163-1169, Taylor and Francis Group, London.

Wong, M., and G. Parker (2006), Flume experiments with tracer stones under bedload transport, in River, Coastal, and 
Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 131-139, Taylor & Francis Group, 
London.
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Awards and Honors

Recipient Award Name and Sponsor
Bellugi, Dino Best Student Paper (2008), Fall American Geophysical Union 
Borazjani, Iman NCED-supported results, cover of the Journal of Experimental Biology
Borazjani, Iman NCED-supported video, winner in the Gallery of Fluid Motion competition, 61st American 

Physical Society/Division of Fluid Dynamics Meeting, San Antonio, TX
Dietrich, Bill Member, Board of Earth Sciences and Resources (2007-2009), National Research Council
Dietrich, Bill Member, Committee on Challenges and Opportunities in Earth Surface Processes (2007-

2009), National Research Council
Dietrich, Bill Member, Advisory Board (2008-), Biosphere 2 
Dietrich, Bill Member, Committee of Visitors for review of Surface Earth Processes (2008),  

National Science Foundation 
Dietrich, Bill Member, Senior Advisory Council (2008- ), Consortium of Universities for the  

Advancement of Hydrologic Science  
Dietrich, Bill Langbein Lecturer (2008), American Geophysical Union 
Dietrich, Bill Hydrology Days Borland Lecturer (2008), Colorado State University 
Foufoula-Georgiou, Efi Resident Fellow, Institute on the Environment, University of Minnesota
Foufoula-Georgiou, Efi Hydrology Days Borland Lecturer (2009), Colorado State University
Foufoula-Georgiou, Efi Chair, Horton Medal Committee (2008-2010), American Geophysical Union 
Foufoula-Georgiou, Efi Member, Advisory Committee on Helmholtz Research Centers (including the Helmholtz 

Center for Environmental Research) (2009), Helmholtz-Senate, Germany 
Foufoula-Georgiou, Efi Guest editor, Journal of Geophysical Research-Earth Surface (2009)
Gangodagamage, Chandana Doctoral Dissertation Fellowship (2008-2009), University of Minnesota
Ganti, Vamsi Silberman Fellowhip Award (2009), University of Minnesota (SAFL)
Hamilton, Patrick Resident Fellow, Institute on the Environment, University of Minnesota
Hansen, Amy Louise T. Dosdall Fellowship (2008-2009), University of Minnesota
Hobbs, Benjamin Overseas Fellow (2009-2010), Churchill College, Cambridge, UK
Hsu, Leslie Best Student Paper (2008), Fall American Geophysical Union 
Jacobi, Sarah Smith Conservation Research Fellowship (2009), Society for Conservation Biology
Mohrig, David Knebel Distinguished Teaching Award, Jackson School of Geosciences, University of 

Texas-Austin
Paola, Chris NCED-supported results, cover of the AAPG Bulletin
Paola, Chris IT Distinguished Professor, University of Minnesota
Paola, Chris Leverhulme Visiting Professor (Imperial College, London), Leverhulme Trust
Passalacqua, Paola Best Student Paper (2008), Fall American Geophysical Union
Power, Mary Board of Reviewing Editors, Science Magazine
Power, Mary President-Elect, Ecological Society of America
Power, Mary Advisory Board, Florida State University Coastal Marine Laboratory
Sotiropoulos, Fotis James L. Record Professorship, University of Minnesota
Sotiropoulos, Fotis NCED-supported results, cover of the Journal of Experimental Biology
Sotiropoulos, Fotis NCED-supported video, winner in the Gallery of Fluid Motion competition, 61st American 

Physical Society/Division of Fluid Dynamics Meeting, San Antonio, TX
Stoll, Robert Civil Engineering Best Dissertation Award, University of Minnesota
Tsui, Martin Doctoral Dissertation Improvement Grants, National Science Foundation
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Recipient Award Name and Sponsor
Twilley, Robert Panel Member, Review of Everglades Restoration Program (CICESP), National Academy of 

Science
Whittinghill, Kyle Doctoral Dissertation Improvement Grants, National Science Foundation
Zheng, Pearl Public Safety Canada Research Fellowship (2009-2010), The Association of 

Universitites and Colleges of Canada

Graduated Students
Student Name Advisor Degree and Year Placement
Borazjani, Iman Sotiropoulos, Fotis PhD 2008 Research Associate with NCED/St. Anthony 

Falls Laboratory
Eke, Esther Parker, Gary MS 2008 PhD program, Department of Civil and 

Environmental Engineering, University of 
Illinois at Urbana-Champaign 

Escauriaza, Cristian Sotiropoulos, Fotis PhD 2008 Assistant Professor in the Hydraulic and 
Environmental Engineering Department at 
Pontificia Universidad Catolica de Chile in 
Santiago, Chile

George, Terra Mohrig, David MS 2008 Geoscientist at ConocoPhillips

Green, Mark Finlay, Jacques PhD 2007 Postdoc on the hydrologic synthesis effort 
centered out of the City College of New York

Lamb, Michael Dietrich, William PhD 2008 Fall 2009, Lamb will be an assistant professor of 
geology at the California Institute of Technology

Sequeiros, Octavio Parker, Gary PhD 2008 Shell Oil, the Netherlands
Tsai, Joseph Twilley, Robert MS 2008 Working in industry as a water resources 

engineer

General Outputs of Knowledge Transfer

Not applicable to this Center.

Participants

The NCED participants list has been deleted from the public version of this report due to the confidential nature of the 
information contained therein. Please contact Diana Dalbotten (dalbo001@umn.edu) with any questions pertaining to 
NCED participants.

Count of participants: 152

Affiliates
The NCED affiliates list has been deleted from the public version of this report due to the confidential nature 
of the information contained therein. Please contact Diana Dalbotten (dalbo001@umn.edu) with any questions 
pertaining to NCED affiliates.
Count of affiliates: 299
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Summary Listing of NCED Partners

Organization Name Organization Type Address Contact Name Partner Type 160 hr
Advanced Materials for 
Water Purification

NSF – STC University of Illionois
3253 Digital Computer Lab
205 N. Mathews Ave. 
MC-250
Urbana, IL  61801

Susan Herricks Education & 
Diversity
Knowledge Transfer

N

Anadarko Petroleum 
Corporation

Oil Exploration 
Company

1201 Lake Robbins Drive
The Woodlands, TX  77380

Todd Green/ 
James Parr

Knowledge Transfer N

Association for Women 
in Geoscience, Minnesota 
Chapter

Professional 
Organization for 
Women

NA Karen Campbell/
Lesley Perg

Knowledge Transfer N

Bureau of Land 
Management

Government 
Agency

Office of Public Affairs
1849 C Street, Room 406-LS
Washington, DC  20240

Jim Fogg Stream Restoration 
Partner

N

CALFED – Bay-Delta 
Program

State Government 605 Capitol Mall, 5th Floor
Sacramento, CA  95814

Bill Dietrich Knowledge Transfer N

Canaan Valley Institute Non-profit 
Organization

P.O. Box 763
Davis, WV  26260

N/A Stream Restoration 
Partner

N

Center for Embedded 
Network Sensing

NSF – STC UCLA
3731 Hilgard Ave
Boelter Hall
Los Angeles, CA  90095

Deborah Estrin, 
Director

Knowledge Transfer N

Center of Research 
Excellence in Science and 
Technology

NSF Center Department of Environmental 
Science
Texas A&M 
University—Kingsville
Kingsville, TX  78363

Lee Clapp/ 
Jianhong Ren

Education & 
Diversity

N

ChevronTexaco Oil Exploration 
Company

4800 Fournace Place
Bellaire, TX  77401

Martin 
Perlmutter

Knowledge Transfer N

CHRONOS NSF funded 
research center

Iowa State University
Dept of Geol
275 Science I
Ames, Iowa  50011-3212

Cinzia Cerbato Knowledge Transfer N

ConocoPhillips Oil Exploration 
Company

P.O. Box 2197
Houston, TX  77252-2197

Al Shultz Knowledge Transfer N

CUAHSI Consortium for the 
Advancement of Hydrologic 
Sciences, http::www.cuahsi.
org/

Consortium 2000 Florida Ave, N.W.
Washington, DC  20009

Efi Foufoula 
(board member)
Paul Morin 
(technical 
advisor)

Knowledge Transfer N

ExxonMobile Upstream 
Research Co.

Oil Exploration 
Company

P.O. Box 2189
Houston, TX  77252-2189

Penny Patterson Knowledge Transfer N

Florida A&M University University Tallahassee, FL, 32307 NA Education & 
Diversity

N

Geowall Consortium Consortium http://www.geowall.org Paul Morin Knowledge Transfer N
Inter-Fluve, Inc. Environmental 9594 First Avenue NE

St. 615
Seattle, WA  98115

NA Stream Restoration 
Partner Group

N
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
International Center for 
Geohazards (IGC)

International P.O. Box 3930
Ullevaal Stadion
N-0806 Oslo, Norway

Anders Elverhoi Partner N

Japan Oil, Gas, and Metals 
Corporation

Oil Exploration 
Company

Fukoku Seimei Bldg. 2-2-2
Tokya 100-8511, Japan

Osamu Takano Knowledge Transfer N

Minnesota Geological 
Survey

State Agency 2641 University Ave. W.
St. Paul, MN  55114-1057

Harvey 
Thorleifson

Knowledge Transfer N

NASA/Goddard Space 
Flight Center, Hydrologic 
Sciences

Government 
Agency

Code 974, Hydrological 
Sciences
NASA/Goddard Space Flight 
Center
Greenbelt, MD  20771

David Toll Knowledge Transfer N

National Academy of 
Sciences

Government 
Agency

National Research Council
2101 Constitution Avenue 
NW
Washington, DC  20418

William Logan Research N

National Park Service
Water Resources Division

Government 
Agency

1201 Oakridge Drive
St. 250
Fort Collins, CO  80525

Several Stream Restoration 
Partners Group

N

National River Restoration 
Science Synthesis (NRRSS)

Project Plant Sciences, Bldg 4112
University of Maryland
College Park, MD  20742

Margaret Palmer Research N

NOAA Fisheries Service Government 
Agency

1315 East West Highway
9th Floor
Silver Spring, MD  20910

Several Stream Restoraton 
Partners Group

N

Nova/Mentorn TV Educational 
Television 
Producer

43 Whitfield St
London, WIT 4HA

Ben Fox Education & 
Diversity

N

NSF Center for Airborne 
Laser Mapping (NCALM)

NSF Center 365 Weil Hall
P.O. Box 116580
University of Florida
Gainesville, FL  

Bill Dietrich Research N

Office of Naval Research, 
Coastal and Geosciences 
Program

Government 
Agency

800 N Quincy Street
Arlington, VA  22217

Tom Drake Knowledge Transfer N

R2 Resource Consultants Corporation 15250 NE 95th Street
Redmond, WA  98052

Paul DeVries Knowledge Transfer N

SAHRA:  Sustainability of 
Semi-Arid Hydrology and 
Riperian Areas)
 http://www.sahra.arizona.
edu/

NSF – STC Univ. of Arizona
Hydrology & Water 
Resources
College of Engineering and 
Mines
Tucson, AZ  85721

Jim Washburne Education & 
Diversity

N

SciTech Hands On 
http://scitech.mus.il.us/

Museum 18 W Benton Street
Aurora, IL  60506

Ronen Mir, 
Executive 
Director

Education & 
Diversity

N

Shell International 
Exploration and Production 
Company

Oil Exploration 
Company

3737 Belaire Blvd
Houston, TX  77025

Carlos Pirmez Knowledge Transfer N



172     Center-wide Outputs

National Center for Earth-surface Dynamics
Annual Report 2009

Organization Name Organization Type Address Contact Name Partner Type 160 hr
The Science Center at the 
Maltby Nature Reserve

Non-Profit Maltby Nature Preserve
789 Sciota Trail East
Randolph, MN  55065

Seliesa 
Pembleton

Education & 
Diversity

N

Stillwater Sciences Environmental 
Consulting Firm

2855 Telegraph Ave., Suite 
400
Berkeley, CA  94705

Yantao Cui Knowledge Transfer N

US Army Corps of 
Engineers
Rocky Mountain Research 
Station

Government 
Agency

Southbend, IN  46628 Meg Jonas Knowledge Transfer N

US Department of 
Agriculture:  Forest Service
Rocky Mountain Research 
Station

Government 
Agency

316 E Myrtle Street
Boise, ID  83702

Jim McKean Knowledge Transfer N

US Department of 
Agriculture:  Forest Service
Pacific Northwest Station

Government 
Agency

3200 SW Jefferson Way
Corvallis, OR  97331

Gordon Grant Stream Restoration 
Partners Group

N

US Department of 
Agriculture:  National 
Sedimentation Laboratory
Water Quality and Ecology

Government 
Agency

Agricultural Research 
Service
National Sedimentation 
Laboratory
PO Box 1157
Oxford, MS  38655

Doug Shields Knowledge Transfer N

US Department of 
Commerce:  National 
Oceanic and Atmospheric 
Administration:  Office of 
Global Programs:  GAPP 
Program

Government 
Agency

GAPP Program Manager
UCAR/NOAA-OGP
1100 Wayne Ave, Ste 1210
Silver Spring, MD  
20910-5603

Richard G. 
Lawford

Knowledge Transfer N

US Department of the 
Interior:  Bureau of 
Reclamation, Sediment and 
River Hydraulics Group

Government 
Agency

Sedimentation and River 
Hydraulics Group (D-8540)
US Bureau of Reclamation 
Technical Service Center

Tim Randle Knowledge Transfer N

US Department of the 
Interior
Fish and Wildlife Services

Government 
Agency

1849 C Street NW
Washington, DC  20240

Janine Castro Stream Restoration 
Partners Group

N

US Department of the 
Interior
Geological Survey, CERC

Government 
Agency

4200 New Haven Road
Columbia, MO  65201

Robert Jacobson Knowledge Transfer N

US Environmental 
Protection Agency

Government 
Agency

WW-16J
US Environmental Protection 
Agency
77 West Jackson Boulevard

Tom Davenport Knowledge Transfer N

Universidad Central de 
Venezuela

University Instituto de Mecanica de 
Fluidos
Facultad de Ingenieria
Universidad Central de 
Venezuela

Jose L. Lopez Research N
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
Universidad Nacional del 
Litoral

University Department of Eng and Water
Universidad Nacional de 
Litoral
Santa Fe, Argentina

Mario Luis 
Amsler

Research N

University of Colorado/
INSTARR

University Institute of Arctic and Alpine
University of Colorado at 
Boulder
1560 30th Street, Campus 
Box 450
Boulder, CO  80309-0450

James P. M. 
Syvitski

Research N

Utah Museum of Natural 
History

Museum University of Utah
1330 E Presidents Circle
Salt Lake City, UT  84112

Rebecca 
Menlove

Education & 
Diversity

N

Summary Table
 

Measure Value
Number of participating academic institutions 9
Number of institutional partners 46
Total leveraged support (less STC category) $7,164,448
Number of participants 152
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IX. Indirect/Other Impacts

NCED international activities
Earth science is an inherently international discipline, both in its subject matter and its participants. NCED PIs, individually 
and collectively, have close collaborators around the world, many of them former graduate advisees. NCED’s student body 
includes many students from countries outside the US, and NCED research has been informed by international research proj-
ects, experimental, theoretical and in the field. We were able to build on this experience to create our successful International 
Research Experience Program, which, while it formally concluded in Year 6, led to several ongoing collaborators and a new NSF 
proposal, submitted in Year 7. NCED visitors have often been foreign nationals, and our Year 7 MYRES III meeting included 
young researchers from many countries. In addition, NCED’s informal education efforts are now having an international 
impact, as the Water exhibition travels. Below we summarize these activities for Year 7 by category, with reference to longer 
descriptions elsewhere in this report.

Individual ongoing collaborations

While individual international activities involving NCED PIs are too numerous to describe in complete detail, some noteworthy 
examples are presented here. Involvement in the International Research Experience Program (IREP) cemented an ongoing 
collaboration between Dietrich, NCED graduate student Leslie Hsu and Brian McArdell, WSL, Zurich, Switzerland. In addition, 
Foufoula-Georgiou and Stefano Lanzoni (University of Padua, Italy) are co-advising NCED graduate student Arvind Singh 
what is effectively a continuation of the IREP program. In some cases, several NCED individuals have collaborated with 
individually with the same international colleague. Francois Metivier at the Institut de Physique du Globe de Paris has hosted 
visits by Parker, an NCED graduate student, an alum, and most recently Dietrich. Giovanni Seminara, of the University of 
Padova, a long-time collaborator with several NCED PIs, visited the US during Year 7, giving lectures at UMN, SAFL, and 
UCB. He was the featured speaker at the annual Gilbert Club meeting in December, 2008. Several NCED PIs and students 
have worked with Testsuji Muto, Nagasaki, Japan, including Parker and Voller in Year 7.

Presentations given/courses taught outside the US

In Year 7, Dietrich presented several lectures and participated in a short course, all related to topography, landslides and river 
networks, at Federal University of Minas Gerais, Brazil. Foufoula presented several lectures at two Italian summer schools in 
June 2008: Summer School on Environmental Dynamics, Venice Academy of Sciences, Venice and Alpine Summer School, 
Interaction and co-evolution of Climate and Biosphere,” Val D’Aosta, Italy. Hondzo gave two invited talks at the Swiss Federal 
Institute of Aquatic Science and Technology. Paola gave an invited talk, “Experimental stratigraphy,” to the Geological Society 
of London, and is currently the Leverhulme Visiting Professor at Imperial College, London.  Parker gave several lectures 
at the Sedimentology Summer School, July 2008 in Akkeshi, Japan, and the International Summer School: Complex flows, 
turbulence, morphodynamics, and ecology in lowland rivers, 2008, Delft, the Netherlands and presented talks and short courses 
at several international conferences including ones in Turkey and Japan. Finally, Voller gave an invited keynote on Modeling 
Deltas at the Indian Institute of Science in Bangalore, India.

Meetings and workshops with significant NCED and international participation

The highlight of NCED’s international involvement in Year 7 was the very successful 2008 Meeting of Young Researchers in 
Earth Sciences (MYRES) III: Dynamic Interactions of Life and its Landscape meeting. More detail is provided on this meeting, 
whose delegates traveled to New Orleans, LA from around the world, in the ED section of this report and a paper, both presented 
to the National Research Council and submitted for publication (see Appendix L: Knowledge Transfer Publications). Another 
event of note was the 4th meeting of the working group on mathematicsa and geomorphology. This meeting on the West Coast 
of Ireland included participants from ireland, the UK, and the US. Finally, several NCED PIs, including Foufoula-Georgiou, 
Paola, Parker and Wilcock, presented at the 2008 annual meeting of the European Geosciences Union.
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Figure 2:  NCED collaborations with international partners.

Informal Education

The “Water” exhibition, developed jointly by SMM/NCED and the American Museum of Natural History, has been duplicated 
in Year 7 so that there are now two travelling exhibitions. The international edition has visited Singapore and is currently in 
Istanbul, Turkey, for the Fifth World Water Forum from whence it will travel to Australia and Brazil. The “North American” 
edition is scheduled to visit Canada in the coming year, as well as several states in the US. 

Figure 1:  MYRES delegates came from around the world.
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X. Budget

The NCED budget has been deleted from the public version of this report due to the confidential nature 
of the information contained therein. Please contact David Olsen (olse0046@umn.edu) with any 
questions pertaining to NCED budget.
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Appendix A: Biographical Information of New PIs

Kimberly M. Hill
Assistant Professor, Department of Civil Engineering
University of Minnesota

Biographic Sketch
Dr. Kimberly Hill is an Assistant Professor of Civil Engineering and at St. Anthony Falls Laboratory at the University 
of Minnesota (http://www.safl.umn.edu/) since September, 2005. She received her Bachelors in Science in Physics at the 
University of Michigan (Ann Arbor) in 1992. She received her Masters in Science in Physics from the University of Minnesota 
in 1996 and PhD in Physics from the University of Minnesota in 1997. In 1997 she joined Sandia National Laboratory’s colloids 
group as a post-doctoral researcher. In 1998 she joined the Northwestern University Department of Chemical Engineering 
as a post-doctoral researcher. In 1999, she joined University of Wisconsin Whitewater as an Assistant Professor of Physics. 
In 2001, she joined University of Illinois as a Lecturer / Visiting Assistant Professor in the Department of Theoretical and 
Applied Mechanics where, in 2004, she became Assistant Professor. She is currently still an Affiliate Faculty at the University 
of Illinois in the Department of Mechanical Science and Engineering.

Professor Hill’s research focuses on the physics of particle-laden systems for critical natural applications. Examples include 
sediment transport in rivers and associated stream restoration efforts and debris flows and associated hazard mitigation efforts. 
Her research involves both experimental and computational efforts. Computational efforts focus on the development and adapta-
tion of a Distinct Element Modeling (DEM) framework for these applications that incorporates particle-particle interactions 
and when needed fluid-particle interactions for key applications such as channel erosion, interaction between fines and coarse 
particles, and other dynamics of mixed size sediment in debris flows and bedload transport. The code is being used to elucidate 
the effects of non-uniform unsteady local species concentrations toward modeling the applications listed above. These include 
boundary stresses, erosion and other details of debris flows and size-dependent transport phenomena for particles in bedload 
transport. Experimental efforts are used to test and validate the code. Prof. Hill was named an ADVANCE Young Scientist in 
2007-2008 at the University of Arizona and was a Member of the US delegation to the US-Japan Workshop on Bio-Inspired 
Sensor Networks: Learning from Life , Keio University, Yokohama, Japan on December 6-8, 2006. 
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Kimberly M. Hill
kmhill@umn.edu

Offices: 155 Civil Engineering Building
385 Saint Anthony Falls Laboratory

Department of Civil Engineering 
University of Minnesota, Minneapolis, Minnesota

Phone: 612-626-0311
http://ce.umn.edu/people/faculty/hill/

EDUCATION

Doctor of Philosophy in Physics, 1997. University of Minnesota, Minneapolis
  Dissertation: Reversible Axial Segregation: Digital Surface Analysis and Magnetic Resonance Imaging
Masters of Science in Physics, 1996. University of Minnesota, Minneapolis
  Thesis: Reversible Axial Segregation of Rotated Granular Media
Bachelor of Science in Physics with Distinction, magna cum laude, 1991. University of Michigan, Ann Arbor
  Thesis: Coupling of String Harmonics of a Violin

PROFESSIONAL EXPERIENCE 

2005-present  Assistant Professor, Department of Civil Engineering, University of Minnesota, Minneapolis, Minnesota.

2004-2005  Assistant Professor, Department of Theoretical and Applied Mechanics, University of Illinois at 
Urbana-Champaign, Urbana, Illinois.

2001-2004  Lecturer and Visiting Assistant Professor, Department of Theoretical and Applied Mechanics, University of 
Illinois at Urbana-Champaign, Urbana, Illinois.

 1999-2001  Assistant Professor, Department of Physics
   University of Wisconsin -Whitewater, Whitewater, Wisconsin

 1998-1999  Postdoctoral Appointee, Department of Chemical Engineering
   Northwestern University, Evanston, Illinois

 1997-1998  Postdoctoral Appointee, Sandia National Laboratories
   Sandia National Laboratories, Albuquerque, New Mexico

 Summer, 1996  Summer Research Assistant, New Mexico Resonance
   The Lovelace Institutes, Albuquerque, New Mexico

 1992-1997  Graduate Assistant, Department of Physics
   University of Minnesota, Minneapolis, Minnesota

 1991-1992  Research Assistant, High Energy Physics Laboratory, Department of Physics 
   University of Michigan, Ann Arbor, Michigan

AWARDS & HONORS
• ADVANCE Young Scientist Award, University of Arizona (2007-2008)
• University of Illinois Outstanding Engineering Advisor Award (2001-2002, 2002-2003, 2004-2005)
• University of Illinois Academy for Excellence in Engineering Education Collins Scholar (2002)
• University of Illinois Outstanding Engineering Advisor Award (2001-2002)
• University of Illinois Research Board Grant (2001)
• University of Wisconsin – Whitewater Faculty Development Grant (2000-2001)
• University of Minnesota Dissertation Fellowship (1996)
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PUBLICATIONS IN PEER-REVIEWED JOURNALS

Hill, K. M. and Fan, Y. Isolating Segregation Mechanisms in a Split-Bottom Cell, Physical Review Letters  101, 088001/1-4. (2008).

Hill, K. M. and Zhang, J. Kinematics of densely flowing granular mixtures, Physical Review E 77, 061303 (2008).

Gioia, G., Ott-Monsivais, S., Hill, K. M. Fluctuating velocity and momentum transfer in dense granular flows, Physical Review Letters 
96, 138001/1-8  (2006). 

Hill, K. M., Gioia, G., Amaravadi, D., Winter,W. Moon Patterns, Sun Patterns, and Wave Breaking in Rotating Granular Mixtures, 
Complexity- cover article  (2005).

Maneval, J.E.,  Hill, K. M.,  Smith, B. E., Caprihan, A.,  and Fukushima, E. Effects of end wall friction in rotating cylinder 
granular flow experiments, Granular Matter 4, (2005).   

Hill, K. M., Gioia, G., Amaravadi, D., Radial Segregation Patterns in Rotating Granular Mixtures: Waviness Selection, 
Physical Review Letters 93, 224301 (2004).

Hill, K. M. Gioia, G. and Tota V. V. Structure and Kinematics in Dense Free-Surface Granular Flow. Physical Review Letters  
91, 064302 (2003)

Hill, K. M., Jain, Nitin and Ottino, J. M.   Modes of granular segregation in a noncircular rotating cylinder.   Physical Review 
E, 64, 011302/1-011302/4 (2001).

Hill, K. M., Khakhar, D. V., Gilchrist, J. F., McCarthy, J. J. and Ottino, J. M.  Segregation-driven  organization in chaotic 
granular flows.  Proceedings of the National Academy of Sciences, 96, (21), (cover article) 11701-11706 (1999).

Hill, K. M., Gilchrist, J. F., Khakhar, D. V., McCarthy, J. J. and Ottino, J. M.  Mixing of granular materials: A test-bed 
dynamical system for pattern formation.  International Journal of Bifurcation and Chaos, 9, (cover article) 1467-1484 
(1999).

Martin, J. E., Hill, K. M. and Tigges, C. P.  Magnetic-field-induced optical transmittance in colloidal suspensions.  Physical 
Review E, 59, 5675-5692 (1999).

Hill, K. M., Caprihan, A., Kakalios, J.  Axial segregation of granular media segregated in a rotating drum mixer: Pattern 
Evolution.  Physical Review E, 56, 4386-4393 (1997).

Hill, K. M., Caprihan, A., Kakalios, J.  Bulk segregation of granular media segregated in a rotating drum measured by 
Magnetic Resonance Imaging.  Physical Review Letters, 78, 50-53 (1997).

Hill, K. M. and Kakalios. J.  Reversible axial segregation of rotating granular media.  Physical Review E 52, 4, pt.. B, pp. 
4393-400 (1995).

Hill, K. M. and Kakalios, J.  Reversible axial segregation of binary mixtures of granular materials.  Physical Review E 49, 
5, pt. A, pp. R3610-13 (1994).

Luppov, W. A., Kaufman, W. A., Hill, K. M., Raymond, R. S. and Krisch, A. D.  Focusing a beam of ultracold spin-polarized 
hydrogen atoms with a helium-film-coated quasiparabolic mirror.  Physical Review Letters 71, 15, 2405-2408 (1993).

ARTICLES IN CONFERENCE PROCEEDINGS

Hill, K. M., Fan, Y. Zhang, J., Bernhard, J. T., Hagness, S. C. Granular Segregation Studies for Retroreflector Sensor 
Development SPIE March 2008 Meeting of Smart Structures/Nondestructive Evaluation for Health Monitoring and 
Diagnostics, San Diego, 2008.

Hill, K.M. Yohannes, B. Khazanovich, L., Toward a Unified Mechanistic Approach for Modeling Tests of Unbound 
Pavement Materials, Transportation Research Board Meeting, 2008.

Parker, G., V. Voller, C. Paola, K. Hill, L. S. Sklar, W. E. Dietrich, Comminution As A Mechanism For Downstream Fining 
In Rivers: Formulation, Riverflow Conference, 2008. 
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Hill, K. M., Gilchrist, J. F., Khakhar, D.V. and Ottino, J. M.  Signatures of Chaos in 2d Tumbling Mixers.  Interplay 
between Chaos, Segregation, and Mixing Proceedings for the Granular Flow Focus Meeting of the International Union 
of Theoretical and Applied Mechanics, June, Kluwer Academic Publishers, Netherlands p. 171 (2000).

Hill, K. M., Martin, J. E. and Adolf, D. A.  Rheology of Colloidal Aggregates. Fractal Aspects of Materials, edited by 
Fereydoon Family, MRS Symposia Proceedings (Materials Research Society) (1998).

Hill, K. M., Kakalios, J., Yamane, K., Tsuji , Y. and Caprihan, A.  Dynamic Angle of Repose as a Function of Mixture 
Concentration: Results from MRI Experiments and DEM Simulations.  Powders and Grains ‘97, edited by R. Behringer 
and J. Jenkins, (Balkema/Rotterdam, Brookfield) p. 483 (1997).

Hill, K. M., Kakalios, J. and Caprihan, A.  Pattern evolution of granular media rotated in a drum mixer.  Materials Research 
Society Proceeding  (Materials Research Society, Pittsburgh, PA) MRS vol. 463, p. 227 (1997).

Hill, K.M., Caprihan, A. and Kakalios, J.  Magnetic resonance imaging of granular media segregated in a rotating drum.  
AIChE Conference Proceedings, July (1996).

Hill, K. M., Yarusso L., and Kakalios, J.  Reversible axial segregation in rotating granular media.  Fractal Aspects of 
Materials, edited by Fereydoon Family, Paul Meakin, Bernard Sapoval, and Richard Wool.  MRS Symposia Proceedings 
No. 367 (Materials Research Society, Pittsburgh), p. 509 (1995).

Luppov, V. G., Kaufman .W. A., Hill, K. M., Raymond , R. S., and Krisch A. D. A helium film coated quasi-parabolic mirror 
to focus a beam of ultra-cold spin polarized atomic hydrogen.  AIP Conference Proceedings, no.293, p. 40-3 (1993).

SELECTED TECHNICAL REPORTS

Ly, M. E., Zhang, J., and Hill, K.M. Interstitial Fluid Effects on Dense Free-Surface Granular Flow, TAM Report for the NSF 
REU program on Mechanics of Complex Materials, p. 27 (2005).

McGough, S. A., Zhang, J., and Hill, K.M.2D to 3D Transitions in Dense Free-Surface Granular Flow (2005).
Dienberg, C. and Hill, K. M.,  Effects of an Underbody Diffuser on Automobile Lift and Drag Characteristics, TAM Report 

for the Fifth Annual Undergraduate Conference in Mechanics, p. 3 (2004).
Ott-Monsivais, S, Hill, K. M., Gioia, G, Structure and Velocity Fluctuations in Dense Free Surface Granular Flow, TAM 

Report for the Fifth Annual Undergraduate Conference in Mechanics, p. 13 (2004).
Winter, C, Hill, K. M., Gioia, G., The Characteristics and Evolution of Striped Patterns in Rotated Granular Mixtures, TAM 

Report for the Fifth Annual Undergraduate Conference in Mechanics, p. 35 (2004).
Hill, K. M., Martin, J. E. and Adolf, D. A.  Rheology of colloidal aggregates.  Internal report, Sandia National Laboratory 

(2000)

PAPERS IN PROGRESS

Hill, K.M.,  Zhang, J., Competing Effects of Size- and Density- Driven Segregation. submitted Physical Review E.
Hill, K. M., DellAngelo, L., Meerschaerdt, M. Particle Size Dependence of the Probability Distribution Functions of Travel Distances 

of Gravel Particles in Bedload Transport., submitted Journal of  Geophysical Research

Hill, K. M., Fan, Y., Zhang, J., Van Niekerky, C., Zastrowz, E., Hagness, S. C., Bernhard, J. T.  Granular Segregation Studies for the 
Development of a  Radar-Based Three-Dimensional Sensing System., submitted Journal of Granular Matter

Hill, K.M. Yohannes, B. Khazanovich, K. A., Unified Mechanistic Approach for Modeling Tests of Unbound Pavement 
Materials. submitted Journal of Transportation Engineering.

INVITED TALKS

Disparate segregation mechanisms in dense sheared granular flows, Institute of Mathematics and its Applications (IMA), 
Conference on Dense Granular Flows, Isaac Newton Institute of Applied Mathematics, Cambridge, England (January, 
2009)
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Size Segregation in Dense Particulate Flows, American Geophysical Union, San Francisco, CA (December, 2008)
Predicting order from disorder in dense granular flow, Department of Aerospace and Mechanics, University of Minnesota, 

Minneapolis, MN (November, 2008)
Segregation in dense sheared granular mixtures, Short talk at the Gordon Conference for Granular and Granular-Fluid 

Flows, Colby College, Maine (June, 2008)
Measurements of Sheared Granular Mixtures, 8th International Workshop in Bifurcations and Degradations in Geomaterials, 

Lake Louise, Canada (May, 2008)
Sorting out Segregation Mechanisms at the Interface between Densely Creeping and Energetic Granular Flows, International 

Conference of the Engineering Mechanics Institute (EM08), Minneapolis, MN (May, 2008)
Granular materials mixing: an “open” question, Department of Physics, University of Western Ontario, London, Ontario 

(February, 2008)
Bedload transport: a series of size-dependent stochastic processes, Stochastic Transport and Emergent Scaling in Earth-

Surface Processes, Lake Tahoe, NV (November, 2007) 
Pattern Formation in Laboratory Experiments and Natural Environments, Department of Civil Engineering, University of 

Arizona (October, 2007)
Mixing Mechanisms in Multiphase Flows, Mineral Physics Seminar, Department of Geophysics, University of Minnesota 

(April, 2006)
Models for Mixing and Unmixing Granular Flows: Diffusional Mixing, Granular Segregation, and Chaotic Advection, 

Microscale Flow and Transport Seminar, Department of Chemical Engineering and Material Sciences, University of 
Minnesota (March, 2006)

Granular Materials Mixing: Chaotic Advection and Diffusional Mixing, Condensed Matter Seminar, Department of Physics, 
University of Minnesota (February, 2006).

Mixing and Segregation Mechanisms in Granular Materials, Civil Engineering, University College Dublin (January, 2006)
Granular Materials Segregation and Mixing in Rotating Drums with Applications to Riverbeds, St. Anthony Falls Laboratory, 

University of Minnesota (December, 2006)
Particle Sorting, From Rotating Drums to Riverbeds, Water Resource Science Program Seminar, University of Minnesota 

(October, 2006)
An Update on the Granular Flow, Mixing and Segregation, New Mexico Resonance, Albuquerque, New Mexico (August, 

2005).
The Art of Mixing: Chaotic Advection, Resonances, and Pattern Formation, Meeting on Understanding Complex Systems, 

Department of Physics, University of Illinois (May, 2005).
Kinematics and Pattern Formation in Dense Granular Flow, Department of Civil Engineering, University of Minnesota 

(April, 2005)
The Emergence of Order and Symmetry in Mixing Devices, Physics Colloquium, Department of Physics, University of 

Illinois (February, 2005)
How Rocks Roll, Wine Seminar,  Department of Physical Geology. University of Oslo, Norway (November, 2004)
Structure, kinematics, and pattern formation in dense granular flow in a drum,  Department of Physics, University of 

Rennes, France (November, 2004) 
Structure and flow in granular mixtures,  New Mexico Resonance, Albuquerque, New Mexico (July, 2004)
Viscous fingering in granular mixtures, Gordan Conference on Granular Flows, Maine (June, 2004)
Structure and kinematics in granular flow, Special Seminar, Department of Theoretical and Applied Mechanics, University 
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of Illinois (May, 2004)
Interplay between structure and flow in dense granular materials, Department of Physics, University of Illinois (February, 

2004).
Structure and kinematics in dense free-surface granular flow, at a Newton Institute Workshop on Flow Regimes, Transitions 

and Segregation in Granular and Particle-laden Flows, Cambridge, England (2003).
Undergraduate Research: The Perspective of a True Believer, Engineering Council’s Undergraduate Research Workshop, 

Engineering Council, University of Illinois (2003).
Laminarity in Free Surface Boundary Layer Granular Flow, TAM Fluid Seminar (2002)
The competing effects of segregation and chaotic mixing in granular materials,  Kimberly Clark Corporation, Neenhan, WI 

(2000).
Chaos: From sand piles to solar system: Unexpected order in disorder, University of Wisconsin (1999).
Interaction between segregation, chaos, and mixing in granular materials,  Northwestern University (1999).
Magnetic Resonance Imaging (MRI) and Fourier analysis of axially segregated granular, James Frank Institute, University 

of Chicago (1996).
Segregation of sand when rotated in a drum “mixer,”  St. Olaf College, Minnesota, (1996).
Phase transitions in rotating granular media, Chemical Engineering Department, University of Minnesota (1996).

RECENT CONFERENCE PRESENTATIONS

Boundary stresses due to sheared granular mixtures, Yohannes, B., Hill, K.M., Hsu, L., Dietrich, W. E. American Geophysical 
Union Fall Meeting San Francisco, CA, December, 2008.

Force distributions in segregating granular mixtures Hill, K. M., Yohannes, B., Zhang, J.  American Physical Society, 
Division of Fluid Dynamics San Antonio, TX, November, 2008.

Boundary stresses due to sheared granular mixtures, Yohannes, B., Hill, K.M., Hsu, L., Dietrich, W. E. American Physical 
Society, Division of Fluid Dynamics San Antonio, TX, November, 2008.

Experimental and computational studies of segregation in a split-bottom cell, Fan, Y., Hill, K.M. American Physical Society, 
Division of Fluid Dynamics San Antonio, TX, November, 2008.

Stream bed slope response to gravel and sand, Gaffney, J., Hill, K. M., Paola, C. Minnesota Water Resources Conference 
St. Paul, MN, October, 2008.

Sorting out Segregation Mechanisms in Rotating Drums and Split Bottom Drums, K.M. Hill, Yi Fan, J. Zhang (Gordon 
Conference for Granular and Granular Fluid Flows) Colby College, Maine, May, 2008.

Granular Segregation Studies for Retroreflector Sensor Development Hill, K. M., Fan, Y. Zhang, J., Bernhard, J. T., Hagness, 
S. C. SPIE March 2008 Meeting of Smart Structures/Nondestructive Evaluation for Health Monitoring and Diagnostics, 
San Diego, March, 2008. 

Toward a Unified Mechanistic Approach for Modeling Tests of Unbound Pavement Materials, Hill, K.M. Yohannes, B. 
Khazanovich, K. A., Transportation Research Board Meeting, January, 2008.

Experimental Study of Different-Sized Tracer Particles in a Laboratory Flume, K.M. Hill, L. DellAngelo (AGU Fall 
Meeting) San Francisco, California, Dec 2007.

Sorting out Segregation Mechanisms in Densely Flowing Granular Mixtures, K.M. Hill, Yi Fan, J. Zhang (APS, DFD) Utah, 
November 2007.

Segregation in a split-bottom cell, Fan Yi, K.M. Hill, Z. Entezari (APS, DFD) Utah, November 2007.
Velocity fluctuations in granular mixtures in a rotating drum J. Zhang, K.M. Hill (APS, DFD) UT, November 2007.
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Model studies of different sized tracer particles in bedload transport, K.M. Hill, L. DellAngelo, G. Shaffer (EGU General 
Assembly) Vienna, Austria April 2007.

Concentration and Velocity Measurements of Both Phases in Liquid-Solid Slurries S. Altobelli, K.M. Hill, A. Caprihan 
(APS March Meeting) Denver, Colorado, Mar 2007.

Experimental Study of Different Sized Tracer Particles in a Gravel-Bed Laboratory Flume, K.M. Hill, L. DellAngelo (AGU 
Fall Meeting) San Francisco, California, Dec 2006.

Density and Size Dependence of Dense Granular Flow, K.M. Hill , J. Zhang  (APS, DFD) FL, Nov 2006.
Kinematics of granular slurries J. Zhang, K.M. Hill  (APS, DFD) Florida, Nov 2006.
Packing Mediated Jamming in Thin Drums, Kimberly Hill, Jiafeng Zhang, Varun Mittal, Sophie McGough (Gordon 

Conference) Oxford, England, July, 2006
Granular Flow in Narrow Channels, Kimberly Hill, Sophie McGough, Jiafeng Zhang (American Physical Society, Meeting 

of the Division of Fluid Dynamics) Chicago, November, 2005.
Dense Free Surface Flow in Granular Mixtures, Jiafeng Zhang, Kimberly Hill (American Physical Society, Meeting of the 

Division of Fluid Dynamics) Chicago, November, 2005.
Radial Striping in Granular Mixtures: a Positive Feedback Mechanism, Varun Mittal, Zhi Huang, Jiafeng Zhang, Kimberly 

Hill (American Physical Society, Meeting of the Division of Fluid Dynamics) Chicago, November, 2005.
Boundary layer granular flow: binary mixtures, Kimberly Hill, Jiafeng Zhang (American Physical Society, Meeting of the 

Division of Fluid Dynamics) Seattle, November, 2004.
Velocity fluctuations and energy dissipation in granular flow, Stephanie Ott-Monsivais, Gustavo Gioia, Kimberly Hill 

(American Physical Society, Meeting of the Division of Fluid Dynamics) Seattle, November, 2004.
Wavy radial segregation patterns in a rotating drum, Cara Winter, Kimberly Hill, Gustavo Gioia (American Physical Society, 

DFD)  New Jersey, November (2003).
Self-Diffusion in Dense Granular Flow, Kimberly Hill, Gustavo Gioia (American Physical Society, DFD)  New Jersey, 

November (2003).
Velocity Fluctuation Correlations in Laminar Boundary Layer Granular Flow, Stephanie Ott-Monsivais, Gustavo Gioia, 

Kimberly Hill (American Physical Society, DFD)  New Jersey, November (2003).
Structure and Kinematics in Laminar Boundary Layer Granular Flow, Kimberly Hill, Gustavo Gioia, Stephanie Ott-

Monsivais, Vinay Tota (Society of Engineering Science)  Ann Arbor, MI October (2003).
Wavy radial segregation patterns in a rotating drum, G. Gioia, K. Hill, D.  Amaravadi (March Meeting of the American 

Physical Society) Austin, TX, March (2003). 
Granular segregation in unsteady dense sheared flows, K. Hill (March Meeting of the American Physical Society) Indianapolis, 

IN, March (2002).
Particle tracking techniques for measuring granular flow, N. Jain, A. Akoner, K.M. Hill, J.M. Ottino, R.M. Lueptov 

(International Conference for Theoretical and Applied Mechanics, ICTAM, 2000, Chicago, IL, August (2000).
Axial segregation patterns in non-circular tumbling mixers, K. M. Hill, N. Jain, J. M. Ottino (International Conference for 

Theoretical and Applied Mechanics, ICTAM, 2000, Chicago, IL, August (2000).
Segregation patterns in non-circular rotating drum mixers, K. M. Hill, N. Jain, J. M. Ottino. (March Meeting of the American 

Physical Society) Minneapolis, MN, March (2000).
Signatures of chaos in 2d tumbling mixers interplay between chaos, segregation, and mixing, K.M. Hill, J.F. Gilchrist, D.V. 

Khakhar, J.M. Ottino (International Union of Theoretical and Applied Mechanics) Cape May, New Jersey, June (1999).
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Interaction between  chaos and segregation in granular materials, K.M. Hill, J.F. Gilchrist, D.V. Khakhar, J. J. McCarthy, 
J.M. Ottino (American Physical Society, Division of Fluid Dynamics) Philadelphia, Pennsylvania, November (1998)
Rheology of colloidal aggregates, K.M. Hill, J.E. Martin, D.A. Adolf. (Materials Research Society Spring Meeting) San 
Francisco, California, April (1998).

Field-induced optical transmittance in magnetorheological fluids, K.M. Hill, J.E. Martin, C.P. Tigges. (March Meeting of the 
American Physical Society) Los Angeles, California, March (1998).

GRANTS RECEIVED FOR RESEARCH AND TEACHING

Years Brief Title or Description Source Total Funding Allocated to KMH in 
parentheses

2000-01 Nuclear Magnetic Resonance Imaging of 
granular segregation

UWW Faculty 
Development Grant

$6500 (All)

2001-02 Development of Granular segregation 
control

UIUC Research Board $25,500 (All)

2001-2002 Instructional demonstration equipment for 
TAM 212 and TAM 235

ISPE, Engineering 
Equip Grant

$81,500 ($22,700)

2001-2003 Redesign of TAM 235 toward a laboratory-
driven course

UIUC AE3 ARC grant $30,000 (All)

2002-2003 Instructional demonstration equipment for 
TAM 212 and TAM 235

ISPE, Engr. Equip 
Grant

$ 59,000 ($50,500)

2003-2005 Second Generation Digital Mathematics 
Resources with Innovative Content for 
Metadata Harvesting and Courseware 
Development

NSF $ 796,000 ($50,000 and one RA / 
year)

2004-2008 REU Site: Mechanics of Complex 
Materials

NSF $212,764 (1 month summer salary 
and some undergraduate research 
assistants)

2006-2008 Mechanistic Modelling of the DCP test for 
Unbound Materials

LRRB, MN DOT $105,000 (Co-PI: Lev 
Khazanovich)

2006-2008 Segregation and Mixing in Unsteady 
Particle-Laden Flows 

Grant-in-Aid Program, 
U of Minn

$26,819 (All)

2006-2009 Collaborative Research: Development of 
a Three-Dimensional Sensing System for 
Applications in Materials, Environmental, 
and Civil Infrastructure Research

NSF $381,000 ($127,000); PI: J. 
Bernhard, UIUC and other co-PI: S. 
Hagness, UW-Madison

2008-2011 Multi-scale studies on the effects of fluid 
and bed variability on particle entrainment 
and transport

NSF $295,901 (Co-PI is F. Porte-Agel) 

PROFESSIONAL ACTIVITIES, National

Professional Meeting Organization
Chair of the Session Mechanics Committee: Annual Meeting of the American Physical Society, Division of Fluid 
Dynamics, Chicago, Illinois, November, 2005
Session Organizer, Mini-symposium on Granular Materials: Interconnecting Engineering  and Physics Perspectives, EM08 to be held 
in Minneapolis, May, 2008

Professional Committee Work
Vice-Chair, External Affairs Committee, American Physical Society, Division of Fluid Dynamics, 2006-2007
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Chair, External Affairs Committee, American Physical Society, Division of Fluid Dynamics, 2008

Proposal Review Panels
National Science Foundation, May, 2005, May, 2006, May 2007, May 2008
Petroleum Research Board 2007, 2008
Army Corps of Engineers 2007

Reviewer for Professional Journals 
Europhysics Journal
Mechanics of Materials
Physical Review Letters
Physical Review E
Granular Matter

PROFESSIONAL ACTIVITIES at UMN

Department
Member, Graduate Studies Committee 2005- present
Member, Safety Committee 2005-present
Administrator of Preliminary Written Examination for the Water Resources Group 2006 – present
College
Representative for the Department of Civil Engineering:  Institute of Technology Instructional Computing Committee (IT-
ICC) 2008-present

PROFESSIONAL ACTIVITIES at UIUC

Department
Member, Undergraduate Program and Curriculum Committee, 2001-2002
Chair, Undergraduate Program and Curriculum Committee 2002-2003, 2003-2004, 2004-2005
Member, Committee for Exhibits, Tours and Open Houses, 2001-2002, 2002-2003, 2003-2004, 2004-2005
Organizer for Undergraduate Research Opportunities in Mechanics, Fall of 2002, 2003, 2004
Organizer for Undergraduate Research Conference in Mechanics, Spring of 2002, 2003, 2004, 2005
Member, Award Committee, 2005

College
Panel for Engineering Your Future (EYF) Fall 2001
Panel for Women in Engineering Program (Engr. 199W)
Women in Math, Science, and Engineering living/learning community (WIMSE) Faculty Dinner Series (Fall, 2002)
Engineering Advisory Board Meeting Fall, 2002
Member, Subcommittee on Teaching Evaluation and Improvement, 2002-2003, 2003-2004, 2004-2005
Member, Ad-hoc Committee on evaluation of new research course sequence proposed by the Physics Department 
Engineering Majors Fair, 2003, 2004, 2005
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PROFESSIONAL ACTIVITIES at UW-W

Department
Member, Long-term planning committee, 1999-2001
Member, Major-Minor committee, 1999-2001
Member, Search committee for physics education position, 1999-2000
Member, Search committee for physics position, 2000-2001
Advisor, Sigma Pi Sigma, 1999-2001
Chair, Seminar series, 2000-2001
Five-year joint Engineering / Physics degree program with UW Milwaukee, 2001

Community
Fort Atkinson Science Fair, 2000

COURSES TAUGHT

General Physics I, UW-W  (enrollment ~35) – Introduction to Physics I for non-physics science majors
General Physics I Laboratory, UW-W (enrollment ~30)
Introductory Physics I , UW-W (enrollment ~45) – Introduction to Physics I for physics majors
Introductory Physics Laboratory I, UW-W (enrollment ~40)
Introductory Physics II, UW-W (enrollment ~20) – Introduction to Physics II for physics majors
Introductory Physics Laboratory II, UW-W  (enrollment ~15)
Introductory Physics III, UW-W  (enrollment ~15) – Introduction to Physics III for physics majors
Introductory Physics Laboratory III, UW-W (enrollment ~15)
Mechanics I, UW-W  (enrollment ~10) – Junior-level Mechanics for physics majors
Science Technology and Society, UW-W  (enrollment ~60) – General Introductory Science Course for all students
Engineering Mechanics I – Statics, UIUC (enrollment ~200 or ~600, depending on the semester) – Sophomore-level statics for 

engineering majors
Engineering Mechanics II – Dynamics, UIUC  (enrollment either ~150 or ~350, depending on the semester) – Sophomore-level 

dynamics for engineering majors
Design and Analysis in Engineering Practice, UIUC (enrollment ~10) – Junior-level design course for engineering mechanics majors
Advanced Dynamics, UIUC (enrollment ~30) – Upper-level undergraduate / lower level graduate vibrations and rigid body dynamics, 

primarily for engineering advanced undergraduates or graduates, generally in mechanics or mechanical engineering
Computer Applications for Civil Engineers, UMN (enrollment ~60) – Introduction to numerical methods and computer applications 

for Civil Engineering undergraduates; also significant scientific / engineering writing instruction component
Environmental Fluid Dynamics II (enrollment ~10) – Turbulent Boundary Layer Fluid Dynamics; second course on fluid dynamics for 

graduate students
Sediment Transport (enrollment ~ 10) – Sediment transport for graduate students and practitioners 
Fluid Mechanics (enrollment ~ 80) – Lecture and laboratory course for junior level civil engineering students introducing the 

students to basic and applied principles in fluid mechanics

GRADUATE RESEARCH ADVISING

Year Granted or Anticipated MS Thesis Student Project Title
December, 2003 (granted) Deepak Raghukula Amaravadi Wavy Radial Segregation Patterns in Rotated 

Granular Mixtures

May, 2004 (granted) Andrew Leven Harrison Laminarity of Dense Granular Flow in Chute Flow
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Year Granted or Anticipated MS Thesis Student Project Title
2007 (granted) Leslie DellAngelo Segregation in Particle-Laden Flow - applications 

to Stream Restoration

2008 (granted) Bereket Tewoldrebrahn Discrete Element Modelling of the Dynamic Cone 
Penetration Test

2008 (granted) Jeho Yoo The Curious Case of Mobility Reversal: the Effects 
of Slope and Unsteady Flows

2009 (anticipated) Greg Shaffer Turbulence Characterization of Roughness 
Transitions in Open Channel Flow

2009 (anticipated) Meghan Flanagen Sediment Transport in the Context of Roughness 
Transitions in Open Channel Flow

2009 (anticipated) John Gaffney Impingement of Fines on Gravel Bed Rivers: 
Unstable Slopes and Embededness 

2009 (granted) Jiafeng Zhang Kinematics of Binary Particulate Mixtures in 
Dense Flow 

2010 (anticipated) Fan Yi Proposed: Sensor particle development and 
segregation in sheared media

2011 (anticipated) Bereket Yohannes Proposed: Multiphase modeling and experiments in 
dense granular flows and debris flows

UNDERGRADUATE RESEARCH ADVISING

Student (dates) Project Title
Tom Mooney (2008) Crater Dynamics in Granular Materials
Michael Cremin (2007-2008) Stochastic Motion of Different Sized Tracer Particles in a Gravel-Bed Laboratory Flume: 

Experiments and Model Development
Luis Berrospid (2006-2007) Particle Transport in Gravel Bed Rivers
Hallie Boyer (2006) Flow-Dependent Segregation Studies
Navneet Agarwaal (2006) Adaptation of the Discrete Element Method for the Dynamic Cone Penetrometer 

Pavement Test
David Grayson (2005) Gravity and solid-like resistance of granular materials
John Corboy (2005) Particle Sensors and adjacent excavation
Samuel Valdivia(2005) Particle Sensors and particle segregation by shaking
Kenway Chen (2005) Granular segregation and interstitial fluids
Linus Trippe (2004-2005) Structure of Granular Flow in Narrow Channels
Michael Ly (summer, 2004) The Dependence of Slurry Flow on the Fluid Viscosity
Sophie McGough (summer, 2004) Velocities of Granular Flow in Narrow Channels
Varun Mittal (2003-present) Statistics of Particle Trajectories in Steady Dense Granular Flow
Stephanie Ott-Monsivais (2002-2005) Velocity Fluctuations in Dense Granular Flow
Cara Winter (2002-2003) Wavy Radial Segregation in Granular Materials – Wavelength Tuning
Robert Vlach (2003-2004) Segregation in Unsteady Granular Flows
Adam Cobb (2003-2004) TAM Toys as teaching tools
Diana Jasoriwicz (2003-2004) Near Wall Lift and Drag forces on a Particle
Brian Seguin (Fall, 2003) Dynamics of the Russian Rattleback
Clarence Dienberg (2002-2003) Lift and Drag and an Automobile diffuser
Ki Kim (2002-2003) Miniature Wind Tunnel Demonstration Experiments
Adan Castillo (summer – fall, 2002) Forced Segregation patterns in Granular Materials
Sarah Hussain (summer, 2002) Interactive Demonstrations for Dynamics Education
Mike Acevedo (summer, 2002) Axial Segregation of Granular Slurries – Fluid Viscosity Dependence
Karina (Yuen) Wong (2001-2002) Fill level dependence of Radial Segregation Patterns
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Student (dates) Project Title
Vinay Tota (2001-2002) Velocity Fluctuations in Dense Granular Flow
Hillary Esserine (Fall, 2001) Striped Radial Segregation Patterns in Granular Mixtures – Rate Dependence
Rosa Liana (2000-2001) Granular Segregation Studies in Non-Circular Mixers
John Keegan (2000-2001) Segregation in Unsteady Granular Flows
Cecile Medina (Summer, 2000) Axial segregation of Slurries
Dwight Hunter (2000-2001) 3-D Imaging of Granular Segregation: Chaotic Advection and Axial Banding in Rotating 

Drums
Andrew Bowers (1999-2000) Segregation Studies in Avalanching Flow
David Tanzer (Fall, 2000) Segregation in a Rotating Drum – particle density vs. size differences
Nycletha McCarthy (Spring, 2000) The Interplay between Chaotic Dynamics and Axial Segregation
Neal Sheory (Fall, 1999-Spring, 2000) Density Dependence of Chaotic Granular Segregation Patterns
James Koeppe (1996-1997) Granular Segregation in Avalanche Flows
Laura Yarusso (1995) Axial Segregation Speed Dependence

TEACHING DEVELOPMENT

Primary Training Programs

Preparing Future Faculty (U of Minnesota teaching development course)
University of Wisconsin Teaching Conference
University of Illinois FAST Start Program (Teaching College Faculty Development Program)

Primary Teaching Development Activities

Designed new modern physics course for non-science majors (UW-W)
Developed student-active group learning activities for STS course and physics courses (UW-W)
Developing interactive lecture demonstrations for Introductory Dynamics and Solid Mechanics engineering courses (UIUC)
Developing online interactive tools for Introductory Dynamics and Solid Mechanics courses (UIUC)
Developing online demonstrations for Introductory Fluids course (UIUC)

CONSULTING ACTIVITIES

Intellectual Property Case contracted by Merchant & Gould for Cambria, August-October 2006
Mixing of Powders for Kimberly Clark Corporation, Neenah, WI, March 2000-2002
Textbook content for McGraw-Hill, Chicago, IL October, 2002

PERSONAL INTERESTS
Hobbies include mountain and road biking, running, hiking; cross-country skiing, canoeing, playing the piano, and folk dancing.

.
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Appendix C: EAB Report and Director’s Response

REPORT OF THE EXTERNAL ADVISORY BOARD: 
FEBRUARY 2009 

By Unanimous Agreement of the Board in Attendance: 

Rudy Slingerland, Penn State University (Chair)
Michael Ellis, British Geological Survey
Richard P. Hooper, CUAHSI
Matthew C. Larsen, U. S. Geological Survey
Roberta Johnson, UCAR

PREFACE 
The NCED External Advisory Board (EAB) met on February 19th and 20th, 2009 at the Science Museum of Minnesota and 
St. Anthony Falls Laboratory, Minneapolis, MN. This report constitutes the recommendations of the Committee to the NCED 
Director. It is organized around the charge to the board from NCED and important points identified by the EAB. The findings 
and recommendations of this report are based on documents provided to the Board and presentations by NCED management, 
staff, and principal investigators. The meeting agenda is provided in Appendix I. 

CHARGE TO THE BOARD 
Cooperative Agreement EAR-0120914 indicates that the EAB is “to provide guidance, advice, and oversight for all the Center’s 
activities, consistent with its vision, goals, and objectives”. In addition, NCED Director Efi Foufoula-Georgiou asked the 
External Advisory Board to provide specific advice on the following three questions: 

1. Is our portfolio of activities balanced towards establishing NCED’s legacy? 

2. How can NCED engage the broader community in cost-effective ways? 

3. How should NCED position itself to continue as a National Center beyond its STC-supported life? 

FINDINGS AND RECOMMENDATIONS 

Preamble 

The External Advisory Board (EAB) congratulates the NCED management, staff, and PIs for the progress made over the 
last year. The Research Plan addresses fundamental problems in Earth surface processes, all NCED members now seem to 
understand the research plan, the plan is appropriate for an STC, and the management structure is effective in implementing 
the plan. Now with three and one-half years remaining, everyone’s thoughts should turn to realizing the research plan. This 
effort could be encouraged by reviewing the next round of internal proposals in light of each proposal’s contribution to NCED 
legacy products (as described below). 

Establishing NCED’s Legacy 

The EAB was asked to comment on possible approaches for maximizing NCED’s legacy and in particular, how it should 
position itself and balance its activities to achieve maximum long-term impact. Securing NCED’s legacy will require increased 
efforts to better document and package what NCED has done for the broader community. This will require significant repro-
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gramming of resources away from its business-as-usual enterprise. The NCED Executive Committee should use the current 
project year to determine specific legacy products and then budget for their development. The EAB suggests that such plans 
be finalized by the start of Year 8. 

Presently, the EAB considers NCED’s legacy to be five-fold: 1) the science it has done in developing generalized transport 
laws; 2) the development of rigorous training courses that scientifically advance the field of stream restoration; 3) the new 
approaches it has fostered in students and industry that include coupling physical and biologic processes, and treating uncer-
tainty; 4) its unique niche in environmental education among Native Americans; and 5) its educational programs with the 
Science Museum of Minnesota. One approach to maximizing NCED’s legacy is to focus on the end-products in these five 
areas that will justify the STC.  

The science: NCED researchers are publishing their work at an impressive rate, but there is a need for broader synthesis of 
NCED scientific ideas that go beyond compilation of research papers. The PIs might consider texts or monographs organized 
around the three case studies of the Le Sueur River, Angelo Reserve, and the Mississippi Delta. In addition, it is important 
that the “Manual for Stream Restoration” comes to fruition sooner rather than later. The same can be said for completion 
of software products such as Ripple, GeoNet, the “Integrated User-friendly Restoration Software Package VSL 1.0”, and 
the Parker Toolbox. Also it is very important that the group brings Desktop Watersheds to completion, by which is meant 
completion of an integrated, map-based, watershed modeling system that couples hydrology, critical zone processes, and 
ecogeomorphology and has been tested at two sites. The EAB recognizes that these activities require significant resources. 
To the extent practical, NCED should leverage available resources external to this project to get its data and models out to a 
broader community. Possible sources include CUAHSI Water Data Services for time series; NCALM for LIDAR data, and 
CSDMS for models. Similarly, the state of knowledge in delta restoration needs to be synthesized into a suite of models that 
help to inform the broad engineering community, the public, and decision makers. This includes the sediment transport study, 
subsidence study, wetlands ecology, and economic studies. Whether this takes the form of one connected delta restoration 
model or a suite of disconnected models that could talk to one another through a human connector should be decided this 
year. NCED also might consider publishing a summary document on the delta work such as a circular, fact sheet, or a popular 
article in American Scientist aimed at congressional aides and the lay public. Depending upon advice from NSF, a Hill briefing 
jointly with the USACE might be an effective way to amplify the STC’s impact. Finally, datasets such as from the OSL should 
be made complete, documented well, and distributed widely. 
The NCED approach: NCED PIs are justifiably proud of having changed the way the community approaches problems through 
its emphasis on coupled processes across a broad range of scales, predictability, and generalized and non-local transport laws. 
This is a difficult legacy to document, however. Possible approaches are to provide examples through case studies and to play 
a leadership role in the establishment of a national earth surface dynamics facility, thereby insuring that it embraces the NCED 
Approach. Founding a new journal that promotes NCED values, such as an open-access journal on stream restoration, is in 
principle a good legacy project. However,is this large effort an appropriate use of time and resources, considering the many 
other legacy products that need to be completed? The Executive Committee might solicit thoughts on the effort involved from 
the AGU Publications Board. 
The educational and diversity legacy: The EAB asked itself if it were appropriate for an STC’s educational and diversity efforts 
to be limited in scope to a specific focus and place. It is our sense that broadening should occur, as might be accomplished for 
example, by realigning resources between museum and curricular materials. In these last three years NCED should emphasize 
development of the training materials that go along with its exhibits and disseminate those materials to teachers, make them 
available on-line, and present workshops to teachers at NSTA or similar outlets. Also, NCED lessons should be published 
in earth science education journals. We see these efforts as central to Task ED5 of the SIP and echo a recommendation from 
the 6th NSF Site Visit Report that… “NCED educators and scientists publish information about best practices that can be 
transferred to analogous contexts.” 
Over the first six and one-half years NCED’s diversity focus has been on Minnesotan Native Americans. We agree with the 
6th Site Visit Report that now it is time to broaden and transfer this to other Native American communities and tribal colleges 
through training workshops and best practices documents. 
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Engaging the Broader Community 

To engage the broader community, NCED could make SAFL, the Outdoor Stream Lab (OSL), and the Angelo Coast Range 
Reserve more accessible to the community at-large through better advertising on the web and through workshops, courses, 
and professional meetings. Data streamed on the web also is a powerful attractor. An NCED-sponsored workshop on outdoor-
constructed experimental streams and watersheds would promote sharing and best practices among these international facilities. 

Other Comments 

The next NSF Site Visit might be facilitated by presenting a clearer mapping between specific sections of the SIP and what 
NCED personnel are actually doing. A visual roadmap demonstrating this connectivity would be helpful. 

The loss of Jill Banfield takes away microbial expertise. In light of the interesting geochemical data (i.e., the rapid develop-
ment of reducing zones in the hyporehic area of the stream) emerging from the OSL, efforts should be considered to find a 
replacement, even if not at an identical level of commitment. 
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Director’s response to the External Advisory Board report
The External Advisory Board (EAB) met on February 19-20, 2008 at the Science Museum of Minnesota and the St. Anthony 
Falls Laboratory. On behalf of the NCED PIs and staff, I would like to thank the Board for their energy, time, and insightful 
advice. In its final three years as an STC, NCED will rely heavily on the advice of the EAB towards maximizing the Center’s 
impact, reaching the broader Earth-surface sciences community, establishing long-lasting legacies, and developing a strategy 
for sustaining these legacies beyond 2012. 

We would like to take the opportunity to thank the two new members of the Board, Eric Barron (Director, NCAR) and Michael 
Ellis (Head of the Climate Change Program, British Geological Survey), as well as welcome a brand new member, Nancy 
Stueber (President and CEO, Oregon Museum of Science and Industry).  We look forward to working with them and benefit 
from their experience with large-scale community activities. 

Below we present a response to the issues addressed by the Board:

Establishing NCED’s Legacy

The legacies of NCED can be classified into four broad categories: (1) Infrastructure (Field and Laboratory Research Facilities), 
(2) Synthesis and Discoveries (development of new knowledge in earth-surface dynamics that cuts across disciplines), (3) 
Decision Making Tools (taking science into practice) and (4) People (ensuring a diverse workforce of world-class scientists 
and an informed general public).  

We present below a detailed account of NCED’s legacies grouped into nine categories. We have adopted these nine categories 
for reporting the accomplishments of NCED in the 2009 annual report and we will use them in developing a strategy for 
sustainability. 

Intensive Field Research Sites (from Uplands to Deltas): NCED has invested in three major field observatories which 
span a broad range of natural environments: Angelo Coast Range Reserve (ACRR), Minnesota River Basin (MRB), 
and Wax Lake Delta (WLD which encompass the natural range of erosional and depositional processes driving source 
to sink landscape evolution in North America). These investments have produced major new discoveries and have 
led the foundation for future work not only by NCED investigators but also by the broader earth sciences community. 

Advanced Experimental Facilities: NCED has invested in developing unique expertise in designing state-of-the-art 
experimental facilities for environmental research. Major accomplishments include the Earthscape facility at SAFL, 
the rotating drum facility at Richmond Field Station at Berkeley and first meso-scale integrated earth observatory, 
the so-called Outdoor StreamLab (OSL,) which provides a unique environment for laboratory-quality monitoring in 
a natural scale and setting. 

Synthesis and Synergies across Engineering, Ecology, Earth Science and Social Science: NCED has pioneered a 
unique synergy across disciplines (hydrology, ecology, geomorphology, social sciences, and engineering), a true come-
together of methodologies (mechanistic approaches, advanced mathematical and computational methods, seamless 
synergy between experiments, theory and field work), and transferring of these developments to practice.

Minimal to Full Complexity Predictive Models: NCED has pioneered modeling concepts that serve as pillars for 
advancing scientific hypotheses on cause and effect, guiding collection of new observations, and providing a framework 
for decision making. These models are made available to the community via NCED and via CSDMS. 

Discoveries about Earth-surface Dynamics: NCED’s integrated approach to earth-surface dynamics has resulted 
in a paradigm shift of how problems in Earth-surface sciences are approached based on: a predictive understanding 
of coupled processes operating at multiple scales; prediction of ecosystem functioning and other resource attributes 
using high resolution topography; development of geomorphic transport laws that can incorporate extremes and 
multi-scale variability; upscaling methodologies; eco-hydrolo-geomorphologic theories and models in erosional and 
depositional environments. 

Predictive Landscape Restoration Practice: NCED has developed the scientific basis and modeling tools to transform 
the practice of stream and delta restoration and basin management decisions for ecosystem services. 
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The Next Generation of Researchers: NCED topics, approaches and spirit of collaborative interdisciplinary research 
have trained a new generation of young researchers on how to approach problems in Earth surface dynamics. Some 
of these researchers are training their own students now following a similar style.

A Program that Broadens Participation of Minorities in Earth Sciences: NCED has demonstrated the success of 
the “Circle of Learning” concept for attracting and retaining Native American youth into Earth sciences.

Academia-Museum Partnerships for Communicating Earth-surface Process Science: NCED has pioneered the 
development of major partnerships between academia and Science Museums and has demonstrated the success of 
using this mechanism for educating students from K-12, the general public, school teachers and policy makers. 

The Science

We agree with the Board that during the next year, emphasis needs to be placed on synthesizing scientific ideas and engaging 
the broader community to participate/use our research facilities and research paradigm. We plan to document the infrastructure 
available for research at our three field sites and advertise it to the community through special sessions at meetings, and 
possibly special collections of papers centered around research at our field sites. We are actively working on our software 
products (e.g., Ripple, GeoNet, Stream Restoration Toolbox) and have started discussions with CSDMS to make these models 
compatible with their platform-independent archives and promote their use by the community. We also plan to explore the 
“transport” of the Ripple model (developed for predicting Coho-salmon population in the Eel River, CA) to lowland rivers 
such as the Minnesota River environment. Plans are under way to develop a suite of tools for modeling ecosystem dynamics 
in deltas and package them into a “Desktop Delta” toolkit framework. The suggestion to hold a Congressional briefing on 
delta restoration, possibly in conjunction with USACE, is an idea worth pursuing, given the interest that a recent presentation 
to NSF created in February of 2009. 

In its three last years as an STC, one of NCED’s priorities is to “give back” to the broader community and several steps are 
taken to effectively and efficiently accomplish this. For example, NCED PIs have taken leadership in organizing a series of 
working group meetings which involve NCED and non-NCED scientists. As a result of such a working group, sixteen papers 
on “stochastic transport and emergent scaling on earths’ surface” will be published in JGR-ES, with publication expected in 
the early Fall of 2009. 

Another priority of NCED over the next two years is to advance the production of two “manuals:” one on Stream Restoration 
and Decision Analysis (led by Peter Wilcock) and another on delta restoration (led by Gary Parker). More specific plans for 
these two manuals will be presented to the EAB at the February 2010 meeting.

The NCED Approach

We appreciate the suggestion of the EAB that NCED is in a strong position to play a leadership role in establishing a national 
Earth-surface dynamics facility. We will be thinking of organizing a community-wide forum at which the role of such a facility 
and the critical mass that NCED can provide will be discussed and a strategy to move forward developed. We sympathize with 
the Board’s hesitation to encourage us investing in the founding of an open access journal on stream restoration. This idea is 
still under investigation and a final decision will be reached by the end of the summer.

The NCED Education and Diversity Legacy

We appreciate the comment that NCED should diversify its educational efforts to reaching beyond museum-based educa-
tion. The short presentations at the EAB meeting did not make clear that considerable effort from NCED has already been 
expanded over the past six years in developing training materials for teachers. These materials are posted on NCED’s education 
website and are regularly used by teachers nationally. For example, a recent collaboration of NCED with the NSF-funded 
Science Education Center (SERC) has developed curricular materials which are available through the SERC and the National 
Association of Geoscience Teachers (NAGT) sites. All of the Hands-on Inquiry based materials featured in our two AGU 
all-day sessions are also available at those web sites. Our table-top sequence stratigraphy flume has been extensively used for 
teacher training purposes and is also featured on the SERC site for nationwide access. Finally, the NCED-SMM collaboration 
has developed a “guide to the Big Back Yard” which is extensively used by teachers during school visits at the Science Museum 
and, in conjunction with AMNH, NCED has developed “teacher guides for Water”, which is available online. 
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Two particular materials deserve special mention—our 3D maps, and our dam removal stream tables. 3D posters of Earth’s 
topography and bathymetry are given away at booths at AGU, NSTA, MESTA, and other meetings and are also made available 
at cost to undergraduate geology departments. Our portable dam removal stream tables are in use in formal and information 
education around the US. SMM’s 16 models regularly travel to schools in Minnesota, they are available for checkout at SMM’s 
Science House, and were featured in a workshop at 2009 NSTA.

In the NCED diversity programs which engage the Native American community, our approach has been to begin with a local 
focus, develop a successful model, and then move towards promoting our efforts on a wider scale. As noted in the diversity 
presentation at the EAB, we began our Native American program working with middle- and high-school youths in the Cloquet, 
MN area. In the past two years, we have moved to include a statewide outreach program for Native American undergraduates, 
which is already attracting national attention. In the past year, we have begun to develop and promote a national alliance for 
broadening participation of Native Americans in the geosciences. In addition, the very successful NCED-sponsored Fond du 
Lac Regional Native American Science Fair has become a model for the state of Minnesota. Our efforts have led to the devel-
opment of two new regional Native American science fairs in the state, both of which were developed with NCED advisors. 

We are aware that it is very important in the last years of the center to document NCED’s Education and Diversity best 
practices via publication in peer-reviewed journals. Karen Campbell and Diana Dalbotten, along with colleagues at the 
Science Museum of Minnesota, are committed to submitting several papers in the next year on the unique approach and 
success of NCED’s education and diversity initiatives. Since the EAB meeting, we have submitted for publication a paper on 
the gidakiimanaaniwigamig “Circle of Learning” concept and best practices for engaging Native American youth in science, 
technology, engineering and mathematics careers. We hope to be able to share with the Board these publications before the 
next EAB meeting. 

Engaging the Broader Community

We completely agree with the Board that this is the time to aggressively advertise the availability of NCED facilities (SAFL, 
OSL, ACRR, and the Richmond Field Station) for broader community participation. Our collaboration with CSDMS for both 
modeling and data access is anticipated to increase the accessibility of our models as these will be made platform-independent 
using protocols and standards adopted by the community as part of the CSDMS effort. 

Two other new efforts geared towards increasing participation of the broader community to the “NCED approach” are: (1) 
the Summer Institute on Earth-surface Processes, and (2) the Young Researchers in Earth-surface Sciences Network. The 
Summer Institute will first be offered in August 2009 and is anticipated to become a permanent forum for engagement of 
young scientists in interdisciplinary Earth-surface dynamics research using an integrated approach of theory, experiments, 
field work and modeling. The Young Researchers network is seen as a mechanism to engage early career scientists in research 
exchange and collaboration with NCED scientists and facilitate their access to NCED facilities for research and education.

Other Comments

We appreciate the comment that presenting our accomplishments in a manner that maps onto the specific sub-projects of the 
Integrated Programs (IP), as spelled-out in the Strategic and Implementation Plan (SIP), would be helpful to the site visit team 
and we plan to do this. 

The Executive Committee has decided not to replace at this time the expertise of Jill Banfield on microbial community dynamics 
but rather concentrate on fostering the biogeochemical expertise that is available within existing NCED PIs (Hondzo, Finlay 
and a post-doctoral associate in Twilley’s group). We have added a new PI (Kimberly Hill) who provides a complimentary 
expertise on mechanistic (particle-based) approaches of sediment transport and particle sorting.
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Appendix D: Site Visit Report and Director’s Response
6th Annual Site Visit Report
National Center for Earth Surface Dynamics
Minneapolis, Minnesota
May 28-30, 2008

Introduction
This report documents the findings of the 6th NCED annual and special site visit with focus on progress of the Center during 
the period 2007-2008, and justification for continued NSF support during years 7 through 10. The site visit took place May 
28-30, 2008 at NCED headquarters in Minneapolis, MN. The NSF Site Visit Team (SVT) consisted of eight external members: 
Thomas Henyey (Chair, University of Southern California), William Heyman (Texas A&M University), Jackie Huntoon 
(Michigan Technological University), Francisca Oboh-Ikuenobe (Missouri University of Science and Technology), James 
Pizzuto (University of Delaware), Robert Ross (Museum of the Earth), Daniel A. Soluk (University of South Dakota), David 
G. Tarboton (Utah State University) and five NSF representatives: H. Richard Lane, Thomas Baerwald, W. Lance Haworth, 
Pamela Stephens, and Bruce Umminger. The SVT was specifically charged with evaluating the Center’s accomplishments 
and progress towards its originally stated goals since its inception. 

Overview
The SVT was impressed with the continued progress and maturation of the Center. This is in no small part due to the excellent 
team of senior scientists (including two NAS members), an outstanding cadre of graduate students, and superior leadership. 
It is the opinion of the SVT that the accomplishments, future plans and value added of this Center as a whole are greater than 
the sum of its parts and that the Center’s contributions are consistent with the Team’s expectations for a NSF STC in year 6 
of operation. The SVT recommends that NSF continue support of NCED during project years 7-10.

Vision

NCED’s vision, as presented to the SVT is:

“To predict the coupled dynamics and evolution of landscapes and their ecosystems, in order to transform 
management and restoration of the Earth-surface environment.”

The SVT is pleased with this new formulation of a vision statement for NCED because it accurately conveys the Center’s raison 
d’être, conveys a sense of its goals for the long-term, and serves as a unifying theoretical context for the Center’s day-to-day 
actions. All of NCED’s activities are in line with this vision and the projects within each of the three Integrated Projects (IPs) 
will contribute to NCED’s ultimate success in achieving goals consistent with its vision. 

The SVT was impressed by the strong integrative vision and coherency of research presented by the Center. The level of 
integration achieved would not have occurred without the Center. The vision of prediction of processes of landscape evolution, 
from watersheds through streams to deltas, provides a strong focus to the questions that the Center is addressing. Although 
the wording of NCED’s vision statement has changed through time, it is clear to the SVT that the function and management 
of the Center has consistently aligned with the conceptual framework inherent in this new formulation.

Mission

NCED’s stated purpose is to “catalyze development of an integrated, predictive science of the processes shaping the 
surface of the Earth, in order to transform management of ecosystems, resources, and land use.” Based on review of 
NCED documents and presentations, the SVT concludes that NCED’s mission is sufficiently well defined and of appropriate 
scale for an NSF STC. NCED uses the term ‘catalyze’ to emphasize both its scientific leadership role as well as its appreciation 
of the importance of partnerships and the work done by others in advancing the community’s understanding of Earth surface 
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evolution. The mission statement also encompasses the importance of NCED’s contributions in moving the community from a 
dominantly descriptive science to one that has identified the critical variables and is able to use fundamental science approaches 
to predict the behavior of an interrelated suite of complex natural systems under changing external conditions. Importantly, 
their mission extends to the application of predictive science to real-world problems. 

Legacy

The SVT was impressed by the strength and vision of legacy plans presented by the incoming NCED Director (Efi Foufoula-
Georgiou). The Center plans to sustain many of its activities after the NSF funding period ends. NCED envisions its legacy 
as consisting of significant contributions in the following areas:

Intellectual – Transformation of the character of Earth surface research 

Research Infrastructure – Development of resources for the benefit of the research community

Knowledge Transfer – Improvement of the ways in which science influences management decisions

Education – Development of models for effective science outreach through informal and formal venues

Diversity – Establishment of a model for broadening participation within the science community and creating stable 
pipelines into the research community for members of underrepresented groups

One of the most important of NCED’s legacy goals is that the Center will be known for taking a leadership role in the restora-
tion of the Mississippi Delta. 

Management
NCED management consists of a Director (Chris Paola) and Co-Director (Efi Foufoula-Georgiou). NCED science is organized 
around three Integrated Projects (IPs), each with a project leader (senior scientist) and a project manager (responsible for the 
day-to-day activities). Each IP consists of a set of research projects that constitute its research agenda. Research is guided 
by the senior scientists representing six cross-cutting focus groups including channel network dynamics and scaling, chan-
nel and flood plain dynamics, long-term dynamics, human dynamics, ecogeomorphology, and advanced mathematical and 
observational methods.

In addition to science organization, management includes Special Directors of education, diversity, and knowledge transfer. 
An External Advisory Board (EAB) meets once or twice a year to provide guidance, advice, and oversight of Center activities 
consistent with its vision, goals, and objectives. The SVT generally agrees with the findings of the EAB. It should be noted 
that the Center Director will be changing hands this year from Paola to Foufoula-Georgiou. 

NCED has developed an appropriate process for allocation of resources that is both fair and objective. The directors and project 
leaders constitute the Center’s Executive Committee which guides the research agenda and allocation of funds among the IP’s 
research projects, facilities, and specialized needs (e.g. graduate students, incentives, etc.). Principal Investigators (PIs) of 
the research projects submit mini proposal based on science needs and target amounts provided by the Executive Committee. 
Proposals are evaluated according to standard performance metrics. The SVT compliments the Center for keeping management 
costs less than 10% of the total Center budget.

NCED is a partnership among the University of Minnesota, UC Berkeley, University of Colorado, Johns Hopkins University, 
University of Illinois, University of Texas, Louisiana State University, Science Museum of Minnesota (SMM), and Fond du 
Lac Tribal and Community College (FLTCC). 

The SVT was particularly pleased that University of Minnesota administrators (Provost, VP for Research, Dean and Associate 
Dean of the Institute of Technology) are highly supportive of NCED. They have voiced a strong commitment for maintaining 
support for NCED’s programs in the future. 
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Recommendations

1. The SVT recommends that the Center consider using the title “Assistant Director” for the leaders of the education, 
diversity, and knowledge transfer components to reduce confusion in the organization of the Center.

2. The SVT recommends that IPs be referred to as “Integrated Programs” (rather than Integrated Projects) to reduce 
the confusion between the IPs and the research projects.

3. The names of the IPs are confusing to outsiders. The SVP recommends that the names be changed to reflect the 
integrated science of the IPs. For example, the PIs might consider using simple terms such as: “watersheds”, 

“streams”, and “deltas” that reflect the connections among the IPs.

4. NCED would benefit from formal center-wide evaluation that would aid the PIs in tracking their progress toward 
goals/milestones and in making management decisions about funding allocations.

Science Research and Accomplishments to Date

Appropriateness of Research Plan for a Center Effort 

NCED’s research programs are intimately interconnected by: 1) the use of closely related research tools and a similar theoretical 
framework, 2) a strong connection between physical and biological processes, and 3) direct applications to management and 
policy. The IPs seek answers to complex scientific questions spanning several disciplines, where the development of predictive 
capabilities provide important societal benefits, and where the state of scientific knowledge prior to the inception of the Center 
was largely qualitative and descriptive. Furthermore, NCED functions in a collaborative mode such that advances in one IP 
often contribute to progress of the other two IPs. This research plan is appropriate for a Center effort because of: 1) the scope 
and significance of the problems to be solved, 2) the large group of researchers needed, and 3) the deep interconnections 
between the IPs that allow the results of all the projects to reinforce one another.  

Importance of the Scientific Questions Addressed by the Center

The Center is succeeding in its efforts to address some of the most fundamentally important questions in earth-surface science 
and ecology. By working to develop a more theoretically-based science that explicitly integrates earth, water and life the 
Center is transforming earth-surface science of whole drainage systems. This is facilitated by focusing on processes occur-
ring within drainage systems from headwaters to the deltas of major river systems, and by experimental studies carried out 
on a variety of scales. For example, their work has already profoundly influenced fluvial geomorphology and will influence 
aquatic ecology. The questions being addressed are also important for applied sciences such as stream restoration, wildlife 
and fisheries management. 

Clarity of the Value-Added Nature of the Research Accomplishments and Planned Activities

The first six years of this Center have established a solid foundation of accomplishments and cross disciplinary relationships 
that are well poised to blossom in the activities planned for the last four years. The SVT saw impressive examples of numerical 
modeling and laboratory experimentation of earth surface flows that are advancing the fundamental theory that underlies land-
scape evolution. These advances for earth flows contribute to understanding of watershed, stream and delta processes cutting 
across the three IP’s into which NCED is organized. NCED research is also contributing fundamentally to new understanding 
in ecology, and the linkages between the physical landscape template and species abundance, both on and below the surface.

Clarity and Focus of Research Vision, Mission and Potential Legacy

This has been addressed above.     

Extent of Social Science Research and its Integration with other Research Activities

In spite of a late (year three) start, social science research is rapidly gaining traction and being incorporated throughout the 
Center’s activities. The small team is using a carefully staged approach in order to meet overall Center needs and yet to avoid 
spreading themselves too thinly. They began with an initial focus within the Stream Restoration IP, expanding recently into 
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Mississippi Delta issues and have plans for staged expansion into the Desktop Watershed IP during 2008 and 2009. The 
social science work is designed in large part to help transform ecosystem/resource management decision-making through the 
incorporation of predictive science. Decision framework analysis is being used to evaluate the tradeoffs and uncertainty in 
economic (personal and societal) and social values of various stakeholder groups in order to advance decision-making. Thus 
the social science research is leading to results at two valuable scales. At local, specific resource scales, the team is producing 
case studies of decision-making processes involving various stakeholders. At a broader scale, NCED is offering more general 
contributions to methodological approaches for incorporation of predictive ecosystem science into stakeholder-driven, resource 
management decision-making.

Appropriateness of Research Goals for Ten-Year Period and Performance through the First Six Years.

The broad goals of the Center are appropriate and of central importance for enhancing progress across a range of disciplines 
from geomorphology, to theoretical, and applied ecology. Even if the goals are not completely achieved in the next four-five 
years, it is apparent that significant progress will be made.  The overall scientific performance to date features numerous 
influential publications in high profile reviewed journals both general and across a wide array of fields. The organization of 
key workshops and symposia are also a prominent feature of their scientific performance. Individual integrated project areas 
differ somewhat in level of scientific performance primarily because of differences in the extent of efforts in knowledge 
transfer and focus on non-science user groups.  The integration of ecological interactions into an eco-geomorphological 
framework is a primary feature of the vision and mission of NCED.  Ecological elements are already a major feature of the 
DW and SA IPs.  The planned inclusion of a more explicit ecologic component of the SR IP will enhance the progress of the 
center towards its primary goals. 

Appropriateness of Budget Allocation to Different Research Activities

The budget allocation procedures are addressed more fully in the management section of this report. The cross-disciplinary 
reach of many of the projects poses budget and accounting challenges, because allocations to individual researchers (PI’s, post 
docs, especially synthesis post docs, graduate students) result in contributions to multiple IPs. NCED as an organization thrives 
on the dynamic interactions between the researchers fostered by stimulating weekly teleconference seminars and meetings. 
Center leadership has been quite effective at using funding allocations to nurture this enthusiastic and creative atmosphere 
for interdisciplinary collaboration. The budget decisions that set the direction of the Center are approached democratically by 
the PIs and involve considerable judgment. 

Comments on Accomplishments to Date, specifically comment, if appropriate, on any significant ones that would not 
have occurred without this Center

The Center has impressive accomplishments that uniquely owe their existence to its structure as a whole.  These include: 1) 
The linking of the distribution and abundance of biota and ecological regime within stream systems, to a channel network 
framework;  2) The development of modeling tools that provide a theoretical and experimental framework for understanding 
of the process of land building and the structure of deltaic systems in the Mississippi River Delta, incorporating subsidence, 
sedimentary and biological processes; and 3) The development of approaches to stream restoration that incorporate the results 
of controlled experiments manipulating both sedimentary and biological parameters such as vegetation growth.

Appropriateness of Performance Indicators/Milestones used by the Center and Center’s Success Relative to these 
Indicators

The Center tracks as performance indicators, the papers, presentations and thesis output of NCED researchers. NCED research 
is exemplary by these conventional measures. The Center also tracks collaborations across PI and IP research in terms of initial 
idea development, on going projects, production of papers, and well established projects with shared students and joint papers. 
The growth in these connections is impressive and demonstrates the effective nature of the Center value added aspects. Each 
research project has individual milestones identified in the strategic and implementation plan (SIP), and management tracks 
their accomplishments. The Center presented to the SVT specific changes in this list of milestones from years 4 and 5 to the 
current table (appendix in SIP) for years 6 to 10. These reflect an active adaptive management of the Center that is appropriate 
and indicates good leadership. Certain tasks identified in earlier plans (e.g. large eddy simulation applied to landscapes) that did 
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not have sufficient impact on research objectives have been dropped in favor of other more focused tasks (e.g. digital extraction 
of key topographic features from LIDAR terrain data). For a research enterprise of this level of complexity and integration 
this Center has been remarkably effective at following through on planned activities and meeting established milestones. 

Education
The goal of NCED’s education initiative is to: 

“bring Earth-surface dynamics to life for a broad spectrum of learners, in order to educate future leaders in 
NCED’s key mission areas of land, resource, and ecosystem management.” 

NCED has a very active and well-regarded education program of high impact in both informal and formal education. It 
integrates NCED research with complementary background science content in a wide variety of ways for different audiences 
(K-12 students, teachers, undergraduates, graduate students, and the general public). A large number of U.S. citizens are 
involved in each of these audiences, and there is a growing international impact as well. 

NCED education activities have great potential to increase public understanding of Earth systems and how they evolve over vast 
spatial and temporal scales. They have been successful in demonstrating to diverse audiences how researchers use experiments 
and numerical models to address problems, and use field data and modeling results to develop and test hypotheses.  The link 
of the education activities to the Center’s mission is clear, and there is good balance between blending the strengths of SMM 
and NCED education staff in creating innovative new programming that takes these organizations in new directions. NCED 
education staff report outstanding cooperation from NCED scientists, facilitating success of the endeavors.

The education program has achieved national prominence within the geoscience education community. Some of the approaches 
used by the NCED education team are being replicated by others nationally; examples include NCED applications of Science 
on a Sphere, Earth-surface Floor Maps, and the diversity enhancing program involving Native Americans. The team members 
are frequent contributors at national meetings such as the Geological Society of America, American Geophysical Union, and 
Association of Science and Technology Centers. Though the original objectives of NCED education program was not publica-
tions and education research, the team is making an effort to document more of their activities in publications. Education and 
exhibits are evaluated by SMM’s in-house evaluation program. The Annual Report shows the standard metric, i.e., number 
of individuals participating, as an indicator of activity. 

Accomplishments at this point come in two forms: (1) development of approaches that foster innovation in education approaches 
and (2) completion and implementation of several ambitious projects that have or will collectively reach millions of individuals. 
With respect to approaches, accomplishments include: (1) the long-term fostering of the NCED-SMM partnership and syner-
gies among scientists and educators generally; (2) application of visualizations and experiments in Earth-surface dynamics 
to a broad array of educational contexts; and (3) development of networks among post-secondary NCED students and their 
mentors that provide trans-disciplinary research and education experiences. 

An unusually large proportion of NCED’s budget has gone toward education. Leveraging this support and the pre-existing 
reputation of SMM, the education PIs have been able to raise substantial additional funding for informal education through 
the NSF ISE program. This funding is paying for high-impact traveling exhibits and partnership with five other STCs. NCED 
education activities are a useful model for outreach associated with future STCs.

Informal Education 

One of the best aspects of the Education activities is that the importance and benefit of evaluation has been recognized and 
evaluation is now fully embedded into all of the informal education activities. Evaluation requires articulation of vision, goals, 
and milestones, and NCED as a whole would benefit from some project-level evaluation that would aid the PIs determining 
their overall progress toward goals and in making management decisions about funding allocations.

Some of the larger projects include the Big Back Yard, the Smithsonian Folklife Festival and traveling exhibits (e.g., the 
Water: H2O=Life) in collaboration with the American Museum of Natural History. These exhibits attract tens to hundreds of 
thousands of visitors.
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Formal Education

The needs of K-12, undergraduate, and graduate students are being addressed by the Center. These groups require vastly 
different approaches, and the PIs are to be commended for working actively with all of them. 

K-12 education: NCED educators and their SMM colleagues serve K-12 teachers and students directly. One effort involves 
long-term engagement of a Native American community, which is covered in the Diversity section. This model involves 
engagement and capacity building, recognizing that continuity is especially important for students’ success. The partnership 
with SMM is one key to success with pre-college audiences and their teachers, as it provides facilities, staffing, and other 
resources. NCED brings science content expertise, and related 2-D and 3-D visualization. In addition to direct programming, 
large numbers of students can be reached through development of tools that can be applied in classrooms and museums (SMM 
in particular) serving formal education audiences. For example, the table-top models for streams developed by NCED have 
been popular. Three-dimensional visualization efforts have been important for NCED since its inception and NCED’s products 
in this area are being effectively distributed.

Undergraduate education: Members of the NCED team are involved in undergraduate education in a variety of ways, ranging 
from teaching individual courses to serving as a member of a team that developed a textbook that is being used for non-
geoscience majors. An important goal is to develop SMM exhibits that become resources for University of Minnesota courses.

Graduate student education: The graduate students are using technology as well as face-to-face meetings and research activities 
to ensure that they are full members of research teams. Videoconferencing seminars, cross-disciplinary advisory panels, and 
retreats appear to contribute to graduate student success as members and leaders of teams. Graduate students and post-doctoral 
fellows report numerous opportunities and activities that cross traditional departmental boundaries.

Early career professional development: The Meeting of Young Researchers in Earth Science (MYRES) contributes to the 
legacy of NCED by transferring knowledge from the more established scientists who lead NCED to the leaders of the future.

Teacher Training and Professional Development: NCED has served both K-12 teachers and higher education faculty. NCED 
has created a teacher resource Center based at SMM which serves a large audience with teacher professional development 
activities. The NCED website makes instructional materials available.

Recommendations

1. NCED educators and scientists are encouraged to publish information about best practices that can be transferred 
to analogous contexts.

2. The PIs are encouraged to expand involvement of post-secondary students in outreach activities. 

3. The PIs are encouraged to continue documenting and evaluating their contributions to informal education.

4. The PIs are encouraged to consider how to make their exhibits and related materials available to other 
organizations of informal education across the country.

Diversity
The minority program is one of the strongest components of NCED. The diversity within NCED has changed dramatically 
since the Center began operating in 2002, and proactive efforts are being made to achieve minority representation by faculty 
and students that is reflective of the U.S. population. The program’s activities focus on research and practice challenges, with 
particular emphasis on Native Americans. Undergraduate summer internships initiated in year 1 target all underrepresented 
groups. The Center recently received funding for an NSF REU site that will build on the internship program. It will involve 
faculty and graduate students from the University of Minnesota, John Hopkins University and Louisiana State University 
who will work with students at two field sites in Oregon and Louisiana. The faculty-to-faculty program initiated in 2005 with 
minority-serving institutions (Texas A&M, Kingsville and Florida International University) provides summer research sup-
port for visiting graduate and undergraduate students. NCED provides opportunities for recruiting and funding students from 
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underrepresented groups for graduate programs, collaborates with Fond du Lac reservation to provide Native American youth 
science enrichment and immersion programs, and provides mentors, contents and activities to the Big Back Yard crew at the 
Science Museum of Minnesota. There is an excellent metric in place for longitudinal tracking of NCED diversity participants. 

The SVT was particularly impressed with NCED’s efforts in creating pipeline programs aimed at engaging Native American 
students in STEM-related careers. These programs now span the K-12, undergraduate, and graduate realms, and are designed 
to keep students moving through academic transitions (high school to college, 2 year tribal college to 4-year program and 
postgraduate study). Over 350 students, including several repeat participants at middle school level, have participated in 23 
NCED camps, four science fairs and other activities organized as part of the gidakiimanaaniwigamig (Our Earth Lodge) begun 
in 2002. The Giiwed’anang (North Star) AISES Undergraduate Alliance was initiated in 2008 to bring together Native American 
STEM undergraduate students across Minnesota as part of NSF-supported Louis Stokes Alliance for Minority Participation 
program. Finally, NCED has partnered with UCAR/SOARS to form a National Alliance for Broadening Participation by 
Native Americans in Earth Science Disciplines and Careers. It is clear that the Center is taking a leadership role in this 
outstanding effort and should be commended for taking concrete actions that have the potential to be beneficial to the entire 
STEM community. Plans are underway for the long-term sustainability of the diversity activities, and this is appropriate for 
year 6 of a potential 10-year program.

Recommendation

The diversity program now has clearly stated some research goals that it is addressing as part of NCED. This is important and 
admirable because it will contribute information to the STEM community at large about the types of barriers to participation 
that exist and suggestions as to how these barriers can be overcome by other research programs. The results of the research 
should be prepared for publication and disseminated as soon as possible. 

Knowledge Transfer and Accomplishments to Date
The SVT finds that the knowledge transfer (KT) plan is clear and that the accomplishments have been broad in their scope, 
impact, and applicability, and well linked to and supportive of the overall mission of NCED. The SVT finds that NCED is 
serving a transformative role in predictive earth surface dynamics science and its application to resources management. The 
integration of two-way KT efforts throughout NCED activities speaks to the value added by the Center, beyond the funded 
research.

NCED has identified and serves a broad and expanding stakeholder community of agency (federal and local), industry 
(environmental consultants and exploration), academia, and special interest groups engaged in the science, restoration and 
management of our nation’s rivers and river networks. NCED maintains focused Science Partnerships within each IP, with 
stakeholders that serve the important two-way role of informing and driving cutting edge research priorities and providing a 
means of immediate application of research products to restoration and management. Many NCED products and tools have 
been incorporated by stakeholders (particularly in Stream Restoration IP). NCED also produces a variety of more traditional 
but effective KT products and services:

• Short Courses and Trainings

• Workshops and Conferences

• Informal Publications and Newsletters

• Tools and Data Repository (on NCED website)

• Service to Stakeholders and Partners

Summary 
In summary, it is the opinion of the SVT that the accomplishments, future plans and value added of this Center as a whole are 
greater than the sum of its parts, and that the Center’s contributions merit continued NSF support.
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Director’s Response to the Site Visit Report
On behalf of all of us in NCED, we thank the site visit panel for an insightful and constructive review. Site visitors, along 
with our technical coordinators at NSF and our External Advisory Board, remain an important source of ideas for continual 
improvement of NCED. We very much appreciate the positive comments contained in this site visit report, and are gratified 
by the overall sense that, while there is still room for improvement, the site visit committee approves of the overall direction 
of the Center and specifically of how we have responded to the NSF Director’s Review Board (DRB) comments during the 
renewal process. The site visit report includes a number of specific suggestions for further improvement. These are listed 
below in italics, followed by our responses.

1. Mission and vision statements.

The semantic changes regarding our vision statement and statement of purpose will be incorporated in our Strategic and 
Implementation Plan (SIP). 

2. The SVT recommends that the Center consider using the title “Assistant Director” for the leaders of the education, 
diversity, and knowledge transfer components to reduce confusion in the organization of the Center.  

We will consider this recommendation seriously, factoring in the impact this change would have on the program leaders who 
would be affected by it.

3. The SVT recommends that IPs be referred to as “Integrated Programs” (rather than Integrated Projects) to reduce 
the confusion between the IPs and the research projects.

We will make the requested change in our next SIP update. 

4. The names of the IPs are confusing to outsiders. The SVP recommends that the names be changed to reflect the 
integrated science of the IPs. For example, the PIs might consider using simple terms such as: “watersheds”, “streams”, 
and “deltas” that reflect the connections among the IPs.

We understand the semantic issue here and will review the names of the IPs, which we have used for some years now. 
“Watersheds” and “Streams” are already part of the relevant IP names; the absence of “deltas” in the Subsurface Architecture 
IP is the result of its having evolved from a broader program aimed at linking surface evolution with subsurface 3D structure, 
a theme that is still important in our approach to delta restoration. Nonetheless, a name change might be in order and we will 
consider this in the coming year.

5. NCED would benefit from formal center-wide evaluation that would aid the PIs in tracking their progress toward 
goals/milestones and in making management decisions about funding allocations.

Because it was not one of the NSF-designated priorities for this site visit, we did not provide the SV committee with a full 
accounting of the center-wide evaluation we already do. For research this includes comprehensive collection of information 
(publications, collaboration across disciplines and across the center, awards, invited talks, student graduation and placement, 
etc.) annually along with tracking of research progress toward milestones in each IP by the IP Managers semi-annually. These 
measures along with research updates via video-seminars and publications allow us to track progress towards goals and 
milestones in our research program. In Education, we have done formal evaluation with Dr. Mary McEathron (UM Education) 
over several years, which adds to the extensive formal evaluation program of the Science Museum of Minnesota (SMM). 
Knowledge Transfer evaluation includes formal and informal feedback from the Partners Groups for each of the Integrated 
Projects as well as formal evaluation by our short course participants. For Diversity, evaluation is done by tracking outcomes 
for every student we mentor, whether in our Native American science camps or our Minority Summer Intern program. Center-
wide evaluation is done using the comprehensive metrics given in our Annual Report and Strategic and Implementation Plan. 
We will consider adding targeted formal evaluation of specific programs in the coming year.
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6. NCED educators and scientists are encouraged to publish information about best practices that can be transferred 
to analogous contexts.

This is an excellent suggestion. We note that our Education program has an extensive track record of presentations and special 
sessions at national meetings including Geological Society of America (GSA), American Geophysical Union (AGU), and the 
Association of Science and Technology Centers (ASTC), the major annual meeting for informal science institutions. We have 
are already working on it and expect to have publication results to report next year.  

7. The PIs are encouraged to expand involvement of post-secondary students in outreach activities. 

Again, because it was not a designated priority for this site visit, we did not discuss efforts we already have to involve post-
secondary students in outreach. The flagship here is our Museum Assistantship program in which graduate students spend a 
semester working at the SMM on exhibit development in topics related to their area of expertise. This program was started in 
Year 2 and is still going strong. Graduate students have taken a leadership role in mentoring undergraduate research interns, 
in our ESTREAMS teacher internship program, and are involved in our Native American camps as well.  Graduate and 
undergraduate students are also heavily involved in KT activities with IP Partners Groups.

8. The PIs are encouraged to continue documenting and evaluating their contributions to informal education.

This is again a welcome suggestion. Our contributions to informal education have been extensively documented and evaluated 
by the experienced staff at the SMM. This information is available in our Annual Reports. As mentioned above, we have also 
presented extensively on our informal education contributions at national meetings such as AGU, GSA, and ASTC. Some of 
the most impressive recent documentation of our contributions is in the form of favorable reviews of our joint exhibit Water: 
H2O=Life in Nature and the New York Times. 

9. The PIs are encouraged to consider how to make their exhibits and related materials available to other organizations 
of informal education across the country. 

This somewhat surprising recommendation perhaps again reflects topics not covered in our presentations because they were not 
designated as priorities for the site visit. Overall SMM is one of the most active and successful science museums in the country 
at making its exhibits and related materials available to other museums and informal education organizations across the US 
and internationally. One highlight of this was that the SMM hosted the major annual science-museum meeting, ASTC, in the 
fall of 2003, which included participation by NCED researchers and discussion of the NCED SMM/University partnership and 
the Big Back Yard. We published one paper on research-museum collaboration in 2004, and will work on further publication 
about our contributions to informal education in the coming year.

10. The diversity program now has clearly stated some research goals that it is addressing as part of NCED. This is 
important and admirable because it will contribute information to the STEM community at large about the types of 
barriers to participation that exist and suggestions as to how these barriers can be overcome by other research programs. 
The results of the research should be prepared for publication and disseminated as soon as possible.st.

This is an excellent suggestion. Again, we note that our Diversity program has an extensive track record of presentations and 
special sessions at national meetings including GSA, AGU and SACNAS. We are already at work on publications on our 
Diversity work, and expect to have at least one in press by next year. 
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Appendix E: Strategic and Implementation Plan

INTRODUCTION
Global Climate Models predict changes in precipitation in a watershed.

 How will this affect key watershed properties like sediment yield and fish populations? 

Millions of dollars are invested annually in efforts to restore engineered streams.

 Will the restorations achieve their goals?

Land loss in the Mississippi Delta threatens increasing exposure of population centers like New Orleans to hurricanes.

 Can the Delta be rebuilt?

What these questions have in common, apart from being highly relevant to society, is that addressing them requires a sophis-
ticated, cross-disciplinary understanding of the dynamics of the Earth’s surface (the “critical zone”).

The National Center for Earth-surface Dynamics was created to provide this understanding. 

NCED’s PURPOSE
NCED’s purpose is to catalyze development of an integrated, predictive science of the processes shaping the surface of the 
Earth, in order to transform management of ecosystems, resources, and land use.

NCED’s MISSION
NCED is a partnership of research and educational institutions, government agencies, and industry that pursues its goal of 
predictive Earth-surface science by integrating physical, biological, and social sciences. Our research mission is to provide 
the science needed for landscape prediction and restoration. We achieve research synthesis by focusing on a fundamental 
component of the Earth-surface system – channel networks and their surroundings – that recurs in varying but fundamentally 
related forms across a wide range of environments and scales. We collaborate in the application of our research with partners 
to identify knowledge gaps and develop tools to forecast landscape dynamics, guide landscape management, restore river 
and deltaic systems, and promote environmental awareness. NCED shares the excitement of landscape science with a diverse 
community, exchanging perspectives through partnering, nurturing, and interacting in formal and informal education settings. 

The overall question driving NCED’s research program is: How will the coupled system of physical, biological, geochemical, 
and human processes that shape the Earth’s surface (“critical zone”) respond to changes in climate, land use, environmental 
management, and other forcings?

This overall question implies four major tasks:

1) Develop material flow and conservation laws appropriate for Earth-surface prediction on event to centennial time 
scales and areas comprising single processes to whole channel networks;

2) Quantify, via experimental, theoretical, and field work, key physical-biological-geochemical interactions and their 
role in shaping the critical zone;

3) Understand the origin and structure of channel networks and other forms of landscape self-organization, and develop 
techniques to use landscape structure to improve prediction; and 

4) Link understanding of human preferences and decision-making with Earth-surface modeling to optimize environ-
mental management and restoration outcomes.
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To address these overarching tasks, our research program is organized into three Integrated Projects (IPs), each focused on 
a major landscape component: watersheds (Desktop Watersheds IP), individual stream reaches (Stream Restoration IP), and 
depositional systems and associated subsurface records (Subsurface Architecture IP). All three IPs include important issues 
of human impact, management, and restoration such that progress requires two-way collaboration between those developing 
new knowledge and those applying it. The three research IPs together with Knowledge Transfer, Education, and Diversity 
programs comprise the six primary initiatives by which all NCED activity is organized. 

NCED’S PRIMARY INITIATIVES
NCED activities are organized around six primary initiatives: three research initiatives (Integrated Projects or IPs), and three 
non-research initiatives. 

1. Desktop Watersheds Integrated Project (DW)

Motivation: Digital topographic data offer the possibility of building watershed-scale numerical models of real landscapes 
to explore problems ranging from the long time-scale controls on landscape evolution to short time-scale response of aquatic 
ecosystems to land-use change. Such modeling efforts are inhibited, however, by a lack of knowledge and quantitative expres-
sions for many of the fundamental geomorphic and biotic processes. Closure of this knowledge gap and introduction of new 
theories and approaches by NCED and collaborators will lead to discoveries about landscape evolution, and to the construction 
of practical numerical models that will revolutionize land-use management and environmental forecasting. NCED’s unique 
breadth of researchers, experimental facilities, and field programs enables it to assume this leadership role. 

Goal: To discover and advance the fundamental relations needed to predict landscape evolution and to model the coupling of 
ecosystem, landscape, and land-use dynamics. 

Approach: High-resolution digital topography provides the template for Desktop Watersheds modeling. To unlock the potential 
of digital topography, we introduce new theories, propose new analytical approaches, conduct innovative experimental studies, 
and perform intensive field studies to discover, parameterize, and evaluate the fundamental driving equations. Our findings are 
made available to others to improve watershed-scale numerical modeling being developed across the community. We use our 
current digital-terrain based models (prototype Desktop Watersheds), to guide prioritization of research and maintain a tight 
coupling between modeling and observation. In their simplest form, in which the topography is used to estimate such features 
as biological productivity, probable landslide location, channel morphology or bed grain size, Desktop Watersheds models 
can provide a relatively parameter-free prediction of landscape attributes useful in guiding field work and in applications such 
as planning timber harvests and stream restoration projects. The advances from the new research will lead to the ability to 
model cumulative watershed effects, controls on total maximum daily load levels of sediment, and to “game” management 
scenarios in order to optimize land-use activities for ecosystem protection and restoration.

Science questions: (1) What is the topographic signature of tectonic, climatic, and other external forcings on watersheds? (2) 
Where in the landscape do ecological regimes change, what factors cause these changes, and how would the locations of these 
ecological boundaries shift under altered climate, land use, or biological states? (3) How does the physical organization of 
the landscape provide a template for organization of the ecologic and channel-scale processes in the watershed? (4) Do biotic 
processes influence large-scale topographic form? (5) How predictable is landscape evolution, what are the principal sources 
of uncertainty, and how does uncertainty influence decisions about landscape management? (6) What are the driving equations 
of landscape evolution and how can they be scaled up temporally and spatially? (7) What are the long-term environmental 
consequences of various approaches to land use, and what public priorities and decision processes control which approaches 
are used?

2. Subsurface Architecture Integrated Project (SA)

Motivation: As channels evolve under conditions of net deposition, they leave records of the natural variability of the surface 
and of its response to imposed changes. These records provide insight on how depositional systems organize and maintain 
themselves in the absence of human interference. “Reverse engineering” the stratigraphic record to extract this information 
requires that we understand the complex, nonlinear processes by which surface dynamics is encoded into 3D stratal geometry. 
In the course of this, we also provide insight that can improve prediction of variations in the distribution of porosity and 
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permeability that control the flow and accumulation of water, oil, and gas in the subsurface. These variations in porosity and 
permeability also set the spatial patterns of mechanical compaction that control land subsidence and influence the ecology of 
lowland settings. 

Goal: To use information from modern systems, experiments, and stratigraphic records to develop a predictive understanding 
of delta evolution, and apply this understanding to delta restoration.

Approach: The theme of the SA Integrated Project is “surface to subsurface”. Extracting information from preserved deposits 
entails understanding how surface channel properties, spatial patterns, ecology, and temporal evolution interact with net 
deposition to create the architecture of sedimentary deposits. The main field area for the SA IP is the Mississippi Delta. Natural 
channel systems evolve slowly, so SA also relies heavily experimental research that in effect speeds up time, and complements 
field and theoretical studies. 

Science questions: (1) How can we extract quantitative information on the rates, spatial pattern, and variability of transport 
and depositional processes from preserved strata? (2) How do low-lying depositional systems respond to external changes such 
as changes in sediment supply, channelization, differential subsidence, and rising relative sea level? (3) How do depositional 
channel networks self-organize, and how does spatial organization influence delta evolution? (4) How does biota influence 
depositional processes and depositional environments? (6) How can stratigraphic information on natural variability and 
channel-system response to change be used to inform environmental management? (7) How can social and natural science 
tools be combined to develop a quantitative adaptive analysis approach for planning that projects social response to, and 
benefits of, coastal restoration, including uncertainty, learning, and social values?

3. Stream Restoration Integrated Project (SR)

Motivation: The stream restoration project is motivated by the collision of social demand for stream restoration with a limited 
understanding of stream disturbance and restoration dynamics. The science basis for stream restoration is weak, the success 
of existing projects is poorly known, and the connection between research and practice is poorly developed. Progress requires 
a two-way collaboration between those developing new knowledge and those applying it.

Goal: To advance the science and practice of stream restoration by conducting and coordinating research and by working with 
agency and industry partners to identify information needs, develop improved tools, and transfer this knowledge into practice. 

Approach: Together with agency and industry partners, we examine stream restoration practice, its scope, details, and missing 
links, so that we can define the most pressing research priorities and determine the best ways to get new information to those 
who use it. By combining expertise in biological, physical and social sciences with a research focus spanning the space and 
time scales needed to characterize stream disturbance, NCED is well placed to develop the integrated knowledge needed to 
improve the practice of stream restoration. By its position – affiliated with, but separate from both government and industry 
– NCED can define problems, propose solutions, and provide continuity and coordination without the constraints that can 
restrict those advocating, regulating and conducting restoration practice. 

Science questions: (1) How can we determine resilient, dynamically stable channel bed, cross section, and planform charac-
teristics in terms of water and sediment supply? (2) How do stream morphology and riparian vegetation influence the structure 
and function of the fluvial ecosystem and how can these be manipulated for ecological benefit? (3) How can we extend grain-
scale understanding to the reach and network scale in order to better predict water and sediment supply and place restoration 
projects within their watershed context? (4) How can we estimate natural stream variability and incorporate variability and 
uncertainty in restoration design? (5) How can societal restoration objectives be more effectively identified and combined 
with physical and biological models in predictive restoration design?

4. Education (ED)

Motivation: The familiarity and natural appeal of landscapes, and the methods of NCED’s integrative research approach, 
provide rich opportunities to excite students about science and encourage them to pursue careers in many areas of science 
and policy. 

Goal: Bring Earth-surface dynamics to life for a broad spectrum of learners, in order to educate future leaders in NCED’s key 
mission areas of land, resource, and ecosystem management.
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Approach: NCED uses the familiarity and natural appeal of landscapes to promote active learning about critical concepts: (1) 
that the Earth’s surface is “the environment” in which human, ecologic and physical dynamics are intimately interwoven; (2) 
that the Earth’s surface is naturally dynamic; and (3) that the landforms we see around us – whether from the ground, from 
the air, or via maps and 3D imagery – tell us about what the Earth’s surface is doing and how it has evolved.

At the graduate level, NCED engages students, across NCED institutions, in integrative research and unique center-based 
activities, such as video-conferenced seminars, joint advising, integrative seminars and short courses, center retreats, museum 
assistantships and internships with Partners. At the undergraduate level, NCED engages students within and outside NCED 
institutions in research experiences and infuses the methods, perspectives and results of NCED research into undergraduate 
coursework. At the K-12 level, NCED engages pre- and in- service teachers in research experiences and field-based institutes, 
develops teaching materials to supplement K-12 curriculum, brings experimental research to classrooms, and conducts envi-
ronmental camps at middle- and high-school levels. NCED engages the public in NCED research through innovative museum 
experiences, such as outdoor parks and traveling exhibits, and media, such as films and television programs.

5. Knowledge Transfer (KT)

Motivation: NCED has a strong commitment to creating new insights and tools relevant to Earth-surface science. We have 
an equal commitment to communicate and disseminating these insights and tools to our stakeholders and the public. 

Goal: Create and maintain collaborations between NCED and our science stakeholders, the broader research community, and 
NCED participants, in order to insure that NCED research is informed by the greatest societal needs and the insights and tools 
that NCED produces are incorporated into practice in a significant way.

Approach: NCED’s knowledge transfer activities are integrated into the three research IPs. To inform our research, we establish 
a Science Partner Group for each IP: appropriately selected practitioners committed to informing research and advancing 
practice. Through regular interaction with Science Partner Groups each IP establishes avenues for open communication and 
exchange of research needs and new knowledge. The major export of NCED knowledge and tools is via our Application 
Working Groups: long-term, collaborative research relationships involving NCED researchers and subsets of our science 
partners. Application Working Groups are focused, interdisciplinary research efforts that combine NCED expertise with science 
partners from industry and agencies on important problems involving fundamental science and application. Application Working 
Groups represent a coupling of NCED science and application through collaboration between researchers and practitioners and 
provide a highly efficient means for NCED research to be incorporated into practice. Beyond our partner activities, we have 
established a website that serves as a repository of information, tools, data, images, and a platform for information exchange 
for the Earth-surface science community. We also have community impact through education and training programs. This 
includes workshops and short courses. 

6. Diversity (DV)

Motivation: NCED’s research mission is enriched by the inclusion of diverse voices. The environmental sciences have 
generally underperformed other areas of science and engineering in minority representation. For long-term success, efforts 
must be made to interest minority students in the sciences at an early age, and to sustain that interest over the course of their 
educational careers. To achieve this, NCED must itself be a model of a diverse research and learning community.

Goal: Increase participation by underrepresented groups in NCED scientific disciplines until minority representation is 
continuously reflective of the US national population. This includes an immediate improvement in participation by members 
of all under-represented groups in NCED itself, and a specific focus on improvement in representation of Native Americans 
in NCED-related disciplines.

Approach: NCED actively pursues research collaborations with faculty from institutions with high minority enrollments, 
and particularly with Minority-Serving Institutions, to spread the excitement of NCED research beyond the boundaries of 
our institutions. NCED provides research experiences for underrepresented undergraduate students so that they can engage in 
field and laboratory experiments and gain the desire to be research scientists. NCED networks with local communities in order 
to immerse youths in science so that they can discover and gain necessary skills for pursuing careers in science, technology, 
engineering, and mathematics.
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RESEARCH FOCUS AREAS
Research Focus Areas group investigators by common interests and skills. They inform each of our Integrated Projects and 
provide an important vehicle for the cross-disciplinary collaborations necessary for transformative advances:

1. Channel Network Dynamics and Scaling: The spatial structure of landscapes provides an organizing template 
for many of the hydrologic, geomorphic, and ecologic processes that occur on them. This spatial organization, often 
manifested through self-similarity and scaling, provides one of NCED’s major unifying themes. This Focus Area 
seeks to understand the space-time organization of channel networks, including morphology, hydrology, and ecology.

2. Channel and Floodplain Dynamics: Channel and floodplain dynamics encompasses the local “unit processes” 
by which channels and their associated floodplains evolve, and as such forms the natural complement to the Channel 
Network Dynamics and Scaling group’s focus on network-scale behavior and properties. This Focus Area works to 
understand the flux and morphodynamic laws governing channel and floodplain evolution.

3. Advanced Mathematical and Observational Methods: The complexity of the surface environment – space 
and time scales spanning many orders of magnitude, strong nonlinearity, spontaneous pattern formation, and strong 
coupling between physical and biological processes – is a major reason why study of it has remained descriptive for 
so long. Transformation of surface process science requires infusion of advanced techniques in quantitative analysis 
and observation that can address these complexities. This Focus Area identifies and develops effective mathematical 
and observational techniques for analysis of channel systems, including localization, scaling, instability, and the 
coupling of physical and biological dynamics.

4. Ecogeomorphology: The physical structure of the landscape provides an organizing template for life, influences 
habitat quality and diversity, and controls inputs, production, transformations and fluxes of materials, energy, and 
organisms. In turn, organisms shape the landscape through microbial weathering, mixing, dilation, and diffusion of 
soil, flow baffling, and the stabilization of bars, banks, and floodplains. This Focus Area investigates interactions of 
physical, biologic and biogeochemical processes in channels and floodplains.

5. Long-term Dynamics: Planetary time and space scales are the arena in which slowly changing variables such 
as topographic long profile and overall sediment budget are determined; these in turn control channel evolution on 
shorter time scales. This Focus Area seeks to understand and model the behavior of channels and channel systems 
on planetary (geologic) time scales.

6. Human Dynamics: The “fingerprint” of human influence extends across nearly all aspects of Earth-surface dynam-
ics. Thus it is essential that we understand how humans make decisions that affect landscapes. This Focus Area 
integrates multicriteria decision analysis methods and economic valuation methods to develop a more comprehensive 
decision-making framework for landscape management.

RESEARCH ORGANIZATION AND EVOLUTION
NCED’s Integrated Projects represent priority applications of our core channel-system research that are: (1) scientifically 
compelling, (2) broad and cross disciplinary, but also (3) focused enough to allow for measurable progress each year and major 
progress over several years, (4) societally relevant, and (5) integrative in terms of our core scientific expertise. In particular, 
all three IPs capitalize on NCED’s strength in combining field, laboratory, and theoretical approaches.

The three Integrated Projects provide a natural means of establishing goal sets and work clusters that are intermediate in scale 
between broad, long-term goals and day-to-day research tasks. Thus they serve to maintain a clear “line of sight” between 
individual research activities and the center’s overall mission. They provide natural pathways for synthesis across the six 
Research Focus Areas. Each Integrated Project is led by a project leader who, together with NCED management, establish 
priorities and targets for work on the IP.
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We expect the Integrated Projects to evolve in time. They will be continuously evaluated in terms of their scientific importance, 
societal relevance, and appropriateness for NCED. To insure that we remain open to new possibilities for growth, we will also 
initiate small research programs in areas that are possible targets for future work and/or high-risk but potentially high-return 
topics consistent with our mission but outside our current IP structure. 

IMPLEMENTATION PLAN
NCED’s three research Integrated Projects are organized around NCED’s goal of providing tools for landscape restoration and 
prediction, building on our core science: the dynamics of channels and channel networks. This common goal and scientific 
core across scales and environments is the primary vehicle for integration and synthesis of NCED research. It provides a 
network of pathways for cross-fertilization and the application of theoretical ideas, observational techniques, and research 
findings across apparently disparate fields. Thus the primary way we achieve center-scale research synthesis is by applying 
common concepts and methods across Integrated Projects. Our second approach to achieve synthesis is to insure that each IP 
can incorporate and build on results from the other IPs. 

Common research concepts and methods that link and energize the IPs include: recurring structures, such as tributary and 
distributary networks, incisional valleys, cyclic steps, and scour-lobe couplets; common processes such as channel meandering 
and braiding, bedform dynamics, channel-floodplain interaction, and avulsion; scaling and self-similarity; biological-physical 
coupling; self-organization and pattern formation; stochastic behavior and uncertainty; mapping for prediction; and humans as 
geomorphic agents. In many cases, experiments are particularly useful in clarifying the essential dynamics of these common 
processes. In addition, we seek ways in which IP results build on each other. Examples include: using desktop watersheds 
models to provide the landscape context for stream restoration; making source-to-sink connections from watersheds and 
individual stream channels to downstream depositional systems; and using stratigraphic results to understand long-term trends 
and variability in sediment yield and channel dynamics. 

NCED’s center structure adds value by promoting synergy and common themes among its education, knowledge transfer, 
diversity, and research activities. Our strategy for promoting synergy across all Center Initiatives is analogous to that for 
promoting synergy across our research: we seek common themes that cut across multiple Initiatives; and we seek ways that 
results from one Initiative can feed and energize other ones. 

At the end of Year 10, NCED will have provided a set of scientific tools that can be used to guide land-use decisions, aid in 
restoration design, and predict landscape response to imminent changes such as rising sea level and changing climate. By 
demonstrating the predictive power of combining the disciplines that contribute to understanding the Earth’s surface – the 

“critical zone” – NCED will have transformed both Earth-surface science and environmental management. 

Desktop Watersheds (DW)

Implementation Approach: We tackle the essential elements, listed below, needed to build Desktop Watersheds through 
theory building, modeling, experimentation, and fieldwork. Initial focus is on steep, relatively rapidly eroding landscapes, and, 
fieldwork is concentrated on the Angelo Coast Range Reserve (ACRR), in the Eel River basin, California. We will build from 
a static form of the Desktop Watersheds, in which fixed topography and steady state fluxes are used to estimate environmental 
properties, to a dynamic form in which solutes and sediment are routed from hillslopes through channel networks, and 
ecosystems respond to changing environmental conditions. 

Subsurface Architecture (SA)

Implementation Approach: The Subsurface Architecture project applies NCED’s integrated, predictive approach to under-
standing controls on the permeability and porosity structure of channel-related sedimentary deposits in lowland settings, taking 
advantage of current intensive interest in land loss in coastal zones due to subsidence by deposit compaction, as well as interest 
in locating and developing subsurface fluid resources. The overall approach is to adapt techniques from geomorphology, 
hydrology, and engineering to quantitative stratigraphic prediction, and in turn feeding back information on long-term trends 
and variability to environmental management. To provide additional focus and connect the SA IP with Stream Restoration, we 
will move toward developing a depositional field site in the Mississippi Delta. This will be done in collaboration with the NCED 
SR group and outside PIs. Because the initiative will be larger than the SA IP, it is discussed further at the end of this section. 
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Stream Restoration (SR)

Implementation Approach: NCED research addresses three key areas of stream restoration practice: watershed context for 
evaluating and locating restoration alternatives, predictive relations for the physical and ecological response of stream channels 
to project actions, and decision making methods incorporating improved information, predictive methods, and uncertainty. To 
define watershed context, DW methods are applied to identify favorable locations for restoration actions and to define effective 
and sustainable actions at proposed project sites. We focus on mechanisms connecting the project site to its watershed via the 
supply of water, sediment, and nutrients. Project planning and design requires predictive relations for stream composition and 
configuration. NCED research focuses on the physical components of streambed and channel geometry and their interaction 
with the fluvial ecosystem. As the ability to predict landscape and restoration dynamics improves, we must also anticipate 
the challenges to putting these tools to work. Our goal is a professional practice in which project goals are predictive targets 
quantitatively linked to public preference, regulatory and policy guidelines, and management actions. Our focus on transform-
ing stream restoration practice also leads to an emphasis on training, which is discussed in the Knowledge Transfer section.

Common field areas 

Angelo Coast Range Reserve: Early in Year 2, we selected Angelo Coast Range Reserve (ACRR) in the rugged, rapidly 
uplifting Coast Range of northern California as our primary erosional field site. The ACRR is located in the South Fork of the 
Eel River, about 3.5 hours by car from the U.C. Berkeley Campus and the San Francisco or Oakland airports. The entire study 
area is protected from unrestricted public access by a gated road, which provides easy transportation of material and equipment 
to field sites. Co-PI Mary Power is the Faculty Manager of this University of California Natural Reserve System Preserve. 
Various buildings and outbuildings on the reserve are available for year-round housing, laboratory use, and equipment storage. 
A new $1.4 M Environment Science Center includes a two large laboratories (with ovens, muffle furnace, fume hood, and 
extensive workspace), a computer lab and DSL connectivity to all rooms where sensors can be calibrated etc., a herbarium, and 
a facility providing access to the canopy of old growth redwood and Douglas fir trees along a river-to-ridgeline gradient. At 
present, in collaboration with fellow STC the Center for Embedded Network Sensing (CENS), we are constructing a wireless 
network at ACRR. The network will support automated environmental sensors of light, temperature, and soil moisture, plus 
imaging for algal blooms and acoustic detection of bats. In the years to come we will add new sensing capability (e.g. nitrate). 
Recently acquired LIDAR also supports analysis of relations between network structure and habitat, local channel properties, 
and vegetation as discussed above under the Desktop Watersheds IP. 

Mississippi Delta: NCED’s transdisciplinary approach, emphasis on prediction, and status as an independent national research 
center make it ideally suited to provide predictive understanding and tools to support restoration of the Mississippi Delta, 
an issue long recognized as fundamental to protecting New Orleans and the Gulf Coast from hurricanes. From its inception, 
NCED’s plans have included a center-wide initiative on restoration of the Mississippi Delta. As our research program has 
evolved, we have continued work on this initiative to develop a second, depositional field site in the Delta region that would 
be of societal benefit and also link our SR and SA Integrated Projects. The recent disasters related to hurricanes Katrina and 
Rita have accelerated our efforts. The overall goal is to combine studies of the modern delta with quantitative reconstruction 
of the behavior of the delta in the past to provide predictive tools that can be used to evaluate the complex scenarios involved 
in large-scale reconstruction of lost delta surface. Our current plan includes (1) adapting existing understanding of channel 
and floodplain processes and carrying out new research in the Mississippi and other low-gradient river systems to develop 
tools for analysis of restoration scenarios for the Delta; (2) an initiative with the broader research community to develop a 

“subsurface natural laboratory” that would use the Quaternary record of the Mississippi Delta to quantify the rates and spatial 
distribution of natural depositional mechanisms, strongly influenced by biota, that compensate for subsidence; (3) continued 
work to adapt methods from drainage networks to understand natural distributary patterns and how they self-organize to nourish 
the delta surface; and (4) experiments in our subsiding-floor XES experimental facility on depositional channel dynamics and 
the response of deltaic channels to absolute and differential subsidence, including vegetation effects. Because of the large 
size of the Mississippi Delta, we have chosen a specific field site within the delta system for detailed work: Wax Lake Delta 
(WLD), an area of roughly 40 km2 created since the 1970s by an accidental river diversion. It is one of the most active, and 
least interfered-with, land-building sites in the Delta. WLD provides an ideal prototype area for studying how natural processes 
build new wetlands and coastal forest in the Gulf Coast region. 
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Education (ED)

Implementation Approach: NCED adopts a broadband approach to education, emphasizing informal as well as formal learn-
ers, and strong connections between its research and education programs. Key elements of our Education Initiative include:

1. Work intensively with the Science Museum of Minnesota and other science museums to develop engaging new 
methods for informal education centered on Earth-surface dynamics and environmental awareness.

1.1. Work with the Science Museum of Minnesota (SMM) to develop engaging new methods and experiences 
for delivering NCED-related science to the Museum’s annual audience of 800,000 visitors.

1.2. Work with the SMM and the American Museum of Natural History to incorporate both new and existing 
NCED-related science exhibit components into a major new national and international traveling exhibition 
about water.

1.3. Work with the SMM and five other geoscience-oriented, NSF-supported Science and Technology Centers 
to develop collaborative means by which the research and science of all six STCs can reach larger informal 
science education audiences.

1.4  Work with the SMM and the University of Illinois’ Electronic Visualization Laboratory to advance the use 
of scientific visualization technologies to communicate NCED-related science to both formal and informal 
science education audiences.

2. Enhance the education of NCED student participants by providing unique opportunities and an extended, cross-
disciplinary peer and mentor network.

3. Develop a new, practice-oriented program in Stream Restoration that will help advance training in restoration as 
well as attract a broader student population into NCED areas, including students who are not intent on research careers. 

4. Adapt research tools such as 3D visualization, wireless sensors, and laboratory experiments to provide novel K16 
educational tools.

5. Design programs to engage science teachers in NCED research in ways that allow them to bring this knowledge to 
their students in practical ways, and share the products of this work via the NCED website.

Knowledge Transfer (KT)

Implementation Approach: Knowledge transfer programs are incorporated into NCED’s research Integrated Projects. Each 
research IP has specific KT activities designed to support the goal of establishing two-way exchange between research and 
practice. The following elements are common to our approach to knowledge transfer across the IPs:

1. Establish regular communication between NCED and Science Partner Groups for each IP area.

2. Provide opportunity for collaborative research between NCED and non-NCED researchers within each IP through 
joint research, the Application Working Groups (AWG) program, the Faculty to Faculty program, and the Visitor 
Program.

3. Develop website content for each IP including recent research products (articles, data, technologies, software), 
links, and future directions.

4. Conduct application-oriented short courses and workshops both at NCED facilities and at other meetings.
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As part of NCED legacy planning, metrics are established to track impacts of NCED Research on stakeholder practice. This 
evaluation focuses on tracking process and impacts of established Application Working Groups (AWG). AWGs are working 
groups of NCED and non-NCED researchers focused solving critical projects within the IPs. AWGs have the following elements 
in common; 1) they require multidisciplinary, fundamental science, 2) They address important applied needs, 3) They involve 
close collaboration and joint research with NCED researchers and federal, state and industrial partners. Application Working 
Groups represent a coupling of NCED science and application through collaboration between researchers and practitioners 
and provide a highly efficient means for NCED research to be incorporated into practice.

Diversity (DV)

Implementation Approach: NCED uses the intrinsic appeal of landscapes and surface dynamics to engage diverse com-
munities in the study of Earth-surface science at all levels, and to attract diverse participants into its research programs. Key 
elements in our approach are:

1. Use a vigorous Undergraduate Summer Internship Program to bring upper-level students from underrepresented 
groups to NCED facilities for a summer to do research on NCED topics. 

2. Develop a Faculty-to-Faculty program to build research ties to faculty from schools with large minority enroll-
ments, particularly Minority Serving Institutions. Identify faculty at MSIs who work in NCED research areas and 
bring faculty with their students to NCED as visiting researchers, to participate in conferences and workshops, and 
to speak at seminar series. 

3. Work with and support efforts by NCED participating institutions, STC partners, and other broader efforts to recruit 
and fund students from underrepresented groups into NCED-related graduate research.

4. Use the NCED certificate program in Stream Restoration to provide an additional gateway to NCED graduate 
programs. 

5. Increase the number of potential future recruits by collaborating with local communities, including the Fond du 
Lac Reservation, to provide Native American youth science enrichment and immersion programs including seasonal 
camps and after-school activities. 

6. Use the Youth Science Center at the Science Museum of Minnesota, especially the Big Back Yard Park Crew, 
to team underrepresented youths with faculty and graduate student mentors from NCED and create NCED-based 
hands-on activities.

LEGACY
NCED is working now to establish a substantial and long-lasting legacy. Here we lay out strategic legacy goals for the center 
as a whole and for our six primary initiatives. 

Scientific transformation

NCED’s purpose is to catalyze development of an integrated, predictive science of the processes shaping the surface of the 
Earth. Attaining this goal implies a permanent transformation in Earth-surface science toward a more integrated, predictive 
approach. Thus the fundamental center-wide component of NCED’s legacy is tangible, community-wide changes in the nature 
of research in Earth-surface dynamics. The metrics for this most important aspect of our legacy are: (1) changes in existing 
national research programs in the direction of our goal of integrative, predictive surface science, (2) development of new 
national research programs reflecting our goal of integrative, predictive surface science, (3) development of new infrastructure 
dedicated to NCED-style integrated Earth-surface research. 
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Research legacy: Integrated Projects

NCED’s research is organized around three interlocking Integrated Projects (IPs), described in detail throughout this document. 
There are thus legacy components associated with each IP:

Desktop Watersheds: The legacy of DW will be a quantum step in the scientific basis for analyzing and predicting the fate 
of watersheds in an integrative manner, especially coupling ecology, landscape dynamics, and human effects. The tangible 
face of this is the DW application program, which embodies, in a continuously updated and adaptive manner, our evolving 
predictive understanding of how landscape systems work. The DW program forms the centerpiece of an ongoing dialog 
among planners, decision-makers and researchers that we are confident will continue after NCED’s sunset. Ripple is already 
being applied to watersheds over much of California. The NCED externally funded project on the Minnesota River provides 
a potential avenue to adapt it to low-gradient agricultural landscapes. We believe Ripple and its descendents will become one 
of the standard tools nationally for watershed prediction and management.

Subsurface Architecture: In its original configuration, SA was focused on improving prediction in the subsurface. Its 
primary application area was the oil industry, and we have evidence ranging from colleague testimonials to million-dollar-
scale investments that our work has transformed research activities at major oil companies (ExxonMobil, Shell). As currently 
configured, SA’s legacy will be a major advance in the scientific basis for delta restoration. NCED’s signature contributions 
here include integration of physical and ecological dynamics, and development of methods to use stratigraphic records of 
past delta dynamics as a guide to restoration. The tangible face of this will be the “Desktop delta” program currently being 
developed in conjunction with LSU’s CLEAR program for delta prediction. Another legacy component is externally funded 
programs in delta prediction that are expected to outlive NCED. But our most important legacy will be, if we are successful, 
new wetlands in the Mississippi Delta, including a thriving and productive ecosystem and helping protect New Orleans. A 
major implementation focus here is securing additional funding to expand the PI group, especially in the social sciences. 

Stream Restoration: The legacy goal of the SR project is to transform stream restoration from a template-based practice to 
a professional practice in which objectives and predictive methods are quantitatively linked in a rational design framework. 
The SR project focuses its research in areas in which improved knowledge will most immediately improve practice: watershed 
context, predictive relations for channel design, and incorporating improved knowledge in the decision-making process. A 
primary legacy of this research will be methods and tools for evaluating and designing stream restoration projects. Close 
collaboration with research and training partners in universities and government agencies broadens our reach and helps to shift 
the culture of stream restoration to one in which research, training, and practice are closely linked in an active, professional 
network. A transformed stream restoration practice will be supported by research leading to improved understanding and 
development of practical tools, but will also require a change in culture and expectations of those in practice. The NCED role 
in implementing this transformation takes a variety of forms, from tool development and dissemination through short courses, 
degree programs and the NCED web site, collaboration on improved methods and design guidelines with research and training 
partners, and demonstrations and keynote addresses at regional stream restoration conferences. A major implementation focus 
is the newly funded demonstration project in the Minnesota River Basin. Finally, NCED is collaborating with university and 
agency partners to develop restoration monitoring and research centers, whose goal is to implement and disseminate improved 
standards in a regional context of restoration priorities and constraints.

Education

The single most important element of NCED’s education legacy is, of course, the students and postdocs who have had the 
chance to experience for themselves the power of our integrated, predictive approach to all aspects of Earth surface science. 
Another key element is development of a partnership between a major science museum (Science Museum of Minnesota, 
SMM) and a network of research universities that is perhaps the strongest ever created. The specific legacy of our partnership 
with SMM is creation of permanent exhibits and other informal education components that have national and international 
impact. Through its own extensive network and new initiatives such as Water: H2O=Life and Center for Future Earth, SMM 
will expand the university-museum network that NCED has nucleated. 
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The most important NCED educational legacy, however, is the cadre of uniquely trained students and postdocs who have 
participated in NCED and been steeped in our transdisciplinary culture. New degree programs represent permanent enhance-
ments to the NCED educational instiutions. The most prominent of these is the first post-baccalaureate Certificate Program in 
Stream Restoration at the University of Minnesota. We are working now on expanding this to a Master’s program that would 
include participants from across the University. 

Diversity

Our diversity legacy will be (1) training of a cadre of minority researchers and teachers who, in addition to their own research, 
can serve as mentors and spread the word about the opportunities for exciting, societally relevant research in quantitative 
environmental sciences; (2) creation of a network of MSIs and other schools with significant minority populations where key 
faculty are aware of these research opportunities; and (3) creation of a long-lived pipeline in which the science of the Earth’s 
surface provides a gateway for Native American students to get involved in science and engineering at the undergraduate level 
and beyond. Our minority-intern and other research-level training programs are ongoing, so the main implementation effort is 
ensuring that they continue to thrive. The same is true for our Native American science camps; in addition, we are beginning 
work now on finding ways to fund them after NCED’s sunset. We have also taken a major step towards institutionalizing some 
of our minority work at University of Minnesota via our recent successful proposal to participate in the Louis Stokes Alliance 
for Minority Participation (LSAMP)

Organizational

Strategic and implementation planning for NCED’s legacy is carried out by the NCED Executive Committee. Our primary goal 
is framed in terms of scientific transformation toward an integrative, predictive science of the Earth’s surface. The principal 
metric of this is the development of long-lived initiatives and structures at the national and international level that reflect 
NCED’s transdisciplinary, predictive approach to surface dynamics. NCED leadership has been closely involved with NSF and 
other agencies to bring this about. Specific examples of scientific transformation with which we have been involved include: the 
recently funded Community Surface Dynamics Modeling System (CSDMS); the Critical Zone Observatory (CZO) initiative; 
the creation of the new JGR - Earth Surface journal at AGU; the creation of new, focused NSF programs in Geomorphology 
and Land-use Dynamics and Stratigraphy and Paleontology; a new emphasis on prediction across the Earth sciences in the new 
NSF Geovision document; a major new project bringing together hydrology, geomorphology, geochemistry, and biology via 
the WATERS network; and an ongoing effort to create a new AGU Focus Group on the Earth’s surface. NCED was recently 
highlighted in a briefing to the Office of Management and Budget and to the Office of Science and Technology Planning in 
connection to the President’s Near-Term Priorities and specifically within the context of forecasting the response of coastal 
ecosystems to extreme events and persistent forcings.

Institutional

The investments NCED is making now in facilities will form the basis for a part of our permanent legacy. At St Anthony Falls 
Laboratory, we are building the world’s first Outdoor Stream Lab (OSL), a facility that will combine many of the advantages of 
a field site and an experimental basin. OSL builds on our successful StreamLab06 experimental program. Its first phase should 
be functional by spring, 2008, and SAFL is bringing on a very talented new Research Associate to spearhead the OSL effort. 
NCED investments at Angelo Coast Range Reserve (ACRR), supplemented by a major grant from the Keck Foundation, are 
centered on the new wireless backbone, the most sophisticated such installation of its kind anywhere. This facility will also 
serve as a prototype and testbed for the large-scale observational facilities being developed through the NSF CZO program 
and, potentially, the WATERS network. 
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Appendix: Project Plans

1. Desktop Watersheds (DW)

Project name Explanation Milestones Links
DW1 Numerical techniques for 

feature extraction
Develop methods to identify and 
quantify important features in high 
resolution lidar data, i.e. channel 
dimensions, landslides location, 
channel slope, fan detection, floodplain 
detection, terrace detection, etc. from. 

1) Channel bank identification 
and automated channel dimension 
mapping (Yr 6-7)
2) Channel head location detection 
(Yr 6)
3)Automated mapping of deep-seated 
landslide features (Yr 8)
4) Automated road mapping (location, 
slope, width, channel crossings) (Yr 
9)

DW2 Topographic signatures of 
properties and processes

Use static topographic features and 
steady state assumptions to estimate 
location and size or morphology 
of features such as river bed gravel 
size, potential landslide location, and 
potential high sediment load from roads. 

1) Improved model for grain size 
prediction (Yr 7)
2) Shallow landslide size and location 
model (Yr 7)
3) Empirical use of mapped roads 
to estimate average fines yield to 
channels (Yr 9) 

SR9

DW3 Predictive mapping of 
key biotic populations: 
relationships to habitats 

Link distribution and abundance 
of organisms to habitat state and 
availability in a spatially explicit 
channel network framework.
.

1) Spatially explicit coho salmon 
model for rivers (Yr 6)
2) Model for frog reproductive 
patterns (Yr 7)
3) Model for seasonal peak algae 
distribution (Yr 8-9)

SR3, SR9

DW4 Understand linkages 
among solutes, soil 
production and biota

Use experimental plots modeling 
effects of climate change to document 
responses in the microbial community.

1) Document how microbial 
community in soil responds to 
changes in seasonal water loading (Yr 
6 to 9)

SR6

DW5 Controls on rate of 
landslide transport to 
channels

Document rates and develop theory for 
landslide contribution to channels

1) Document rates of erosion 
associated with deep-seated 
landsliding (Yr 6),
2) Develop a deep seated landslide 
flux “law” (Yr 9)
3) Develop a shallow landslide flux 

“law” (Yr 8) 

SR6

DW6 Sediment routing; coarse 
sediment transport 
in shallow flow; fine 
sediment interaction with 
coarse bed

Document and explain: 1) how gravel 
moves over boulders, and under what 
conditions boulders move, and 2) 
how fine sediment (sand and smaller) 
dynamically is deposited and eroded 
from the bed. Do this through a river 
network

1) Theory for gravel over boulder 
transport (Yr 5-7)
2) Theory for boulder transport (Yr 
6-7)
3)Theory for fines interaction with the 
bed (Yr 8-9)

SR7

DW7 Predictive models for 
channel incision 

Quantify and model processes causing 
valley incision into bedrock

1) Observation and theory for river 
incision by fluvial sediment wear (Yr 
6-7)
2) Observation and theory for debris 
flow incision (Yr 6-8)
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Project name Explanation Milestones Links
DW8 Upscaling transport laws 

and biotic processes
Develop mathematical procedures 
for upscaling local surface processes 
and ecologic interactions to entire 
watersheds

1) Upscale local algae production 
rates (Yr 6-8)
2) Upscale local hillslope flux 
processes to entire landscape (Yr 7-9)

DW9 Link food webs and 
channel networks, 
including dynamic 
response

Develop models for seasonal and 
interannual dynamics in physical and 
biotic processes 

1) Model for stream temperature 
throughout the year using lidar data 
(Yr 7-8)
2) Model for fish populations 
dynamics (Yr 8-9) 

DW10 DW model code 
development

Base code development for static and 
dynamic watershed models

1) User friendly model for coho 
salmon population released to public 
(Yr 6) 
2) User friendly model for frogs (Yr 
8)
3) User friendly model for algae (Yr 
9)

DW11 Use of Desktop watershed 
models in landuse 
management decisions

Make DW tools and models available 
to agencies and private industry for 
practical uses

1) Development and release of 
topographic analysis tools for lidar 
(Yr 8) 
2) Release of Ripple and 
demonstrated use by agencies (Yr 8) 

2. Subsurface Architecture (SA)

Project name Explanation Milestones Links
SA1 Current sediment 

budget and 
subsidence 
distribution in 
Mississippi Delta

(1) Develop quantitative measures of bedload, 
suspended, and wash load supply near Baton 
Rouge; (2) Determine net loss to in-channel 
deposition d/s of Baton Rouge; (3) Determine 
regional spatial distribution of subsidence from 
seismic records.

(1) Sediment delivery rates (sand 
& mud) for the Mississippi & 
Atchafalaya rivers (Yr 7); (2) 
Estimate conveyance losses over 
delta (Yr 8-9); (3) Regional maps 
of Delta subsidence in the critical 
coastal zone (Yr 8-9).

SR5

SA2 Behavior and 
deposition of 
cohesive sediment

(1) Determine role of flocs (biotic vs abiotic) 
in transport and deposition of silt and clay; (2) 
Determine the right flux law to use in modeling 
deposition of clay with silt and sand

(1) Preliminary numerical model 
based on existing understanding 
(Yr 7); (2) Refined numerical model 
with experimental and field data 
(Yr 9).

DW2, 
DW6, SR1

SA3 Vegetation-
sedimentation 
interaction in 
island & marsh 
development & 
maintenance

(1) Determine role of growing plants in inducing 
and stabilizing sedimentation; (2) Determine 
correlation between bed elevation and plant 
community and physical plant properties

(1) Synthesize existing field data 
from Wax Lake Delta (Yr 6); (2) 
Carry out targeted set of field 
measurements on WLD with 
experiments on island levee and 
marsh growth and in-channel 
sedimentation (Yr 8). 

DW3,
SR2

SA4 Reconstructing 
delta dynamics 
from seismic 
records

(1) Map fault location and offset (2) Map 
interaction of active faults and channels (3) 
Measurement of geometry, spatial arrangement, 
and variability of deltaic depositional units as a 
function of relative sea level rise and fall 

(1) Produce statistics of subsidence 
& sedimentation patterns associated 
with growth faulting in Breton 
Sound Yr 6-7). Additional 
milestones are functions of 
procuring external funding and 
industrial data. 
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Project name Explanation Milestones Links
SA5 Reconstructing 

delta dynamics 
from cores and 
other records

(1) core collection and basic data analysis (grain 
size, C14), initial focus on Barataria Bay & 
WLD; (2) Use core data to constrain bulk spatial 
distribution of grain size and sedimentation rate 
for La Fourche lobe (40-8ka); (3) for WLD, use 
sediemntary structure and textures to constrain 
depositional conditions from SA6 numerical 
model

(1) Use existing core set from WLD 
to put quantitative constraints on 
levee & marsh building events 
during last 35 yrs (Yr 6-7). 
Additional milestones depend on 
procuring external funds. 

SA6 Modeling 
land building; 
integration with 
LSU CLEAR

(1) Development of laterally averaged lobe-
construction model; (2) use results of network 
analysis, field data, and experiments to estimate 
fine-scale properties and variability of evolving 
delta lobes

(1) Tested laterally and time-
integrated land building model (Yr 
6); (2) Channel resolving model 
tested against experimental and 
WLD data (Yr 7-8); (3) Land-
building model fully integrated with 
LSU CLEAR Program and in use 
for restoration planning (Yr 9)

DW6

SA7 Self-organization 
of distributary 
systems including 
elevation statistics

(1)Adapt existing network analysis tools to 
(static) distributary networks (2) Develop 
methods for quantifying space-time statistics of 
active, evolving distributary systems to forecast 
distribution of elevation, grain size, and rate of 
deposition.

(1) PDFs of elevation, channel size 
and distance from channels for one 
experimental and WLD (Yr 6-7); 
(2) Physically based theory for self-
organization dynamics & controls 
fully incorporated into land building 
model (Yr 9).

DW1, 
DW2

SA8 Upscaling 
short-term rates 
and small-scale 
geometries

(1) Develop methodology for upscaling 
laboratory delta data to natural scales for use in 
numerical models; (2) Develop physical theory 
to explain spatial distribution of deposition rate 
as function of time scale.

(1) Relation of rates and geometries 
between experimental deltas and 
Wax Lake (Yr 8); (2) Integration 
and upscaling of data from lab & 
modern systems to Quaternary 
stratigraphic records (Yr 9-10).

DW8

SA9 Coastal system 
response to rising 
relative sea level

(1) Develop and calibrate suite of numerical 
models for rivers that forecast lowland sediment 
accumulation and shoreline advance/retreat 
under conditions of relative sea-level rise.

(1) Use existing channel- based 
NCED models to explore behaviors 
of select GOM rivers (Yr 7); (2) 
Add realistic floodplain deposition 
component (Yr 9).

SA10 Social tradeoffs in 
Delta restoration

(1) Conflicts between marsh restoration, 
business and society; (2) Risk and uncertainty 
analyses. 

(1) Initial exploration of potential 
of social tradeoff analysis in delta 
restoration (Yr 6). Additional 
milestones depend on procuring 
external funds. 
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3. Stream Restoration (SR)

Project name Explanation Milestones Links
SR1 Watershed 

context for stream 
restoration.

Establish a basis for incorporating 
watershed properties and project 
location in restoration planning 
and design, applying DW methods. 
Watershed context is needed to 
both identify favorable locations 
for restoration actions and define 
effective and sustainable actions at 
proposed project sites.

(1) establish restoration options and priorities 
from spatially explicit coho salmon model (Yr 7)
(2) specify location and type of restoration 
action for reduced sediment loading in large 
(3,000 km2) watershed (Yr 9)
(3) Demonstrate application of lidar topographic 
analysis tools for evaluating restoration options 
in different landscapes (Yr 10)

DW2, 
DW3

SR2 Improved models 
for sediment 
source, routing, 
storage and yield

Watershed context requires an 
ability to forecast the supply of 
water, sediment, and nutrients. Focus 
on routing models incorporating 
storage and transformations 
and fingerprinting methods for 
identifying source.

(1) Tested improved reach-averaged sediment 
routing models with explicit sediment storage 
functions for both sand and gravel rivers (Year 
7)
(2) Establish sediment fingerprinting methods 
for sediment source and history.(Year 8)
(3) Complete sediment budget for 3000 
km2 watershed combining geochemical 
fingerprinting and flux/storage estimates with 
valley bottom sediment storage and streambank 
erosion in a network routing model (Yr 9)
Models for nutrient transformation and 
fingerprinting methods for nutrient source and 
export will require additional external funds.

DW5, 
DW6,
SA1, SA2

SR3 Dynamics of 
mixed-size 
sediment 

Develop predictive relations for 
sediment entrainment, sorting, and 
transport and extract essential 
mechanisms and controls for 
application to reach and network 
scales.

(1) Complete initial model for vertical sorting 
and morphodynamics in spatially homogeneous 
beds (Yr 7). 
(2) Management guidelines for gravel 
augmentation and sand infiltration (Yr 7)
(3) Strategy for scaling up lateral variability in 
reach to network modeling (Yr 7)
(4) Tested model of sorting and 
morphodynamics for field data sets (SR7) (Yr 8)

DW8, SA8

SR4 Predictive 
relations for 
channel and 
floodplain 
geometry. 

Link water and sediment supply and 
riparian vegetation in practicable 
relations for channel geometry, 
floodplain dynamics, and changes in 
sediment storage. 

(1) develop sand-bed and universal hydraulic 
geometry relations and design guidelines 
incorporating variability (Yr 7)
(2) Integrate hydraulic geometry and 
dimensional analysis to upscale nutrient 
concentrations in terms of stream reach length 
and drainage area (Yr 8)
(3) Basis for scaling laboratory bank strength 
and vegetation effects to the field (Yr 7)
(4) Generalized models for the influence of 
vegetation on channel dynamics (Yr 7)
(5) Numerical StreamLab for testing effect of 
channel geometry and in-stream structures on 
channel stability and habitat (Yr 7)

SA2, SA3
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Project name Explanation Milestones Links
SR5 Predictive 

relations for the 
effect of physical 
channel structure 
and disturbance 
regime on primary 
productivity, 
nutrient transport, 
and species 
recovery.

For the numerous restoration projects 
that have ecological and/or water 
quality objectives, develop relations 
to guide planning and design of 
stream projects for ecological 
purposes of water quality and habitat 
improvement, and species recovery.

(1) Initiate Outdoor StreamLab, bringing 
experimental control and high resolution 
measurement to field-scale ecogeomorphology 
studies. (Yr 7)
(2) Quantify relations among channel 
attributes, fluid mechanics, nutrient transport/
transformation, ecosystem metabolism, and 
species habitat (Yr 7)
(3) Use hydraulic geometry to establish 
framework for upscaling local biotic and 
metabolic processes in terms of stream reach 
length (Yr 8). 
(4) dimensionless groups of biotic and abiotic 
variables to describe functional relations (Yr 10)
(5) Model impact of fine sediments on carrying 
capacity and productivity of fish habitat (Yr 7).

DW3, 
DW8, 
DW9

SR6 Linking public 
preference, 
objectives, and 
stream restoration 
alternatives

Improve the link between restoration 
objectives and actions, currently 
often ill-defined; restoration 
goals should be predictive targets 
quantitatively linked to public 
preference, regulatory & policy 
guidelines, and management 
actions. Develop techniques for 
identification of public preferences 
and evaluation of tradeoffs among 
restoration alternatives, accounting 
for uncertainty and the impact of 
improved information.

(1) Determine practitioner and manager 
recommendations for improved predictive 
restoration. (Yr 6) 
 (2) Demonstrate survey method for measuring 
public preference, considering uncertainty. (Yr 
7) 
 (3) Demonstrate watershed framework for 
optimizing water quality improvement under 
risk. (Yr 7) 
(4) Implement Bayesian methods for estimating 
the value of reduced uncertainty (Yr 8)
(5) Assess value of improved models vs 
improved data in SR decision making (Yr 10)

DW11,
SA10

SR7 Dam reoperation 
and removal 
for ecosystem 
restoration

Use gravel augmentation and dam 
removal as field experiments to 
develop and test models of reservoir 
erosion and downstream impacts. 

(1) Develop field data sets on the effects 
of injected and dam-released sediments on 
downstream channel geometry and habitat (Yr 
8)
(2) Predictive relations for the control and 
management of reservoir erosion. (Yr 8)
(3) Tested application of reach-scale models for 
sediment routing and channel change (Yr 8)

DW6, SA8

Education (ED)

Project name PIs Milestones Links
ED1 Bring surface dynamics to 

informal education with the 
Science Museum of Minnesota

KC, JM, 
CP

Big Back Yard (BBY) exhibits fully functioning, at least one new 
component added, and functioning Youth Science Center –NCED 
docent program for Big Back Yard; BBY visitor target of 150,000 
reached or surpassed; initial NCED components of Water Planet and 
Science on a Sphere developed; 3D film outline developed with SMM

all

ED1.1 Deliver NCED-related science 
to the Museum’s annual 
audience of 800,000 visitors.

PH, KC, 
JM, CP, 
PM

Big Back Yard (BBY) and associated Youth Science Center NCED 
docent up and running since June 2004. At least one new component 
added each season. BBY visitor target of 150,000 reached or 
surpassed.

all
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Project name PIs Milestones Links
ED1.2 Incorporate both new and 

existing NCED-related science 
exhibit components into a 
national and international 
traveling exhibition about water.

PH, PM, 
KC

Open exhibition at the American Museum of Natural History in 
November 2007 then replicate the exhibition so that two copies are 
available for the national and international tours beginning in May 
2008.

all

ED1.3 Develop collaborative means 
by which the research and 
sciences all six STCs can 
reach larger informal science 
education audiences.

PH, PM, 
KC

Through SMM’s pending Future Earth Initiative, fabricate and 
distribute SMM’s Science Buzz kiosks to all STCs in 2008. SMM and 
all six STCs collaborate on creating on-line science content.

all

ED1.4 Advance the use of scientific 
visualization technologies to 
communicate NCED-related 
science to both formal and 
informal science education 
audiences.

PH, PM, 
KC

Develop new scientific visualization programs, especially for 
GeoWall and Science on a Sphere, and distribute them to educational 
institutions throughout the U.S. that utilize these visualization 
systems.

all

ED2
Enhance the education of 
NCED student participants by 
providing unique opportunities 
and an extended, cross-
disciplinary peer and mentor 
network.

all Strong graduate student participation in cross-disciplinary research & 
seminars, Grad Student Council, videoconferences, NCED retreats, 
site visits, partner research, internships; thriving Grad Museum 
Assistantship program.

all

ED3 Stream Restoration certificate 
program

VV, KC, 
SR

Functioning certificate program in Stream Restoration SR, 
DV

ED4 NCED enhancements to 
undergraduate education 

all Non-NCED participation in summer research surpasses 20 total 
(shared with Diversity); at least 3 NCED-inspired undergrad courses 
developed and taught; NCED research-based course materials 
available on web with documented use

all

ED5 K-12 teacher development KC, CP, 
VV, MH, 
EF

Materials developed and made available for broad use over the web, 
through the Teacher Resource Center at the Science Museum of 
Minnesota and promoted at local and national conferences

all

5. Knowledge Transfer

Project name Explanation Milestones
Desktop Watershed
KT1 Interactions with DW Science 

Partner Group
(1) Establish members of Science partners 
Group; (2) Convene regular meeting with 
Science partners to advise NCED DWIP; (3) 
Convene regular technical workshops with 
Science partners

(1) Select member for the DW science 
partners group (Yr 6); (2) Hold first 
formal meeting of DW science partners 
(Yr 6-7); (3) Hold regular meetings with 
DW science partners (Yr 8-10)

KT2 Collaborative DW research with 
stakeholders and partners

(1) Define and implement Application 
Working Groups; (2) Develop other ongoing 
collaborations outside of NCED; (3) Establish 
metrics for evaluating impacts of research on 
practice

(1) Establish AWG on DW Fish 
Population model (Yr 5-6). 
(2) 
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Project name Explanation Milestones
KT3 Disseminate DW knowledge, 

approaches, and tools outside of 
NCED

(1) Develop web pages for DW research, 
tools, and training opportunities; (2) Develop 
education and training opportunities for DW 
research products

(1) Develop web pages for DW IP 
including tool downloads and other data 
(Yr 5); (2) Develop short course on Ripple 
model (Yr 6-7); (3) Develop other ed and 
training opportunities as DW components 
are developed (Yr 7-10)

Stream Restoration
KT4 Interactions with SR Science 

Partners Group
(1) Convene regular meeting with Science 
partners to advise NCED SRIP; (2) Convene 
regular technical workshops with Science 
partners 

(1) Continue Training Partners meeting 
II (Yr 6-10); (2) Dam Removal and 
Augmentation partners meeting (Yr 6-8); 
(3) Convene ecohydraulics partners 
meetings (Yr 7-10)

KT5 Collaborative SR research with 
stakeholders and partners

(1) Define and implement Application 
Working Groups; (2) Develop other ongoing 
collaborations outside of NCED; (3) Establish 
metrics for evaluating impacts of research on 
practice 

(1) Define AWG for Training, Gravel 
Augmentation, and Ecoresponse 
to structures. (Yr 6); (2) Plans for 
StreamLab08 (Yr 6); (3) Long term plans 
for StreamLab (Yr 7-10); (4) Establish 
metrics for evaluating AWGs

KT6 Disseminate SR knowledge, 
approaches, and tools outside of 
NCED 

(1) Develop community-wide, technical 
newsletter for SR; (2) Develop SR community 
website; (3) Develop SR toolbox containing 
free models and tools that support stream 
restoration practice.

(1) Continue biannual newsletter to SR 
community (Yr 6-10); (2) Continue to 
add content to SR Website (Yr 6-10); (3) 
Continue to expand SR Toolbox including 
non-NCED contributions (Yr 6-10)

KT7 Promote and develop education 
and training programs in SR 

(1) Develop and maintain an expansion of 
education and training opportunities in SR; 
(2) Expand impact of SR Certificate Program 
at UMN; (3) Explore the need for establishing 
formal standard of proficiency for SR Practice

(1) Increase PI participation in teaching 
SR Shortcourses (Yr 6-10); (2) Expand 
SR Certificate Program into a Graduate 
Degree(Yr 7-8); (3) Work with Training 
Partners AWG to explore certification in 
SR (Yr6-8)

Subsurface Architecture
KT8 Interactions with SA Science 

Partner Group
(1) Establish members of Science partners 
Group; (2) Convene regular meeting with 
Science partners to advise NCED SAIP; (3) 
Convene regular technical workshops with 
Science partners 

(1) Select member for the SA science 
partners group (Yr 6); (2) Hold first 
formal meeting of SA science partners (Yr 
6-7); (3) Hold regular meetings with SA 
science partners (Yr 8-10)

KT9 Collaborative SA research with 
stakeholders and partners

(1) Define and implement Application 
Working Groups; (2) Develop other ongoing 
collaborations outside of NCED; (3) Establish 
metrics for evaluating impacts of research on 
practice 

(1) Establish Application Working 
Groups for SA for social tradeoff in delta 
restoration and other topic TBD (Yr 6-7); 
(2) Establish metrics for evaluating AWGs

KT9 Disseminate SA knowledge, 
approaches, and tools outside of 
NCED

(1) Develop web pages for SA research, 
tools, and training opportunities; (2) Develop 
education and training opportunities for SA 
research products

(1) Develop web pages for SA IP 
including posting of data sets(Yr 6); (2) 
Conduct shortcourses and workshops on 
delta dynamics and stratigraphy (Yr 6-10); 
(3) 
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6. Diversity

Project name Explanation Milestones Links
DV1 Faculty-to-Faculty Building durable connections to Minority-

Serving Institutions and faculty who advise 
students from underrepresented groups

10 new faculty introduced to NCED 
research through visits or participation 
in conference or workshop, including 
multiple visits to NCED facilities; new 
collaborations, and recruiting visits by 
NCED faculty (Yr 10)

all

DV2 Diversity Recruiting Direct recruiting of under-represented 
students to NCED graduate and postdoc 
program

Bring up percentage of graduate students 
from underrepresented groups as % of total 
graduate students and postdocs including 
participation in the SR certificate progam: 
Yr 8: 16%; Year 10: 18%)

all

DV3 Undergraduate Summer 
Internship Program

Bring undergraduate students from 
underrepresented groups to NCED to do 
research with NCED PIs and graduate 
students. Encourage students to attend 
graduate school. Recruit students when 
appropriate as NCED graduate students.

Ongoing participation of 5 undergraduate 
students each summer, with consistent 
recruitment of USIP students to NCED 
graduate program and the majority of USIP 
students going to graduate school.: (5 each 
in Yrs 6-10)

all

DV4 gidakiimanaaniwigamig 
(Our Earth Lodge) 
Native American youth 
science immersion 
program

Students from the Fond du Lac Band of 
the Ojibwe are recruited to participate in a 
science immersion program that encourages 
students to do well academically and 
develop an interest in science careers.

90 students per year participate in the 
camps and programs; documented 
improvement in grades and test scores for 
students in both programs; majority of 
participants attend college, with substantial 
fraction majoring in science, math, 
engineering or technology (90 students per 
year, Yrs 6-10)

all

DV5 Earthscapes in the 
SMM Youth Science 
Center (YSS)

High school students from 
underrepresented groups are recruited to be 
docents in the Big Back Yard, the NCED 
developed exhibit at the SMM

Substantial participation by minority 
students in YSC park crew and other 
activities; (60% underrepresented groups 
Yrs 6-10)

all

Legacy

Program Legacy goal Legacy metric Current status
Transformation 
of field

Creation of new long-lived 
programs and organizations

Number and national visibility of 
programs and organizations

Implemented: NSF GLD and SGD programs; 
JGR-ES journal Funded: CSDMS, CZO 
In progress: WATERS network; AGU ES focus 
group

Scientific 
impact

Create a long-lived 
scientific impact via center-
style publications

Research publications: number; 
citation statistics, multi-PI/
multi-institution

Numbers updated yearly
In planning: NCED special journal volume 

Institutional 
impact

Facilities investment for 
continuation of NCED 
research

Scale of investment; ability of 
facilities to attract additional 
investment

SAFL OSL under construction and set to open 
spring 2008; ACRR wireless network functional

Desktop 
watersheds

Long-lived impact on 
watershed prediction and 
management

Development status of Ripple 
implementation model; 
adaptation by agencies 
nationwide

Ripple v.1 in use now across California; initial 
effort to generalize to agricultural/Midwestern 
conditions beginning in concert with SR
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Program Legacy goal Legacy metric Current status
Subsurface 
Architecture

Creation of long-term 
program for restoration 
of Mississippi Delta via 
river diversions and related 
activities

Development status of land-
building and social-science 
components of Desktop Delta 
model; status of restoration effort 
in Mississippi Delta

Initial land-building model complete; efforts 
ongoing to link to other components of CLEAR; 
development of social science components 
beginning; group assembled for major new 
proposal in fall 2007; Delta restoration based 
on river diversion under active consideration by 
state of LA and US ACE

Stream 
Restoration

Transformation of stream 
restoration to a professional 
practice in which objectives 
and predictive methods are 
quantitatively linked in a 
rational design framework

Development status of NCED 
restoration application tools; 
adoption by restoration 
practitioners of tools and 
methods for evaluation and 
design; development of network 
of regional centers promoting 
standards and linking research, 
monitoring, and practice.

NCED developed methods incorporated in 
US ACE HEC river modeling tools; NCED 
methods in use in nationally visible restoration 
programs (e.g. Trinity River, CA); large annual 
participation in NCED short courses and 
workshops; developing network among NCED 
and university/agency collaborators

Education (1) Unique, successful 
NCED graduate and 
postdoc programs; 
(2) success of SMM 
Earthscapes; (3) new 
programs with SMM; (4) 
new long-lived educational 
programs 

(1) Total number of students/
postdocs; student/postdoc 
publications; job placement; time 
to finish degrees
(2) number of Earthscapes 
visitors; visitor polls 
(3) scale and success level of new 
SMM/NCED programs
(4) student interest; job 
placement

Graduate and postdoc metrics strong across the 
board (documented in annual reports and site 
visits); Earthscapes visitor numbers/experience 
remain strong; new WaterPlanet program set to 
open at AMNH New York October 2008; Center 
for Future Earth under consideration at NSF; U 
Minn Stream Restoration Certificate program 
successful first year; discussions to expand to 
U-wide MS program ongoing.

Diversity (1) Creation of a cadre of 
minority students trained in 
NCED style env science
(2) creation of long-lived 
pipeline for Native 
American pre-college 
students into science via 
environmental science 
camps
(3) institutionalization of 
diversity programs

(1) total minority participation 
in NCED; Standard measures of 
success (discussed elsewhere)
(2) number of students 
participating and continuing to 
college; standard measures of 
success (discussed elsewhere)

(1) Overall minority participation improving and 
strong (documented in annual reports and site 
visits) 
(2) Native American camps have documented 
success; room for improvement but functioning 
well
(3) Recent UM success with LSAMP minority-
program proposal; developing Native American 
national science network
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Appendix F: Program Evaluations

Participatory evaluation: A case study of involving stakeholders in the evaluation process
by: Amy Grack Nelson & Robby Callahan Schreiber

Abstract 
One of the essential features of all evaluations is “utility” (The Joint Committee Standards for Educational Evaluation, 1994). 
One way to ensure use is to use a participatory evaluation process, an approach where the evaluator partners with primary 
intended users to carry out various phases of an evaluation. This article provides a case study of how participatory evaluation 
was used in an out-of-school youth development and employment program at the Science Museum of Minnesota’s Kitty 
Andersen Youth Science Center. Youth staff participated in a series of evaluation workshops facilitated by their program 
manager and an internal evaluator. Through these workshops, youth learned about evaluation, made their own meaning of 
evaluation data, connected the data to their work, and ultimately took more ownership and control of their program. A variety 
of factors led to the process’ success and the program manager and youth reaped a number of benefits. 

Introduction
According to The Joint Committee on Standards for Educational Evaluation’s Program Evaluation Standards (1994), one of 
the four essential features of all evaluations is “utility.” The Joint Committee’s rationale for the utility standards was, “An 
evaluation should not be done if there is no prospect for its being useful to some audience” (Stufflebeam, 1980, pp. 90). One 
way to help ensure use is to increase the level of participation of the primary intended users in the evaluation (Cousins & Earl, 
1995a; Patton, 2008). A means to do this is to undertake evaluation using a participatory evaluation process, which has the 
core purpose of increasing evaluation use (Cousins & Earl, 1995a). Participatory evaluation is “applied social research that 
involves a partnership between trained evaluation personnel and practice-based decision makers, organizational members 
with program responsibility, or people with a vital interest in the program” (Cousins & Earl, 1992, pg. 399-400). The process 
recognizes and draws upon the evaluation expertise of the evaluator and the program expertise of the primary user. The 
evaluator partners with primary intended users to carry out various phases of the evaluation including constructing evaluation 
questions, designing instruments, collecting data, analyzing results, generating recommendations, and disseminating findings 
(Cousins & Earl, 1995a). Involving users in the evaluation enhances relevance of the evaluation, understanding of the data, 
and ownership of the findings, all important to increasing use (Cousins & Whitmore, 1998; King & Stevahn, 2002; Patton, 
2008). In addition to increasing use, participating in the evaluation provides opportunities for users to develop the analytic 
and evaluative skills necessary for meaningful participation in the evaluation process (Cousins & Earl, 1992).   

This article provides a case study of how participatory evaluation was used in an out-of-school youth program at the Science 
Museum of Minnesota’s Kitty Andersen Youth Science Center (KAYSC). In the youth development field, participatory evalua-
tion involving youth is referred to as youth participatory evaluation (Sabo Flores, 2008). Youth participatory evaluation actively 
involves youth in a meaningful way to improve the experience they have in a program, instead of being passive recipients of 
program services or subjects in an evaluation (Checkoway, Dobbie, & Richards-Schuster, 2003; Horsch, Little, Chase Smith, 
Goodyear, & Harris, 2002; London, Zimmerman, & Erbstein, 2003). When adults treat youth as equals and acknowledge and 
respect their voices in the evaluation process, it increases youth self-confidence that they have valuable assets, knowledge 
and insights (Checkoway et al., 2003; Sabo Flores, 2008). This article discusses the participatory process that was used with 
a group of youth staff, what led to a successful process, and benefits of the process to the program manager and youth. 
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Case Study
The KAYSC was created in 1996 to encourage young people to engage in experiential learning that develops their confidence 
in and appreciation for STEM fields (Science, Technology, Engineering and Mathematics). The mission of the KAYSC is to 
engage youth 12-18 years old in STEM educational and professional opportunities, thereby empowering them to pursue their 
potential, experienced in the world of science, committed to serving the community, and grounded in their awareness of young 
people’s ability to impact our institutions and communities. The KAYSC is built on a belief that youth are active participants 
in their own learning where discovery, ownership and responsibility incite a positive attitude toward the sciences. Participants 
are empowered to take an active role in the planning, research, design, implementation and evaluation of their own program 
and projects. The youth work as either museum volunteers or part-time, paid staff in small crews, or teams, facilitated by adult 
program managers. Youth educate museum visitors, build exhibits, develop community STEM projects/presentations, and do 
scientific research, which make their experiences real and meaningful (Velure Roholt & Steiner, 2005).

One of the KAYSC teams is the Park Crew. The Park Crew is a senior level team comprised of eight to twelve junior and senior 
high school students who are led by Robby Callahan Schreiber, a program manager. The team has been active since 2003 and 
is funded by the National Center for Earth-surface Dynamics, a National Science Foundation Science and Technology Center. 
The goals for Park Crew youth staff are: 1) learn about earth-surface processes, specifically those related to water, and the role 
humans play in affecting the processes; 2) personally develop and strengthen teaching skills so they can educate the public 
(museum visitors and school outreach groups) about the earth-surface processes; and 3) become aware of STEM careers and 
get a chance to explore opportunities in these fields. 

The Park Crew reaches their goals by developing and sharing water-based earth-surface process activities with museum visitors 
and young people throughout the year. The youth visit after-school program sites during the winter and share their activities 
with elementary students. During the summer, the Park Crew facilitates activities in the museum’s Big Back Yard (BBY), a 
1.75-acre outdoor science park. Over 2,000 museum visitors interact with at least one of the four Park Crew activities each 
summer. The four activities include Watershed Walk, Fossil Making, Macroinvertebrate Investigation, and Restore the River.

• Watershed Walk is a hands-on demonstration of non-point source pollution that includes helpful suggestions for 
how visitors can improve local water quality. Watershed Walk was the only activity with a predefined schedule of 
demonstrations every half hour.

• Fossil Making is a make and take activity in which visitors learn about local fossils and create their own fossil to 
take home.

• Macroinvertebrate Investigation is a free-choice activity where visitors lead their own up close exploration of 
aquatic macroinvertebrates.

• Restore the River is an interactive demonstration of what happens to a dammed river when the dam is removed. 

During the summer of 2007, Amy Grack Nelson, Evaluation & Research Associate at the Science Museum of Minnesota, 
carried out a summative evaluation of the Park Crew program1. The purpose of the evaluation was to understand how youth 
implemented the activities and what they learned about earth-surface processes, STEM careers, and teaching others. A mixed-
methods design was used, which included observations and pre- and post-interviews of Park Crew youth. Two of the activities 
with different presentation styles, Watershed Walk and Macroinvertebrate Investigation, were observed. Observations focused 
on how youth presented the activities and interacted with visitors. Pre-interviews asked youth what they wanted visitors to 
learn from each of the four activities, while post-interviews asked youth about their experience working in the BBY and their 
comfort level presenting the four activities. 

The summative evaluation not only provided insight into the extent the program’s goals were addressed, it also brought to light 
many areas of potential improvement. Since the program was ongoing, the program manager wanted to find ways to address 
some of the program’s shortcomings and make improvements before the following summer, thus using the summative findings 
in a formative manner. The evaluator and program manager decided they wanted to share the evaluation data with the youth 
as a way to help identify areas of improvement. Since the evaluation findings were not completely positive, it was important 
to share the data in a way that allowed youth to make their own conclusions instead of having an adult appear to point out 
what they did wrong. It was also important that the Park Crew team’s first experience with evaluation data was positive and 
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did not result in youth having negative feelings about their work or evaluation. A situation had to be set up to allow youth to 
personally identify their successes and take ownership of what improvements needed to be made. For this reason, a participatory 
evaluation approach was used to share and make sense of the data. 

Participatory evaluation was not new to the KAYSC. In the past, external evaluators used a participatory process with two 
KAYSC program evaluations. Unfortunately, a participatory approach did not carry over into other evaluations. Staff turnover, 
lack of evaluation capacity of the staff, and the absence of an internal evaluator, made it difficult to establish a commitment 
to participatory evaluation processes across all KAYSC youth programs. In order for participatory evaluation to become 
integrated and a routine part of an organization’s culture, repeated participatory evaluation processes are required (Cousins & 
Earl, 1995b). Various factors have contributed to a recent commitment to youth participation in evaluation within the KAYSC. 
In 2005, the Science Museum of Minnesota’s Department of Evaluation & Research in Learning was established and an 
internal evaluator, Amy Grack Nelson, was designated to work with the KAYSC. The internal evaluator began to build the 
evaluation capacity of the KAYSC staff in order to create an organizational culture of evaluation. This work is supported by 
KAYSC’s new strategic plan that stresses a commitment to a collaborative approach to evaluation and need for evaluation to 
be a component of all new programs. Participatory evaluation also aligns with KAYSC’s philosophy of transforming youth 
from being passive consumers of knowledge to creators and connectors of knowledge, recognizing that youth can and should 
be in a constant state of learning and improvement, thinking critically about and evaluating their experiences in and outside 
the KAYSC. 

Process of Sharing Data With Youth 

Youth were brought into the evaluation process during the data analysis portion of the Park Crew summative evaluation. In 
April 2008, the Park Crew youth staff participated in four evaluation workshops facilitated by their program manager and 
internal evaluator (See Figure 1). There were four goals of the workshops. 

1. Teach youth about evaluation.

2. Give youth an opportunity to make their own meaning of evaluation data. 

3. Increase youth understanding of BBY activities. 

4. Allow youth to take more ownership and control of their work.

Over the course of four three-hour meetings, youth 
learned about evaluation, reflected on their activities’ 
learning objectives, interpreted the previous summer’s 
evaluation data and created recommendations for the 
upcoming summer. At the end of each workshop the 
program manager led youth through brief, facilitated 
discussions to provide them an opportunity to reflect on 
their experience in the participatory process. Through 
focused questioning from the program manager youth 
talked about parts of the process that stood out to them, 
shared feelings that came up throughout the process, 
connected the process to the bigger picture of their 
work in the KAYSC and identified ways to move for-
ward. These discussions allowed youth to continually 
check-in with each other and the program manager and 
keep the workshops moving in a direction and speed 
with which they were comfortable. 

Figure 1: Evaluation workshop agenda
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Workshops 1 & 2: Reflecting on Experience and Data 

The workshop started with an interactive activity about evaluation. The goal of the activity was to help youth gain a deeper 
understanding of evaluation, why their activities were evaluated, and how the evaluation data was gathered. To explain evalua-
tion in a way that connected to their experiences and interests, the evaluator led youth through an activity where they evaluated 
a cell phone. The team identified what they wanted teens to be able to do with a cell phone (the objectives). They talked about 
what information they would need to gather and how to gather it to ensure teens were able to successfully use the phone and 
were satisfied with the product. The evaluator then explained how they could look at the data and create recommendations 
to the manufacturer to improve the phone. Parallels were then made between how youth said they would evaluate a phone 
and how the evaluator evaluated the Park Crew program. The program manager talked about the objectives of the Park Crew, 
identified the goals of the evaluation, explained the methods the evaluator used to gather data, and emphasized that the data 
was being shared to find ways to improve the work of the Park Crew. 

During the first two workshop days, youth reflected on learning objectives for the activities, discussed what they felt worked 
well and what should be changed, and reviewed the evaluation data. The youth first described what they did for each activity 
to reengage with each activity and to help teach new crew members about the activities. They then wrote down what they 
wanted visitors to learn from the activity. The evaluator also introduced data from the summative evaluation in which youth 
were asked the same question. This led to a discussion about learning objectives and how activities can be taught to ensure 
objectives are addressed. The objectives were also pulled into later discussions to compare what youth wanted visitors to learn 
to what they were observed teaching, which at times did not match up. 

After defining the learning objectives for an activity, the youth reflected back on their experience leading that activity. A 
participatory technique was used in which youth were asked to answer two questions for each of the Park Crew activities. 

• What would you keep and why? (e.g. things they enjoyed, visitors enjoyed, worked well, etc.) 

• What would you change and why? (e.g. things they did not enjoy, visitors were not interested in, did not work 
well, etc.) 

Youth worked in groups of three to come up with as many ideas as they could for each activity. Youth were reminded to consider 
all aspects of doing a program including the training they received to learn the activities, their own process of learning the 
activities, setting up the activities in the BBY, leading the activities with visitors, and cleaning up after the activities. They 
were also told to brainstorm without limitations of cost or feasibility. 
The program manager provided encouragement to youth as they worked 
through the process, reminding them to elaborate on ideas when needed. 
For example, if youth said, “keep everything,” the program manager 
encouraged them to identify specific parts of the activity to keep and 
explain why. When youth finished coming up with their ideas, they 
shared them with the larger group. Using a sticky wall, youth placed 
their ideas under the corresponding keep or change column for the activ-
ity (See Figure 2). As a large group, the youth identified any similarities 
among ideas and tried to create clusters under things that worked well 
or things they would change.

After youth had a chance to do their own reflecting on the activity, they 
were presented with the evaluation data. Instead of seeing the inter-
pretations of the data from the summative evaluation report, the youth 
only saw data in the form of tables and graphs. This allowed youth to 
come to their own conclusions about the data without the evaluator’s 
interpretations influencing their thinking. The evaluator started the data 
discussion by leading the youth through a brief overview of reading 
graphs, sampling, means, and medians. Always seeking ways to engage Figure 2: Photograph of sticky wall with keep and change data for 

Watershed Walk
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youth in learning, this introduction provided an opportunity for youth to apply and improve their math skills. The youth were 
then shown the data for each corresponding activity. To help youth think about and discuss the data, the following questions 
were posed:

• What are your first impressions of the data? 

• Is there anything that surprises you? 

• Based on the data, what are some changes you would suggest? 

• What would you keep doing the same way? 

Youth then wrote down additional things they wanted to change or keep based on the data and added them to the sticky wall. 
During the data discussions, the evaluator and program manager did not interpret the data, allowing youth to come up with their 
own interpretations. As needed, the evaluator asked probing questions to help youth correctly read a graph, make comparisons 
between some of the data, and think about why they were interpreting the data in certain ways.

Youth often had interpretations similar to how the evaluator interpreted the data in the summative evaluation report. One 
example was the interpretation of how successfully or unsuccessfully the content was delivered for the Watershed Walk activity. 
While observing the demonstration, evaluators noted the total number of instances youth mentioned reasons why something 
was considered a pollutant and what people could do to prevent that particular kind of pollution. When youth looked at these 
graphs, they were surprised at how infrequently they talked about the reasons and actions for the various pollutants, because 
they felt they were already covering these topics in all of their demonstrations (See Figure 3). One youth said, “We should be 
talking about these 100% of the time.” The evaluator pointed out that their feelings were also reflected in the interviews, when 
two-thirds of youth said they wanted visitors to learn about these two topics. Youth had identified that they wanted visitors 
to learn this information, but when they actually carried out the activity, they did not follow through. This discrepancy led to 
a discussion about objectives and the disconnect between what they saw as objectives and what they were actually teaching 
visitors. Youth said in some cases they did not talk about certain pollutants because they either did not know the information 
or feel confident talking about it. In order to reach these objectives, youth decided they needed to increase their knowledge 
about why certain things are considered pollutants and what people can do to prevent them. They created cards for to the 
sticky wall that reflected their expectation of what content should be delivered during every Watershed Walk and their desire 
for more specific content-related training. Youth ended up creating their own expectations for their performance, expectations 
that the program manager always had of the youth but now the youth were putting on themselves. 

There was one instance where youth interpreted the 
data very differently than the evaluator and program 
manager. For the Watershed Walk activity, youth were 
expected to present the walk every half hour. Between 
walks, they were cleaning up from the previous walk, 
setting up the next walk, or sitting and waiting for visi-
tors to stop by. One of the outcomes of the Park Crew 
is for youth to acquire skills and confidence interact-
ing with museum visitors. A large part of leading the 
activities is being comfortable interacting with visitors 
at various stages in the staff-visitor encounter. These 
skills were measured by observing a youth’s interac-
tions with visitors passing by and/or stopping at the 
watershed model (the basis for the Watershed Walk 
activity). Observations revealed that youth were not 
comfortable with the most basic levels of interactions, 
greeting visitors and inviting them to participate in the 
activity. Most of the time (86%), youth said nothing to 
visitors as they passed by, not even a hello. When youth 
were shown this data, they did not interpret it as an area 

Figure 3: How often youth talked about why something is considered a pollutant (n=27)
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of improvement. Instead they simply talked about their need to set up or clean up for the activity. It did not occur to any of 
the youth that they should stop for a second to at least acknowledge the visitor if not invite her or him back for the Watershed 
Walk. This was extremely eye opening for the program manger. It became clear that training for the BBY work needed to 
include the same customer service training that other museum staff receive, instead of solely focusing on presenting the four 
activities. This was one case during the workshops where the program manager added an idea to the sticky wall to make sure 
the suggestion of customer service training did not get lost in the process.

Workshop 3: Generating Recommendations 

After engaging with the evaluation data, youth spent the third workshop drawing connections from the data to their future 
BBY work through a consensus-building workshop facilitated by the program manager (Bucki, 2008). The primary goal of 
the consensus workshop was to give the youth a voice in creating recommendations for program improvement. While the 
program manager could have developed recommendations on his own, it was important to include youth thoughts and opinions 
as part of the democratic process of learning and decision-making. The workshop began by posing the question, “What do we 
need to do in order to reach our goals working in the Big Back Yard?” Youth utilized their list of intended objectives for each 
activity and their reflections from the first two workshops to help them answer the question. The youth and program manager 
individually brainstormed answers to the question and shared his or her ideas with a partner. The partners chose 8-10 of their 
best ideas and wrote them down on half sheets of paper. Then they posted several of their ideas on the wall and identified 
ones with shared meaning. They clustered these in to pairs and each became a column, or topic. When they finished clustering 
there were seven columns of pairs. They placed all their remaining ideas in the column to which each best fit. By the end of 
the consensus-building workshop, the team had identified and named seven themes of recommendations they wanted to focus 
on in preparation for their summer work1.

These themes included things to change, seeking new information, hands-on field trips, visitor interaction, activity preparation, 
advertising BBY activities, and space and comfort in the BBY. The team identified a number of large and small changes to 
each activity that would improve either their ability to teach the activity or the visitor’s experience at each activity. To be more 
prepared for leading each activity youth identified specific content areas they wanted to learn more about through field trips 
and other fact finding methods. Seeing where they were lacking or desiring more content knowledge the team decided to seek 
new information on local watershed issues and local fossil history. In order to improve visitor interactions they suggested 
making question cards and surveys for visitors, as well as planning multiple ways to talk to visitors. The team also desired 
time to write activity learning objectives and practice teaching the activities to each other. Responding to the inconsistent 
numbers of visitors they proposed some new advertising techniques such as placing one Park Crew staff in the building to 
recruit visitors and creating and posting additional signs throughout the museum. Finally they identified ways to improve 
their working conditions such as adding tents or awnings to their workspaces and getting other gallery staff to recruit visitors 
so they had less down time waiting for people to visit their activities.

Workshop 4: Implementing Recommendations

After youth brainstormed, clustered and named their ideas, the program manager devised a plan to incorporate the ideas in to 
training. He mapped out the remaining shifts until the start of summer and had the youth think about how best to use the shifts 
to prepare for the BBY season. The team decided to work in small groups to plan trainings for each of the four activities. Each 
group chose one of the activities and was responsible for planning two days of training for the rest of the crew. Youth made sure 
their training days addressed each of the seven recommendation themes. This final workshop activity allowed youth to have 
a direct say in how they were trained and what skills and knowledge they needed to feel comfortable teaching their activities.

It was important that youth had the chance to make suggestions and offer feedback on their experience throughout the four 
participatory evaluation workshops. Rather than simply receiving a mixture of positive and negative feedback from the 
evaluation report via the program manager, youth were given the opportunity to respond critically to the evaluation data. The 
team worked together to make sense of the data in their own way and synthesized it in to a comprehensive mixture of training 
suggestions for the upcoming season, some of which the program manager might have not considered had he not sought their 
input. Youth left the workshops with a stronger sense of ownership and control of their work because they were given the time 
to express their opinions in a professional manner to the person directly in charge of their experience - their program manager..
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Discussion

Factors That Led to a Successful Participatory Evaluation Process

The youth participatory evaluation process was a positive experience for all involved. A variety of factors led to the process’ 
success, including balanced partnerships, sufficient time allocated to the process, and the program manager’s value of evalu-
ation and interest in including youth in the process.

Balanced partnerships are vital to participatory evaluation, with the evaluator and participants bringing their own knowledge 
and expertise to the process (Cousins & Earl, 1995a; Cousins & Whitmore, 1998). The program manager brought his expertise 
of working with youth. He came up with strategies on how to best engage youth in the data, kept them on task during the 
workshops, and offered them encouragement when needed. The evaluator brought her expertise of evaluation. She taught 
youth about evaluation and helped youth use their analytical skills to make sense of the evaluation data. 

Sufficient time is necessary to engage in participatory evaluation without rushing the process (King, 1995). Originally, the 
workshops were scheduled to cover two three-hour sessions. However, youth got deeply engaged in the process, often spending 
considerable amounts of time reflecting on their prior experiences in the BBY. Youth’s positive energy and engagement made it 
clear by the end of the first day that the process would have to be extended to allow enough time for a meaningful experience. 
Because of the program manager’s flexibility with the Park Crew’s schedule, two additional days were added. Rushing youth 
through the process could have negatively affected their first participatory evaluation experience and diminished the use of 
the findings (King, 1998).

Participants must value evaluation and have an interest in engaging in the evaluation process (Cousins & Earl, 1992; King, 
1995). Without interest of those involved, the evaluator will have a difficult time successfully carrying out a participatory 
process (King, 1995). The interest of the program manager to engage youth in the evaluation data was vital to ensuring the 
successful implementation of the process. The engagement of youth during the workshops also led to the overall success. 
Youth engagement was evident by the lengthy discussions about the four activities. It was clear youth wanted to improve their 
work in the BBY on both a personal and team level. The interest and enthusiasm for the process was also evident in the youth’s 
desire to evaluate their own activities with visitors, as well as the program manager advocating the participatory evaluation 
process to other KAYSC staff.

Benefits of the Participatory Evaluation Process 

Benefits to the Program Manager

A major outcome of participatory evaluation is evaluation capacity building of the primary intended users (King & Stevahn, 
2002). The youth participatory evaluation process provided professional development for the program manager, who had 
little evaluation experience going into the process. The collaboration with the evaluator increased the program manager’s 
understanding of evaluation, his ability to interpret evaluation data and generate recommendations, and his confidence in 
including youth as participants in future evaluations. 

The program manager’s evaluation capacity led to his desire to engage a different youth team, the Water Crew, in a participatory 
evaluation process. The Water Crew was developing interactive quizzes for an upcoming exhibition and wanted to find out if 
the quizzes successfully communicated the main messages. Having recently completed the participatory evaluation workshops, 
the program manager suggested some possible evaluation methods and the team contacted the evaluator to help carry out the 
evaluation. The youth had already identified some questions they wanted to ask visitors, so the evaluator helped them refine 
their questions, created the interview instrument, and trained the youth in conducting visitor interviews. The Water Crew 
then carried out cued interviews with visitors. The evaluator and program manager discussed the data with the youth and the 
youth identified revisions to make to their quizzes. The evaluation of the Water Crew quizzes is an example of a small-scale 
participatory evaluation that was prompted by the program manager’s evaluation knowledge and capacity.

In addition to increasing his evaluation capacity, the participatory evaluation process also provided the program manager 
with important feedback about the Park Crew’s work. Throughout the process youth reflected on their work, talking about 
what they personally felt worked well and what they would change. Youth also gave well thought out suggestions on how to 



232     Program Evaluations

National Center for Earth-surface Dynamics
Annual Report 2009

better prepare for their work in the BBY and keep motivated throughout the summer. They shed light on aspects of their work 
the program manager had not considered, such as their lack of confidence in delivering some of the information and their 
desire for more training opportunities. As a result of the participatory evaluation process, the program manager had a deeper 
understanding of the youth experience in the BBY and could proactively respond to their needs. 

Benefits to the Youth 

Involving youth in the workshops gave them a sense of control and deeper understanding of their work by increasing their 
capacity for reflection and evaluation. Youth experience a sense of empowerment and pride when they have an influence on 
the way programs are run and see their ideas acted upon (Checkoway et al., 2003; Horsch et al., 2002; London et al., 2003). 
The Park Crew youth generated a number of well-constructed suggestions for how they could improve their work experience, 
but needed outlets for their ideas. The program manager, rather than planning and leading the BBY training himself, had the 
youth use their suggestions to develop their own training sessions. Youth also shared their ideas with a museum operations 
staff member. Youth suggested ways to increase the number of BBY visitors and amenities that would allow them to do their 
jobs even better. The museum operations staff member implemented several ideas that were realistic given time and financial 
constraints. Youth were able to see their suggestions put in to practice over the course of the summer. They learned firsthand 
how to make changes happen within a large organization and realized they shared a collective voice as valued staff members. 

Involving youth in the evaluation process transforms their understanding of their program (Checkoway et al., 2003). The 
workshops served the dual purpose of program improvement and training for the upcoming year. Some of the youth were 
new to the Park Crew and had not led activities in the BBY before. One of these youth shared his increased understanding, “I 
know more about the things we do in the Big Back Yard.” By taking part in such a thorough reflection of the team’s previous 
work and planning for the upcoming summer, new youth left the workshops well poised to begin training. Youth comments 
on the process also reflected their increased level of knowledge about the activities and confidence in sharing that knowledge 
with visitors. One youth said, “I feel very confident now,” while another shared, “I feel we are going to do really good this 
summer.” The team’s increased knowledge and confidence created a shared positive attitude toward their BBY work which 
provided a motivational springboard to the training work.

As a result of their active involvement in evaluation, youth become more reflective about themselves, their work, and their 
overall program (Sabo Flores, 2008). They also develop higher order thinking skills, specifically analytic and evaluative skills 
(London et al., 2003). Youth understanding and comfort with evaluation was clear by their desire to use evaluation to further 
inform their work. After reviewing the Park Crew summative evaluation data, the team realized there was an information gap. 
One of the youth said, “Well, we need to talk to visitors ‘cuz we want to find out what they think!” The team decided to survey 
visitors at each of the four activities in order to find out what visitors thought about the activity and what they learned. Similar 
to the Water Crew participatory evaluation process, the evaluator worked with the youth to create and administer a visitor 
survey. Evaluation staff modeled survey administration procedures and then stayed with youth to answer any questions or 
give pointers. The survey data was then shared in a participatory manner, similar to how the youth engaged in the summative 
data from the previous summer. The team discussed graphs and tables of data, decided what they wanted to keep or change 
based on the data, and generated recommendations for summer 2009.  

Youth also made connections that helped them understand the evaluation work that occurs within the museum. Initially, some 
of the youth were a bit uncomfortable being observed by the evaluation staff. After meeting the evaluator and engaging with 
the evaluation data, they had a deeper understanding of what observations can reveal about a program. One youth expressed 
a renewed sense of comfort with the evaluation process sharing, “I feel being watched paid off in the long run.” The team 
learned the importance of evaluation in the museum setting and the different ways evaluators help improve museum programs 
and projects. It is empowering for youth to feel a deeper tie to the museum by knowing more about the various types of work 
done in the institution.
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Conclusion
As a result of the participatory evaluation process, the KAYSC, and more broadly the Science Museum of Minnesota, now 
has a format for engaging youth in evaluation practice and training them to be self-reflective in their work. A sustainable 
cycle of formative evaluation (evaluation, reflection, change, and more evaluation) has been developed for a group of youth 
that previously had little to no knowledge of evaluation practice. The partnership between the internal evaluator and program 
manger also increased their own confidence and interest in participatory evaluation, which is evident in their use of the process 
with other KAYSC evaluations. Additionally, the Park Crew participatory evaluation process influenced the larger KAYSC’s 
commitment to using a youth participatory evaluation approach with future evaluations.  

Although this article focused on youth participatory evaluation, participatory processes can be used with all types of primary 
users. Partnering with primary intended users, building their evaluation capacity, and increasing their level of participation in 
carrying out various phases of the evaluation enhances their understanding and ownership of the findings, which in turn leads 
to increased use (Cousins & Earl, 1995a; Cousins & Whitmore, 1998; King & Stevahn, 2002; Patton, 2008). Users also gain a 
deeper understanding of evaluation practice and enhance their evaluative thinking skills through direct involvement in carrying 
out the evaluation, offering input, and reflecting on the process (Cousins & Earl, 1992). Primary intended users develop the 
capacity to become more active participants in future evaluations and ultimately self-direct their own evaluations (King, 1995).

Note 

1. To obtain a copy of the KAYSC BBY Park Crew Summative Evaluation Report, which also includes the youth recommenda-
tions, visit www.smm.org/researchandeval
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Appendix G: NCED Data Repository

Introduction
In early 2007, NCED unveiled a virtual Data Repository where all NCED-funded research data will ultimately be archived and 
available for download by the public (www.repository.nced.umn.edu). The site allows users to view existing archived data and, 
as of fall 2007, allows users to select and download data. The hardware running the Repository is a dual CPU 2.2ghz Opteron 
with 3GB of RAM and is run on a NCED server housed at the Minnesota Supercomputer Institute (MSI). It is connected to 
the MSI’s Storage Area Network (SAN) and we have 4TB of space allocated on their server; 2TB of this space currently in 
use. In addition to NCED data, we also make accessible to the community important “legacy” datasets, i.e., data generated 
outside of NCED but of interest to researchers in surface process science.

Data Repository: Process and Plans
The repository is publicly visible and searchable, and over 90 individuals downloaded data 219 times for a total of  345GB 
served.  To increase visibility, the NCED website sidebar now directly links to the Data Repository.

A new collaboration has been formed with the NSF-funded Community Surface Dynamics Modeling System (CSDMS; http://
csdms.colorado.edu/), which has a need for a source of spatially and temporally rich data from various locations and at various 
scales to validate their collection of earth surface dynamics models.  This relationship has given us insight and direction into 
improving data collection and organization to make it more accessible to end users and browsers. In cooperation with CSDMS, 
we are working toward a better system for soliciting data from NCED researchers that will result in a smooth submission process 
and, in turn, more efficient and extensive use of the datasets by a wide range of researchers, including CSDMS modelers.

As a result, we are updating the collection method for NCED-generated data that comprise the repository.  A more structured 
on-line metadata questionnaire is being developed that will help to categorize the submitted data.  To maximize utility, this 
same information will also serve as the search terms for end users.  Metadata categories will include common keywords, types 
of data, variables (flow  rate, sediment size, sediment transport rate, etc.), file types, geographic location or laboratory facility, 
temporal frequency, spatial resolution, stage of research (planned, ongoing, complete), etc.  Additional information collected 
will likely include author(s), contact information, publications associated with the research, and thumbnail pictures that show 
a  visual example of the type of data one can find in a given set.

Input is being solicited from a wide range of researchers and end users, including NCED PIs, CSDMS researchers, and CUAHSI 
HIS staff, to develop the framework that best characterizes the data and important keywords. Standardizing the metadata will 
help organize the submissions into an easily searchable database useable by researchers from a wide range of fields.

Current Contents
 ► 3D Maps (7.32 GB; Campbell, Morin)

NCED is currently involved in researching the effectiveness of anaglyph maps in the classroom and are working with educa-
tors and scientists to interpret various Earth-surface processes. Based on the findings of the research, various activities and 
interpretive information will be developed and available for educators to use in their classrooms. We believe that anaglyph 
maps are an important tool in helping students see the world and are working to further develop materials and activities to 
support educators in their use of the maps. 

This website has various 3-D maps and supporting materials that are available for download. Maps can be printed, viewed on 
computer monitors, or projected on to screens for larger audiences. 
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Anaglyph paper maps are a cost effective offshoot of the GeoWall Project. Geowall is a high end visualization tool developed 
for use in the University of Minnesota’s Geology and Geophysics Department. Because of its effectiveness it has been expanded 
to 300 institutions across the United States. GeoWall projects 3-D images and allows students to see 3-D representations but 
is limited because of the technology. Paper maps are a cost effective solution that allows anaglyph technology to be used in 
classroom and field-based applications. 

Data subsets
World Map: 3-D map that highlights oceanic bathymetry and plate boundaries.
Continental United States: 3-D grayscale map of the Lower 48. 
Western United States: 3-D grayscale map of the Western United States with state boundaries. 
Regional Map: 3-D greyscale map stretching from Hudson Bay to the Central Great Plains. This map includes the Western Great 
Lakes and the Canadian Shield. 
Minnesota Map: 3-D greyscale map of Minnesota with county and state boundaries. 
Twin Cities: 3-D map extending beyond Minneapolis and St. Paul. 
Twin Cities Confluence Map: 3-D map highlighting the confluence of the Mississippi and Minnesota Rivers. This map includes 
most of Minneapolis and St. Paul.
Minneapolis, MN: 3-D topographical map of South Minneapolis. 
Bassets Creek, Minneapolis: 3-D topographical map of the Bassets Creek watershed. 
North Minneapolis: 3-D topographical map highlighting North Minneapolis and the Mississippi River. 
St. Paul, MN: 3-D topographical map of St. Paul.
Western Suburbs, Twin Cities: 3-D topographical map of St. Louis Park, Hopkins and Minnetonka area. 
Minnesota River Valley Suburbs, Twin Cities: 3-D topographical map of Bloomington, Eden Prairie and Edina area. 
Southern Suburbs, Twin Cities: 3-D topographical map of Burnsville, Lakeville and Prior Lake area. 
Southeast Suburbs, Twin Cities: 3-D topographical map of South St. Paul, Mendota Heights, Apple Valley and Eagan area. 
Northeast Suburbs, Twin Cities: 3-D topographical map of White Bear Lake, Maplewood and Roseville area. 
Northwest Suburbs, Mississippi River, Twin Cities: 3-D topographical map of North Minneapolis, Brooklyn Center and Maple 
Grove area. 
Blaine, MN: 3-D map of Blaine and the Mississippi River.
White Bear Lake, MN: 3-D topographical map of White Bear Lake and the surrounding area. 
Maple Grove, MN: 3-D topographical map of the NW suburbs of the Twin Cities. 
Minnesota River: 3-D topographical map of the Minnesota River Valley highlighting the river bend in Mankato. 
St. Croix River: 3-D topographical map of the St. Croix extending from Taylors Falls to the Mississippi confluence.
Mississippi River, Lake Pepin: 3-D topographical map of the confluence of Chippewa Creek and the Mississippi River. 
Red Wing, MN: 3-D topographical map of Redwing, MN on the Mississippi River. 
Winona, Minnesota: 3-D topographical map of Winona, MN highlighting the Mississippi River. 
Cannon Falls, MN: 3-D topographical map of Cannon Falls area.
Rochester, MN: 3-D topographical map of Rochester and the surrounding area. 
Northfield, MN: 3-D topographical map of Northfield and the surrounding area. 
St. Louis River, MN: 3-D map of the St. Louis River and Duluth, Minnesota. 
Lake Itasca, MN: 3-D map of the source of the Mississippi River. 
Elmore, MN: 3-D topographical map of Elmore, MN in south-central Minnesota. 
Glencoe, MN: 3-D topographical map of Glencoe, MN. 
New Prague, MN: 3-D topographical map of the New Prague in south-central Minnesota.
Plainview, MN: 3-D topographical map of Plainview, MN.
Waterville-Morristown: 3-D map of the Waterville-Morris area in south-central Minnesota.
Eau Claire, WI: 3-D map of Eau Claire highlighting abandoned river channels. 
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Dubuque, IA: 3-D topographical map of Dubuque and the Mississippi River. 
Londonderry, NH: 3-D topographical map of Londonderry, NH.
Santa Cruz, CA: 3-D topographical map of Santa Cruz, California. 
Crater Lake, OR: 3-D topographical map of Crater Lake, Oregon. 
Mt. Rainier, WA: 3-D topographical map of Mt. Rainier in Washington. 
Grand Canyon, AZ: 3-D topographical map of the Grand Canyon. 
District of Columbia: 3-D map highlighting the confluence of the rivers and the Mall. 
Ireland: 3-D grayscale map of Ireland. 
New Jersey: 3-D grayscale map of New Jersey. 
SP Crater, AZ: 3-D map of random craters in the San Francisco Mountains. 
Mars Water Features: 3-D grayscale map showing surface water features from Mars.

 ► Angelo 1m DEMS (8.46 GB; Belugi, Bode)

Digital Elevation Models (DEM) of Angelo Coast Range Reserve and South Fork Eel Watershed in Mendocino County, CA. 
They all are 1x1 meter grid resolution, using UTM, zone 10, NAD83 projection. These are ESRI grids. 

1. Bare-earth DEM: eel1mdem 

2. Canopy DEM: eel1mcanopy 

3. Vegetation Heights, i.e., the difference between the bare earth and canopy: eel1mdiff 
Data was flown for the purposes of improving algorithms for LIDAR bare-earth processing and to be the basis of interdisci-
plinary geology, ecology, hydrology modelling as performed by the National Center for Earth-surface Dynamics. NCALM, 
University of Florida flew the LIDAR and processed it to 9column ascii files. They also created the bare-earth DEM. 

NCALM, UC Berkeley processed the canopy and veg heights DEMs and is responsible for distribution. 

 ► Angelo 1m DEMs - Derived Data Sets (8.18 GB; Belugi, Bode)

Digital Elevation Models (DEM) of Angelo Coast Range Reserve and South Fork Eel Watershed in Mendocino County, CA. 
This DVD contains a zip file with derived DEMs and coverages. They were processed from the original Angelo 1meter DEM. 
They all are 1x1 meter grid resolution, using UTM, zone 10, NAD83 projection. NCALM, University of Florida flew the 
LIDAR and processed it to 9column ascii files. They also created the bare-earth DEM. NCALM, UC Berkeley processed the 
DEMs and is responsible for distribution. 

 ► Angelo Basic GIS Coverages (36.87 MB; Bode, Dietrich, Power)

Projection: UTM, zone 10, datum NAD83. 

GIS file format: ESRI Shapefile for vector, ESRI arcinfo binary GRID format for raster. 

Data Sources: National Center for Airborne Laser Mapping (NCALM, http://ncalm.berkeley.edu): Lidar DEM of the South 
Fork Eel watershed at Angelo reserve was created by NCALM. 

This data is new and still is being post processed. The dem is extremely high quality (1m resolution). California Spatial 
Information Library (CASIL, http://gis.ca.gov): public and federal datasets, including USGS drg, doqq, and blue-line datasets. 

Naming Conventions: This is not strictly followed. Files start with their spatial scale and end with their projection. Maps will 
often end with their DPI resolution. Eel: entire eel watershed Sfk: South Fork Eel Nfk: North Fork Eel Angelo: Angelo Reserve

 ► Church and Rood Alluvial River Channel Regime Data (8.88 MB)

Data compiled from various sources on 284 streams and rivers: river morphology, river process, discharge, hydraulic geometry 
and grain size.
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 ► Colorado River Sediment Storage (28.15 GB; Grams)

 ► Delta Basin (565.18 GB; Martin, Paola)

The Delta Basin is a square flume measuring approximately 5 meters by 5 meters, and is 0.61 meters deep. The exact 
experimental configuration may vary depending on the scientific objectives - the specific scheme at right represents that for 
the DB03-1 and DB03-2 experiments.

A mix of sediment and water are introduced at a single infeed point in one corner of the basin. This produces a radially 
symetrical delta-like deposit. A syphon-based ocean controller at the opposite corner allows for precise base-level manipulation, 
and specifically for the creation of accomodation space via a slow base-level rise.

Data

Topography on the fluvial surface is measured using a laser-line system: laser lines (three are shown in the schematic) are 
projected onto the fluvial surface, and photographs taken at regular intervals by a camera on a fixed mount. 

Surface processes are recording using the same camera in time-lapse mode.

Stratigraphy is recorded by slicing the resulting deposit and photographing the faces (with the same camera). “Peels” are also 
taken of the faces.

By using the same camera in the same position, image data from all three data sets may be directly compared. 

Data Subsets

DB03-1 Corrected surface images: Images of the fluvial surface taken during the DB03-1 High Frequency Topography. 
See project description for details. The original images were taken every 15 seconds of run time and stored in Nikon’s 
NEF format. These images have been corrected (for lens distortion and perspective) using Andromeda Software’s Lendsoc 
Photoshop filter, and saved in JPG format. Images are stored in folders by calendar date. The file names are of the format 
“Ryyyy-mm-dd-hhmmss.jpg” where “R” stands for “run” (vs “T” in other experiment images for “topography”) - note 
that the date/time is calendar not runtime - images with the runtime in the file name are elsewhere in the archive.
DB03-1 Deposit Face Images: Images of the DB03-1 Deposit stratigraphy. The deposit was sliced at the 1.5, 1.75, and 
2.0 meter downstream transects, corresponding to the locations where surface topography measurements were taken. 
Another set of images is of a stream-wise face approximately at the center of the delta. Images are in Nikon’s proprietary 
NEF format, and are uncorrected.
DB03-1 Elevation Data: These Excel workbooks contain fluvial surface elevation data from the DB03-1 experiment. 
See the readme. In the “cleaned_and_renamed” folder, the data have been cleaned up (redundant data removed, out-of-
range data removed, worksheet names corrected, etc) but otherwise are unaltered. The “runtimetablefinal.xls” workbook 
has a table for convering the topo image file names (built from calendar time) into experiment run time. Data records 
pixels-above-bottom-of-image. Bottom-of-image is common to the topo images, surface images and deposit face images 
for correlation purposed. The data was created by analyzing the topo images (see project description) and establishing a 
weighted average elevation of the topo line at each point. Read the readme document for more information.
DB03-1 Topography Data with event data: This folder contains cleaned up elevation data from the DB03-1 experiment, 
plus aggradation and erosion event data. The main folder contains the elevation and event data workbooks: one Excel 
workbook per run day, and three sheets per workbook corresponding to the three topo lines, plus worksheets of event 
counts and durations. All elevation data is in pixels-above-bottom-of-image. The data was collected by analyzing images 
of laser lines (see project description) - note that the laser-line images were all corrected based on the callibration grid for 
the middle (x=1.75 meters) line, which may introduce minor errors in the data for the other two lines. In addition to the 
basic elevation data, the workbooks contain Event data (Aggradation and Erosion) for each day, plus the Excel macros 
that created the event data There are two workbooks with combined results - see the readme file.
DB03-2 Final Deposit Images: These images are coomposite images of the deposit. For each cross-stream transect, a 
series of overlapping images were taken, and these were stitched together to create these composits. The original images 
are elsewhere in this archive.
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 ► Eel River 10m DEM (1021.37 MB; Bode)

Eel Watershed digital elevation models (DEM). This DVD contains DEMs of the entire Eel River watershed. The Eel River 
is located mostly in Mendocino County on the coast of California. The source data for these DEMs comes from NED, USGS. 
Source data was 10x10 meter resolution in ESRI ArcInfo grid format and in geographic (lat/long) projection with NAD83 
datum. 

 ► Eel River Flipchart (32.64 MB; Bode, Power)

This is a 34 page flipchart of the Angelo Reserve. Each page is an 8.5x11 map of a river segment. The maps show the location 
of the highest accumulated streamflow (using DEM) as the river, even though the channel is wider, and use the vegetative 
canopy DEM colored by vegetation height. Note the decision to use canopy instead of the traditional bare-earth is to provide 
visual references while out in the field. Bare-earth provides little help when maps are zoomed in this close. Laminated versions 
will be availible at the ACRR Science Center to be used during field sampling. Sampling sites can be drawn directly on the 
maps with a sharpie then removed later using alcohol. Marked up maps are to be either copied using the xerox machine, or 
scanned. Scanned versions can be sent to Collin Bode to convert the points into a GIS coverage.

 ► Eel River Quads (1.36MB)

A listing of Quads available from the USGS covering some or all of the Eel River basin, and location maps in jpg and pdf 
formats. 

 ► Eel River Steelhead Study (308.22 KB; Power)

Throughout the world, historically large populations of native anadromous salmonids are in severe decline or extinct. In the 
United States alone, twenty-six Evolutionarily Significant Units of Pacific salmonid are currently threatened or endangered. 
These declines are most commonly attributed to degradation of spawning and rearing habitat resulting from increased loading 
of fine sediments. Although excessive loading of fine sediments into rivers is well known to degrade salmonid spawning 
habitat, its effects on the demographically critical rearing juveniles have been unclear. We experimentally manipulated fine 
bed sediment in a northern California river and examined responses of a juvenile salmonid. Increasing concentrations of 
deposited fine sediment decreased growth and survival of juvenile steelhead trout. These declines resulted from a shift in 
invertebrates toward burrowing taxa unavailable as prey and from increased steelhead activity and injury at higher levels of 
fine sediment. The relationship between deposited fine sediment and juvenile steelhead growth is linear. This suggests that 
there is no threshold below which exacerbation of fine sediment delivery and storage in gravel bedded rivers will be harmless, 
but also that any reduction will produce immediate benefits for salmonid restoration.

 ► Elwha Dam Removal (581.54 GB; Bromley, Grant, Thorne)

Removal of the Glines Canyon and Elwha Dams on Washington’s Elwha River will allow anadromous fish species to once 
again access the full length of this river, which is contained almost entirely within the Olympic National Park. NCED Visitor 
Chris Bromley, advised by Colin Thorne, University of Nottingham, UK, and Gordon Grant, US Forest Service and Oregon 
State University, working with NCED staff, designed and built a 30 feet model of the Glines Canyon (upstream) dam and Lake 
Mills reservoir in which he conducted repeated delta-builds and dam removals. The removals represented different possible 
scenarios, from a slow deconstruction of the dam to a fast one.

 ► Experimental Study of Delta Erosion Due to Dam Removal (22.02 MB; Cantelli, Paola, Parker)

Experiments on upstream-migrating erosional narrowing and widening of an incisional channel caused by dam removal, Water 
Resources Research, 40, W03304, doi:10.1029/2003/WR002940. The present paper reports on a laboratory investigation of 
the erosion of a deltaic front induced by the removal of a dam. We built a laboratory model of a dam, and observed both the 
sedimentation in the reservoir due to the downstream propagation of a delta front and the erosion of the delta front during dam 
removal, including measurement of channel morphology and flow field. Based on an analysis of bank erosion two principal 
erosive trends were detected: during the initial stage of erosion the width of each section quickly decreased to a minimum 
value, after which the section widened. Undistorted Froude similitude is used to scale the results up to field dimensions.
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 ► Geology and Geomorphic Features Related to Landsliding (1.37 GB)

This is a series of maps produced by the California Division of Mines and Geology (now known as the California Geological 
Survey). This contains most of the 7.5’ USGS Quads in and around Angelo. The quad names are all from either Mendocino or 
Humboldt County. The series was published from 1983-84. The file numbers refer to the CALIFORNIA DMG OPEN-FILE 
REPORT.

 ► Granular Flow and Debris Flow Video Examples (68.51 MB; Hsu)

These are .wmv files of field and laboratory granular flows and debris flows. The purpose of these videos is to show the great 
range in behavior of granular and debris flow. Videos numbered 0-3 were taken at the Illgraben Torrent, a debris flow channel 
in Switzerland. Videos numbered 5-8 were taken in the large rotating debris flow flume (Big Wheel) at the Richmond Field 
Station, University of California, Berkeley. Videos numbered 9-12 were taken in the small rotating debris flow flume (Maytag) 
at the Richmond Field Station.

 ► Jurassic Tank (285.07 GB; Kim, Martin, Paola, Sheets, Strong, Voller)

The XES facility is a large experimental basin (13 m x 6.5 m), developed and built with funds from NSF and the University 
of Minnesota , that permits the formation of stratigraphy through the use of a flexible subsiding floor. The goal is to reproduce 
the real-world (i.e., spatially variable) kinematics of subsidence, as determined by geophysical modeling and backstripping 
of real basins.

The floor is a honeycomb of 432 independent subsidence cells (Fig. 1) through which a gravel “basement” is slowly removed 
to provide accommodation space for deposition. At the beginning of an experiment, the basin is filled with dry, well sorted 
commercial gravel. The top of the gravel is covered with a thin rubber membrane. The experimental deposit is formed on 
top of this membrane. Subsidence is induced by withdrawing gravel from the bottoms of the hexagonal cells. Each hexagon 
forms the top of a cone that tapers into a standard elbow pipe (Fig. 2). The gravel in the cone rests at the angle of repose in 
this elbow. Subsidence is induced by firing a pulse of high-pressure water into the gravel in the elbow. A small volume of 
gravel is knocked out of the elbow and falls into an exhaust line, where it is transported out of the system and stored for later 
reuse. Each subsidence cell has its own sealed pressure tube that drives the pulses via a computer-controlled solenoid valve. 
We have refined and calibrated the pulsing so that each pulse produces about 0.12 mm of subsidence: the “earthquake slip” in 
the experiments. This is about equal to the resolution with which the basement elevation can be read (described below), and 
also to the typical grain size of sediment in the experiments. Hence the subsidence is effectively smooth and continuous in 
time. The subsidence is also spatially continuous. The cells are separated only at floor level, so the gravel can flow laterally to 
accommodate differential subsidence with no breaks at the cell boundaries. Firing a single cell, for instance, produces a smooth 
bowl-shaped subsidence pattern that extends over the six adjoining cells. Extensive testing has shown that the underlying 
honeycomb structure is not imprinted on the subsidence at the surface until the rubber membrane (the top of the basement) has 
been lowered to within about 0.2 m of the honeycomb. This leaves about 1.3 m of usable accommodation space in the basin. 
As long as the gravel basement is loaded, lateral slopes of up to 60 can be produced between adjoining cells

Premixed sediment and water can be fed from anywhere along the perimeter of the basin, and the level of standing water is 
independently set by a computer-controlled head tank mounted outside of the basin. Thus, base level (in effect, eustatic sea 
level) can be raised or lowered independent of events within the basin. 

During an experiment, the surface flow pattern is recorded using video and still cameras. In addition a topographic scanning 
system, based on the design of Rice and Wilson (1988) and Wilson (1990), allows us to document separately the 3-D evolu-
tion of the surface topography during the run for later comparison with the surface-flow images, the preserved deposits, and 
theoretical predictions. 

Once the experiment is complete, the tank is pumped dry and the resultant deposits are cut in a series of precise parallel faces, 
beginning near one edge. Each face is then photographed. At greater intervals, a peel is taken of the cut face. This serial 
microtome process allows us to build a 3-D image of the deposits by stacking the sequence of photographed slices. 
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Data Subsets

XES02-1 Corrected Time Lapse Images: This collection contains several folders of corrected time-lapse images from 
the XES02-1 experiment.
XES02-1 Final Topography Data: This data collection contains the XES02-1 topographic scans, with subaerial (laser) 
and submarine (sonar) data integrated into a whole. In addition to the topography, the collection contains a “subsided 
topography” folder, with topo data corrected for subsidence and erosion, and “basement_topography” folder. See the 
readme file for more details.
XES02-1 High Resolution Overhead Photos: These images of the XES02-1 fluvial surface were taken with a high-
resolution film camera mounted overhead. The film was professionally scanned to PCD format. See the ‘hires_photo_index.
xls’ file for more info.
XES02-1 Movies - General: This is a collection of movies of the XES02-1 Experiment - see the readme for a current 
listing. Note that some specialized movies are stored elsewhere in this archive.
XES02-1 Sample Overhead Images - Rapid Cycle: A selection of photos from the Rapid Base Level cycle of the XES02-1 
experiment.
XES02-1 Synthetic Strat Movies: This folder has movies of the synthetic stratigraphy (both strike and dip) generated 
from the XES02-1 topography data.
XES02-1 Topography and Re-constructed Stratigraphy: Elevation data from the XES02-1 experiment corrected for 
basement elevation, and various reconstructed stratigraphy data sets. 
XES96-1 Photomosaics of deposit: The date set contains a complete set of photomosaic cross sections of the deposit from 
the variable base-level experiment (see project description).
XES99-1 Deposit Face Images: These are several folders of images taken of the deposit faces - see project description 
for details on how the deposit was sliced to create these faces. There are the official photos (camera in fixed position), and 
two sets taken with a handheld camera.
XES99-1 Elevation and Isopach data: These spreadsheets contain the elevation (topography) data from the XES99-1 
experiment. Data was taken at intervals between four and eight hours - each worksheet corresponds to one topography 
scan. Basin coordinate system: X - downstream Y - crossstream and Z - depth below the rim of the tank.
XES99-1 Overhead Photos (jpg): These are photos taken of the fluvial surface during the four states of the XES99-1 
experiment, in JPG format.
XES99-1: The Effects of Variable Subsidence Rate and Geometry on Avulsion: Some Experimental Results: Surface 
images from the 2002 Run of Jurassic Tank were used to count, locate and categorize channel avulsions. Powerpoint 
presentation (GSA Regional Meeting) of the results.

 ► Marmot (110.51 GB; Campbell, Grant, Marr, Podolak, Wilcock)

The Marmot Dam, on Oregon’s Sandy River, a tributary to the Columbia, was removed in summer 2007. An earthen cofferdam 
redirected river flow through a diversion channel, while the dam was removed. Fall rains and high flow caused failure of the 
cofferdam, allowing the river to begin moving the reservoir materials downstream. NCED, in consultation with SAFL, US 
Forest Service and University of Oregon partner Gordon Grant and dam owners Portland General Electric, have collaborated 
to design and build a 25 foot model of the river reach above and below the dam. The model is used for research and for filming 
purposes; a documentary film was made of the actual and modeled dam removals. In addition, NCED is conducting a pre and 
post removal field monitoring campaign, supervised by NCED PI Peter Wilcock and JHU graduate student Charles Podolak.

 ► Riparian Vegetation and Braided Stream Dynamics (143.17 GB; Foufoula-Georgiou, Paola, Tal, Tilman)

Goal: 1. To study and quantify the interactions between riparian vegetation, channel morphology, and flow dynamics; 2. To 
investigate how river systems self-organize as a result of these interactions; 3. To investigate spatial and dynamic scaling in 
braided rivers with and without vegetation. Result: Ongoing experiments at the St. Anthony Falls Laboratory are designed 
to isolate the effects of vegetation on braided stream dynamics. These experiments show how a fully braided stream with a 
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noncohesive bed transitions to a single-thread (meandering) system when continuously forced with vegetation. Time-lapse 
photography and measurements of bed topography, flow depth, sediment output, and flow velocities enable us to study and 
quantify the morphodynamics of the system associated with this change.

 ► Shuttle Radar Topography Mission (SRTM) (29.05 GB)

This is the SRTM dataset. The Shuttle Radar Topography Mission (SRTM) obtained elevation data on a near-global scale to 
generate the most complete high-resolution digital topographic database of Earth. SRTM consisted of a specially modified 
radar system that flew onboard the Space Shuttle Endeavour during an 11-day mission in February of 2000.

SRTM is an international project spearheaded by the National Geospatial-Intelligence Agency (NGA) and the National 
Aeronautics and Space Administration (NASA).

 ► Streamlab 2006 (67.87 GB; Marr, Wilcock)

StreamLab06 was a multiphase research endeavor involving academic researchers, federal agencies, and stream restoration 
practitioners. This ongoing project is being conducted in the Main Channel at the St. Anthony Falls Laboratory in Minneapolis, 
MN. The StreamLab program brings together a spectrum of research expertise (stream ecology and biology, engineering, 
hydrology, hydraulics and geomorphology) to conduct focused studies on a laboratory controlled, field scale, indoor stream 
environment.

The first phase of the StreamLab06 project was completed in late March, 2006, and was focused on testing several existing 
and one new technology for sampling bedload transport. Technologies were tested in separate sets of sand and gravel trials. 

For the former, the channel was pre-loaded with sediment consisting of nearly uniformly sized (approximately 0.8mm) sand. 
Transported sand was captured in the channel’s weigh pans, weighed, and recirculated. The water discharge varied (from trial 
to trial) between 2.0 and 3.6 cubic feet per second. 

Three standard “manual” samplers were tested: a 3” Helley-Smith, a 3” BL84 and an Elwha Sampler. For each, samples were 
taken at a fixed lateral position in the flow, just upstream from the weigh pans. Samples were taken over times varying from 
15 seconds to one minute to see what sample-time would be necessary to capture natural variability in the sediment transport. 

In addition to these samplers, two (1200 and 600 kHz) Acoustic Doppler Current Profilers (ADCP) were installed and tested. 
These units just touch the water surface, and have the potential to deliver non-destructive information on sediment transport. 
For this experiment, researchers concentrated on the zones just upstream and downstream of the unit. In the downstream zone, 
which was just upstream of the weigh pans, a velocimeter (16mHz Micro ADV) provided a velocity profile of the flow, which 
will be used to calculate bed stresses. Finally, a 100 frame-per-second digital video camera capable of resolving individual 
grains captured the flow as it passed through the downstream zone. 

For the second set of trials, the sand was cleared from the channel, replaced with gravel, and several runs with varying discharges 
(up to a maximum of 5.5 cubic meters per second) were conducted. The same bedload sampling technologies were in place 
for the gravel runs, and a Toutle River 2 sampler was added to the mix.

 ► Stream Restoration Toolbox (62.14; Cantelli, Lauer, Marr, McElroy, Parker)

The Stream Restoration Toolbox consists of current basic research cast into the form of tools that can be used by practitioners. 
The toolbox contains models, code, websites, and small applications that are useful for applied stream restoration Tools are free 
to download and use. The Toolbox is not limited to NCED but is open to all contributors. Tools are listed in alphabetical order.

Data Subsets

Bank Stabilization Diagnosis: Determination as to whether or not bank stabilization should be a part of a river restoration 
scheme. [Lauer]
The Dam Remover-Mark I: Models the morphodynamics of the channel that incises reservoir sediments following dam 
removal. [Cantelli]
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The Gravel River Bankfull Channel Estimator: This tool consists of a set of regression relations for predicting bankfull 
geometry of mobile-bed single-thread gravel bed streams in terms of bankfull discharge and bed surface median grain 
size. [Parker]
The Gravel River Bankfull Discharge Estimator: This tool consists of an equation to estimate bankfull discharge in an 
undisturbed (reference) reach of a single-thread, mobile-bed gravel-bed stream from measured channel characteristics. 
[Parker]
Planform Statistics: Tools to assist in calculating planform statistics (width, curvature, channel migration rate). [Lauer]
Sand Bed Calculator: Calculator to estimate bed geometry and bedload transport from sand bed surveys. [McElroy]
Ebook - 1D Sediment Transport Morphodynamics with applications to rivers and turbidity currents: This ebook is 
an amazing resource containing fundamental and applied lectures on rivers and turbidity currents as well as many other 
geomorphic processes. The main lectures are in PowerPoint. These lectures are linked to Excel files, most of which serve 
as graphical user interfaces for code in Visual Basic for Applications. Extended explanation is given in Word. Phenomena 
are illustrated with mpeg video clips. [Parker]
Spawning Habitat Integrated Rehabilitation Approach (SHIRA): Tool purpose: This website provides a comprehensive 
introduction to the issues and concepts surrounding spawning habitat rehabilitation on regulated rivers. The website 
includes description of the SHIRA framework, case studies, and reference list. [Pasternack]
The Spawning Gravel Refresher: Allows design of controlled flood releases from dams combined with gravel feeding 
to restore over-coarsened and immobile former gravel spawning grounds. [Parker]
The Threshold Channel Calculator: Design of a threshold channel in an e.g., urban setting, for which the sediment 
supply has been cut off. [Wilcock]

 ► William Brownlie Alluvial Channel Data (1.69 MB)

In recent years, attempts have been made to develop numerical models for unsteady flows in channels with sediment transport. 
This work was conducted to analyze two essential ingredients of any numerical model: the relationship between the hydraulic 
variables (slope, depth, and velocity), and the predictor of sediment concentration. Report KH-R-43A (not in this archive) 
presents a detailed analysis of the two components and examines their role in numerical modeling. Six hydraulic relationships 
and 13 sediment concentration predictors are examined and compared. New relationships are then developed which appear 
to be more accurate than the existing techniques. Finally, the new relationships are utilized in a numerical unsteady flow, 
moveable bed model which uses a four-point implicit finite difference solution scheme.

The data base associated with this report (presented originally as Report KH-R-43B) contains 7,027 records (5,263 laboratory 
records and 1,764 field records), in 77 data files. The data are provided here as two spreadsheets – field data and laboratory data.

Not all records were used in the final analyses, but they have been included in an attempt to provide a historically complete 
set of alluvial channel observations. The material presented in these reports is essentially the same as the thesis submitted by 
the author in partial fulfillment of the requirements for the degree of Doctor of Philosophy. A common list of references, with 
data sources separated from other references, has been included in both reports. 

 ► 2008 Sandy River LIDAR Data (108.69 GB; Podolak)
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Appendix H: Visitor’s Program

2008 Program Summary
NCED hosted two Visitor Program projects in 2008 with both groups participating in the inaugural season of research in 
the Outdoor StreamLab (OSL) at St. Anthony Falls Laboratory.  Heidi Nepf and graduate student Jeffery Rominger came to 
the OSL to perform a study entitled, Using the SAFL Outdoor StreamLab to predict water residence time and sedimentation 
within patches of aquatic vegetation. A coinciding visit by M. Bayani Cardenas with his graduate students John Nowinski, 
Audrey Sawyer, and Travis Swanson entitled Measurement and ecological implications of multi-scale three-dimensional 
geomorphology-driven surface water-ground water connections at the Outdoor StreamLab allowed the groups to collaborate 
with one another in addition to the NCED researchers. 

The Visitor Program structure was amended slightly this year to introduce Critical Research Area (CRA) and General Research 
Area (GRA) categories to the program.  The CRA will be chosen annually and will be focused on a designated topic that is 
critical to the general earth-science community as well as supports a research priority of NCED. The GRA is designed for 
proposals on any Earth-surface dynamics topic and is only limited in that it must support NCED’s research goals. As a rough 
guide, 80% of the allocated annual VP funds will be directed towards the NCED Critical Research Area. The remaining 20% 
of funds will be allocated to the General Research Area. Throughout the history of the program, we have found that the projects 
most effective at fostering collaboration and benefitting both the visitor and NCED were those in which the visitor was able 
to work closely with a member of NCED faculty or staff. The aim of this restructuring is to give priority to a collaborative 
project with an NCED PI while still leaving a door open for a motivated researcher to have access to funds to run a project 
without having prior acquaintance with an NCED researcher.

2008 Project Abstracts
Heidi Nepf (Professor, Massachusetts Institute of Technology) and Jeff Rominger (graduate student, Massachusetts Institute 
of Technology) visited the St. Anthony Falls Laboratory’s Outdoor StreamLab to work with NCED Research Associate Anne 
Lightbody during July and August of 2008. They added vegetation to a fully-developed sandy point bar in the meander of a 
constructed stream and observed how the changes in flow structure impact the stability of the vegetation, the point bar and the 
overall stream cross section. They found that significant changes in the flow structure and bed topography were observed. As 
expected, the addition of vegetative resistance decreased the depth-averaged streamwise velocity over the bar and increased it 
in the open region.  In addition, the secondary circulation increased in strength, but was confined to the deepest section of the 
channel.  Over the point bar, the secondary flow was entirely outwards, i.e. towards the outer bank.  The changes in flow led 
to changes in bar shape.  The inner region of the bar accumulated sediment, but the outer 30% of the bar’s edge was rapidly 
eroded in the first flood, and the plants in this region were scoured away. 

M. Bayani Cardenas (Professor, University of Texas at Austin) together with John D. Nowinski, Travis E. Swanson, and 
Audrey H. Sawyer (graduate students, University of Texas at Austin) installed piezometers in the alluvial aquifer comprising 
the banks of the meandering river of the Outdoor Stream Laboratory (OSL). Using these piezometers, they monitored the water 
table and measured hydraulic conductivity of the sediment. They found that the water table maps during low-flow and flood 
conditions indicate significant flushing of hyporheic water through the meander or point bar aquifer. Hyporheic flow is also 
affected by spatial variations in hydraulic conductivity or permeability. The alluvium used for the OSL is heterogeneous with 
pockets and lenses of coarse and more permeable material. The rapid fluid flushing of the OSL point bar suggests it would be 
a good site for quantifying nutrient cycling in the hyporheic zone.

A complete summary report of the Visitor Program is available on the NCED website at: http://www.nced.umn.edu/
nced_official_documents.
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Measurement and ecological implications of multi-scale three-dimensional geomorphology-
driven surface water-ground water connections at the Outdoor Stream Lab
PRINCIPAL INVESTIGATOR: M. Bayani Cardenas (Department of Geological Sciences, The University of Texas at Austin)

PARTICIPATING STUDENTS: John D. Nowinski, Travis E. Swanson, Audrey H. Sawyer

Summary

As part of the National Center of Earth-Surface Dynamics Visitors Program, our group installed piezometers in the alluvial 
aquifer comprising the banks of the meandering river of the Outdoor Stream Laboratory (OSL). Using these piezometers, we 
monitored the water table and measured hydraulic conductivity of the sediment. This work ties directly to NCED’s Stream 
Restoration Integrated Program.

The water table maps during low-flow and flood conditions indicate significant flushing of hyporheic water through the 
meander or point bar aquifer. Hyporheic flow is also affected by spatial variations in hydraulic conductivity or permeability. 
The alluvium used for the OSL is heterogeneous with pockets and lenses of coarse and more permeable material. The rapid 
fluid flushing of the OSL point bar suggests it would be a good site for quantifying nutrient cycling in the hyporheic zone.

Introduction

Channel restoration efforts are typically focused on re-establishing geomorphic complexity which includes engineering a 
variety of bed features, e.g., pools, riffles, and steps, and re-meandering of channels. These geomorphic features induce fluid 
flow and mass transport between the river and the sediment, effectively linking aquatic and subsurface environments. These 
areas of flushing which experience pronounced biogeochemical and ecological gradients are typically called hyporheic zones. 
Processes in the hyporheic zone affect local to watershed scale cycling of nutrients in the fluvial corridor.

The OSL is an ideal location for understanding nutrient processing through hyporheic zones and for testing models that 
describe these processes. Our goal while visitors at NCED was to establish an observational network of piezometers that 
allows for monitoring processes in 3D and to provide baseline information for other studies. Moreover, initial observations 
would comprise a rich dataset amenable for testing numerical flow and transport models for the hyporheic zone. This study 
lasted for ~ 6 weeks with three graduate students from the University of Texas at Austin (Travis Swanson, John Nowinski, 
and Audrey Sawyer) covering 2-week rotations. The PI visited twice during this period. 

Methods

We installed piezometers constructed from 1.25 in diameter screened 
schedule 80 PVC pipes ordered from Johnson Screens. The screens 
have a slot size of 0.006 in with a slot spacing of 3/16 in. Piezometers 
were installed in clusters which each cluster having a piezometer 
screened across the water table (W), at mid-depth (M), and at a deepest 
location (D). However, not all piezometer clusters had 3 components 
due to difficulties in installation. The W piezometers have a 63 cm 
casing (unscreened) section; this is the length from the top-of-casing 
(TOC) to top-of-screen (TOS). It has a screen length of 48 cm. The M 
piezometers have a TOC-TOS length of 103 cm with an 11.5 cm screen 
length. The D piezometers have a TOC-TOS length of 152.5 cm with an 11.5 cm screen length. The piezometers were installed 
by hand-augering through the sediment until refusal depth and then via pounding the piezometer down with a post-driver (Fig. 
1). During the installation period, the OSL was ‘turned on’. The aquifer filled up with water making driving more difficult due 
to increased mechanical strength of the saturated sediment. The remaining piezometers were installed via using a vibrating 
head normally used for settling of wet concrete. The vibrating head was placed inside the piezometer to allow for softening 

Figure 1: Piezometer installation.
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and liquefaction of the sediment around it. Each piezometer was developed by 
injection water in it via a garden hose. A total of 59 clusters were installed (total 
piezometers=158, Fig. 2) with the TOCs for each piezometer surveyed using 
NCED’s Total Station laser theodolite.

Hydraulic conductivity was estimated using pneumatic slug testing (Fig. 3) 
[Cardenas and Zlotnik, 2003] using a custom-built slug test manifold. Three 
tests were done for each well corresponding to three different displacements or 
water level change. Slug test results were analyzed using the Bouwer and Rice 
method. Water table elevations and hydraulic heads were monitored with an 
electronic water-level tape (e-line); transient heads were logged with pressure 
transducers deployed in a few piezometers.

Preliminary Results

Hyporheic flow occurs within the point bar of the OSL (Fig. 4) and the flow field 
and the water table closely follows one for a ‘flow-through’ point bar aquifer. 
Stream water infiltrates at the upstream-facing limb of the meander, flows through 
the point bar aquifer/hyporheic zone, and then exfiltrates in the downstream-
facing portion of the meander. However, the water table dips towards the lateral 
boundaries of OSL (Fig. 4) suggesting the aquifer is losing water and that the 
OSL stream is a losing river despite having sheet pile around it and a presum-
ably ‘impermeable’ floor represented by the limestone bedrock. Groundwater is 
directed towards the upper-right (based on figure orientation) corner of the OSL. 
Note that the water table surface is generated via interpolation with Surfer using 
inverse-distance weighting. Areas with little to no observations (dots) are likely 
to suffer from artifacts.

The water table surface remains mostly unchanged during flood conditions indi-
cating that the aquifer responds quickly to transient perturbation, and that fluid 
flushing is similar under normal and flood conditions (Fig. 4).    

Hydraulic conductivity varies around 1-2 orders of magnitude which is a typical 
range for ‘uniform’ alluvial material (Fig. 5). Average hydraulic conductivity is 
32.7 m/d (standard deviation=20.6 m/d). The highest hydraulic conductivity is 
towards the upper right corner where there are remnants of large boulders used 
during construction of the OSL.

Future Work

A graduate student from the University of Texas at Austin (John Nowinski) will 
continue to analyze the rich dataset our group collected during the summer of 
2008. This will be John’s MS thesis. Future work includes 3D mapping of head 
and hydraulic conductivity, analysis of tracer test results, and comparison of the 
field observations to numerical flow and transport models.

References
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Figure 2: Map and picture of piezometer clusters.

Figure 3: Pneumatic slug testing.

Figure 4: Water table during normal (top) and flood 
(bottom) conditions.

Figure 5: Hydraulic conductivity distribution from the 
deep (D) piezometers (mean=32.7 m/d, sd=20.6 m/d)
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The Effects of Added Vegetation on Sand Bar Stability and Stream Hydrodynamics

Jeffrey T. Rominger1,  Anne F. Lightbody2, Heidi M. Nepf3

Abstract

This study describes the hydrodynamic impact of aquatic vegetation on a point bar in a stream meander, and shows how the 
changes in flow structure impact the stability of the vegetation, the point bar and the overall stream cross section.  Vegetation 
was added to a fully-developed sandy point bar in the meander of a constructed stream.  Significant changes in the flow structure 
and bed topography were observed.  As expected, the addition of vegetative resistance decreased the depth-averaged streamwise 
velocity over the bar and increased it in the open region.  In addition, the secondary circulation increased in strength, but was 
confined to the deepest section of the channel.  Over the point bar, the secondary flow was entirely outwards, i.e. towards the 
outer bank.  The changes in flow led to changes in bar shape.  The inner region of the bar accumulated sediment, but the outer 
30% of the bar’s edge was rapidly eroded in the first flood, and the plants in this region were scoured away.  

Introduction

The immediate, hydraulic impact of aquatic and riparian vegetation is an increase in flow resistance and a reduction in convey-
ance capacity (Kouwen and Unny 1973; Kouwen, 1990; Wu et al 1999). Historically, many channels have been straightened 
and denuded of vegetation to accelerate the passage of peak flows, but these anthropogenic modifications can have unintended 
consequences on water quality, channel stability and stream ecology.  For example, many studies have shown that aquatic 
macrophytes have a positive influence on water quality by utilizing nutrients, producing oxygen and detaining heavy metals 
and other contaminants (e.g. Chambers and Prepas 1994; Kadlec and Knight 1996; Windham 2003).  Vegetation also promotes 
biodiversity by creating diverse habitats through spatial heterogeneity in the flow (Kemp et al 2000; Crowder and Diplas 
2000, 2002). 

Vegetation is an important ecosystem engineer within channel systems.  By reducing near-bed velocity, in-stream and flood-
plain vegetation can both reduce erosion and promote deposition.  The presence of vegetation can stabilize point bars and 
exert control over river planform (Tal and Paola 2007).  Therefore, widespread planting of vegetation is often advocated as 
a restoration technique, not only for its ability to remove nutrients from the waterway, but for its ability to increase channel 
stability as well (Mars et al. 1999; Abernethy and Rutherford 1998; Simon and Collison 2002; Pollen and Simon 2005).  Most 
previous studies document the impact of existing vegetation, but do not investigate the possibility of enhancing that impact 
by choosing the specific placement of vegetation in the stream.  Further, certain planting locations and densities may prove 
to be inherently destabilizing, e.g. promoting erosion.  To have successful replanting and restoration of channels, we need to 
understand how placement and planting density impact channel stability.  This study seeks to provide insight into how the 
addition of vegetation at a specific location alters flow and channel stability.

Description of Facility 

The experiments were conducted in the Outdoor StreamLab (OSL), 
an experimental facility built on a retired spillway adjacent to the 
University of Minnesota’s St. Anthony Falls Laboratory in downtown 
Minneapolis.  During 2008, within the facility’s 40-m by 20-m Riparian 
Basin, a sand-bed stream was constructed with three meander bends 
that have an average wavelength of 25 m and a sinuosity of 1.3 (Figure 
1).  The system can provide water discharge up to 2100 L/s, although 
flows for this set of experiments were considerably smaller. Through 
the Summer of 2008, a base flow of 38 L/s was maintained in the tream.  
Bank-full flood events, representative of the average flood magnitude in natural channels, occurred at approximately weekly 
intervals, each lasting 9 hours with a flow of 208 L/s.  The surface gradients, derived from the survey data, were S = -0.006 
and -0.007 for the flood level and base level flows, respectively.  The banks of the channel were fixed in geometry and posi-
tion with a coconut fiber matting, but the bed of the channel was mobile, and consisted of coarse-grained sand (median grain 

Figure 1:  Plan view of the Riparian Basin of the Outdoor Stream 
Lab indicating measurement locations.  
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size: D50 = 0.7 mm).  A recirculating sediment system recycled bedload 
sediment lost from the downstream end back to the upstream end of the 
stream.  During the first flood event, point bars formed from the mobile 
bed material near the inner bank of the second and third meander bends 
(See Figure 2).  These point bars formed within the first few hours of 
the first flood event on July 10, 2008, and remained as roughly stable 
artifacts during the base flow and subsequent flood events in July (Figure 
3).  As described below, vegetation was then added to the point bar in 
meander 2, and changes in flow and channel morphology were observed 
through detailed measurements.  

Stream Coordinate System and Momentum Equations

It is useful to define a streamline coordinate system that follows the 
curvature of the stream, with the downstream coordinate tangent to the 
stream centerline.  This coordinate system is left-handed, orthogonal 
and curvilinear, similar to systems defined by Smith and McLean (1984) 
and Dietrich and Smith (1983) and consists of an s-axis, tangent to the 
centerline of the stream and positive in the downstream direction, an 
n-axis, perpendicular to the stream centerline and positive towards the 
right bank, and a vertical axis, z, positive in the upwards direction with 
z = 0 at the water surface.  The time-average velocity field is denoted 
(u, v, w) in the directions (s, n, z), respectively.  A depth average is 
denoted by a bracket.  The force balance equations in the downstream 
and cross-stream directions are then:
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Terms A1 and B1 represent the boundary shear stress, 

� 

η is the super-elevation of the water surface, h is the total depth of the 
water column, 

� 

ρ  is the density of water, g is the acceleration due to gravity, R is the local radius of curvature of the stream 
and the non-dimensional coordinate 

� 

N = n /R .  Terms A6 and B7 represent the additional hydraulic resistance provided by 
vegetation, when present.  The vegetation density is represented by the frontal area per unit volume, a, and CD is the vegetation 
drag coefficient.  

To the leading order, the dominant terms in the cross-stream force balance are often B2 and B3, the cross-stream pressure 
gradient and the centrifugal force, respectively.  Near the bottom of the water column, bed friction causes a lower velocity, 
and thus a lower centrifugal force and therefore the pressure gradient, which is uniform over depth, drives a secondary flow 
toward the inside of the meander, i.e. toward the point bar.  Near the top of the water column, the velocity is higher, resulting 
in a large centrifugal force that exceeds the pressure gradient, causing the secondary flow to be outward, away from the point 
bar. In this paper we examine how the addition of vegetation to a point bar changes this secondary circulation, and consider 
the effects this has on water and sediment supply to the sand bar.

Figure 2:  Diagram of the stream cross section with the vegetation 
added to the area of the sand bar emergent at baseflow.  The dimen-
sions provided are the design dimensions and do vary somewhat 
due to the mobility of the bed.    

Figure 3:  The width of the point bar developed over time, 
beginning with the first flood event on July 10, 2008, and also with 
the addition of vegetation to the point bar in Bend #2 on August 5, 
2008.  These widths were derived from survey data points taken at 
the apex of meander 2. The pre-vegetation mean width is 148 ± 11 
cm.  The vegetated mean width is 99 ± 2 cm.  
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Experimental Methods

Velocity measurements were made during each of the repeated 9-hour, 
bank-full flood events. A sideways-looking Nortek Vectrino Acoustic 
Doppler Velocimeter (ADV), was used to simultaneously measure 
velocity in the s, n and z (u, v and w) directions at different cross sections 
along the length of the stream.  The ADV was mounted on a motorized 
traverse oriented perpendicular to the local stream direction, i.e. along 
the local n  - axis.  At each cross section, velocity was measured at 
roughly ten (10) points in the horizontal, n - axis, and a varying number 
of points in the vertical, z-axis, due to the varying depth.  The highest 
data points were within two centimeters of the surface, and the lowest 
points were within 5 cm of the bed.  The velocity was recorded at each 
point for between 120 to 240 seconds at 25 Hz. The velocity data was 
filtered to exclude erroneous values with low correlation coefficients 
or low signal-to-noise ratios (SNRs).  The most common cause of these 
erroneous data points was obstructions in the sampling volume such as stream debris or a solid surface like the streambed or 
bank.  Each transect was aligned perpendicularly to the streambanks, and the transect position was marked with stakes and 
surveyed to ensure alignment throughout the summer.  Alignment was further ensured by checking the total flow-rate at each 
transect against the flow-rate delivered from the upstream headbox.

Two types of tracer tests, using Rhodamine WT, provided information regarding the transport parameters of the stream at the 
reach-scale as well as locally around the point bar. First, to measure reach-averaged parameters, dye was injected as a planar 
source near the mouth of the stream and a fluorometer was set up near the downstream bridge (Figure 1). We diluted 2 ml of 
Rhodamine WT into a 500 ml solution and injected the solution over the stream’s cross-section over a period of approximately 
1 second (~instantaneous).  A submersible recording fluorometer (SCUFA, Turner Designs) recorded the dye concentrations 
of water at the downstream bridge at a rate of 1 Hz.  To estimate the reach-scale longitudinal dispersion and the retention 
time, the downstream concentration records were analyzed using the method of moments (e.g. Murphy et al., 2007). Second, 
to estimate the difference in transport time-scales between the vegetated and unvegetated regions in the second meander, an 
identical mixture of dye was injected instantaneously as a planar source near the mouth of the stream and fluorometers were 
set up in Planes C and D (Figure 1).  The SCUFA was set at mid-depth in the middle of the vegetated sand bar (points C1 and 
D1), and a Seapoint Sensors Fluorometer, sampling at 7.5 Hz, was set up in the same plane at the midpoint of the open region 
(points C2 and D2 in Figure 1).  The two fluorometers were synchronized using a stopwatch. 

Floods began on July 10, 2008 and a steady bathymetry was established during the first flood. Following the third flood, bank-
side vegetation was introduced on the right bank of the stream.  This vegetation was initially added only to the bends on July 
22, and added to the riffle sections as well one week later.  Surveys using a Leica Total Station were used to gather geometric 
information about the channel geometry as it developed over the summer.  However, the bank-side vegetation showed little 
to no influence on the overall channel geometry or on the velocity profiles.  This is most likely due to the steepness of the 
banks, and the very small area of flow exposed to this vegetation during the floods (less than 50 cm of an average 2.8-m cross 
sectional width).  The bank-side vegetation was therefore considered negligible in all subsequent analyses.  

On August 5, 2008, two reed species, Juncus effusus and Scirpus atrovirens were planted on the portion of the sand bar in 
the second meander that was exposed at base flow.  This vegetation was planted in a uniform, staggered array that produced 
a vegetated frontal area per unit volume of a = 5.2 m-1, where a = ndplant, n = 69 m-2 is the number of plants per unit area, and 
dplant (avg) = .075 m is the characteristic diameter of the plant (See Figure 4).  Throughout the subsequent floods, the velocities 
and the reach-scale transport parameters were monitored for changes using the methods described above.  

Results and Discussion

As expected, a secondary circulation was observed in the meander bends prior to the addition of vegetation.  This circulation 
was most intense near the apex of the meander (Plane B of Figure 1), with a strong lateral outflow near the water surface and 
a return current near the bed of the stream (Figure 5b).  The secondary circulation predominantly occupied the deeper part 

Figure 4:  Plan view schematic of the vegetative array on the point 
bar in meander #2.  The length, dplant, refers to the effective width of 
the plant (averaged over its height), which is the combined width 
of all of the stems from a single plug projected onto the streamflow.  
The spacing, splant, refers to the average distance between the 
centers of two plugs. 
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of the cross section, with smaller lateral, v, and vertical velocities, w, 
over the point bar.  The depth-averaged streamwise velocity, 

� 

u , was 
highest near the outer bank of the meander and smallest over the point 
bar (Figure 5a).  

After nearly one month of flow, including five floods, the point bar in 
the second meander was planted with emergent vegetation during base 
flow conditions.  During the first flood event after the planting (August 
6, 2008), the cross-sectional geometry changed rapidly due to the flow 
disturbance created by the plants (Figure 3).  The outermost row of 
plants was scoured away, as well as part of the next outermost row, 
removing approximately 50 cm of the emergent point bar’s width along 
with most of the vegetation in this zone.  This loss in point bar area, 
observed in the early stages of the flood, was confirmed by photographic 
and survey data.  Similar measurements for the unvegetated point bar 
in meander 3 showed no loss in emergent bar area, confirming that the 
losses observed in the second point bar were due to the added vegetation.  
The plants that were not scoured away in the first hours of the first flood 
were stable for the remainder of the summer flood sequence.  

Both the depth-averaged streamwise velocity and the secondary circula-
tion at the apex of meander 2 changed significantly after the vegetation 
was added (Figure 6).  First, the depth-averaged streamwise velocity 
decreased over the bar and increased in the open region (Figure 6a).  
Second, the secondary circulation increased in strength, but was confined 
to the deepest section of the channel.  The strength of the circulation can 
be characterized by the depth-averaged centrifugal force, i.e. term B3 
(e.g. as in Kitanidis and Kennedy, 1983), which increased by 30% after 
the addition of vegetation to the bar (Figure 7).  Finally, over the point 
bar, a strong outwards (toward the outer bank) flow now extends over 
the entire depth of the water column.  

The difference in the velocity field before and after the insertion of veg-
etation occurs because the vegetation increases the hydraulic resistance 
over the point bar.  Defining the bed stress by a bed drag coefficient, 

� 

τ zs( )b = −ρC f u u , we can compare the hydraulic resistance provided 
by the bed (term A1) with that provided by the vegetation (term A6), 
by comparing the terms Cf (

� 

≈ .002, for a sand bed) and  CDah (

� 

≈  0.8
, assuming CD = O(1)).  This comparison indicates that the addition of 
vegetative drag (term A6) increases the total drag on the bar by two 
orders of magnitude, significantly retarding the flow and causing a lat-
eral diversion toward the open channel.  As the flow is diverted away 
from the region of high drag, the downstream velocity accelerates near 
the edge of the vegetation, causing the observed scour.  Specifically, 
the velocity at the vegetation edge (y = 50 cm) increases from 45 cm/s 
before the addition of vegetation (Figure 5a) to 55 cm/s after the addition 
of vegetation (Figure 6a).    

These changes in flow are explained by consideration of the spatial acceleration terms in the cross-stream momentum balance.  
As water decelerates over the point bar, an effect that is magnified by the presence of vegetation, the downstream slope of 
the water surface is reduced.  A concomitant acceleration of the flow in the deeper portion of the channel can increase the 
downstream slope in this region of flow.  The combined effect of these changes in the downstream surface slope is a reduction 
in the cross-stream surface slope (i.e. the cross stream pressure gradient) near the apex.  This phenomenon is also observed as 

Figure 5:  Velocity Measurements at Apex 2 on July 16, 2008.  
(a) Depth averaged downstream velocity, <u>, and (b) velocity 
components in the lateral and vertical directions, v and w, showing 
the secondary circulation in the n-z plane.  The cross-sectional 
outline shows the measured bed profile, measured by hand from the 
stream surface.  

Figure  6:  Velocity Measurements at Apex 2 with the vegetated 
sand bar on August 26, 2008.  (a) Depth averaged downstream 
velocity, <u>, and (b) velocity components in the lateral and verti-
cal directions, v and w, showing the secondary circulation in the 
n-z plane.  Note the lateral outflow present over the entire stream 
depth near the right bank.  The cross-sectional outline shows the 
measured bed profile, measured by hand from the stream surface.

Figure 7: The depth averaged centrifugal force and the cross-
sectionally averaged centrifugal force at the apex of Meander # 2 
from before and after the vegetation was added to the system.  
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flow shoals over a bare point bar, but it is greatly magnified by the two 
orders of magnitude increase in resistance introduced with the vegeta-
tion.  For a further discussion of the effects of spatial accelerations on 
the surface slope and a very helpful diagram, see Dietrich and Smith 
(1983).  The result is that after the vegetation is added, the centrifugal 
force exceeds the cross-stream pressure gradient over the entire depth 
over point bar, causing a lateral flow toward the open channel and outer 
bank that extends over the water depth in the vegetated region, i.e. there 
is no return flow at the bed (Figure 6b).  Importantly, the return current 
near the bed is now limited to only the deepest parts of the channel 
(Figure 6b), in contrast to the conditions before the vegetation (Figure 
5b), in which  the return flow extended onto the bar.  This implies that 
the addition of vegetation changes the secondary flow in such a way as 
to cut off sediment supply from the open channel to the bar.        

Finally, measurements of the bed geometry taken before and after the vegetation was added show how the depth-profile 
changed (Figures 5b, 6b and 8b).  Approximately 5 cm of sediment was deposited within the vegetation and between 0 and 
4 cm of erosion occurred near the edge of the vegetation.  Erosion (0 to 5 cm) also occurred in the deeper parts of the cross 
section near the outer bank.

Implications for Planting Stability

Several studies suggest that plant growth can be inhibited by flow.  Chambers et al., observed a strong negative correlation 
between macrophyte biomass and current velocities in a river setting, with little vegetation present above an apparent threshold 
of 1 m/s (1991).  Similarly, Nilsson found the percentage of bare ground along a reach increased with increasing current 
velocities in the free stream (1987).  These studies imply that particular planting strategies will be less successful, if they lead 
to locally enhanced velocities.  To gain insight into this problem, we consider whether the observed loss of the introduced 
vegetation in our study is consistent with our physical understanding of plant stability.  

There are two physical mechanisms that limit the invasion and propagation of vegetation into a stream channel.  First, for an 
unconsolidated sandy bed, the substrate becomes mobile above a certain shear stress.  Rapid scouring of the bed can preclude 
the growth of aquatic vegetation that depends on the substrate for stability (Fonseca et al., 1983).  Second, plants have an 
inherent lodging velocity that defines the point at which the plant itself fails under physical stresses.  This value is a function 
of the stem flexural stiffness, geometry and natural roughness of the plant (Duan et al. 2002).  For the mobile sand bed found 
in the OSL, the scouring threshold was likely reached well before the lodging velocity.  The plants lost during the flood came 
out as intact plugs, with no obvious damage to the plant material.  This implies that the plants dislodged because the substrate 
around them was eroded, so that to understand this loss we must consider the changes in sediment stability.

The Shields Parameter, 

� 

ψ , describes the ratio of destabilizing (drag) and stabilizing forces (settling) for cohesionless sediment.  
This parameter is defined as

 

� 

ψ =
τ b

(ρs − ρ)gd
=

ρC f u2

(ρs − ρ)gd  
(3)

Here, 

� 

ρs is the sediment density, Cf is the coefficient of friction of the bed and d is the sediment grain diameter.  We can evaluate 
the changing stability of the bed by comparing the Shields Parameter before and after the vegetation was added.  Because the 
sediment is unchanged, we can assume that both the settling forces and the bed friction coefficient do not change.  It is then 
convenient to form the following ratio, to describe the changes in bed stability:  

 

� 

ψveg.

ψunveg.

=
uveg.

2

uunveg.
2

  
(4)

Figure 8: (a) The ratio of the Shields Parameters 

� 

ψveg. /ψunveg.  
showing the tendency of the system towards either deposition (<1) 
or erosion (>1) and (b) the change in the bed height following the 
addition of vegetation to the system.  



252     Visitor Program

National Center for Earth-surface Dynamics
Annual Report 2009

The areas in the vegetated cross section where erosion was observed 
correspond to a Shields Parameter ratio of greater than 1 (Figure 8).  
Similarly, the areas in which deposition occurred correspond to a Shields 
Parameter ratio of less than 1.  The correspondence between the Shields 
Parameter ratio and the observed erosion/deposition patters suggests 
that the vegetation changed the stability of the bed by altering the local 
flow speed and thus the local bed stress. This is consistent with the 
observation above, that the plants lost were removed intact, i.e. the 
sediment eroded away around the plug. Further, this set of experiments 
reinforces the theory that high energy and rapid sediment scour can 
preclude vegetative growth and propagation.  Not only did changes in 
the bed profile show strong agreement with the comparison of Shields 

Parameters, but also with the areas where vegetation was lost from the planted array.  It is important to note that this ratio of 
the Shields Parameters indicates tendencies only.  It does not suggest that certain areas will erode indefinitely and other areas 
will continue to accrete.  

Water Supply to the Vegetated Bar

The availability of suspended sediment on the bar, as well as the water quality on the bar, both depend upon the supply of 
new water to this region.  The tracer measurements made near the vegetated bar allowed us to draw conclusions about the 
advective and diffusive transport near the bar.  Figure 9 shows the residence time distributions at two longitudinal positions for 
dye passing through the vegetation (fluorometer positions C1 and D1 in Figure 1) and dye passing through the open channel 
(fluorometer positions C2 and D2 in Figure 1).  The arrival time of the peak dye concentration is delayed in the vegetation 
compared to the arrival time of the peak concentration in the open channel.  The delays observed at cross-sections C and D 
(Figure 1) are 

� 

∆TPlane C =18 ±  10 sec. and 

� 

∆TPlane D = 27 ±  3 sec.  If the vegetated region is a distinct advection zone, 
with little diffusive exchange with the open channel, then the delay in the dye passage, 

� 

∆TPlane C , should be approximately 
two thirds of 

� 

∆TPlane D , because Plane C is 2/3 the distance between Plane A (leading edge of the vegetation) and Plane D.  
Assuming the velocities remain relatively constant, the observed timescales agree with this hypothesis, suggesting that dye 
enters the sand bar at the upstream edge and advects in streamlines roughly parallel to the bank with little lateral exchange 
with the open water.  Further, we can estimate the lateral diffusivity, D, from photographs of the dye evolution along the 
channel (e.g. as in Nappo and Hiscox, 2008).  Then, using the width of the vegetation, b = 0.7 m, the lateral diffusive velocity, 
D/b = 0.004 m/s, was found to be much smaller than the measured lateral velocity, v = -0.12 m/s.  Although some mixing was 
observed near the interface of the vegetation, the turbulent diffusion was not large enough to offset the significant outward 
lateral advection, such that diffusion provides a negligible scalar flux to the bar.  Therefore, longitudinal advection from the 
upstream portion of the vegetated sand bar is the dominant source of new water to the bar, and thus the only potential sediment 
supply as well.  These findings are confirmed by photographs of dye streamlines within the vegetation, showing little lateral 
mixing across the boundary (See Figure 10). 

The reach-scale tracer tests indicated that the longitu-
dinal dispersion coefficient (Kx = 5.1  ± 0.2 x 10-4 m2s-1) 
did not change (within uncertainty) after the addition of 
vegetation at the banks and on the bar.  There was also 
no significant change in the residence time distribu-
tion following the addition of the vegetation.  Although 
the vegetated sand bar creates a large slow-zone, only 
about 10% of the flow encounters this region, with the 
remaining flow diverted around it.  The flow needs to 
encounter multiple such zones, so that a larger fraction 
of the flow experiences a slow-zone, in order to observe 
an impact on reach-scale dispersion.    

Figure 9: Residence time distributions of dye passing through the 
open channel and vegetated regions in (a) Plane C and (b) Plane D.  

Figure 10:  A continuous injection of Rhodamine WT (black in the exaggerated contrast 
image).  Note that the tracer cannot spread across the width of the vegetation because 
the observed diffusion is offset by an outward advection from the bank toward the open 
channel.   
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Conclusions

In this set of experiments, vegetation was added to a fully-developed sandy point bar near the convex bank of a stream meander.  
The vegetation was planted during base flow on the emergent portion of the bar.  Both the flow field and the bed topography 
changed dramatically between conditions before and after the addition of the vegetation.  Following the addition of vegetation, 
erosion occurred near the lateral edge of the vegetation, resulting in a 33% loss of emergent bar width at the apex at base flow.  
However, deposition occurred further into the vegetation, near the inner stream bank.  These distinct positions of local erosion 
and deposition can be explained by the local changes in velocity and thus, local changes in the Shields Parameter, governing 
sediment motion.  Areas where the Shields Parameters ratio was greater than unity correspond to regions of erosion and areas 
where the ratio was less than unity correspond to areas of deposition.  The observations suggest that the spatial accelerations 
caused by the presence of the vegetation shifted the sand bar area to a new geometric equilibrium.  

The addition of vegetation also altered the pattern of secondary flow in the meander.  Before the vegetation was added, the 
secondary circulation in the meander extended across the width of the stream, including the shallow areas above the sand 
bar.  The return current near the bed acted as a supply of water and sediment to the bar.  After the addition of the vegetation, 
the secondary circulation was present only in the deepest section of the meander, near the outer, concave bank, and the flow 
above the sand bar was outward over the entire water column.  Importantly, the vegetation altered the secondary circulation 
sufficiently to cut off a source of water and sediment to the bar.   Further, the outward flow within the vegetation was sufficient 
to offset diffusive transport from the main channel onto the vegetated bar, effectively cutting off the bar from diffusive flux 
from the main channel, thereby eliminating another potential source of sediment and exchange.  The water within the vegetation 
enters near the upstream edge and follows the streamlines approximately parallel to the bank before exiting the vegetation 
near the downstream edge.  Based on the observed flow pattern, the main source of sediment to the bar was from sediment 
that enters near the upstream edge.  

Some of the vegetation was added to a zone in which it could not physically thrive and locally detrimental to the stability of 
the channel geometry.  The enhanced velocities in the open channel scoured the outer edge of the point bar, not only removing 
sediment, but most of the vegetation in the outer rows.  The strength of the secondary circulation also increased significantly.  
In a completely natural channel, this would have likely enhanced erosion of the outer bank, accelerating the meander growth. 
This could not occur in our channel because the banks were fixed in position by buried fiber matting.  Overall, this study 
illustrates the hydrodynamic impact of aquatic vegetation on the point bar region in a stream meander, and how the changes 
in flow structure may impact the stability of the vegetation, the point bar and the overall stream cross section.  
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Appendix I: Partner Meetings, Short Courses, and Working Groups

Subcommittee on Sedimentation (SOS)
St. Anthony Falls Laboratory
May 7-8, 2008

Meeting Objectives 

The Subcommittee on Sedimentation (SOS) is a working group tasked with effectively coordinating the combined effort of 
participating agencies, including the U.S. Department of the Interior, the U.S. Department of Agriculture, the U.S. Army Corps 
of Engineers, the Federal Highway Administration, the U.S. Environmental Protection Agency, the American Society of Civil 
Engineers, the Colorado Water Resources Research Institute, and the Universities Council on Water Resources to address 
sedimentation issues. The SOS promotes and supports the development and standardization of equipment, methodologies, 
and calibration and performance criteria for the collection, analysis, interpretation, and interchange of fluvial-sediment data 
and related technical information.  The goal of this meeting was to assess the hydrology and sedimentation modeling needs 
for the early and mid-21st century.  The current status of models and databases was addressed, with emphasis on the needs 
for updating the databases and identifying key areas not yet adequately attended to by the models. Meeting attendees touched 
on existing and emerging issues in hydrology and sedimentation modeling and directions and priorities for the 21st century.  

Agenda – Subcommittee on Sedimentation
Wednesday, May 7, 2008
Time Activity Presenter
9:00 Welcome and introductions 

Meeting objectives
 

9:15 SOS Membership Status  
9:20 ARS National Sedimentation Laboratory 50th anniversary, September 3-5, 2008, 

Oxford, MS 
50 Years of Soil and Water Research in a Changing Agricultural Environment, http://
nsl.olemiss.edu/

 

9:25 Reservoir Sedimentation Data Base Jerry Bernard and 
John Gray

 Latest progress on database Eric Sundquist and 
Kate Ackerman

 Data base demonstration  
 Data uncertainty  
 Recent uploading of data base  
 Plans for uploading additional data collected within the past two decades  
 Plans for adding new survey data  
 Additional data records  
 Web-based data entry  
 Clearinghouse for raw data  
 Inclusion of survey data from non-Federal reservoirs  
 Plan for publicizing data base  
10:15 Report on activities of Technical Committee (TC) and the Federal Interagency 

Sedimentation Project (FISP)
Doug Glysson



256     Partner Meetings, Short Courses, and Working Groups

National Center for Earth-surface Dynamics
Annual Report 2009

Agenda – Subcommittee on Sedimentation
Wednesday, May 7, 2008
Time Activity Presenter
10:30 Break  
10:45 Progress on planning for the Joint Federal Interagency Conference (JFIC) Doug Glysson

11:00 Planning for the 9th Federal Interagency Sedimentation Conference (FISC) June 27 to 
July 1, 2010, Las Vegas, NV

Jerry Bernard

 Conference theme and sessions topics  
 Filling of organizing committee positions  
 Conference registration plans  
11:45 Follow up to the International Bedload Surrogate Monitoring Workshop, April 11-14, 

2007
John Gray

12:00 Lunch  
1:20 SOS Awards  
1:30 ACWI activities Doug Glysson
 The National Water Quality Monitoring Council (NWQMC) is hosting its 6th 

conference May 18-22, 2008 in Atlantic City, New Jersey.  
 

1:40 SOS Bibliography of member organization reports  
 Past Notes On Sedimentation Activities are now on SOS website  
 Bibliography purpose statement  
 Access data base format  
 Key words  
2:00 Technical Presentation  
3:00 Dam Removal Workshop, Cascades Volcano Observatory, Vancouver, WA, October 

2008
Tim Randle

 Marmot Dam video  
 Confirm dates  
 Agenda  
 Member organization participants  
3:45 Other Business  
4:00 Next Meeting Dates and Location  
 Teleconference meeting, July or August 2008  
 Meeting September 2008  
 Technical presentation  
4:30 Meeting Conclusions and Action Items  
Thursday, May 8 
Time Activity Presenter
9:00 Saint Anthony Falls Laboratory Tour  
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Third Biannual International Meeting of Young Researchers in the Earth Sciences (MYRES) 2008
Tulane University, New Orleans, LA
May 20-23, 2008

Conference Objectives 

MYRES (Meeting of Young Researchers in Earth Science) is an educational and community-building effort with the goal of 
fostering open, unbiased, interdisciplinary, and international collaboration between researchers in the Earth Sciences. The 
main component of MYRES is a series of biannual four-day workshops targeting early-career academics.  These workshops 
consist of keynote presentations and focused discussion.  The goal of the meeting is to bring specialists together to educate 
each other about constraints and possible solution strategies for an interdisciplinary research problem. The aim of MYRES 
III was to facilitate the formation of a global network of young scientists who together can tackle issues at the interface of 
physical and biological sciences.

A thought-provoking paper in Nature by PI William Dietrich and J. Taylor Perron (2006) entitled “The search for a topographic 
signature of life,” inspired the topic of the third biannual meeting, “Dynamic Interactions of Life and Its Landscape.” The 
authors’ search for a unique imprint of biotic processes on the landscape led to a quandary: while it is clear at small temporal 
and spatial scales that biology mediates physical processes (soil movement, erosion, etc.), it is difficult to detect the effect of 
biological activities on the shape of the landscape.  Dietrich and Perron (2006) argued that life must have an imprint at the 
scale of a landscape but we do not know how to isolate this signal, i.e., how can we quantify and model the effects of life on 
a landscape and vice versa?

A group of post-doctoral researchers and graduate students then at the National Center for Earth-surface Dynamics (NCED) 
began discussing the implications of this idea for their own work.  Many of them were already grappling with problems at the 
interface of geomorphology and ecology, such as vegetation and channel pattern interactions and feedbacks between grain 
mobility and biological growth in rivers. The group realized that while there were many anecdotes of dynamic interactions 
between physical and biological processes in the landscape, there was no theoretical framework to tie these disparate systems 
together.  To move beyond description, a general framework must be established to quantify the relative importance of biological 
and physical processes in order to (1) gain a better understanding of fundamental forces acting on the Earth’s surface and (2) 
predict the effects of ecological disturbance and environmental change on landscapes.  The discussions coincided with a call 
for proposals for MYRES III, which provided the perfect venue for this important emerging topic.  

The conference format consisted of a small number of invited presentations by researchers who are emerging as leaders in their 
fields, guided discussion moderated by senior scientists, and poster presentations from 50-60 early-career delegates selected 
from solicited applications.  Each delegate presented a poster, participated in focused discussion breakout groups, and had the 
option of attending three days of field trips around the Mississippi Delta. 

An important aspect of the four-day conference was to explicitly identify the spatial and temporal scales over which various 
physical, chemical, and biological processes act. The first three days ascended in spatial scale from the grain-scale to continental 
and global dynamics, and covered topics such as soil formation/transport, co-evolution of life and landforms, and feedbacks 
between biology and climate. The fourth day used the formalisms developed in the previous days to address human beings 
as geologic agents, including human/landscape and human/climate interactions. The unifying approaches were (1) explicit 
identification of two-way interactions between life and its landscape, and (2) the scaling of process times to determine the 
most important variables governing these interactions.

The workshop was held in New Orleans to highlight the delicate and multifaceted nature of human-climate-landscape interac-
tions. The workshop was intended, in part, to act as a nucleation site, seeding the development of new ideas in a growing 
network of new scientists. Guidance and material support were provided in part by both NCED and the University of Illinois 
Hydrologic Synthesis Initiative. 
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Improving our understanding of the interactions between life and its landscape will have direct bearing on people’s liveli-
hoods, and is therefore one of the most pressing research issues in Earth Science. MYRES III helped to shape the direction of 
future interdisciplinary research, giving young scientists a forum to freely discuss emerging ideas and the means to establish 
crosscutting research teams that can address the challenges facing human and ecological communities in the 21st century.

Agenda – Meeting of Young Researchers in Earth Sciences
Time Activity Presenter
Tuesday, May 20, 2008 - MICRO SCALE 
Soil, biogeochemical cycles, and biological communities
7:30-8:30 Continental breakfast in the LBC Ballroom  
8:30-9:15 Welcome to the conference Douglas Jerolmack (U. Pennsylvania) and 

Liam Reinhardt (Exeter U., UK), representing 
the MYRES Organizing Committee

9:15-10:45 Production and migration of soil: organic-inorganic feedbacks  Kristof Van Oost (K.U. Leuven, Belgium)

10:45-11:15 Break  
11:15-12:45 Biological diversity and functioning of ecosystems Brad Cardinale (U.C. Santa Barbara)

12:45-1:45 Lunch  
1:45-2:45 What are the timescales of interactions? Moderated by Gordon Grant (US Forest 

Service)
2:45-3:30 Launch of the MYRES III EarthScape Expo  
3:30-5:00 Break-out sessions  
5:00-5:30 Reporting from sessions  
5:30-6:30 Posters  
Wednesday, May 21, 2008 - MESO SCALE 
Landforms and biology
7:30-8:30 Continental breakfast in the LBC Ballroom  
8:30-10:00 Hill slope evolution Josh Roering (U. of Oregon)
10:00-10:30 Break  
10:30-12:00 Vegetation-channel interactions Michal Tal (Inst. Phys. Globe, Paris France)

12:00-1:30 Lunch  
1:30-2:30 What are the timescales of interactions? Moderated by William E. Dietrich (U.C. 

Berkeley)
2:30-3:30 MYRES III EarthScape Expo demonstration  
3:30-5:00 Break-out sessions  
5:00-5:30 Reporting from sessions  
5:30-6:30 Posters  
Thursday, May 22, 2008 - MACRO SCALE 
Continental to global scale
7:30-8:30 Continental breakfast in the LBC Ballroom  
8:30-10:00 Global biogeochemistry and climate David Fike (Washington U.)
10:00-10:30 Break  
10:30-12:00 Particle Pathways, Carbon Cycles, and Sequestration within 

Fluvial Dispersal Systems
Rolf Aalto (Exeter U., UK)
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Agenda – Meeting of Young Researchers in Earth Sciences
Time Activity Presenter
12:00-1:30 Lunch  
1:30-2:30 What are the timescales of interactions? Moderated by Robert Twilley (Louisiana 

State U)
2:30-3:30 MYRES III EarthScape Expo demonstration  
3:30-5:00 Break-out sessions  
5:00-5:30 Reporting from sessions  
7:00-8:30 Historical Geography of New Orleans, 1700s-2000s  Rich Campanella (Tulane U.)
Friday, May 23- ANTHR SCL 
Environment-human feedbacks
7:30-8:30 Continental breakfast in the LBC Ballroom  
8:30-10:00 Sea-level change and human civilization  Ben Horton (U Pennsylvania)
10:00-10:30 Break  
10:30-12:00 Humans as modifiers of the landscape  Veerle Vanacker (U. Louvain, Belgium)

12:00-1:30 Lunch  
1:30-3:00 Nutrient overload: perturbation of geochemical cycles Stevan R. Earl (Global Institute of 

Sustainability, Arizona State U.)
3:00-3:30 MYRES III EarthScape Expo demonstration  
3:30-4:30 What are the timescales of interactions? Moderated by Torbjörn Törnqvist (Tulane U.)

4:30-5:30 Wrap-up and closing remarks  
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Fifth Mathematics of Geomorphology Working Group Meeting
Woods Hole Oceanographic Institution, Woods Hole, MA
July 23-25, 2008

Workshop Objective

The meeting was the continuation of the NCED working group on the mathematics of geomorphology. This was the 5th meeting 
of the group. The first two workshops, sponsored solely by NCED were held at the Massachusetts Institute of Technology 
in the summers of 2004 and 2005. The third workshop was held in the English Lake District in the summer of 2007 and was 
sponsored by the British Engineering and Physical Science Research Council (EPSRC). The fourth workshop was held in 
Doolin on the west coast of Ireland and was co-sponsored by ESPRC and NCED. The subject of discussion for this fifth 
meeting was the development of hierarchical models towards an understanding of the critical processes in delta land building.

Agenda – 5th Mathematics of Geomorphology Working Group Meeting
Time Activity Presenters/Discussion leaders
Wednesday, July 25, 2008
9:00-12:00 Problem Set-up - Three one-hour talks to identify potential problems to 

work on
 

9:00 - 10:00 Models of mouth bar and levee formation in evolving deltas -  
Direct follow-up from the Doolin meeting

Andrew Fowler (University of Oxford) 
Colin Stark (Columbia University)

10:00-11:00 Hierarchical and Hybrid modeling of delta systems Vaughan Voller (University of Minnesota)

 Hierarchical models: A  “layering” of Multi-physics-- (bio-geo-sed) 
and Multi-scale models.  Information gained from modeling at one 
scale (channel bifurcation) is passed to a model at a larger scale (delta 
growth)--- “finer scales train coarser scales”

Markus Buehler (MIT)

 Hybrid models: A mixture of rules and deterministic modeling, as a 
way of realizing a hierarchical model

 

11:00 
- 12:00

Channel-floodplain interactions and the importance of ‘history 
dependence’ in channel networks -  
This is somewhat related to hybrid modeling in but will focus more 
on how the system decides whether to carve a new channel  (when 
avulsing) or return to an earlier (relict) channel. Current (and past) 
thinking is widely varied: In some cases, the relict channels are thought 
to be strong attractors, i.e. they tend to be reoccupied; alternatively, 
some think the floodplain topography associated with the relict channel 
acts to ‘repulse’ avulsing channels such that the relict channels remain 
just that until ultimately buried via floodplain deposition. Might 
involve a combination of rigorous process-based modeling and some 
‘rule-based’ approaches

John Swenson (University of Minnesota)

Wednesday July 25, 2008 - Thursday July 26
Split into groups to work on aspects of the above
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Fine Sediment and the Chesapeake Bay Watershed
Maritime Institute of Technology, Linthicum, MD
September 16-17, 2008

Workshop Objective

The goal of the workshop was to provide an opportunity to present and hear new information related to watershed sediment 
science and policies. The objective of the synthesis session was not to formulate new policies during the event, but more simply 
to bring together coherent observations and possibly consensus on the status of sediment science and management, partly to 
provide a head start on an updated summary report of sediment processes in the Chesapeake Bay watershed. 

To obtain a sense of where we now stand with respect to our comprehension of fine sediment processes and related watershed 
management, this workshop focused on two over-arching questions, each with sub-questions that are more specific. Speakers, 
moderators, and attendees considered these questions relative to the information they presented at the workshop. 

What are the key knowledge gaps in watershed sediment modeling, monitoring, and assessment? 
How do we represent sources, sinks, and loads of fine sediment? 
What is the role of large storms? 

What are the most effective BMPs for reducing fine sediment loads to the Chesapeake Bay? 
Are BMP performance efficiencies for sediment appropriate, and for what purpose should they be used? 
Do we know enough to promote large investments in particular BMPs? 
What are the key knowledge gaps related to sediment BMPs and how can we learn from ongoing actions?

Agenda – Fine Sediment and the Chesapeake Bay Watershed
Time Activity Presenters/Discussion leaders
Tuesday, September 16
8:30-10:15 Watershed Sediment Science and Management Jeff Horan (MDDNR) 

Eric Schwab (MDDNR)
 Dirt:  The Erosion of Civilization Dave Montgomery (UW)
 Charge to Attendees Peter Wilcock (JHU) 
10:15-10:30 Break  
10:30-11:45 Topics in Watershed Sediment Assessment Karen Jennings (Coastal Resources)

 Anatomy of a Mill Pond: Case Studies of Dam Breaches Spanning 
Two Centuries

Dorothy Merritts (F&M)

 How Effective is the Effective Discharge? Richard Vogel (Tufts)
11:45-1:00 Lunch  
1:00-2:15 Geomorphic Processes Considerations in Watershed Sediment Flux 

Evaluations
John Gray (USGS)

 Non-equilibrium Sediment Flux in Coastal Plain Rivers Jonathan Phillips (UKY)

 Sources and storage of sediment in urbanizing watershed, Maryland 
and Pennsylvania

Andres Miller (UMBC)

2:15-2:30 Break  
2:30-3:30 Watershed Sediment Modeling Helen Stewart (MDDNR)
 Relating sediment sources to fluvial sediment flux in the Chesapeake 

Bay watershed: An application of the SPARROW model
Jonathan Brakebill (USGS)
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Agenda – Fine Sediment and the Chesapeake Bay Watershed
Time Activity Presenters/Discussion leaders
 Sediment Ecology (Breakout Room – Chris Millard, Tetra 

Tech)
 Fish assemblages and fine sediment Ray Morgan (UMCES)
 Impacts of fine sediments on the biota of aquatic habitats: pollutant 

sources and habitat modification
Joel Snodgrass (TSU)

3:30-3:35 Break  
3:35-5:00 Watershed Sediment Evaluations (Auditorium – Chris Trumbauer, Rhode 

Riverkeeper)
 Utility of hill slope-based empirical models to predict sediment 

discharge in the Chesapeake Bay watershed
Kathy Boomer (SERC)

 Sediment monitoring in small urbanized watersheds of Fairfax 
County, VA

John Jastram (USGS)

 Using environmental radio-nuclides to study stream bank erosion Jerry Ritchie (USGS)

 Alluvial River Sediment Research (Breakout Room – Scott Lowe, McCormick 
Taylor)

 Floodplain sediment trapping and storage along tributaries to the 
Chesapeake Bay

Cliff Hupp (USGS)

 The role of sediment accumulation by floodplains on riverine 
nutrient (P and N) retention in the Chesapeake Bay watershed

Greg Noe (USGS)

 Fine-grained channel margin deposits and their implication for 
centennial mercury cycling in a gravel bed river

Katie Skalak (UDE)

5:00 Catered (UMD) Poster Session / Book Signing (Main Concourse)  

Wednesday, September 17
8:00 Coffee  
8:30-10:15 Long Term Erosion Process (Auditorium – Jeff Halka, MGS
 The role of debris flows in long term landscape denudation and 

evolution in the central Appalachians
L. Scott Eaton (JMU)

 Rates of making and moving sediment in the Appalachians – the 
power of isotopic analysis

Paul Bierman (UVT) 

 Chesapeake Glacioisostasy: Is There a Yo Yo, Ma? Milan Pavich (USGS)
10:15-10:30 Break  
10:30-12:00 Floodplain Sediment Processes (Auditorium – Ted Brown, Biohabitats)

 Geomorphic Evolution and Multi-Decadal Fine-Grained Sediment 
Budget of a 4th Order Tributary to the Chesapeake Bay: Guiding 
Principles and Lessons Learned

Jim Pizzuto (UDE)

 Modeling net downstream imbalances in fine sediment along 
meandering rivers

Wes Lauer (JSU)

12:00-1:15 Lunch  
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Outdoor StreamLab (OSL) Grand Opening
St. Anthony Falls Laboratory
September 19, 2008

Ceremony Objective

The Outdoor StreamLab (OSL) is a joint initiative of the St. Anthony Falls Laboratory (SAFL) and the National Center for 
Earth-surface Dynamics (NCED).  The facility has been designed to serve as a powerful tool for aquatic habitat restoration 
research, bringing together river scientists, engineers, and managers to explore river flow and ecology. The Grand Opening 
Ceremony celebrated the development of this unique facility that combines the advantages of field research with the precise 
experimental controls that can only be achieved in a laboratory setting. The public was invited for tours of the facility from 
3-5 p.m. on the day of the event.  

Agenda
Time Activity Presenter
3:00 Welcome remarks Fotis Sotiropoulos, SAFL director and 

NCED PI
 Guest speakers Efi Foufoula, NCED director
  Mos Kaveh, Institute of Technology 

associate dean
  Robert Bruinick, University of Minnesota 

president
3:30 Ribbon-cutting ceremony  
3:40 Open house (tours of St. Anthony Falls Laboratory and Outdoor 

StreamLab available)
 

5:00 Gates to Xcel Water Power Park close  
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Partnership for River Restoration and Science in the Upper Midwest (PRRSUM)
St. Anthony Falls Laboratory
Second Tuesday of Every Month, April – November 2008

Forum Objective

River research and restoration are fields of intense activity in the Upper Midwest, involving federal and local agencies, water-
shed managers, consultants, researchers, and educators.  The high level of activity, combined with the diverse community of 
participants in the field has created a strong demand for discussion, knowledge exchange, and collaboration, including two-way 
exchanges between researcher and practitioners and interagency communication.  To address these needs, NCED and SAFL 
have organized a Partnership for River Restoration and Science in the Upper Midwest (PRRSUM, pronounced “prism”).

The goals of the partnership are to:  exchange knowledge and lessons learned about important local and regional topics; 
create collaborations that will lead to further targeted research and group funding; and lay the groundwork for a more formal 
professional restoration group within the upper Midwest. To that end, in NCED’s seventh year, PRRSUM provided a regular, 
open forum for knowledge exchange within the upper midwestern stream and river restoration community. Each open forum 
consisted of a 45-minute presentation, followed by open discussion.

Partnership for River Research and Science in the Upper Midwest meetings
Tuesday, April 8, 2008 
Stream restoration of incised channels in the Driftless Area Jeff Hastings, Trout Unlimited
Tuesday, June 10, 2008
Dam Removal in the Midwest--It’s About More than Fish Passage Tom MacDonald, Barr Engineering 

Company
Tuesday September 9, 2008
Restoration of the Mississippi River Gorge in the Twin Cities: Taking a look at the 
alternatives

Chris Lenhart, Department 
of Biosystems Engineering, 
University of Minnesota

Tuesday October 14, 2008
Effects of suspended sediment loading on stream ecosystems Anne Lightbody, St. Anthony 

Falls Laboratory, University of 
Minnesota

Tuesday November 18, 2008
Monitoring ecological and geomorphic responses in river restoration projects: 
Experiences, challenges, and aspirations

Faith Fitzpatrick, USGS & Kent 
Johnson, Kiap-TU-Wish Chapter, 
Trout Unlimited
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NCED Minnesota PI Forum
St. Anthony Falls Laboratory 
November 17, 2008

Forum Objective 

The goal of this forum was to give University of Minnesota (UMN) PIs, students, and postdoctoral researchers a chance to 
exchange ideas and learn about each other’s research. The forum was intended to increase opportunities for idea exchange at 
UMN to facilitate subsequent exchange across all NCED institutions.  This informal meeting served as a session for report-
ing the latest research but also for presenting open problems for others to consider.  Topics of discussion included sediment 
transport within the Minnesota River Basin, OSL research, eco-geomorphology research at Angelo Coast Range Reserve, and 
computational fluid dynamics research for stream restoration. Each PI invited his or her students and postdoctoral researchers 
to participate and give a short presentation.

Agenda – NCED Minnesota PI Forum
Time Activity Presenter
Monday, November 17, 2008
9:00 Introduction  
9:30 Discussion Sotiropoulos, Hill, Voller, Paola
11:30 Discussion Hondzo, Finlay
12:30 Discussion Perg, Foufoula, Lightbody
1:50 Discussion - Outreach and engaging graduate students Karen Campbell and Jeff Marr
2:15 Discussion - NCED legacy  
3:30 Synthesis  
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Appendix J: Activity Tables

NCED-wide Activities
Meeting:  NCED PI Retreat
Led by Efi Foufoula
Location Canyon of the Eagles, Burnet, TX, January 13-16, 2009

Attendee Name Affiliation, Position in NCED
1. Patrick Belmont University of Minnesota, postdoctoral associate
2. Azure Bevington University of Louisiana, staff
3. Collin Bode University of California, Berkeley, Staff
4. Iman Borazjani University of Minnesota, postdoctoral associate
5. Jim Buttles University of Texas, Staff
6 Karen Campbell University of Minnesota, Education Director
7. Diana Dalbotten University of Minnesota, Diversity Director
8. Stephanie Day University of Minnesota, graduate student
9. Bill Dietrich University of California, Berkeley, PI
10. Jacques Finlay University of Minnesota, PI
11. Noah Finnegan University of California, Berkeley, postdoctoral associate
12. Efi Foufoula University of Minnesota, PI and Director
13. Kimberly Hill University of Minnesota, Faculty
14. Ben Hobbs Johns Hopkins University, PI
15. Guerry Holm University of Louisiana, postdoctoral associate
16. Miki Hondzo University of Minnesota, PI
17. Melissa Kenney Johns Hopkins University, postdoctoral associate
18. Wonsuck Kim University of Texas
19. Anne Lightbody University of Minnesota, Research associate
20. Jeff Marr University of Minnesota, Knowledge Transfer Director
21. David Mohrig University of Texas, PI
22. David Olsen University of Minnesota, staff
23. Chris Paola University of Minnesota, PI, former NCED Director
24. Gary Parker University of Illinois, PI
25. Deb Pierzina University of Minnesota, staff
26. Mary Power University of California, Berkeley, PI
27. Fotis Sotiropoulos University of Minnesota, PI
28. Kyle Straub Tulane University, former postdoctoral associate
29. Rochelle Storfer University of Minnesota, Deputy Director of Administration
30. Robert Twilley University of Louisiana, PI
31. Enrica Viparelli University of Illinois, postdoctoral associate
32. Vaughan Voller University of Minnesota, PI
33. Peter Wilcock Johns Hopkins University, PI
34. Greg Wilkerson Souther Illinois University, PI
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Meeting:  NCED External Advisory Board 
Led by: Efi Foufoula
Location, date(s):  SMM/SAFL, February 19-20, 2009

Attendee Name Affiliation
1. Michael Ellis British Geological Survey
2. Richard Hooper CUAHSI
3. Roberta Johnson UCAR
4. Matthew Larsen USGS
5. Rudy Slingerland Pennsylvania State University
6. Patrick Belmont University of Minnesota, postdoctoral associate
7. Karen Campbell University of Minnesota, Education Director
8. Bill Dietrich University of California, Berkeley, PI
9. Diana Dalbotten University of Minnesota, Diversity Director
10. Chris Duffy Pennsylvania State University, guest
11 Efi Foufoula University of Minnesota, PI
12. Ben Hobbs Johns Hopkins University, PI
13. Patrick Hamilton Science Museum of MN, PI
14. Deborah Hudleston University of Minnesota, Knowledge Transfer Manager
15. Anne Lightbody University of Minnesota, Research Associate
16. David Mohrig University of Texas, PI
17. David Olsen University of Minnesota, staff
18. Gary Parker University of Illinois, PI
19. Deb Pierzina University of Minnesota, staff
20. Fotis Sotiropoulus University of Minnesota, PI
21. Peter Wilcock Johns Hopkins University, PI

Meeting:  NCED Minnesota Science Forum
Led by: Patrick Belmont
Location, date(s):  St. Anthony Falls Laboratory, November 17, 2008

Attendee Name Affiliation, Position in NCED
1 Campbell, Karen University of Minnesota, Education Director
2 Dalbotten, Diana University of Minnesota, Diversity Director
3 Day, Stephanie University of Minnesota, Graduate student
4 Ebtehaj, Mohammad University of Minnesota, Graduate student
5 Finlay, Jacques University of Minnesota, NCED PI
6 Foufoula-Georgiou, Efi University of Minnesota, NCED PI
7 Fuller, Ted University of Minnesota, Graduate student
8 Gaffney, John University of Minnesota, Graduate student
9 Gangodagamage, Chandana University of Minnesota, Graduate student
10 Ganti, Vamsi University of Minnesota, Graduate student
11 Hondzo, Miki University of Minnesota, NCED PI
12 Kang, Seok Koo University of Minnesota, Graduate student
13 Lightbody, Anne University of Minnesota, Research associate
14 Lorenzo-Trueba, Jorge University of Minnesota, Graduate student
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Meeting:  NCED Minnesota Science Forum
Led by: Patrick Belmont
Location, date(s):  St. Anthony Falls Laboratory, November 17, 2008

Attendee Name Affiliation, Position in NCED
15 Marr, Jeff University of Minnesota, Knowledge Transfer Director
16 Morris, Mark University of Minnesota, Graduate student
17 Olsen, David University of Minnesota, Staff
18 Paola, Chris University of Minnesota, NCED PI
19 Passalacqua, Paola University of Minnesota, Graudate student
20 Perg, Lesley University of Minnesota, NCED PI
21 Singh, Arvind University of Minnesota, Graudate student
22 Sotiropoulos, Fotis University of Minnesota, NCED PI
23 Voller, Vaughan University of Minnesota, NCED PI

Education Tables

Internal Education Activities

NCED videoconferenced seminars
Presentation Date Presenter, Affiliation Presentation Title
May 6, 2008 Melissa Kenney and Daniela Martinez

NCED post-doc and JHU undergraduate/
summer intern

Is it worth it?: Evaluating the effectiveness of urban 
stream restoration

September 23, 2008 Brandon McElroy 
UTA Graduate Student

What I Did In Delft: An Exchange of Data and Culture

September 16, 2008 Vamsi Ganti
UMN Graduate Student

Fractional derivatives: An attractive class of nonlocal 
transport laws

September 9, 2008 Kyle Straub 
NCED postdoc

Compensational stacking of sedimentary deposits

September 30, 2008 Andy Wold 
NCED PI

Partnerships increase Native Student participation in 
STEM camps, classes, and careers

October 7, 2008 Paola Passalacqua 
NCED graduate student

A geometric nonlinear diffusion formalism for channel 
network extraction from LIDAR

October 14, 2008 Karen Campbell 
NCED Education Director

NSF Earth Science Literacy Initiative: We need you! 

October 21, 2008 Melissa Kenney  
NCED postdoc

Social Science Research in the Subsurface Architecture 
and Stream Restoration IPs

November 4, 2008 Guerry Holm  
NCED postdoc

Sediment Elevation and Plant Community Change 
during Rapid Delta Growth

November 11, 2008 Anne Lightbody 
SAFL Research Associate

SAFL OSL: Experimental study of linked ecological 
and physical processes

November 18, 2008 Jeff Nittrouer 
UTA Graduate Student 

Bed material sediment in the lower Mississippi River: 
Transport and extent of channel bed coverage

November 25, 2008 Noah Finnegan  
NCED postdoc

Strath terraces, lateral planation, and sediment supply
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NCED videoconferenced seminars
Presentation Date Presenter, Affiliation Presentation Title
December 2, 2008 Patrick Belmont  

NCED post doc
Parameterization of a complex landscape for a 
sediment routing model of the Le Sueur River, 
southern Minnesota

February 4, 2009 John Schade, St. Olaf College and 
Jill Welter, College of St. Catherine 
NCED postdoc alumni

Consumer-Resource Interactions and 
Stoichiometrically Explicit Spiraling(CRISES) 

February 11, 2009 Martin Tsui 
NCED postdoc alumnus

Spatial Variation of Mercury Bioavailability in a River 
Network

February 18, 2009 Brenda Asmus and Joe Magner
Minnesota Pollution Control Agency

Biological Monitoring at the State Agency Scale: 
Synthesis for Minnesota and Future Needs

March 11, 2009 John Gaffney 
UMN Graduate Student

SRGS – Slope Response to Gravel & Sand

March 4, 2009 NCED group forum Current limitations on environmental prediction
April 1, 2009 Enrica Viparelli 

NCED postdoc
A sediment routing model: many problems and few 
very very preliminary results

April 8, 2009 Scott Peckham 
CSDMS

Community Surface Dynamics Modeling System 

April 15, 2009 Chandana Gangodagamage 
NCED graduate student

April 22, 2009 Marisa Palucis
UCB graduate student

April 29, 2009 Laura Rassbach de Vesine
University of Colorado, Boulder

CALVIN: An Artificial Intelligence System for 
Automating Cosmogenic Nuclide Dating

NCED Seminars given as part of the SAFL seminar series
Seminar Date Presenter, Position, Affiliation Presentation Title
Sept. 17, 2008 Paola Passalacqua

NCED Graduate Student
St. Anthony Falls Laboratory

A geometric nonlinear diffusion formalism for channel 
network extraction from LIDAR

Oct. 9, 2008 Charles Meneveau
Louis M. Sardella Professor of Mechanical 
Engineering, Department of Mechanical Engineering, 
and Director, Center for Environmental and Applied 
Fluid Mechanics
The Johns Hopkins University 

Large eddy simulation of pollen transport in the 
atmospheric boundary layer

Oct. 15, 2008 Jorg Imberger
Director of the Centre for Water Research
University of Western Australia, Crawley

Real time, adaptive self learning management of aquatic
natural systems

Oct. 22, 2008 Anne Lightbody
Outdoor StreamLab Research Director
St. Anthony Falls Laboratory

The St. Anthony Falls Outdoor StreamLab: 
Experimental study of linked ecological and physical 
processes within a publicly visible and experimentally 
controllable field-scale
site

Oct. 29, 2008 Mark Schmeeckle
Associate Professor, 
Dept. of Geography
Arizona State University, Phoenix, AZ

Rethinking bedload sediment transport mechanics
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NCED Seminars given as part of the SAFL seminar series
Seminar Date Presenter, Position, Affiliation Presentation Title
Nov. 12, 2008 :Michael Gooseff

Assistant Professor, Hartz Family Professor, Civil and 
Environmental
Engineering Department
Penn State, University Park, PA

Putting the hyporheic zone in its place

Nov. 19, 2008 Miguel Wong, P.E.,
Senior Consultant, and NCED alum 

Peter Hinck, 
Water Resources Engineer
Barr Engineering

Stochastic uncertainty analysis applied to the water 
quality model of a proposed mining project

Dec. 3, 2008 John Nieber
Professor, Department of Bioproducts and Biosystems
Engineering
University of Minnesota

Variable source area hydrology: How the (empirical) 
SCS
curve number method describes this rainfall-runoff 
process

Jan 28, 2009 LORENZ G. STRAUB AWARD SPEAKER:  
George Karniadakis, Professor of Applied 
Mathematics at the Center for Fluid Mechanics, 
Brown University, and Senior Lecturer of Mechanical 
Engineering at MIT
 
AWARD RECIPIENT:  
Marco Ghisalberti 
Ghisalberti earned his PhD under the direction of Prof. 
Heidi Nepf at MIT

Multiscale modeling in physical and biological systems

The impact of submerged vegetation on benthic 
turbulence in mixing

(Thesis tile: "Momentum and scalar transport in 
vegetated shear flows")

Feb. 18, 2009 SILBERMAN FELLOWSHIP AWARD
Taylor Perron,  
Assistant Professor of Geology 
Department of Earth, Atmospheric and Planetary 
Sciences 
Massachusetts Institute of Technology
NCED Alumnus

Emergence of characteristic scales in drainage networks

March 25, 2009 Johnathon Foley 
Director, Institute on the Environment (IonE) 
Professor, Department of Ecology, Evolution and 
Behavior 
University of Minnesota

Land use and a changing biosphere

April 1, 2009 Patrick Belmont  
NCED Postdoctoral Associate 
University of Minnesota

Sediment dynamics in the Le Sueur River: 
Compounding effects of agriculture in a transient 
landscape

April 29, 2009 Sukanda Basu 
Assistant Professor 
Department of Geosciences 
Texas Tech University 
NCED alumnus

The Great Plains' low-level jets and their critical role in 
the U.S. wind energy developments 
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Graduate Education (and postdoctoral participation in graduate education)
Intended Audience NCED Graduate Students
Date Location Led by Attendees
Activity Description
May 2008 SAFL/NCED Campbell NSF
Final report on NCED’s portion of STC-wide IREP international program submitted to NBTC center at Cornell.
May 2008 Tulane University Campbell, Jerolmack, Reinhardt, 

Johnson, Marr
MYRES attendees

NCED alums and post docs lead MYRES III conference at Tulane University.  NCED graduate students among the attendees.  
Graduate student Sara Johnson oversees the outdoor Expo, with assistance from Campbell and Gordon Grant, USFS.  
June 2008 SAFL/NCED NCED graduate students NCED graduate students
Stephanie Day (UMN) takes over leadership of Graduate Student Council from Brandon McElroy (UT-Austin)
Summer – December 2008 UTA Brandon McElroy AGU attendees
McElroy organizes session: Multiscale Feedbacks in Ecogeomorphology at AGU
Summer 2008 various Jerolmack, Reinhardt NRC
MYRES organizing committee submits report to National Research Council
Summer 2008 Minnesota Belmont, Dalbotten NCED Faculty to Faculty Program
Belmont supervises students from Florida International University in research on NCED’s LeSueur River project
Summer 2008 SAFL Dalbotten, Lightbody NCED summer interns
Lightbody supervises several summer interns in SAFL/NCED’s Outdoor StreamLab, including two NCED-funded minority students 
from outside the UMN.
January 2009 Texas Day NCED graduate students
Day attends NCED PI retreat to represent students
February 2009 SFL/NCED Campbell, Dalbotten NCED graduate students
Campbell, Dalbotten submit IRES proposal to NSF to continue international programs at NCED
ongoing various Campbell, Dalbotten REU students
JHU Graduate student Chuck Podolak supervises “Team Marmot” REU interns, summer 2008 and continues planning for summer 
2009 team.

External Education Activities
Science Museum of Minnesota Big Back Yard
Intended Audience General public, teachers and students 
Date Location Led by Attendees
Activity Description
Summer 2008 SMM Hamilton SMM visitors
Big Back Yard open for the summer season.  New components: Ground Water Plaza, Camera Obscura, Erosional Landscapes
September 2008 SMM Thomas K-12 teachers and students
BBY open only to school groups for field trips.  Educators’ guide available for teachers.
ongoing SMM Chatman K-16 teachers
Teacher Resource Center in BBY fully operational year round (regular formal and informal programming).  Resources available for 
checkout include a set of Elwha River Models, which are also used in much of the TRC programming.



272     Activity Tables

National Center for Earth-surface Dynamics
Annual Report 2009

Water Exhibition (also known as Water: H20=Life and WaterPlanet)
Intended Audience General public
Date Location Led by Attendees
Activity Description
May 2008 Manhattan, NY Hamilton Museum visitors (American Museum 

of Natural History)    
Water exhibition closes to the public in New York
August 2008 SMM Hamilton and Campbell Hamilton, Campbell
Small grant received from McKnight Foundation to fund 3 workshops for local watershed stakeholders during Water.
May-October 2008 Singapore Science Center Hamilton Museum visitors, Singapore
Water exhibition visits Singapore Science Center
July-November 2008 San Diego, CA Hamilton Museum visitors, California
Water exhibition visits San Diego Museum of Natural History
January-April 2009 SMM Hamilton Museum visitors, Minnesota
Water exhibition visits SMM.  Significant component improvements, multi-panel Rain Table completed, tested and prepared for 
inclusion in the show’s next venues, NCED External Advisory Board visits exhibit.
January-April 2009 SMM Hamilton, Campbell Hamilton, Campbell
2 of 3 meetings for local watershed stakeholders planned and conducted using NCED 3D maps; family members and attendees given 
free passes to SMM and Water exhibition.
March 2009 Istanbul, Turkey Hamilton Attendees of World Water Forum
International copy of Water exhibition visits World Water Forum

Future Earth Iniative (FEI)
Intended Audience General public and policy makers, 6 STCs
Date Location Led by Attendees
Activity Description
September 2008 SMM Hamilton SMM/NCED
SMM receives word NSF has funded FEI
September 2008 Atlanta, GA Hamilton, Campbell STCs
Hamilton presents at annual STC Directors’ meeting; Campbell and Hamilton meet with other STCs involved in FEI:  SAHRA, 
CRESIS, CMOP, CMORE, CMMAP
October 2008 SMM Hamilton, Campbell STCs
Earth Buzz kiosk physical design and content planning inititated
November 2008 SMM Hamilton Exhibit designers
Weekly FEI design meetings begin, Morin, Hamilton and Campbell in attendance from NCED
December 2008 San Francisco, CA Hamilton, Campbell SAHRA, CRESIS, CMORE
Group meeting to discuss Earth Buzz kiosks with participating STCs
Spring 2009 SMM Hamilton, Campbell SAHRA
EarthBuzz kiosk for SAHRA completed, content work begun, kiosk shipped to Biosphere 2
March-April 2009 SMM Hamilton, Campbell NCED, UMn
NCED Earth Buzz kiosk and content prepared for installation at UMN Institute on the Environment
ongoing SMM Hamilton, Campbe STCs
Coordination with STCs for kiosk location and content
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Additional Public Education Activities
Intended Audience General public
Date Location Led by Attendees
Activity Description
November 2008 NSF, Washington, DC Hamilton Federal agencies, NSF
Campbell and Hamilton lead meeting with representatives of several federal agencies to discuss  a proposal idea: a national museum 
consortium for public education on: Energy, Environment, Economics, and Education.  
ongoing Minnesota Campbell, Hamilton various
Discussions with University of Minnesota, US Park Service, SMM, Nature Conservancy, and global great rivers partnerships.
February 2009 various Campbell Television audiences around the 

world
“Break it Down: Dam” National Geographic documentary featuring SAFL/NCED model and field work on removal of Oregon’s 
Marmot dam begins airing internationally on the National Geographic channel.  
February 2009 Stevenson, WA Campbell River Restoration North West annual 

meeting
Campbell gives invited plenary lecture on the role of public education in river restoration at River Restoration North West.
January-April 2009 Minneapolis, MN Campbell Members of the Osher Lifelong 

Learning Institute, public library 
patrons and an art exhibit design 
group

Campbell gives invited public lectures on contemporary river research to various groups around Minneapolis.

Stream Restoration Certificate Program
Intended Audience Post-baccalaureate students and professionals interested in or doing river restoration
Date Location Led by Attendees
Activity Description
May - June 2008 SAFL/NCED Voller Students in certificate program
Capstone course taught; uses OSL for first time;  cohort graduates
Fall 2008 SAFL/NCED Voller Students in certificate program
Fall course taught; new cohort begins program.

E-STREAM
Intended Audience Middle to High School Earth Science teachers (in service or pre-service)
Date Location Led by Attendees
Activity Description
April-May, 2007 SAFL 

UMN
Campbell Joseph “Tony” Soruco 

In service middle school teacher serves as a short term ESTREAM intern as a part of completing a re-licensure program at UMN.  
Assists with prototyping of MYRES vegetated river/dam experiment, assists with design and construction of NCED teaching models, 
visits Big Back Yard and Teacher Resource Center, attends Site Visit.
June  2008 SAFL UMN Campbell Gregory Boesel
In service middle school teacher serves as a short term ESTREAM intern as part of a UMN summer teacher intern program.  Assists 
in Outdoor StreamLab, visits Big Back Yard and Teacher Resource Center, presents to other teachers in program.
Summer 2008 College of St. Catherine Campbell 15 Elementary Montessori teachers
Campbell refines simple stream table design and exercises created by 2004 Ojibwe School ESTREAM teachers—Montessori teachers 
use them in workshop and then throughout the school year in their own classrooms.
Feb 2009 St. Cloud, MN Campbell Kate Poulter Rosok
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E-STREAM
Intended Audience Middle to High School Earth Science teachers (in service or pre-service)
Date Location Led by Attendees
Activity Description
Rosok, NCED ESTREAM alumna, now a middle and high school Earth Science teacher, attends annual meeting of Minnesota Earth 
Science Teachers Association, staffing NCED booth and distributing 3D maps.
March 2009 Hopkins, MN Campbell Benjamin Friesen
NCED alumnus Ben Friesen, now a middle school Earth Science Teacher, designs and carries out Elwha Dam model exercises in his 
classroom.  

Undergraduate Education
Intended Audience Undergraduate students (primarily) from outside NCED institutions
Date Location Led by Attendees
Activity Description
June-August SAFL/NCED, Oregon, 

LSU
Campbell, Dalbotten, Marr, Holm 
Podolak, Twilley, Wilcock

River and Coastal  Restoration REU

REU program begins.  Students arrive in MN, conduct experiments, do readings and have lectures from their various advisors, travel 
to field sites, return to prepare posters for final session at SAFL and on-campus UMn
Summer 2008 ACRR Welter, Schade, Power, Finlay Undergraduates at CSC and St. Olaf 

College
NCED alums Schade and Welter bring undergraduate interns to ACRR for summer research
Winter 2009 SAFL/NCED Campbell, Dalbotten Potential REU participants
Participants for 2009 selected, notified, participatory website created, ongoing planning.
Fall 2008 SAFL/NCED Campbell College of St. Catherine 

undergraduates
Campbell, CSC faculty begin weekly planning meetings for J-Term capstone course: Robots and the Earth, as part of 5 year 
implementation process to 3M funded STEM minor for elementary education majors at CSC. 
January 2009 CSC Campbell College of St. Catherine 

undergraduates
Robots and the Earth taught; SMM staff participate in final evaluation of capstone exhibits.  Course uses Morin textbook, features 
NSF Earth Science Literacy Initiative materials and NCED developed stream tables.
January 2009 CSC Campbell, Murphy, Welter educators around the US
STEM development team begins regular meetings to produce monograph documenting STEM curriculum development.

Teacher Education
Intended Audience K-12 teachers
Date Location Led by Attendees
Activity Description
Summer 2008 BBY and various Chatman K-12 teachers
Six summer institutes conducted out of the Teacher Resource Center in SMM’s BBY included material developed in NCED’s 3 
original Earthscapes Teacher Institutes.
June/July 2008 various Campbell Elementary Montessori teachers
Campbell co-develops first of several STEM summer institutes (Medtronic funded) for Montessori teachers at the College of St. 
Catherine.  This course focuses on Earth science content and makes use of many NCED materials as well as GLOBE materials.  
Centerpiece is NCED stream tables.
August 2008 St. Paul, MN Campbell Elementary Montessori teachers
Week long institute for Montessori teachers conducted and evaluated.
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Teacher Education
Intended Audience K-12 teachers
Date Location Led by Attendees
Activity Description
October, 2008, March 2009 St. Paul, MN Campbell Elementary Montessori teachers
Winter 2009 various Campbell Elementary Montessori teachers
New “album” (curriculum format favored by Montessori) developed out of institute; along with “charts” (Montessori teaching tool) 
and assessment material.
Two follow-up weekend workshops held; first features Marmot Dam removal model; second includes field trip to Water exhibition.  
Teachers introduced to album, charts and assessment tools.

Wider Research Community
Intended Audience Wider Research Community
Date Location Led by Attendees
Activity Description
October 2008 Boulder, CO Campbell CSDMS/NCED community
Campbell attends annual meeting of CSDMS Education and Knowledge Transfer Working Group and agrees to serve as chair.  (see 
also activity table for “Website and Data Repository” under “Knowledge Transfer”)
May 2008 online Michael Wysession, Washington 

University
Participants in online workshop

Campbell serves as moderator for “Surface Processes” break-out “room” in 12 day online “conference” for over 100 participants as 
part of NSF-funded Earth Science Literacy Initiative
July 2008 St. Louis, MO Wysession Participants in writing workshop
Campbell participate in 3-day writing workshop with ESLI committee and appx 30 invited participants to develop Big Ideas and 
Supporting Concepts of Earth Science.
October 2008 Houston, TX Wysession Geological Society of America 

attendees
Campbell attends Town Hall session to introduce GSA members to ESLI and kick-off comment period
November 2008 various Wysession NSF and the public
ESLI committee redrafts Big Ideas/Supporting concepts based on GSA feedback, Campbell focuses on “Anthropocene” Big Idea
December 2008 San Francisco, CA Wysession AGU attendees
Campbell attends talks introducing ESLI to AGU participants, distributes Big Ideas/Supporting Concepts at NCED booth, to kick off 
AGU comment period
January-February 2009 various Wysession NSF and the public
ESLI committee redrafts Big Ideas/Supporting concepts based on AGU feedback, Campbell focuses on “Anthropocene” Big Idea

Knowledge Transfer Activities
Digital Visualization 
Intended Audience Educators, Researchers, Partners
Date Location Led by Attendees
Activity Description
May-November 2008 SMM Campbell, Hamilton, Morin Museum audiences
2 versions of “Rain Table”—multi-panel and multi-touch designed and tested with SMM audiences (in cooperation with Electronic 
Visualization Lab, University of Illinois, Chicago)
October 2008 Philadelphia Campbell, Hamilton Museums with SOS units
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Digital Visualization 
Intended Audience Educators, Researchers, Partners
Date Location Led by Attendees
Activity Description
Meeting of SOS developers takes place as annual ASTC meeting.  One of ongoing series of conference-call meetings.
October 2008 Philadelphia Morin ASTC attendees
Morin invited speaker in session on visualization in science museums
ongoing UMn Morin and Campbell “Science” and “Operations” NSF 

funded activity in Antarctica
AGIC, Antarctic Geospatial Information Center, fully operational, providing digital maps to support needs of Science and Operations 
across Antarctica.
November 2008 SAFL Campbell, Morin Students and educators
3D map, “The West” designed and produced 
December 2008 AGU annual meeting Campbell, Hamilton AGU attendees
Multi touch Rain Table presented to AGU attendees through NCED booth.  NCED 3D maps given out at NCED booth and at National 
Association of Geoscience Teachers booth
February 2009 Chicago, IL Campbell, Hamilton, Marilyn 

Suiter (NSF)
AAAS attendees

Multi-touch Rain Table featured in NSF booth at AAAS annual meeting.
February 2009 UMN Campbell, Hamilton UMn students, museum audiences
UMn Institute on the Environment awards Campbell/Hamilton a grant to develop visualizations for SOS and portable spherical 
projection system.
ongoing California, Maryland Morin, Hamilton Museum audiences
Large scale “Floor maps” (high resolution digital photography) produced for museums in California and Maryland.

Website and Data Repository
Intended Audience NCED internal and external community
Date Location Led by Attendees
Activity Description
October 2008 CSDMS, Boulder, CO Campbell CSDMS/NCED community
Campbell attends meeting of CSDMS Education and Knowledge Transfer Working Group and is named chair
January 2009 NCED Viparelli CSDMS/NCED community
Enrica Viparelli named liaison between NCED/CSDMS, begins work on transferring NCED models to CSDMS platform.
April 2009 SAFL/NCED Campbell, Nguyen NCED/CSDMS community
Peckham gives video-conference at SAFL/NCED.  Campbell, Nguyen work with Peckham, Gary Parker, Enrica Viparelli, Bode to 
develop plan for data a model sharing between NCED and CSDMS.
April 2009 SAFL/NCED Campbell, Nguyen NCED community
NCED website redesign phase I (implementation of new content management platform, basic content structure and graphic design) 
completed.

MYRES III: Dynamic Interactions of Life and its Landscape
Led by: Liam Reinhardt, Doug Jerolmack, Sara Johnson, Karen Campbell, Jeff Marr
Location, date(s):  Tulane University, New Orleans, LA, May 20-23, 2008

Attendee Name Affiliation
1 Aalto, Rolf University of Washington
2 Arrell, Katherine University of Leeds, UK
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MYRES III: Dynamic Interactions of Life and its Landscape
Led by: Liam Reinhardt, Doug Jerolmack, Sara Johnson, Karen Campbell, Jeff Marr
Location, date(s):  Tulane University, New Orleans, LA, May 20-23, 2008

Attendee Name Affiliation
3 Ashton, Andrew Woods Hole Oceanographic Institute
4 Bain, Daniel University of Pittsburgh
5 Baker, Matt Utah State
6 Bamutaze, Yazidhi Makerere University, Uganda
7 Bedison, James University of Pennsylvania
8 Belmont, Patrick University of Minnesota (NCED)
9 Campanella, Rich Tulane University
11 Cardinale , Brad U Cal Santa Barbara
12 Cervantes, Javier Homero Flores Massachusetts Institute of Technology
13 Claessens, Lieven International Potato Center (CIP), Nairobi, Kenya
14 Collins, Daniel University of Wisconsin
15 Crosby, Benjamin Idaho State University
16 D'Alpaos, Andrea University of Padova, Italy
17 Dell, Anthony (Tony) James Cook University, Australia
18 Dietrich, Bill University of California (NCED)
19 Dijkstra, Jasper Delft University of Technology, Netherlands
20 Duran, Orencio Twente University, Netherlands
21 Earl, Stevan Arizona State University
22 Fagherazzi, Sergio Boston University
23 Fike, David Massachusetts Institute of Technology
24 Gasparini, Nicole Tulane University
25 Gran, Karen University of Minnesota, Duluth (NCED)
26 Grant, Gordon US Forest Service
27 Gutierrez-Jurado, Hugo New Mexico Institute of Mining and Technology
28 Hannisdal, Bjarte University of Bergen, Norway
29 Haryono, Eko Gadjah Mada University, Bulaksumu-Yogyakarta, Indonesia
30 Haussmann, Natalie Stellenbosch University, South Africa
31 Hawkes, Andrea University of Pennsylvania
33 Horton, Ben University of Pennsylvania
34 Istanbulluoglu, Erkan University of Nebraska
35 Jerolmack, Doug University of Pennsylvania (Formerly NCED)
36 Julian, Jason Appalachian Laboratory, Univ. of Maryland Center for Environmental Science
37 Kim, Wonsuck University of Illinois (NCED)
38 Kirwan, Matthew US Geological Survey; University of Virginia
39 Kolker, Alex Tulane University
40 Lauer, Wes Seattle University (Formerly NCED)
41 Lightbody, Anne University of Minnesota (NCED)
42 Matos, Jorge Federal University of Bahia, Brazil
43 McElroy, Brandon University of Texas, Austin (NCED)
44 McGrath, Gavan The University of Western Australia
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MYRES III: Dynamic Interactions of Life and its Landscape
Led by: Liam Reinhardt, Doug Jerolmack, Sara Johnson, Karen Campbell, Jeff Marr
Location, date(s):  Tulane University, New Orleans, LA, May 20-23, 2008

Attendee Name Affiliation
45 McNamara, Dylan Duke University
46 Michalkova, Monika University of Lyon, France
47 Mudd, Simon School of GeoSciences, University of Edinburgh, UK
48 Naylor, Larissa University of Exeter
49 Nield, Joanna School of Geography, University of Southampton
50 Nunoo, Francis Ewusie University of Ghana, Accra. Ghana
51 Orr, Cailin University of Minnesota (NCED)
52 Perron, Taylor Harvard University
53 Pike, Andrew University of Pennsylvania
54 Preoteasa, Luminita University of Bucharest
55 Rasmussen, Craig University of Arizona
56 Ravi, Sujith University of Virginia, Charlottesville
57 Reinhardt, Liam University of Exeter (NCED)
58 Roering, Josh University of Oregon
59 Roering, Josh University of Oregon
60 Shashtri, Satyanarayan Jawaharlal Nehru University, New Delhi, India
61 Sklar, Leonard Dept. of Geosciences, San Francisco State Univ.
62 Smith, David U.S. Army Engineer Research and Development Center
63 Stewart, Jill University of Sheffield, UK
64 Straub, Kyle University of Minnesota
65 Strong, Nikki University of Minnesota(NCED)
66 Tal, Michal University of Lyon, France (Formerly NCED)
67 Thompson, Sally Duke University
68 Tornqvist, Torbjorn Tulane University
69 Twilley, Robert Louisiana State University (NCED)
70 van Oost, Kristof Catholic University of Louvain
71 Vanacker, Veerle Catholic University of Louvain
72 Variano, Evan University of Florida
73 Wheaton, Joseph IGES, Aberystywth University, UK
74 White, Brian University of North Carolina at Chapel Hill
75 Wilcox, Andrew University of Montana
76 Willenbring, Jane Institut für Mineralogie, Leibniz Universität Hannover (Formerly NCED)
77 Wollinsky, Matt University of Minnesota (NCED)
78 Wydzga, Aleksandra University of Califronia, Santa Barbara
79 Yang, Kejun State Key Laboratory of Hydraulics and mountain River Engineering, Sichuan University, 

China
80 Yoo, Kyungsoo University of Delaware
81 Yuill, Brendan Tulane University
82 Zeug, Steven University of California-Santa Barbara

Deltas Meeting
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Led by: Vaughan Voller
Location, date(s):  Woods Hole Oceanographic Institution, Woods Hole, MA, July 23-25, 2008

Attendee Name Affiliation
1 Ashton, Andrew Woods Hole Oceanographic Institution
2 Fowler, Andrew University of Oxford
3 Frascati, Alessandro University of Padova
4 Giosan, Liviu Woods Hole Oceanographic Institution
5 Jerolmack, Doug Penn State University
6 Kim, Wonsuck University of Illinois, Urbana/Champaign (NCED)
7 Paola, Chris University of Minnesota (NCED)
8 Rowland, Joel Stanford University
9 Stark, Collin Columbia University
10 Swenson, John University of Minnesota
11 Viparelli, Enrica University of Illinois, Urbana/Champaign (NCED)
12 Voller, Vaughan University of Minnesota (NCED)
13 Wolinsky, Matt University of Minnesota (NCED)

Subcommittee on Sedimentation
Led by: Peter Wilcock
Location, date(s):  St. Anthony Falls Laboratory, May 7-8, 2008

Attendee Name Affiliation
1 Bernard, Jerry US Department of Agriculture
2 Glysson, Doug US Geological Survey
3 Goodwin, Craig Bureau of Land Management
4 Gray, John US Geological Survey
5 Jackson, Bill National Park Service Water Resources Division
6 Marr, Jeff NCED
7 Randle, Timothy Bureau of Reclamation
8 Webb, Jerry US Army Corps of Engineers
9 Wilcock, Peter NCED
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Divsersity Tables
Diversity Activities

Date Location Led By Attendees

Activity Description
Apr 08 SAFL Dalbotten Undergraduate students from across the 

country

Beginning of NCED REU Site on River and Coastal Restoration (REU-RCR), funded by NSF.  First students arrive in summer 2008.
Apr 08 Rapid City, SD Dalbotten Native American undergraduates 

in giiwed’anang Minnesota AISES 
Alliance

Dalbotten and Alyssa Burger (CCEFP) and nine students from the giiwed’anang Minnesota AISES Alliance, all Native American 
from Minnesota colleges and universities, attend the AISES Region V meeting in Rapid City, South Dakota.  Funding is from the MN 
Northstar STEM Alliance, an NSF-funded Louis Stokes Alliance for Minority Participation.
May 2008 Phoenix, AZ Pellerin 2 high-school gidakiimanaaniwigamig 

participants

Courtney Jackson and Sa’Shawna Lone represent the American Indian Science and Engineering Society (AISES) at the Intel 
International Science Fair after being chosen as Grand Award winners at the AISES National American Indian Science and 
Engineering Fair.  Courtney Jackson wins a 2nd place category award and a special award from the Society of Exploration 
Geophysicists.  Lone wins the American Indian Science and Engineering Society Award for best project related to American Indian 
culture.
May 08 FDLTCC Dalbotten Staff and teachers from 

gidakiimanaaniwigamig 
Pellerin and Dalbotten lead a retreat for teachers and partners in the gidakiimanaaniwigamig program to plan for summer activities 
and talk about incorporating “7 Elements of Learning” (developed by Dalbotten and Burger) into camp activities.

May-Aug 09 SAFL/NCED Dalbotten Undergraduate students from 
underrepresented groups

Dalbotten arranges and NCED funds two students from underrepresented groups (June Sayers, Native American; Jordan Theissen, 
African American) to do research projects in conjunction with first-year research activities in the OSL. 

Jun 08 FDLTCC Pellerin Middle- and high-school students in 
gidakiimanaaniwigamig

gidakiimanaaniwigamig summer camp--ten days of a residential experiential science experience at the college housing facility.  
NCED organizes several classes per day including presentations by the Center for Compact and Efficient Fluid Power and the Civil 
Engineering Department’s Multi-Axial Sub-Assemblage Testing (MAST) Laboratory.
Jun 08 SAFL/NCED Dalbotten Undergraduates from across the country
Participants in NCED’s REU-RCR arrive in Minneapolis to begin the first part of their research experience doing hands-on 
experiments at SAFL and prepare for their field research.
Jun 08 FDLTCC Dalbotten/Pellerin Undergraduate participants in REU
Summer undergraduate participants in NCED’s REU-RCR attend gidakiimanaaniwigamig summer camp and lead students in 
hands-on science activities (water quality testing and rock identification)
Jul 08 LSU Baton Rouge/ Sandy 

River, Oregon
Holms/Podoluk Undergraduate participants in REU

Summer undergraduate participants in NCED’s REU-RCR at their field sites (Team Marmot students to Oregon; Team Delta students 
to LSU in Baton Rouge).
Summer 08 Mankato Belmont F2F Professor Assefa Melesse, 2 

graduate students and 1 undergrad 
student
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Diversity Activities

Date Location Led By Attendees

Activity Description
Florida International University F2F team, headed by Professor Melesse, joins NCED Le Sueur River Project research team, led by 
Patrick Belmont, to do research in the field in Mankato, MN
Aug 08 SAFL/NCED Dalbotten Undergraduate researchers

Symposium to showcase research done by summer undergraduate researchers headquartered at SAFL, including the F2F 
participants, the OSL researchers, and students in NCED’s REU-RCR, as well as other students doing undergraduate research at 
SAFL in summer 2008.  Event is attended by faculty, graduate students and staff at SAFL/NCED.  LSU team leaders Guerry Holm 
and Azure Bevington attend.
Sept 08 FDL reservation Dalbotten/Pellerin Reservation resource management 

officials, faculty from U of MN and 
FDLTCC

Meeting with FDL reservation resource managers to plan for research collaboration between FDLTCC, UMN LacCore Center, and 
reservation research team to core 6 wild rice lakes and involve undergraduate and high-school students in research on the cores.  

Oct 2008 Salt Lake City, Utah Dalbotten/Pellerin/Greensky Faculty, graduate and undergraduate 
students

Dalbotten, Pellerin, and Greensky attend Society for the Advancement of Chicanos and Native Americans in Science (SACNAS) 
National Meeting, where they organize and give talks at a session on “Alliance for Broadening Participation of Native Americans 
in the Geosciences”  Dalbotten also co-organizes (with Wesley Uehara, Center for Embedded Network Sensing) and presents a talk 
at a session on “An Inconvenient Truth: How Do I Get Involved?  New Approaches, Methodologies and Tools to Understanding our 
Global Climate.”  NCED also has a booth at the SACNAS exhibit and career fair.
Oct 2008 NSF Dalbotten/Pellerin Members of CEOSE

Dalbotten and Pellerin are invited speakers at a Mini-Conference on Broadening Participation of Native Americans in the Science at 
a meeting of the NSF Committee on Equal Opportunity in Science and Engineering 

Nov 08 FDLTCC Pellerin Middle- and high-school students in 
gidakiimanaaniwigamig

gidakiimanaaniwigamig November camp-- experiential science camp at FDLTCC.  NCED organizes several classes including 
presentation on the Mississippi Delta given by NCED PI Paola.

Dec 08 San Francisco Dalbotten Gidakiimanaaniwigimig program 
directors, F2F participants, high-school 
student, REU-RCR participant

At the American Geophysical Union Fall Meeting, NCED diversity programs are represented at:  1) a session organized by Dalbotten 
and Rajul Pandya (Univ Colorado, Boulder) on “A National Alliance for Broadening Participation of Native Americans in the 
Geosciences”; 2) Pellerin and gidakiimanaaniwigamig high-school participant Courtney Jackson present a poster on “Science Fair 
Participation as a Means of Broadening Participation of Native Americans in the Geosciences,”; Jackson also presents her own 
research poster, which won awards at the National American Indian Science and Engineering Fair and at the Intel Science Fair; 
3) F2F participants Fukhrudin Khalif (graduate student), Luam Azmera (graduate student), and Ashley Thomas (undergraduate 
student) present results of their research on the Le Sueur River Project; 4) Kimberly DeVillier, NCED REU-RCR participant, presents 
her poster on the Marmot Dam project at a session co-organized by Team Marmot leader Charles Podoluk (NCED graduate student).
Jan 09 FDLTCC Pellerin Middle- and high-school students in 

gidakiimanaaniwigamig
gidakiimanaaniwigamig January camp-- experiential science camp at FDLTCC.  NCED organizes several classes; camp is attended 
by researchers from Center for Compact and Efficient Fluid Power.
Jan 09 Texas Dalbotten/Campbell REU-RCR advisors
Prior to NCED PI retreat in Austin, Texas; Dalbotten and Campbell organize meeting of NCED REU-RCR advisors to plan activities 
for summer 09 Team Delta activities.  Guerry Holm and Azure Bevington, LSU, attend, joined by Robert Twilley at PI retreat.
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Diversity Activities

Date Location Led By Attendees

Activity Description
Feb 09 FDLTCC Pellerin Middle- and high-school students in 

gidakiimanaaniwigamig
FDL/NCED Regional Native American Science Fair is held at FDLTCC with 65 middle- and high-school students attending.  Twenty-
three students are chosen to present at the upcoming AISES NAISEF, funded cooperatively by FDL, NCED, and local area schools. 
Feb 09 FDLTCC Pellerin Middle- and high-school students in 

gidakiimanaaniwigamig
Undergraduate students in 
giiwed’anang
Teachers from area schools

gidakiimanaaniwigamg February camp—experiential science camp at FDLTCC.  Activities include dissection of a fetal pig (led 
by FDLTCC Prof Mick Gillespie); hands-on fluid power activity (led by CCEFP); hands-on pop-up book activity (led by visitors 
from City University of New York who were here to do an Algebra Project workshop with teachers from local schools organized by 
Greensky); and a session for giiwed’anang undergraduates to explore and apply for summer research and corporate internships (led 
by Dalbotten and CCEFP).
March 09 St Paul, MN Dalbotten/Pellerin Middle- and high-school students in 

gidakiimanaaniwigamig

Students in NCED’s gidakiimanaaniwigamig (Our Earth Lodge) science and engineering program for Native American youths attend 
the annual American Indian Science and Engineering Society’s (AISES) National American Indian Science and Engineering Fair 
(NAISEF) for middle- and high-school students.  This year’s NAISEF was in Minnesota, and NCED was well-represented on the 
local organizing committee.  The Science Museum of Minnesota (SMM) provided free admission for NAISEF participants.  Eric Jolly, 
President of the SMM, gave the opening presentation.  gidaakiimanaaniwigamig participants Courtney Jackson and Logan Pallin 
were two of six Grand Award winners chosen to represent AISES at the Intel  International Science Fair.  gidakiimanaaniwigamig 
students  won thirty other awards and prizes, including the American Meteorological Society , NASA and NOAA awards (Courtney 
Jackson), the Burlington Northern Sante Fe, Kim Boxell and USDA awards (Logan Pallin), the American Fisheries and USDA 
awards (Randi Nikko), the Association of Women Geoscientists Award (Shana Kelsey), and the Roxanne Gould and Jim Rock Award 
(Cassandra Roy).  Many students won category awards, and 5 gidakiimanaaniwigamig participants won Math Competition awards.  

Mar 09 SMM Pellerin/Schreiber Middle- and high-school students
Students from gidakiimanaaniwigamig and the SMM Youth Science Center who are on the “Water” teams in conjunction with the 
SMM’s H20=Life Exhibit gave hands-on demonstrations related to the exhibit throughout the science fair and helped staff the NCED 
booth at the NAISEF Expo and at American Indians in Science Day at the SMM.
Mar 09 UMN Dalbotten/Burger Middle- and high-school students in 

gidakiimanaaniwigamig

Students in gidakiimanaaniwigamig compete in the First! Robot Competition on the University of Minnesota campus.
Mar 09 UMN Dalbotten/Burger Undergraduate students in 

giiwed’anang program
Students in giiwed’anang MN Undergraduate AISES Alliance organize the AISES Region V meeting in Minneapolis.  June Sayers, 
undergraduate research participant in NCED’s USIP program in Summer 2008 and 2009, leads a session on undergraduate research 
at the meeting, presenting the results of her research in the OSL.
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Appendix K: Media Publicity Materials
1. UMN website “The River Runs Through Us” (2008)

2. History Channel “Mega Disasters: Noah’s Great Flood” (2008) 

3. UMN website “Young Professional Series” (2008)

4. Independent documentary “RiverWebs” (2008)

5. Civil Engineering magazine, Volume 78, Number 10, “Simulated Outdoor Stream Adds Realism to Restoration 
Research” (2008)

6. CEE newsletter (Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign) 
“Rebuilding storm surge protection on the Mississippi Delta” (summer 2008)

7. EWRI Currents newsletter “Vegetation Hydrodynamics” (summer 2008)

8. The New York Times “Massive Floods May Have Formed Steep-Headed Canyons” (May 2008)

9. The New York Times “Follow the Silt” (June 2008)

10. WCCO Channel 4 “Good Question: Are We Making Flooding Worse?” (June 2008)

11. Minneapolis Star Tribune and WCCO Channel 4 “‘Dream team’ want Le Sueur River to come clean”  
(July 2008)

12. KQED Channel 9 “Quest: Tracking Raindrops” (July 2008)

13. The New York Times “Mayor Orders the Evacuation of New Orleans” (August 2008)

14. UMN Institute of Technology web homepage “University to open new environmental research lab Sept. 19” 
(September 2008)

15. KARE Channel 11 “A river runs through a new U of M lab” (September 2008)

16. Downtown Journal “From the desk of: Jeff Marr, an engineer at the St. Anthony Falls Laboratory”  
(September 2008)

17. Minneapolis Star Tribune “A river runs through it” (September 2008)

18. Marketwatch “University of Minnesota Opens New Outdoor StreamLab This Week” (September 2008)

19. Minnesota Daily “‘Mini-ssippi’ has grand opening” (September 2008)

20. Minnesota Pubic Radio “U of M builds a stream from the ground up” (September 2008)

21. University of Minnesota homepage “Living on borrowed water” (September 2008)

22. UMNnews (web) “Field of streams” (September 2008)

23. KSTP Channel 5 “‘U’ builds mini Mississippi in river study” (September 2008)
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24. National Public Radio “All Things Considered: Gustav Hits Vulnerable Coastal Area” (September 2008)

25. UMN press release “U of M St. Anthony Falls Laboratory to open new Outdoor StreamLab” (September 2008)

26. UMNnews video of the Outdoor StreamLab (September 2008)

27. PBS Nightly Business Report “‘The Mississippi’ - Old Man River Goes Green” (November 2008)

28. The Journal of Experimental Biology cover (2009)

29. Minnesota Public Radio “Minnesota researchers head to Antarctica”  (January 2009)

30. Minneapolis Star Tribune “Minnesota scientists heading to Antarctica to survey challenging region”  
(January 2009)

31. Minneapolis Star Tribune “‘Water’ at Science Museum on Friday” (January 2009)

32. KSTP Channel 5 “Antarctica Mission” (January 2009)

33. National Geographic Channel “Break it Down: Dam” (February 2009)

34. Minnesota Public Radio “Postcards from Antarctica” (February 2009)

35. The AAPG Bulletin cover (April 2009)
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UMN website “The River Runs Through Us” (2008)

Includes mention of the SAFL/NCED Outdoor StreamLab.

The River Runs Through Us
By Mary Winstead
Published: July 26, 2008

“The University’s urban location upstream on the Mississippi gives us an 
enormous responsibility to ensure high water quality, both locally and 
downstream,” says Deb Swackhamer, professor of environmental health 
sciences and interim director of the U’s Institute on the Environment.

Swackhamer and an interdisciplinary team of U of M experts work 
closely with municipal water treatment plants: monitoring water quality, 
assessing changes in the water’s chemistry, and identifying the impact 
of those changes on fish and other aquatic life. They use their findings 
to recommend improvements in water treatment.

Key to Nature’s Secrets

For 70 years against the constant hum of the falls in Minneapolis, inter-
nationally acclaimed researchers have come to the U’s St. Anthony Falls 
Laboratory (SAFL) to study the Mississippi River. The natural setting 
enables hands-on exploration into the impact of climate change and 
urbanization on rivers and streams, aquatic wildlife, and vegetation.

“Nearly 45 percent of the world’s rivers and streams are so degraded they no longer support life. The goal is to restore them to 
an environmentally and ecologically sustainable state,” explains Fotis Sotiropoulos, professor of civil engineering and SAFL 
director. “So the lab has expanded its original engineering focus to include biologists, hydrologists, geologists, and other 
researchers who study water resources and energy in relationship to life and the environment.”

SAFL is currently raising funds for the Outdoor StreamLab—a large field-scale riverbed—that will more accurately test water 
phenomena in aquatic environments. “Our strategic location is ideal for conducting research at scales that most closely resemble 
river conditions,” Sotiropoulos adds. “To restore our rivers and streams, we will unlock nature’s complex secrets right here.”

Legendary Waterway

For centuries, Mississippi River legends have passed down through Native American oral tradition. Continuing this tradi-
tion is River Life, an innovative University of Minnesota program that emphasizes the importance of the Mississippi to the 
University’s academic and cultural identity.

River Life aims to return the river to its central role in community life and revitalize its human history. In the aftermath of 
the I-35W Bridge collapse, for example, an undergraduate course and public lecture series opened up an intellectual dialogue 
about the river from the point of view of scientists, geographers, architects, urban planners, artists, and engineers.

Another component, Telling River Stories, is recovering a people’s history of the river in hopes that it sparks personal com-
mitments to sustain it. Through an interactive Web site (www.riverstories.umn.edu) and installations constructed along the 
river itself, communities and individuals are telling their Mississippi River stories.
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Copyright © 2008 University of Minnesota Foundation.  All rights reserved.
http://giving.umn.edu/extras/safl/

“We want to examine the impact of human activity on the Mississippi,” says program director Patrick Nunnally. “We’re col-
laborating with off-campus institutions looking to us for river-related leadership. And when students realize they’re attending 
a great school on one of the world’s great rivers, we want them to ask, ‘What can we learn from each other?’”

Private Support, Public Resource

Through private giving, donors are helping protect the Mississippi River and other vital freshwater resources. Funds like the 
Butler and Jessen Water Resource Science Fellowship and the Malcolm Moos Freshwater Society advance the University’s 
commitment to water resources research, education, and public information.

Graduate students are critical to these efforts, and private support, such as the Edward Silberman Fellowship, helps attract top 
talent. And thanks in part to private funding, River Stories is creating a community at the U and beyond that will emphasize 
the importance of the Mighty Mississippi for generations to come.

This story originally appeared in the summer 2008 issue of Legacy, a quarterly magazine for U of M donors and friends 
published by the University of Minnesota Foundation.



National Center for Earth-surface Dynamics
Annual Report 2009

Publicity     287

 History Channel “Mega Disasters: Noah’s Great Flood” (2008)  

Includes footage from NCED.

Copyright © 2008 A&E Television Networks. All Rights Reserved. A&E, Biography, The History Channel, The Biography Channel, A&E Classroom, and  
The History Channel 
http://shop.history.com/detail.php?a=132980

The biblical saga of the Earth-cleansing deluge is one of the most well-known and symbolic stories in Western tradition. Could 
this legend be based on real events?

    * MEGA DISASTERS explores the worst of what could happen.

    * Stunning computer graphics and actual footage combine to create convincing pictures of the risks faced by U.S. cities.

    * Explore the true events that may have inspired the biblical Flood.

It has happened before, and it could happen again. What makes storms, earthquakes and other events into natural disasters 
is not how they occur, but where they strike. MEGA DISASTERS asks the what ifs? no one ever wants to face. A masterful 
blend of actual footage, computer graphics and interviews with leading scientists and public safety experts explores the outer 
limits of what could happen if everything went wrong.

Could the biblical story of Noah be true? Did real disasters inspire the story of Earth's 40-day submersion, the ultimate "do-
over?" Recent core sample discoveries point to a series of events that could have lead to climactic conditions that washed out 
entire land masses, even destroying complete civilizations.

MEGA DISASTERS examines one such cataclysm in great detail: 8000 years ago the Mediterranean Sea, pushed by rising sea 
levels worldwide, exploded through the Bosporus Strait with devastating results. This ancient inundation may have been the 
greatest natural disaster in the history of humankind. MEGA DISASTERS reconstructs this massive flood, which claimed an 
area twice the size of Ireland, and utilizes vivid 3D animation to plunge viewers deep into the experience of this epic catastrophe.

NOAH'S GREAT FLOOD, whether apocryphal or literal, is the ultimate tale of man vs. nature (and God, for that matter), and 
MEGA DISASTERS shows how it may have really happened! 
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 UMN website “Young Professional Series” (2008)

One Stop | Directories | Search U of M

what's inside

About IT

Prospective students

Current students

Faculty & research

Outreach

Alumni & friends

Site Index

College directory

Contact IT

Search IT and its departments

Home / Alumni / ITAS / Yps / Young Professional Series

Young Professional Series
The Institute of Technology Alumni Society (ITAS)
presents the third in a series of networking and
professional development events for the next generation
of leaders. The Young Professional Series (YPS) is a
networking and professional development opportunity
for recent Institute of Technology graduates. YPS is
designed for professionals in the early stages of their
careers, but anyone interested in ensuring a bright
economic future for Minnesota is welcome to attend its
programs.

POSTPONED UNTIL FALL 2008
Tuesday, May 6, 2008

5:30 p.m. Laboratory tours
6 p.m. Networking reception with hors d’oeuvres and beverages
6:45 p.m. Program and speaker
8 p.m. Additional laboratory tours

This event is free open to all Institute of Technology alumni and guests.

Space is limited. Register now. 

St. Anthony Falls Laboratory
2 Third Avenue S.E.
Minneapolis, MN 55414
612-624-4363
[directions and map]

For more information about the Young Professional Series, e-mail itas@umn.edu or call
612-626-1802.

About the program and speakers
Chris Paola, University of Minnesota geology and geophysics professor and
director of the National Center for Earth-surface Dynamics, will speak on the
subject “Building a Sustainable Delta,” reflecting on his direct experience in
rebuilding after Hurricane Katrina and research at the St. Anthony Falls
Laboratory in relation to the Mississippi Delta.

The program will also include a short presentation by St.
Anthony Falls Laboratory education director Karen Campbell who
will provide an overview of the lab’s history, an update on current
environmental projects, and a tour of the unique, world-renowned facility.

About the St. Anthony Falls Laboratory (SAFL)
For nearly 70 years, researchers from around the world have come to the St. Anthony Falls
Laboratory to develop innovative and sustainable engineering solutions to major
environmental, water resources, and energy-related problems. Uniquely located on an island

Young Professional Series http://www.it.umn.edu/alumni/itas/yps/

1 of 2 3/10/2009 9:34 AM

Copyright © 2008 Regents of the University of Minnesota. All rights reserved. 
http://www.it.umn.edu/alumni/itas/yps/
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 Independent documentary “RiverWebs” (2008)

NCED PI Mary Power involved in making the documentary.

Copyright © 2008 Freshwaters Illustrated. All rights reserved. 
http://www.riverwebs.org/

About RiverWebs

RiverWebs is a 1-hour documentary film that chronicles the inspiring life and work of the 
pioneering Japanese ecologist, Dr. Shigeru Nakano. From his boyhood exploration of Japan’s 
mountain streams to his leadership of an international effort to understand river ecosystems, 
Nakano’s life demonstrates the unquenchable curiosity and bold creativity that drive scientific 
discovery. Yet it is Nakano’s tragic death that shows us the profound personal impact of his 
life, and reveals what is perhaps the greatest scientific strength... community.

RiverWebs was produced by Freshwaters Illustrated, a nonprofit organization dedicated 
to raising public awareness of freshwater life, science, and conservation. Fundraising and 
administration was conducted in association with Colorado State University.

RiverWebs was produced with grants and in-kind support from several federal and private 
organizations

Running time 57 min., 16:9 Widescreen, English & Japanese (partially subtitled/overdubbed)
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 Civil Engineering magazine, Volume 78, Number 10, “Simulated Outdoor Stream Adds Realism to  
Restoration Research” (2008)
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Streams and rivers are dynamic, 
complex systems characterized by 

intricate relationships between their 
hydraulic, geomorphologic, and ecologic 
components. As scientists and engineers 
seek to restore degraded streams and 
rivers, the need for a better understand-
ing of the many variables that influence 
the outcome of such efforts becomes 
increasingly apparent. To overcome 
the different limitations associated with 
studying simulated streams in indoor 
laboratories and conducting field stud-
ies in actual waterways, the University 
of Minnesota’s St. Anthony Falls Labo-
ratory (safl) and the national Center 
for Earth-Surface Dynamics, which is 
based at the safl, recently constructed 
an outdoor stream for research purposes. 
known as the Outdoor StreamLab, the 
facility is located on an island in the 
Mississippi River in downtown Minne-
apolis and is designed to offer a natural 

setting in which researchers can conduct 
the types of precise, replicable tests nor-
mally possible only in a laboratory.

Although stream restoration has 
begun in earnest throughout the United 
States and in other countries around 
the world, its practitioners generally 
acknowledge that they still have much 
to learn. “Restoration today is essen-
tially more of an art than a science,” 
says Fotis Sotiropoulos, Aff.m.asce, the 
safl’s director. “It’s very ad hoc and very 
site specific.” As a result, solutions that 
work in one location may not work in 
another, he says, or they work initially 
before failing for unknown reasons.

Overcoming these problems will 
require a fuller understanding of the 
many complex variables that shape 
streams and rivers and determine 
whether restoration efforts succeed or 
fail. “If we want to develop a scien-
tific approach [to restoration], we first 

need to understand how the system 
works,” Sotiropoulos says. However, 
traditional methods of constructing a 
small-scale model in a laboratory and 
testing it under controlled conditions 
cannot account for such pivotal factors 
as the presence of sunlight and tempera-
ture variations in a natural waterway, he 
says. Field studies also present certain 
limitations, among them the difficulties 
associated with obtaining detailed mea-
surements or manipulating a system to 
change parameters. To understand how 
to restore a stream properly, Sotiropou-
los says, engineers “need to be able to 
manipulate the parameters to under-
stand how the system responds.”

The Outdoor StreamLab is intended 
to serve as a “life-size laboratory facil-
ity where one can do experiments under 
real-life conditions but in a controlled 
laboratory environment,” Sotiropoulos 
says. Because it is outdoors, the stream 

can be larger than its counterparts in 
indoor laboratories. At the same time, 
researchers can study a stream while 
altering such parameters as sediment 
load, vegetation, and flow rates under 
controlled conditions. For these rea-
sons, the facility is unique, Sotiro-
poulos says. “As far as I know, there is 
no other facility like it in the U.S. or 
anywhere in the world,” he says.

The Outdoor StreamLab is situ-
ated on Hennepin Island at the head 
of St. Anthony Falls, the largest 
waterfall on the Mississippi. The safl 
is able to divert water from the river 
and rely on gravity to convey flows 
through its facilities, which include 
indoor laboratories used to conduct 
hydraulic experiments. This same 
water source is also available to the 
Outdoor StreamLab, which currently 
is configured as a riparian basin 130 ft 
(40 m) long and 60 ft (18 m) wide.

The riparian basin was constructed 
within an abandoned spillway pre-
viously used to convey floodwater 

Simulated Outdoor Stream Adds Realism to Restoration Research

To overcome the limitations of studying small, simulated streams in indoor laboratories or conducting 
field studies on natural waterways, the University of Minnesota’s St. Anthony Falls Laboratory (sAfl) and 
the National Center for Earth-Surface Dynamics have constructed an outdoor stream at the head of 
the Mississippi River’s St. Anthony Falls. The sAfl diverts water from the river to a concrete stilling basin 
designed to dissipate the water’s energy and releases it in controlled fashion to form a meandering 
stream. A sedimentation basin is located at the downstream end of the channel.
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past an adjacent dam. The safl and 
the national Center for Earth-Surface 
Dynamics also intend to construct a 
much longer riverine corridor in an 
adjacent spillway in the next few years.

Construction of the project’s con-
crete forms began last november and 
was completed in December. At the 
basin’s upstream end, workers drilled 
through the wall of the safl’s water sup-
ply channel so that water could be piped 
into a headbox structure that includes a 
concrete stilling basin designed to dissi-
pate the water’s energy. Spanning nearly 
the entire width of the riparian basin, 
the headbox has three bays that are indi-
vidually controlled by stop logs. Water 
enters the riparian basin from one or 
more of the bays.

Also completed in December was 
a sedimentation basin measuring 55 ft  
(17 m) in width and 27 ft (8.2 m) in 
length. Located at the downstream end 
of the stream channel, the basin is used 
to collect sediment before the water 
returns to the river by means of a con-
crete apron. The headbox and the sedi-
mentation basin were designed by Omid 
Mohseni, p.e., m.asce, who at the time 
was the safl’s associate director and is 
now an adjunct faculty member in the 
University of Minnesota’s civil engi-
neering department. Mohseni consulted 
on the design with Barr Engineering 
Company, of Minneapolis. The con-
struction firm Veit, of Rogers, Minne-
sota, served as the general contractor.

Installation of the project’s remaining 

components, including the stream chan-
nel itself, had to wait until spring. Vinyl 
sheetpiling was installed in the island’s 
underlying rock to prevent water from 
exiting the riparian basin system and to 
keep water from seeping into the stream 
from external sources. Fill material was 
then added to a height of several feet to 
provide a surface in which the stream 
channel and its floodplain could be 
formed. The channel and the installa-
tion of the sheetpiling were designed by 
Anne Lightbody, Aff.m.asce, a research 
associate for the safl and the project 
manager for the Outdoor StreamLab. 
Overall, construction of the first phase of 
the Outdoor StreamLab cost $360,000.

Water began flowing within the new 
stream channel in June. Valves make it 
possible for researchers to specify exactly 
how much water enters the outdoor lab, 
Lightbody says. With a maximum depth 
of 5 ft (1.5 m) and a maximum slope of 2 
percent, the riparian basin is designed to 
accommodate a maximum discharge of 
85 cfs (2.4 m³/s) and a maximum veloc-
ity of 15 ft/s (4.5 m/s).

However, water levels are not the 
only parameter that can be adjusted, 
Lightbody notes. For example, sedi-
ment in the form of sand and gravel 
can be added in varying amounts to the 
stream to create different turbidity lev-
els. A recirculation system returns the 
sediment collected in the sedimentation 
basin to the head of the stream. “This is 
a neat facility in that we can control all 
of the inputs to the system,” Lightbody 

says, “and then monitor at high resolu-
tion the results that come out of it.”

The monitoring involves a suite of 
instruments, including velocity meters, 
fluorometers, piezometers, and tem-
perature recorders. Every 15 minutes, 
sonar is used to monitor inflows to the 
basin, and several water quality param-
eters, including pH, turbidity, and dis-
solved oxygen concentration, also are 
measured. Surveying tripods are used 
to measure elevation changes, and a 
camera at a fixed location is used to 
record changes over time. The safl has 
firm plans to install $200,000 worth of 
instrumentation at the site, Lightbody 
says. 

The current meandering stream 
channel will remain in place for at 
least three years so that vegetation and 
microorganisms can become established. 
However, the riparian basin could be 
reconfigured later to carry out studies of 
reservoirs, lakes, or ponds.

Designed to have a length of 430 ft 
(120 m) and a width of 36 ft (11 m), the 
planned riverine corridor will provide 
an even more realistic setting for river 
research, Lightbody says. “We can get 
multiple bends in there,” she says. The 
corridor will also be able to accommo-
date a maximum discharge of 300 cfs  
(8.5 m³/s). Because it will be larger and 
require construction of a new water 
intake, the riverine corridor is expected 
to cost more than $1 million. The proj-
ect’s time frame will depend on funding.

—Jay Landers

RESEaRCH BRIEF
SoIL addITIVE CaN REduCE LIquEFaCTIoN

The members of a research team at 
Purdue University have deter-

mined that adding a small amount 
of bentonite to the sand in soils can 
eliminate or significantly reduce 
the chance that the soil will liquefy 
during an earthquake. Liquefaction 
reduces the strength of soils and can 
cause the collapse of any structures 

founded in them. Sponsored by the 
national Science Foundation, the 
research showed that by introduc-
ing 3 to 5 percent bentonite by dry 
mass of the sand into the sand’s pore 
spaces, liquefaction can be elimi-
nated or reduced to the point where 
it would take hundreds of earth-
quake cycles to cause it. The study 

revealed that, even when liquefac-
tion does occur, the soil does not 
lose all of its shear strength and can, 
in effect, heal itself. What is more, 
the addition of the bentonite in such 
small quantities does not seem to 
diminish the soil’s ability to carry 
static loads.

—Purdue University
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12     Visit Environmental Hydrology and Hydraulic Engineering on the web at http://cee.uiuc.edu/hydro/

“What I do is morphodynamics, and 
that’s how river sediment and water 
interact to make shapes.  I think that 
the stuff I look at is just plain old 
beautiful.  I get to see things happen 
in my lifetime.  The rivers—in a sense, 
it’s almost as if they have a mind of 
their own.  It’s a bit different from 
any other parts of civil engineering, 
because if you build a road, it’s a 
road.  But if you’re working with a 
river, the river is doing things all by 
itself, and you simply can’t tell it what 
to do, you sort of have to adjust with 
it, co-evolve with it.”  —Gary Parker

Since Hurricane Katrina devastated the 
Gulf Coast, many have championed 

the idea of raising the height of the levees 
to protect New Orleans from future storm 
surges.  While recognizing the necessity 
of that plan, a multi-disciplinary team of 
scientists funded by the National Science 
Foundation’s Center for Earth Surface Dy-
namics has proposed a longer-term solu-
tion: harnessing the power of the Missis-
sippi River to replenish the soil of the Del-
ta, which would restore the wetlands and 
the region’s natural storm surge barrier.  
Professor Gary Parker, an expert in sedi-
ment transport, is leading the effort to 
numerically model the restoration plan.

The Mississippi Delta naturally “sinks 
into the sea under its own weight,” Parker 
says, but nature’s way of replacing the soil 
with sediment from the river has been in-
terrupted by the levees, which funnel the 
sediment toward the Gulf of Mexico.  As 
the land sinks with no replacement, the 
shoreline moves north, increasing the 
potential for damage from storm surge.  
The team’s plan is to open up strategi-

cally placed gaps in the levees to direct 
sediment from the river to the areas that 
need it the most.  Parker has developed 
an advanced numerical code to predict 
the response of the river and the way the 
land would develop over decades. 

“The more land you have between 
your city and open water, the more you 
damp that storm surge,” Parker says.  
“Building new land will not correct that 
problem immediately, because it takes 
a long time to build the land, but if you 
don’t start doing something now, the loss 
of land is going to continue unabated.  
There is some talk that by the end of this 
century the shoreline might actually be 
at New Orleans, and if the shoreline were 
at New Orleans, your storm surge protec-
tion would be zero.”

Rebuilding the land of the Mississippi 
Delta will be costly, with current esti-
mates around $15 billion over 30 years, 
Parker says.  Still, he says, it is necessary to 
address the land loss that has been occur-
ring for many years and the vulnerability 
of New Orleans, which scientists foresaw 

even before Katrina.  
“There’s a mindset [among politicians] 

that all we have to do is build the levees 
higher, and there’s no doubt that stron-
ger and better levees do have to be built,” 
Parker says, “but the fundamental prob-
lem of the whole area sinking into the 
sea is not going to be solved by building 
the levees higher.  This land-loss problem 
has occurred [for many years]. There are 
towns that no longer exist because they 
have sunk into the sea.”

Parker has strong ties to the New Or-
leans area; both his parents were born 
and raised there, and his great-grandfa-
ther and great uncle worked on the city’s 
first Mississippi River bridge, the Huey P. 
Long Bridge in Jefferson Parish.  

 “Since I know New Orleans well and 
have been there so many times I can’t 
count and have so many family ties to it, 
I’d very much like to see something done 
to protect the city,” Parker says. 

Achieving that protection will require 
not only money but a long-term com-
mitment and a dynamic approach to the 
problem, Parker says.  Because nature is 
constantly changing, any plan to influ-
ence it must be monitored over time and 
adjusted as necessary.

“We need to operate on a century 
scale,” he says.  “During that century, we 
may want to change the location of the 
diversions, or we may want to change the 
operations of how we divert the water as 
we see things develop.  It’s like raising a 
child.  It’s not as if you can do one thing 
and walk away from it.”   i

Rebuilding storm surge protection 
on the Mississippi Delta
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EWRI Currents newsletter “Vegetation Hydrodynamics” (summer 2008)

www.EWRInstitute.org Volume 10, Number 3, Summer 2008 12

For over a century, vegetation has been removed from 
channels and coastal zones to facilitate navigation and 
development .  In more recent decades, however, we 
recognized the ecologic and economic benefits of aquatic 
vegetation .  Aquatic vegetation removes nutrients, such 
as nitrogen and phosphorus, so that vegetated stream 
channels provide a buffer against coastal eutrophication .  
Vegetation promotes biodiversity, directly by creating refu-
gia and indirectly by producing spatial heterogeneity in 
the flow field that provides habitat diversity .  Marshes and 
mangroves provide coastal protection by damping waves 
and storm surge .  The importance of mangrove forests, in 
particular, was highlighted by the heterogeneous impact 
of the Asian tsuami in 2004 .  The death toll and property 
destruction in villages protected by intact forests was a 
small fraction of that in villages around which forests had 
been cut down to make way for aquaculture and resorts .  
Finally, by reducing bed-stress, vegetation inhibits erosion 
and may alter the morphological development of the bed .  
That vegetation inhibits resuspension is also key factor in 
stabilizing clear water conditions in shallow lakes, such 
that the restoration of vegetation is considered an essen-
tial step in lake rehabilitation .  Because of the ecosystem 
services it provides, including nutrient cycling, habitat, 
erosion control, and coastal protection, aquatic vegetation 
contributes economic benefits worth over ten trillion dol-
lars per year (Costanza et al . 1997) .  

The examples above describe important ways that vegeta-
tion shapes the form and function of an aquatic ecosystem .  
One of the key physical questions we must answer is, at 
what density of planting and for what area of vegetation 
are the physical changes in flow and transport sufficient to 
induce the ecological benefits listed above?  That is, how 
much vegetation is needed to make a difference in nutri-

ent removal or coastal protection?  Studies in sea grass 
beds suggest that the biomass of a meadow must surpass a 
threshold before re-suspension is influenced by the pres-
ence of the meadow, and once surpassed the re-suspension 
decreases with increasing biomass (Moore 2004) .  Young 
plants or sparsely distributed plants may not reduce the 
flow and bed-stress enough to inhibit resuspension and 
promote growth, and these patches may simply be erased 
by erosion .  Restoration efforts must take this into account 
by providing temporary shelter from high-energy flows 
until plantings can take hold, and by planting in suffi-
cient density to ensure long term stability .  With funding 
from the National Science Foundation, scaled laboratory 
experiments have been used to construct and test models 
that predict the velocity and turbulence structure within 
meadows and canopies of different morphology (Figure 
1) .  The models predict the threshold biomass (or stem 
density) above which flow and bed-stress are significantly 
reduced .  Extrapolation from laboratory to field conditions 

Figure 1. Model vegetation used in Nepf’s Environmental Fluid Mechanics Labora-
tory at MIT to explore the changes in mean flow and turbulence within and around 
aquatic vegetation.  Different levels of model complexity are used, from a patch of 
circular cylinders that can represent reeds and emergent grasses (shown above), 
to a flexible model dynamically similar to seagrass (shown below). Photo by Jeff 
Rominger and Marco Ghisalberti.

Vegetation

Heidi Nepf, Department of Civil and 
Environmental Engineering, MIT
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will begin this summer with an exciting new research tool, 
the Outdoor StreamLab (OSL), located at the Saint An-
thony Falls Laboratory in Minnesota (Figure 2) .  The OSL 
is a field scale channel in which flow can be controlled 
and measurements acquired with laboratory precision .  In 

Figure 2. The Outdoor StreamLab is a research facility developed by the St. An-
thony Falls Laboratory (SAFL) and the National Center for Earth-surface Dynamics 
(NCED) at the University of Minnesota. It will bring together river scientists, engi-
neers, and managers to explore river flow, river ecology, and restoration strate-
gies. Artist rendering by Edward Hukck and Damon Sidel.

the inaugural summer, an investigation will take place on 
how vegetation alters flow in meander bends, and whether 
or where vegetation may enhance sediment retention suf-
ficiently to alter morphological evolution of the channel .  
For more information on the OSL please visit http://www .
safl .umn .edu/facilities/OSL .html .
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This article is one of a regular series of reports on emerging and in-
novative technologies in the area of environment and water resources 
produced by EWRI’s Emerging and Innovative Technologies Com-
mittee (EITC).  If you are interested in contributing an article or be-
coming a member of this Committee, please contact Walter Grayman 
at grayman@fuse.net.
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The New York Times “Massive Floods May Have Formed Steep-Headed Canyons” (May 2008)

Article that came as a result of the following article:

Lamb, M. P., B. Dietrich, S. M. Aciego, D. J. DePaolo, and M. Manga (2008), Formation of Box Canyon, Idaho, by megaflood: 
implications for seepage erosion on Earth and Mars, Science, 320, 1067-1070, doi: 10.1126/science.1156630.

Other articles based on the above Science article include:

Nature Geoscience: Sculpted by a Megaflood, July 2008; Science News Magazine: Water Everywhere on Early Mars But Only 
for a Geologic Moment?, July 2008; Science: Martian Canyons by a Trickle or a Gush?, May 2008; Space.com: Ancient Flash 
Floods Sculpted Earth, Mars, May 2008; National Geographic News: Early Mars Had Floods, Yellowstone-Like Hot Springs, 
May 2008; Telegraph.co.uk.: Canyons on Mars formed by ‘megafloods,’ May 2008; New Scientist: Earth canyon hints at 
ancient megafloods on Mars, May 2008; Discover Magazine: Idaho Canyons Could Lower Chances of Martian Life, May 2008.
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Massive Floods May Have Formed Steep-Headed 
Canyons

A topographic map of Box Canyon, just off the Snake River in Idaho, which may have formed because of a flood.  
By HENRY FOUNTAIN
Published: May 27, 2008 

With some canyons, it’s obvious how they formed: the river that is 
now at their base carved them over time. But the origin of others is 
less clear, particularly the kind that dead-end in steep headwalls, 
known as amphitheater-headed canyons.  

One interpretation is that this kind of 
canyon forms by gradual erosion 
through seepage of groundwater through the headwalls. 
But while this idea has been shown to work in sandy 
conditions, there are no obvious examples of it in much 
harder rock. 

Box Canyon, just off the Snake River in Idaho, is a short 
canyon created out of basalt that at first glance might seem
to have been formed by seepage. For one thing, the canyon
is home to a larger spring, with water seeping through the 
headwalls at a rate of about 10 cubic meters per second.  

But Michael P. Lamb and colleagues at the University of 
California, Berkeley, report in Science that upon closer 
inspection, Box Canyon was not formed by seepage over 
time. Instead, they say, a massive flood about 45,000 years
ago carved it violently and much more quickly. 

The evidence for this comes in several forms.  

The researchers calculated that the seepage flow would not be enough to transport 
eroded material downstream. They found scouring at the top of the headwalls, signs that 

Michael P. Lamb
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surface water once flowed into the canyon. And they interpreted concentric rings of 
boulders at the base of the canyon as plunge pools, formed by waterfalls. They say a 
megaflood (220 cubic meters per second of water) carved the canyon. 

The researchers note that Mars has similar amphitheater-headed canyons. So if they 
evolved in the same way, through flooding rather than erosion, that could help in 
understanding the Martian water cycle — what happens to water on the planet over time. 
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NCED PI Bill Dietrich quoted in article that includes mention of the SAFL/NCED Outdoor StreamLab: “...construction of a 
large model streambed... .” 

ENVIRONMENT SPACE & COSMOS

AUTOSREAL ESTATEJOBSTRAVELSTYLEARTSOPINIONSPORTSHEALTHSCIENCETECHNOLOGYBUSINESSN.Y. / REGIONU.S.WORLD

 Science All NYTnmlkji nmlkj
Science

Follow the Silt

Dorothy Merritts surveys a bank for clues to the history of Great Seneca Creek in Maryland.  
By CORNELIA DEAN
Published: June 24, 2008 

Correction Appended

LITITZ, Pa. — Dorothy J. Merritts, a geology professor at Franklin & 
Marshall College in Lancaster, Pa., was not looking to turn hydrology 
on its ear when she started scouting possible research sites for her 
students a few years ago.  

But when she examined photographs 
of the steep, silty banks of the West 
Branch of Little Conestoga Creek, something did not look 
right. The silt was laminated, deposited in layers. She 
asked a colleague, Robert C. Walter, an expert on 
sediment, for his opinion.  

“Those are not stream sediments,” he told her. “Those are 
pond sediments.” In short, the streamscape was not what 
she thought. 

That observation led the two scientists to collaborate on a 
research project on the region’s waterways. As they 
reported this year in the journal Science, their work 
challenges much of the conventional wisdom about how 
streams in the region formed and evolved. The scientists 

Robert Walter
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say 18th- and 19th-century dams and millponds, built by 
the thousands, altered the water flow in the region in a 
way not previously understood.  

They say that is why efforts to restore degraded streams 
there often fail. Not everyone agrees, but their findings 
contribute to a growing debate over river and stream 
restoration, a big business with increasing popularity but 

patchy success. 

Many hydrologists and geologists say people embark on projects without fully 
understanding the waterways they want to restore and without paying enough attention 
to what happens after a project is finished. 

In part because most projects are local and small scale, it is hard to say exactly how much 
Americans spend each year to restore rivers and streams. A group of academic 
researchers and government scientists, writing in Science in 2005, put the figure at well 
over $1 billion, for thousands of projects. Efforts are under way to bring more academic 
rigor to the business.  

For example, the National Science Foundation is supporting construction of a large 
model streambed in Minneapolis, where researchers will be able to test ideas. Meanwhile,
though, “an awful lot of stream restoration, if not the vast majority of it, has no empirical 
basis,” said William E. Dietrich, a geomorphologist at University of California, Berkeley, 
who studies rivers and streams. “It is being done intuitively, by looks, without strong 
evidence. The demand is in front of the knowledge.”  

Property owners and local and state agencies restore streams for many reasons, like 
repairing damage from bridge and dam construction or runoff from farms, subdivisions 
and parking lots. The damage is visible in reduced water quality, damage to habitats, 
declines in fish, reduced recreational and aesthetic value and other problems. 

Some projects use bulldozers to reshape waterways. Others rely on boulders, rock-filled 
metal baskets called gabions or concrete and other armor to hold rivers in place. 
Unfortunately, “we have not done enough monitoring to know what works and what 
doesn’t,” said Chris Conrad, an environmental engineer for the United States Geological 
Survey, voicing a widely held view.  

“Most agencies want to spend the money making things happen and not spend the money
finding out if they work,” Dr. Dietrich said. 

David R. Montgomery, a geomorphologist at the University of Washington, agreed. 
Monitoring “involves a lot of people and thought and expertise,” he said. “And you don’t 
have any new projects to show for it.” 

As a result, the academic and government scientists said in their report, “Many 
opportunities to learn from successes and failures, and thus to improve future practice, 
are being lost.” 

Nowadays, Dr. Montgomery said, most people agree that the best approach is to create 
landforms and water flows that streams can maintain naturally. “But how you translate 
that into action and at this stream rather than that stream really requires a lot of work to 
figure out,” he said. With an ailing waterway, he said, “sometimes there’s a clear line 
between the symptoms and the cause, and sometimes there’s not.” 

Project failure comes in many forms. Often, Dr. Dietrich said, people design projects in 
hopes of creating “a meandering channel with relatively low banks that look nice.” Then, 
he said, “a large storm can come through and completely wipe it out,” leaving shallow 
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channels traveling around sandbars in multiple threads, what geologists call a braided 
channel. 

“In most of those cases,” he added, “the restorer has taken a system that is naturally 
braided and forced it into a form. The channel simple defeated it by being its natural 
dynamic self.” 
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At other failed sites, restorers install boulders or other stabilizing 
armor only to see the water shift around it, leaving piles of rubble 
midstream. In the Pacific Northwest, people tried to improve stream 
flow by removing bank side logs and branches only to realize that the 
debris provided important fish habitat. “We are now spending 
millions of dollars to compensate for all the wood we took out 
earlier,” Dr. Dietrich said. 

In Pennsylvania, Dr. Merritts and Dr. Walter say, efforts to
restore stream flow by removing dams ignored not just the
sediment piled up behind them, but also the original 
landscape, in many cases not meandering streambeds but 
swampy valleys over which shallow water flowed in sheets.

After dams were built — as many as 8,000 in Pennsylvania
— water accumulated in millponds, and the sediment it 
carried settled to the bottom. When waterpower fell out of 
favor in the late 19th and early 20th centuries, the dams 
deteriorated until they failed or were removed.  

Freed to flow more swiftly, streams began incising 
channels through the beds of silt. The fine material eroded 
rapidly, sending tons of sediment — much of it carrying 
agricultural chemicals like nitrogen and phosphorous — 
downstream to the Susquehanna River and, ultimately, 
Chesapeake Bay.  

One day recently, Dr. Walter and Dr. Merritts visited 
restoration sites in the Lancaster region. On one stream, a 
property owner had planted trees to stabilize stream 
banks. But the trees had to send roots through almost five 
feet of accumulated sediment before reaching the water 

table, a feat most were unable to 
accomplish before dying of thirst. 

Dr. Merritts and Dr. Walter recommend simply removing the sediment and exposing the 
valley floor, as was done in a restoration project near Lititz, Pa. The project, financed by 
the State of Pennsylvania, working with LandStudies Inc., a restoration concern, involved
removing up to 25,000 to 30,000 cubic yards of silt, enough to fill thousands of dump 
trucks. Luckily, said Ward Oberholtzer, a partner in LandStudies, it was easy to dispose 
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of because farmers love to spread it on 
their fields.  

And because there are no boulders or 
other armor involved, he said, “cost-
wise we compete pretty well.”  

When the work was done, a result was a
shallow sheet of water moving over a 
graveled bed. The water was lined with 
native plants like sedges, vervain and 
verbena, sprouted from seeds buried 
under the silt for more than 100 years. 
One spot was deepened to create a cool 
refuge for fish, and nearby, dozens 
shimmered in the water.  

But an approach that works in one 
place may fail in another. And some 

critics say restoration to some pristine ideal is simply impractical. Perhaps the most 
prominent is David L. Rosgen, a hydrologist who runs Wildland Hydrology, a 
consultancy in Fort Collins, Colo., that designs restoration projects and offers courses on 
his restoration theories.  

“It is impossible to try to restore streams to some condition that is totally different, 
before we showed up, before we caused disequilibrium,” he said in an interview. “You 
know how many valleys have aggraded because of those old mill dams? You are talking 
about hundreds of millions of cubic yards of sediment.” 

Dr. Rosgen devised a system that classifies rivers and streams, and prescribes restoration 
remedies according to several qualities, including water flow, channel characteristics and 
sediment load, and takes into account how human activity affects the landscape. By now, 
he said, more than 14,000 people from state and federal agencies and conservation 
groups have taken his courses and many have used his ideas to good effect.  

But he, too, has his critics. Dr. Montgomery called Dr. Rosgen’s classification “a very 
clever system” but said it was wrong to think that “just by knowing what channel type you
have you would know what to do.” 

But there is not a great deal of other guidance. Some geologists point to a 1992 report by 
the National Research Council, the research arm of the National Academy of Sciences,
that emphasizes understanding underlying natural conditions and the importance of 
monitoring.  

Among other agencies, the federal Fish and Wildlife Service cites the Rosgen system, as 
does the North Carolina State University Stream Restoration Program. Overall, though, 
“The strategy is still largely a ‘kick it and see’ approach,” Dr. Dietrich of Berkeley said. 
“We don’t know whether any of this stuff that’s being done is worth it.” 

He said he hoped better answers would emerge from the National Center for Earth 
Surface Dynamics, a research center supported by the National Science Foundation and 
based at the St. Anthony Falls Laboratory, on the Mississippi River, in Minneapolis. 
Scientists and engineers at the lab, which is affiliated with the University of Minnesota,
use computers to model stream and river behavior, including sediment movement, 
channel and floodplain dynamics and dam removal.  

The lab is also working on what Dr. Dietrich described as “the first major, outdoor, to-
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scale experimental facility to do experiments on a large enough scale to figure out how to 
bring a scientific basis to stream restoration.” 

This “outdoor streamlab” relies on bypasses once used to send river water around falls, 
and researchers hope that it will let them try building restoration projects “to the scale of 
small, real channels” and test the results, Dr. Dietrich said . Researchers are lining up to 
use it. Dr. Dietrich said he hoped work at the lab and elsewhere would help make river 
and stream restoration “a predictive science — you do the following things, you get the 
following things.”  

The problem is complex, he said, but the demand for answers is increasing. For scientists 
who study waterways, he said, “these are exciting times.”  
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WCCO Channel 4 “Good Question: Are We Making Flooding Worse?” ( June 2008)
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Good Question: Are We Making Flooding 
Worse? 

(WCCO) More and more communities along the Mississippi River 
and its tributaries continue to experience flooding. Obviously floods 
are caused by too much rain in a short period of time. But what 
impact does mankind have? Are we making floods worse than they 
should be?  

"Absolutely yes," responded Dr. Chris Paola, Director of the National Center for Earth 
Surface Dynamics. Paola works at the St. Anthony Falls Laboratory as part of the 
University of Minnesota.  

"A wild river is actually a difficult thing to live with, in the same way that a live animal or a 
wild ecosystem maybe difficult to live with," he said.  

At the lab, crews are currently building a replica of a stream in order to study better ways 
to control flooding and reconstruct waterways.  

"We'll be able to create floods. We'll be able to watch how the stream evolves. We'll be 
able to test out different methods for managing streams," he said.  

Paola claimed the stream is the first of its kind.  

"Flooding is a natural process," he emphasized, but that process is changing because of 
unnatural modifications to the land.  

"There are a whole variety of small changes, which were made for good reasons, that 
altered the landscape contributing water and sediment to the river," according to Paola.  

He points to the expansion of hard surfaces, like pavement and buildings, which force 
rain water to run into waterways almost immediately. But it's not just about urbanization. 
Paola said that the filling in of wetlands in rural areas and the overplanting of crops are 
also major factors.  

"Every one of those small changes in itself may not cause a flood but the aggregate, the 
sum of all those changes, can drastically change the time that it takes water to reach 
from when it first falls on the land to the channel," said Paola.  

To mitigate flooding, the land needs to act as a sponge, he said, slowly allowing rain 
water to trickle into waterways.  

"Are we flooding more severely than we were 100 years ago, or are there just more of us 
living on the river, and we get upset when it floods?" asked WCCO-TV reporter Jason 
DeRusha.  

"I'm an academic and I'm going to give you an academic answer. Yes. And yes," 
responded Paola.  

"The peak floods are increasing; increasing in size and increasing in frequency. And that 
seems to be related to the fact that basically we've changed the land so if the water runs 
off the land more quickly and it reaches the river faster," he said.  

Paola suggested that we need better management of the river. In some countries, 
political decisions have been made to let some less-populated areas flood to protect 
larger populations.  

"We could have floods that were a little bit less severe, that were a little bit more 
predictable. We could soften the impact," he said.  

Reporting 
Jason DeRusha
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‘Dream team’  want Le Sueur River to come clean
Associated Press
Published: July 26, 2008

MANKATO, Minn. - Researchers from across the country are trying to find out why the Le Sueur River is so dirty.

Along with the Blue Earth River it empties into, the Le Sueur carries more dirt particles into the Minnesota River than any 
of the other tributaries in the basin.

Carrie Jennings, with the Minnesota Geological Survey, is one of those participating in the study of the Le Sueur. The project 
involves the Minnesota Pollution Control Agency, Minnesota State University, the University of Minnesota’s St. Anthony 
Falls Lab and the National Center for Earth Dynamics, part of the National Science Foundation.

With people from universities such as Johns Hopkins, the group is being referred to as a researching “dream team.” The team 
has rented a house in Mankato for use as a base this summer.

Lee Ganske, supervisor of the Minnesota River Basin Watershed unit, based in Mankato, said there are two separate but 
related projects taking place. One is a biological study, conducted by MPCA staff, of all living creatures in the Le Sueur from 
tiny invertebrates to large fish and turtles. The university research teams are trying to pinpoint where sediment in the river is 
coming from.

“In many cases, biologists will find that sites have poor biological conditions because of the sediment. This will bring to a 
new level the ability to pinpoint some of those sediment sources,” Ganske said.

The impetus for the study lies far from the Le Sueur, which winds from southeast of Mankato to where it empties in to the 
Blue Earth River, which flows into the Minnesota at Sibley Park in Mankato.

It’s Lake Pepin, hundred miles to the northeast, that is in part pushing officials to solve the mystery of the Le Sueur River. Pepin, 
which is fed by the Mississippi, is loaded with sediment — almost all of it coming from the Minnesota River. The Minnesota 
delivers just 25 percent of the water flow to Lake Pepin but carries nearly 90 percent of the sediment filling in the lake.

“There’s been a tenfold increase in sediment in Pepin and the major source is the Minnesota River. That’s well documented,” 
Jennings said. Jennings said it’s not known exactly why the Le Sueur gives up so much soil, or if the sediment load coming 
from the river has increased significantly over time.

The team of scientists will conduct a variety of tests and ongoing research to decide exactly how much dirt is flowing from 
the river and where it’s coming from.

It is known the Le Sueur and Blue Earth have long poured dirt into the Minnesota River. Early explorers wrote of noticeable 
muddy water flowing out of the Blue Earth. Modern agriculture and tiling of fields have put more sediment into the rivers.

Jennings said some farmers in the Blue Earth River basin have taken part in using best-management practices, such as putting 
grass buffers around tile intakes and along drainage ditches.

“It’s helped, but there may be better ways to do it,” Jennings said.

One thing researchers want to know is the changes in cut — width — of the Le Sueur as well as changes in its elevation. When 
the Minnesota River valley was carved out about 9,000 years ago, the tributaries were higher than the Minnesota.

“All the tributaries, like the Blue Earth, would have been waterfalls, but those have been nicked now. We’re trying to estimate 
how rapidly ravines have deepened,” Jennings said.
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Ganske said the detailed study of the Le Sueur watershed is possible because of funding through the state’s Water Legacy 
Act, passed in 2006. Ganske said it’s part of a statewide effort to have a biological assessment done on every major watershed 
in Minnesota — about 80 in total.
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KQED Channel 9 “Quest: Tracking Raindrops” ( July 2008)

This documentary takes a look at the life cycle of water and the Berkeley researchers, including NCED PI Bill Dietrich, who 
are involved in understanding this process. NCED’s field site at the Angelo Coast Range Reserve is also featured.
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The New York Times “Mayor Orders the Evacuation of New Orleans” (August 2008)

Includes quote from NCED PI Robert Twilley.

Mayor Orders the Evacuation of New Orleans
By Adam Nossiter and Shaila Dewan
Published: August 30, 2008 

NEW ORLEANS — City officials ordered everyone to leave New Orleans beginning Sunday morning — the first mandatory 
evacuation since Hurricane Katrina flooded the city three years ago — as Hurricane Gustav grew into what the city’s mayor 
on Saturday called “the storm of the century” and moved toward the Louisiana coast.

The mayor, C. Ray Nagin, said Hurricane Gustav was larger and more dangerous than Hurricane Katrina, and he pleaded with 
residents to get out or face flooding and life-threatening winds.

“This is the mother of all storms, and I’m not sure we’ve seen anything like it,” Mr. Nagin said at an evening news briefing. 
“This is the real deal. This is not a test. For everyone thinking they can ride this storm out, I have news for you: that will be 
one of the biggest mistakes you can make in your life.”

The mayor’s warnings were considerably more dramatic than the forecasts issued by the National Hurricane Center, and he 
may have been exaggerating in order to shock jaded residents into taking prudent steps. But he said storm surges, particularly 
on the city’s West Bank, could be twice as high as the neighborhood’s 10-foot levees, and said those people choosing to remain 
in their homes should have an ax to chop through their roofs when the floodwaters rise.

The hurricane could arrive on American shores just as the Republican National Convention is scheduled to begin in Minnesota; 
Senator John McCain of Arizona said the party was considering whether to shorten the gathering or delay it by a few days. 
Mr. McCain and his choice for vice president, Gov. Sarah Palin of Alaska, plan to visit Mississippi on Sunday to see how 
preparations for the storm are going, a campaign official said.

Bush administration officials took pains not to be caught as flatfooted as they were in Hurricane Katrina, announcing that 
President Bush had called governors in the region to assure them of assistance and that top federal emergency officials were 
in the region to guide the response.

On Sunday, the White House said it was unlikely that the president would attend the Republican National Convention in St. 
Paul, Minn., on Monday as scheduled. Alternate plans were being prepared, a White House spokeswoman said.

Already, hundreds of thousands of residents had begun streaming north from New Orleans and other Gulf Coast areas stretching 
from the Florida Panhandle to Houston.

Most left by car, which caused miles of backups on some highways, but New Orleans officials also began a far more carefully 
planned evacuation of the city’s less mobile residents than took place in 2005. Thousands of city residents began boarding 
buses and trains ferrying them to shelters in the north.

“I don’t want to be stuck like I was in Katrina,” said Janice McElveen, who was waiting for a bus in the Irish Channel section, 
recalling being stranded on the Interstate 10 bridge for five days in 2005.

In the Central City section, families, elderly people and the visibly infirm — those with wheelchairs and canes — lined the 
sidewalk along Dryades Street for half a long block, waiting for a bus. “After going through Katrina, that ain’t no joke,” said 
Jody Anderson, an unemployed former cashier, who spent seven days in the fetid conditions of the Superdome after that storm. 
“It’s not worth it, trying to stay.”

nytimes.com



304     Publicity

National Center for Earth-surface Dynamics
Annual Report 2009

Early Sunday morning, the National Hurricane Center said the storm had weakened to a Category 3 hurricane with winds of 
up to 125 miles per hour, but warned that it could be pick up strength later in the day. For some time on Saturday, the storm 
had been classified as a Category 4 hurricane as it moved over Cuba and into the Gulf of Mexico.

Forecasters said the hurricane was most likely to strike the Gulf Coast on Monday. New Orleans could get winds of up to 73 
m.p.h. and possibly greater.

Forecasters said Hurricane Gustav could become a Category 5 storm, the strongest designation on the scale.

In a mandatory evacuation, residents are not physically forced to leave, but are subject to arrest outside their houses if a curfew 
is imposed. Mr. Nagin also warned that anyone who chose to stay would not be able to rely on public agencies for emergency 
assistance.

The political impact of the approaching storm was already being felt. Gov. Bobby Jindal of Louisiana and Gov. Rick Perry of 
Texas announced they would not attend the Republican National Convention and would remain in their states during the storm.

In Washington, White House officials were considering whether to reschedule Mr. Bush’s trip to the convention, where he is 
set to speak on Monday.

Mr. McCain, the presumptive Republican presidential nominee, in an interview taped for “Fox News Sunday,” said the 
convention program might be reduced or suspended for a day or two if the storm turned out to be destructive.

New Orleans officials estimated that 30,000 people might need the bus and train service to evacuate. Amtrak trains carried 
thousands of people to Memphis, and buses with thousands of passengers had left the city by Saturday afternoon for shelters 
in Alexandria, Shreveport and other northern Louisiana locations.

Jackie Clarkson, the president of the City Council, said the evacuation was proceeding more smoothly than any she had seen 
before. “We can save everybody this time,” Ms. Clarkson said.

The state police on Saturday reported moderately heavy traffic on a principal highway north, Interstate 55, though local news 
reports indicated that jams had already formed on some roads.

Dozens of people waited outside for buses at 17 collection points all over New Orleans to take them to the Union Passenger 
Terminal, the train station downtown. From there they would be taken by bus and train to cities in north Louisiana and to 
Memphis. They clutched duffle bags, plastic shopping sacks, small children and overstuffed suitcases, vowing to avoid at all 
costs the still-vivid nightmare of Hurricane Katrina.

The buses arrived promptly at 8 a.m. — a sharp contrast to the disorganization of three years ago, when the only plan was to 
jam thousands of people without cars into the Superdome and let others fend for themselves.

“I refuse to go through that again,” said Roxanne Clayton, a photo technician at Walgreens, who was waiting in the Irish 
Channel neighborhood with her teenage son and 10-year-old daughter. Ms. Clayton recalled being stuck in her attic for two 
days during Hurricane Katrina. “I’d rather play it safe than sorry,” she said, “because I know what sorry feels like.”

A neighbor from the larger houses up Louisiana Avenue brought doughnuts for those patiently waiting, and many said they 
were simply grateful for the ride out of town.

Officials made an effort to soothe concerns about looting. Mayor Nagin noted that with 1,500 to 2,000 National Guard troops 
coming to New Orleans, the city would have twice as much law enforcement protection as it had in the days after Hurricane 
Katrina. In all, 7,000 members of the Louisiana National Guard were mobilized Friday.

For residents who were driving out, state officials prepared an elaborate contraflow system, reversing all lanes of several 
highways so they lead out of southern Louisiana beginning Sunday morning. Officials were staging the plans so that those 
farthest south could exit first.

In St. Bernard Parish, just east of New Orleans, officials ordered a mandatory evacuation beginning at 4 p.m. Saturday, warning 
residents that curfews would be enforced. The parish was one of the hardest hit in Hurricane Katrina, and many of its residents 
never returned. Similar orders were given in the parishes of Plaquemines, St. Charles and lower Jefferson, southwest of New 
Orleans.
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Hurricane Gustav, which has already killed 81 people in the Caribbean, lashed the western tip of Cuba on Saturday, and The 
Associated Press reported that 300,000 people were being evacuated from the area. Forecasts of its track said it could strike the 
United States mainland from the Florida Panhandle on the east to the Texas coast, though the center of the track remained the 
Louisiana coast west of New Orleans. Whatever its exact landing point, storm surges could cause damage throughout the region.

Mr. Nagin said the storm was now 900 miles wide, compared with 400 miles for Katrina. Even the capital of Baton Rouge, 
80 miles inland from New Orleans, could experience hurricane winds of up to 100 m.p.h., he said.

But Dennis Feltgen, a spokesman for the National Hurricane Center, said he had no idea what the mayor meant by a 900-mile 
footprint, saying that hurricane force winds do not extend nearly that far.

Mr. Feltgen emphasized the uncertainty of forecasted landfalls. “New Orleans will be impacted, but to what degree we don’t 
know,” Mr. Feltgen said. If the center of the storm passes more than 60 miles from the city, he added, “they may not expect 
hurricane force winds.”

That New Orleans will most likely be east of the center, on “the dirty side of the storm,” means large amounts of rain. In 
addition, Mr. Feltgen said, there is “potential for a significant storm surge; we don’t know how much, or where.”

A Louisiana State University scientist who has been tracking the storm said the area at greatest risk, under present forecasts, 
was not New Orleans but the low-population district between Houma and Lafayette on the state’s south-central coast. “It’s just 
like Rita; it’s more of a rural storm than an urban storm,” said Robert Twilley, a professor of oceanography and coastal sciences.

Experts say that the New Orleans hurricane defenses have been strengthened significantly since the city was devastated by 
Hurricane Katrina but that the city is still not yet ready to take the punch from a major hurricane.

“The system itself is stronger than it was before Katrina,” said Maj. Timothy J. Kurgan, the chief of the public affairs office for 
the Army Corps of Engineers in New Orleans. He acknowledged, however, that the defenses that the corps has been designing 
and putting into place to withstand what is known as 100-year flooding are under construction and are only 20 percent complete.

While some $2 billion has been spent so far to patch and upgrade the system, the $13 billion construction program that is 
designed to bring the city full protection against the kind of flooding that has a 1 percent chance of occurring in any given 
year is not scheduled to be complete until 2011.

“It’s a huge undertaking,” said Major Kurgan, and “we’ve made great strides. But we’re not there by any stretch of the 
imagination.”

In particular, floodgates have been constructed at the end of city drainage canals leading to Lake Pontchartrain, the principal 
conduits for the fateful surge during Hurricane Katrina. Still, there is no such arrangement on the Industrial Canal, the surge 
from which destroyed the still-empty Lower Ninth Ward.

In terms of preparation for Hurricane Gustav, Major Kurgan said, the corps has workers ready to enter its hardened shelters 
at the floodgates and to respond quickly and in force once the storm has passed. “The Corps of Engineers is ready for this 
storm,” he said, and will be “able to address whatever this storm brings to us.”

Some institutions — hospitals and nursing homes, where many died during Hurricane Katrina — were taking no chances, 
already ferrying patients north of the area on Friday.

Michelle Barnes, a French Quarter resident, was nearly in tears, worried that she would not be allowed on the bus with her 
little dog, Jack, who was resting in a black canvas bag. Evacuees had been instructed to keep their pets in a carrying case, but 
Ms. Barnes did not have one. “I just hope,” Ms. Barnes said, “because otherwise I won’t leave.”

John Schwartz contributed reporting.
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UMN Institute of Technology web homepage “University to open new environmental research lab  
Sept. 19” (September 2008)
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University to open new
environmental research lab Sept. 19

The University of
Minnesota is opening a
new state-of-the art
outdoor environmental
research facility along
the banks of the
Mississippi River and
is giving the public a
first look during public

tours from 3 to 5 p.m. Friday, Sept. 19. The new Outdoor
StreamLab is located at the Institute of Technology’s St.
Anthony Falls Laboratory, 2 Third Ave. S.E., Minneapolis.
The new Outdoor StreamLab was developed to study a
wide range of river processes at much larger field-scale
than in the past. The Outdoor StreamLab is a joint initiative
between St. Anthony Falls Laboratory and the National
Center for Earth-surface Dynamics. Read more>>

Math & Science Fun Fair set for Sept. 20
Bring your children and
grandchildren to a free family
Math & Science Fun Fair from 10
a.m. to 3 p.m. Saturday, Sept. 20
at Coffman Memorial Union, 300
Washington Ave. S.E.,
Minneapolis. The event will
feature entertaining, hands-on
math and science experiences
including robot demonstrations, astronaut training,
microscopes, miniature race cars, Physics Force
performances, a real human brain, and much more. Read
more>>

IT professor’s research provides new clues to
HIV infection

Guillermo Sapiro, a professor of
electrical and computer
engineering, is part of the
research team that is using
advanced imaging techniques
to visualize how a key part of
the human immunodeficiency
virus (HIV) changes shape after
binding to immune system cells
or to infection-fighting

antibodies. Although scientists had been able to visualize
individual components of this part of the virus, called the
HIV spike, the new research characterizes, for the first
time, the structure of the intact spike on virus particles,
which is a crucial piece of knowledge that may aid the
design of new vaccines or drugs to fight HIV infection. The
results were published in the July 30 issue of Nature. Read
more>>

Professor plays key role in Web-accessible
geological world map
Harvey Thorleifson, a
University of Minnesota
professor of geology
and geophysics who

University of Minnesota Institute of Technology: College of Engineering, ... http://it.umn.edu/index.php

1 of 2 9/15/2008 8:21 AM
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KARE Channel 11 “A river runs through a new U of M lab” (September 2008)

 Story on the SAFL/NCED Outdoor StreamLab.
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A river runs through a new U of M lab 

Along the banks of the Mississippi river, set in an old spillway, a small 
stream could lead researchers to answers when it comes to understanding 
rivers. 

"We feel like kids in a candy store, because everything we want to do in 
terms of science we can do it here," said Fotis Fotis Sotiropoulos, Director 
of the Saint Anthony Falls Laboratory. 

He says unlike other rivers and streams that have been manipulated one 
way or another for one reason or another, what he's created is a full scale 
model of a river. 

The water used is taken directly from the Mississippi. 

The shoreline consists of plants from the area, and it's already a place the 
ducks frequent. 

"This is a daily thing the experiment is going on here, 24 hours, 7 days a 
week, throughout the year," Sotiropoulos said. 

It's like one giant test tube with dozens of other sample tubes all over the 
place, testing everything from water quality to river flow to the dirt in the 
ground.  

Among the Streamlabs missions are to understand how erosion happens, 
what's happened to the water quality of rivers and is it possible for major 
flooding to be prevented. 

"We are trying to build a model of the natural world, we really want to see 
how everything interacts, the tiny organisms, the tiny bugs that develop in 
the water naturally, the fish the bugs, everything," said Sotiropoulos 

Due to its location, everything outside plays into the experiment. 

But the lab is considerably smaller than your average stream or river, 
which brings up its own problems and questions about how to factor in the 
scale of things.  

(Copyright 2008 by KARE. All Rights Reserved.)  
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enorman wrote:  
It appears that maybe if Fotis Fotis Sotiropoulos had a model train and a doll house as a child, 
taxpayers could have saved a million dollars or more. Another example of education(A 
misnomer)waste. If the river is available, why would one make a miniature version of the same 
subject? If you want to manipulate the subject, would a computer program with input from the 
real subject, have not sufficed? This program has not be thought through and appears as a 
waste. 
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Downtown Journal “From the desk of: Jeff Marr, an engineer at the St. Anthony Falls Laboratory”  
(September 2008)
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From the desk of: Jeff Marr, an
engineer at the St. Anthony
Falls Laboratory
BY MICHELLE BRUCH

Engineer Jeff Marr studies rivers, and he has a
perfect vantage point from the hydro lab at the
edge of St. Anthony Falls. The lab at 2 3rd Ave. SE
was constructed in the late 1930s, and it siphons
water in and out of the building to provide an
indoor stream for researchers to study. Last
summer, the researchers also created an Outdoor
StreamLab that’s visible from the Water Power
Park off Main Street. Marr is employed by the
National Center for Earth-surface Dynamics, and
he is working on the fundamental research
required to find the best methods of river
restoration.

1 Dams are coming down across the country, and this box labeled “Marmot Data” refers
to data collected during a dam removal on the Sandy River near Portland, Ore. Dams
have a 100-year lifespan, so some are starting to become safety hazards and overrun
with sediment. Researchers here built a model at the lab that projected how the river
would flow when the Marmot Dam came down.

2 Marr is currently on-call to fly out to this site, the Elwha River in Washington state,
where two giant dams are scheduled to come down in 2012. Marr will oversee the
installation of sensors across the river. The sensors will be installed downstream from
the dams, and they will collect data on the gravel and sand that travels along the
riverbed.

3 Marr had to have this “We All Live Downstream” sign because it fits his philosophy.

“The river connects us to different people in the country, and it connects us through
time,” Marr said, noting that the hydro lab sits on a plot of land near the falls that was
sacred to Native Americans.

4 This is a bedload sampler, the barebones precursor to the sensors that are going into
the Elwha River. Researchers simply drop this box down onto the riverbed to collect the
gravel that tumbles in. The samplers are dangerous to use in floodwaters, however, so
researchers developed more high-tech methods of measuring sediment. Newer sensor
technology can measure the size of sediment based on sound waves, such as the sound
wave measurements seen on Marr’s computer screen.

If you have a unique or interesting workspace, or know of someone who does, contact us
at dtjournal@mnpubs.com or 1115 Hennepin Ave. S. Minneapolis, 55403.

E-Mail to a Friend

Post Comments

Downtown Journal : stories http://www.downtownjournal.com/index.php?currentIssue=7733&publica...

2 of 3 11/6/2008 11:08 AM

Copyright © 2008 Minnesota Premier Publications. 
http://www.downtownjournal.com/index.php?section=53&publication=downtown



National Center for Earth-surface Dynamics
Annual Report 2009

Publicity     309

Minneapolis Star Tribune “A river runs through it” (September 2008)

Home | Local + Metro

A river runs through it 

Page 2 of 7A river runs through it

9/18/2008http://www.startribune.com/local/28587004.html?elr=KArksLckD8EQDUoaEyqyP4O:D...

The public will get a rare chance to see a lab that uses the Mississippi to study, and maybe save, the state's 
troubled waters.  

By TOM MEERSMAN, Star Tribune  

Last update: September 17, 2008 - 11:23 PM 

Print this story
E-mail this story
Save to del.icio.us
Share on newsvine
Share on Digg

RIBBON-CUTTING AND TOUR 

The new Outdoor Stream Lab and St. Anthony Falls Lab will be open for rare public tours on Friday, Sept. 19, 
from 3 p.m. to 5 p.m. 

For more information visit: www.safl.umn.edu

Related Content 

Bruce Bisping, Star Tribune  

The University of Minnesota’s new outdoor environmental research lab along 
the banks of the Mississippi River is believed to be the only one of its kind in 
the world.

Page 3 of 7A river runs through it
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Shooting photos 
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I-35W made whole as new bridge opens at 5 a.m.
Box cutter in car leads to suspension
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Public schools in Willmar, Somalis agree on prayer time

Its nickname is the "Mini-sippi."  

The meandering stream lab in the middle of the Mississippi River is outfitted with high-tech gadgetry to study 
how rivers work and how they can be healed of erosion, fertilizer or flood damage. 

The stream began flowing on June 20 when University of Minnesota researchers tapped the nearby Mississippi 
near St. Anthony Falls. Within three weeks ducks were raising families there, insects were buzzing and algae was 
growing, and researchers were starting experiments. 

On Friday the public will get a rare tour of the lab, believed to be the only one in the world that has created an 
outdoor natural stream for research. On Wednesday, researchers gave a sneak preview. 

Nearly half of the rivers in the nation are degraded and need help, said Fotis Sotiropoulos, director of the U's St. 
Anthony Falls Lab. "The effort to restore streams is a big business," he said. "It's about a billion dollars a year in 
business around the country." 

The lab could provide better solutions for vexing problems. Engineers may need to remove unsafe dams, or 
install boulders to slow a river that's eating at a road. Or fisheries managers may want to reduce erosion that 
destroys fish spawning areas. Or farmers may want to change their practices to improve a stream's water quality, 
or stabilize stream banks. 

Yet now, Sotiropoulos said, many of those projects fail. 

"It's not trivial how you do this because you have to understand how the plants, fish, microorganisms, sediment 
and water that make up the entire ecosystem work and interact with each other," he said. 

To study a natural system, yet one that could be controlled for experiments, scientists constructed the 
experimental stream in a limestone spillway used decades ago to divert river water away from St. Anthony Falls. 
They filled the former spillway with 5 feet of soil, seeded it with native plants and engineered a 165-foot stream. 

Continue
to next 
page
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Its nickname is the "Mini-sippi."  

The meandering stream lab in the middle of the Mississippi River is outfitted with high-tech gadgetry to study 
how rivers work and how they can be healed of erosion, fertilizer or flood damage. 

The stream began flowing on June 20 when University of Minnesota researchers tapped the nearby Mississippi 
near St. Anthony Falls. Within three weeks ducks were raising families there, insects were buzzing and algae was 
growing, and researchers were starting experiments. 

On Friday the public will get a rare tour of the lab, believed to be the only one in the world that has created an 
outdoor natural stream for research. On Wednesday, researchers gave a sneak preview. 

Nearly half of the rivers in the nation are degraded and need help, said Fotis Sotiropoulos, director of the U's St. 
Anthony Falls Lab. "The effort to restore streams is a big business," he said. "It's about a billion dollars a year in 
business around the country." 

The lab could provide better solutions for vexing problems. Engineers may need to remove unsafe dams, or 
install boulders to slow a river that's eating at a road. Or fisheries managers may want to reduce erosion that 
destroys fish spawning areas. Or farmers may want to change their practices to improve a stream's water quality, 
or stabilize stream banks. 

Yet now, Sotiropoulos said, many of those projects fail. 

"It's not trivial how you do this because you have to understand how the plants, fish, microorganisms, sediment 
and water that make up the entire ecosystem work and interact with each other," he said. 

To study a natural system, yet one that could be controlled for experiments, scientists constructed the 
experimental stream in a limestone spillway used decades ago to divert river water away from St. Anthony Falls. 
They filled the former spillway with 5 feet of soil, seeded it with native plants and engineered a 165-foot stream. 

Continue
to next 
page
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RIBBON-CUTTING AND TOUR 

The new Outdoor Stream Lab and St. Anthony Falls Lab will be open for rare public tours on Friday, Sept. 19, 
from 3 p.m. to 5 p.m. 

For more information visit: www.safl.umn.edu
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The serpentine, 9-foot-wide waterway contains an identical set of riffles, or shoals, and a range of gravel, rock 
and sand in the streambed. 

"We can dial in the amount of water we want to flow," said stream lab manager Anne Lightbody. "We can put in 
a flood. We can then repeat the flood as many times as we want to see whether we get the same effects." 

Catwalks and planks allow researchers to move around without disturbing experiments. Numerous sensors send 
data to indoor computers via a wireless network. 

One experiment uses a video camera mounted above the water to track where gravel-sized blue particles move in 
the stream at different flow rates. Another has piped in extra sediment to study how it affected insects living 
underwater on rocks. 

The $600,000 project is a joint effort of St. Anthony Falls Lab and the National Center for Earth-surface 
Dynamics, a national technology center headquartered at the university. 

Katie Kramarczuk, a biology major and recent graduate from the University of Puget Sound in Washington, said 
she jumped at the chance to be a research assistant at the stream restoration lab. "It's all about saving things for 
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MINNEAPOLIS and ST. PAUL, Minn., Sept 16, 2008 /PRNewswire via 
COMTEX/ -- The University of Minnesota is opening a new state-of-the art 
outdoor environmental research facility along the banks of the Mississippi River.  

The human-made stream/outdoor laboratory is the only one of its kind in the 
world. Perched on the banks of the Mississippi River's St. Anthony Falls -- 
directly across the river from downtown Minneapolis, the Outdoor StreamLab 
was developed to study a wide range of river processes. Historically, research in 
habitat restoration, dam removal, channel realignment and bank stabilization has 
been limited to separate indoor laboratory and fieldwork studies. The new facility 
enables laboratory-quality measurements in a much larger field-scale reach, 
bringing the best of both worlds together in one publicly visible facility.  

To view a video of the new Outdoor StreamLab, go to 
http://www1.umn.edu/urelate/newsservice/Multimedia_Videos/streamlab.htm

The facility can produce a large range of flows, including simulated flooding and 
simulated drought, and can support up to three parallel channels. Due to its 
outdoor location, natural light and precipitation create a natural biotic community, 
which in turn affects streambank stability and nutrient cycling. Interest in the 
Outdoor StreamLab spans many areas, including agricultural engineering, 
biology, civil engineering, ecology, geology, soil sciences and water resources 
sciences. Research participation also includes educators, federal and state 
agencies and consultants from private industry. Signage will allow the public to 
view real-time data collection from the adjacent park and explore the science of 
stream restoration through collaboration with the Science Museum of Minnesota. 

"The Outdoor StreamLab is a unique facility unlike anything else in the world," 
said St. Anthony Falls Laboratory director Fotis Sotiropoulos. "We've already had
interest from around the world. In addition to great science and great outreach, it 
is going to add a lot of beauty to the riverfront."  

Sotiropoulos said it's always been difficult to control the variables of on-site 
measurements. The Outdoor StreamLab allows researchers to use full-scale 
models where they can control variables, like flow rate, sedimentation, flora and 
fauna. The new facility will also make it possible to tackle a wide range of 
questions that address how ecosystems relate to flow dynamics.  

The Outdoor StreamLab is a joint initiative between St. Anthony Falls Laboratory 
and the National Center for Earth-surface Dynamics, a National Science 
Foundation science and technology center headquartered at the University of 
Minnesota.  

The new Outdoor StreamLab is located at the U's St. Anthony Falls Laboratory, 2 
Third Ave. S.E., Minneapolis. For map and parking information visit 
http://www.safl.umn.edu/aboutus/directionsmap.html

Members of the public will get a look at the facility during public tours from 3 to 5 
p.m. Friday, Sept. 19.  

To learn more about the OSL, visit http://www.safl.umn.edu/OSL.

The St. Anthony Falls Laboratory is a research unit of the University of 
Minnesota's Institute of Technology in the department of civil engineering. The 
laboratory is also closely affiliated with the department of geology and 
geophysics and the department of ecology, evolution, and behavior. For more 
than 70 years researchers from around the world have been visiting the unique 
location on an island in the Mississippi River to conduct research for developing 

More 

Discover better wine with WSJwine

Welcome, please sign in.
My Portfolio • Community • VSE • Alerts

Enter Symbol(s) or Keyword(s) SEARCH 

Page 1 of 2University of Minnesota Opens New Outdoor StreamLab This Week - MarketWatch

9/19/2008http://www.marketwatch.com/news/story/university-minnesota-opens-new-outdoor/story.a...

Marketwatch “University of Minnesota Opens New Outdoor StreamLab This Week” (September 2008)

Get 100 Commission-
Free Trades.

Plan for the retirement
you deserve

Visit WSJ.com/ 
smallbusiness

Site Index | Topics | Archive | Help | Feedback | Media Archive | Premium Products | Mobile | RSS | Podcasts | Company Info | Advertising Media Kit | DJ Client 
Solutions

The Wall Street Journal Digital Network: 
WSJ.com | Barron's Online | BigCharts | Virtual Stock Exchange | All Things Digital | MarketWatch Community
RealEstateJournal.com | Financial News Online | WSJ.com Small Business

innovative and sustainable engineering solutions to major environmental, water 
resources and energy-related problems.  
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Minnesota Daily “‘Mini-ssippi’ has grand opening” (September 2008)

 Story on the SAFL/NCED Outdoor StreamLab.
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“Mini-ssippi” has grand opening 

Smith, Tiffany

A computer, shielded from the sun with a maroon and gold umbrella, sits next to the 
small stream. A submerged video camera monitors the status of blue pellets as the current 
prods them along the stream bed. 

Although the stream is outside, researchers can control how fast water flows through it — 
and how that affects the movement of those blue pellets. 

The Outdoor StreamLab at the University’s St. Anthony Falls Laboratory is an outdoor, 
artificial stream where researchers can control stream flow and watch as the ecosystem 
responds.

Dubbed the “Mini-ssippi” by some researchers, its public opening is Friday at 3 p.m.

Water is channeled from the Mississippi River into a small pool at the head of the stream.

From there, researchers can control how much water flows ahead as it winds through the 
130-foot-long basin . 

A system at the stream’s exit can collect and recirculate sediment that’s been put in the 
stream for experiments, and the rest flows back into the Mississippi.



312     Publicity

National Center for Earth-surface Dynamics
Annual Report 2009

Minnesota Daily “‘Mini-ssippi’ has grand opening” (September 2008)

The most important thing to come from the StreamLab so far, which has been operating 
since June 20, is confirmation that the artificial stream is in fact replicating the 
ecosystem, Fotis Sotiropoulos, St. Anthony Falls Laboratory director , said. 

In the ecosystem, many things are tied together in a way that indoor facilities can’t 
replicate, said Sotiropoulos. 

It also gives researchers more control than they have in the field — while field 
researchers have to wait for rain to study flooding, StreamLab researchers can do so at 
their convenience, which means that more research can be done in a short period of time, 
John Gaffney , civil engineering graduate student, said. 

“The first time we had a [StreamLab] flood, it also started to rain heavily, so some people 
were commenting that we were controlling the weather — but that didn’t happen every 
time,” Gaffney said. 

He added that using dams to control and study real streams has negative effects on 
ecosystems. 

However, with the StreamLab, “we can make this fake stream and we can change it, we 
can abuse it, we can rebuild it — we don’t have to worry about ruining a nice little piece 
of ecosystem out there in the real word,” Gaffney said. 

With 45 percent of the 3.5 million miles of rivers in the U.S . degraded and in need of 
restoration, StreamLab research looks to inform decision makers to address issues of 
flood control and water quality, StreamLab project manager Anne Lightbody said. 

Although it may not seem like humans have a lot of control over the way water moves 
around in the real world, Lightbody said activities like urbanization can actually have a 
huge effect on how much water flows into rivers and streams and when it gets there. 

For example, when rain falls on a mall parking lot, nearby rivers experience a quick 
influx of water that erodes the riverbanks, Lightbody said. 

This can also increase the severity of flooding, Sotiropoulos said. 

If rain water is instead taken up by the ground, it reaches water channels more slowly, 
lessening the chance of flooding, he said. 

This would also improve stream health, something Gaffney is researching. 

A common measure of stream health is the cloudiness of the water, but Gaffney said that 
measure might not give sufficient information to make policy decisions about stream 
restoration.
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He said it’s also important to analyze the stream bed, something he can do at the 
StreamLab.

The artificial stream was modeled after the average Midwest metro-area stream, so 
results can be applied to many creeks that drain from the metro area into the Mississippi
or St. Croix rivers. 

It’s the only facility of its kind in North America, but there is a similar one in Japan, said
Maia Homstad, SAFL science writer . 

She called it a resource for professors and students in a variety of fields, and added that 
over the summer, 10 students in ecology, geology, engineering and other fields did 
research there.

Speeches by University President Bob Bruininks and a ribbon cutting will be followed by 
tours of the StreamLab Friday afternoon. 

• Add new comment
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Minnesota Pubic Radio “U of M builds a stream from the ground up” (September 2008)

Story on the SAFL/NCED Outdoor StreamLab.
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U of M builds a stream from the ground up 
by Tim Nelson, Minnesota Public Radio 
September 19, 2008 

The University of Minnesota has finished work on a one-of-a-kind outdoor hydro lab, 
a man-made stream built to study water and rivers in a natural environment. It's 
bringing just a little bit of the wild river back to downtown Minneapolis and St. 
Anthony Falls. 

Minneapolis, Minn. — The trouble with studying rivers is that it's hard to get them to do what 
you want. Especially if you're just a graduate student, like John Gaffney.  

But a new outdoor facility at the St. Anthony Falls Laboratory in Minneapolis is giving 
researchers like Gaffney a chance to start a stream from scratch.  

"I spent a little of my time this summer out here, doing stuff with the riffle sections. These are 
the sections here where...it looks like the water is moving a little faster and it's kind of ripple 
on top. I designed those and then we also sort of kept track of the health of them over the 
summer."  

For the last 69 years, that hasn't been possible. The U's original hydro lab, built in 1938, has a 
giant steel indoor flume where the water runs, but the seasons never change and the sun 
never shines there.  

"Indoors, you've just got a constant temperature, you got a constant amount of light," 
Gaffney. says. "Out here, we actually can get growth of attached algea, periphyton. You know 
we can get macro-invertibrates growing, which are just little bugs that hang out in the bottom 
of the stream channel, and growing this much vegetation inside is really not practical."  

The new lab has some other unique features, as well. It's the only gravity powered hydro lab 
in the world and it actually belongs to Xcel Energy, which owns the hydropower generating 
plant right next door. It's also already a landmark, lined by weathered walls built of limestone 
block.  

It has a long history, says researcher Anne Lightbody, who manages the outdoor facility.  

"The outdoor stream lab is located in two abandoned spillways from St. Anthony Falls. The 
spillways were constructed back in the 1870s, when the apron went in on St. Anthony Falls 

EMBED | HELP  
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itself. And then in the 1960s, when the lock and dam went in, right across the way, they were 
no longer needed for flood control, and they've been lying her, waiting for us, since then."  

But the new lab isn't just a handy relic, either.  

Researchers hope to reuse the other abandoned spillway someday to simulate a bigger, faster 
flowing stream. It will let researchers better study some of the key environmental issues we 
face, like threats to water quality, the changing dynamics of the earth's surface brought by 
climate change and the long term effects of river management like dams, according to Fotis 
Sotiropoulos, a University of Minnesota professor and director of the U's hydro lab.  

"The statistics of rivers and streams in the U.S. are pretty grim. About 45 percent of the three 
and a half million miles of river in the U.S. are actually degraded. So some of the effects of 
this we see, for instance, in the poor water quality that many of the streams and rivers have. 
We see that in the severe effects of the big floods we had recently in the Midwest. With what 
we do here, we cannot eliminate the floods, but by understanding how we can intelligently 
intervene, we can actually soften their effect."  

Researchers at the new $600,000 lab are just finishing their first season of study with their 
man-made stream, focused mainly on figuring out how it works and what opportunities it can 
offer to other scientists around the world.  

But they're opening up the gates for a public grand opening later today. The lab will be open 
for tours and a kickoff celebration at 3 p.m, at Third and Main, two blocks from the Stone Arch 
bridge in Minneapolis.  

©2008 Minnesota Public Radio | All rights reserved 
480 Cedar Street, Saint Paul, MN USA 55101 | 651-290-1212
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University of Minnesota homepage “Living on borrowed water” (September 2008)

Includes mention of the SAFL/NCED Outdoor StreamLab.
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UMNnews (web) “Field of streams” (September 2008)

Field of streams 

NEW OUTDOOR STREAMLAB OPENS A WATER WORLD TO RESEARCHERS  

By Deane Morrison 

September 17, 2008  

The "father of waters" has a new offspring at the 
University of Minnesota's St. Anthony Falls 
Laboratory (SAFL), and the public is invited to see 
it.

Researchers have diverted Mississippi River water 
to create a meandering stream on a grassy 
riverbank next to SAFL opposite downtown 
Minneapolis. The baby brook in the new Outdoor 
StreamLab is open to both the elements and 
experimental control, making it an ideal facility for 
studying such topics as the ecological roles of 
streams, flood control, and stream restoration.  

The Outdoor StreamLab will hold a free public open 
house from 3 to 5 p.m. this Friday (September 19) 
as part of its grand opening. The lab is at 2 Third Ave. S.E., Minneapolis.  

A project of SAFL and the National Center for Earth-surface Dynamics, the Outdoor 
StreamLab is only a few months old but is already attracting two important 
demographic groups: top-notch researchers and populations of algae, insects, and 
other life. Among its denizens are a pair of mallards that seem to have adopted the 
stream as a vacation home and can often go paddling up the channel, oblivious to 
people. 

The ducks add a touch of levity, but the need to understand streams is serious. 
Factors such as floods, drainage patterns altered by development, and heavy loads 
of chemicals and sediment are changing the world's waterways; dealing with all this 
has to be done right, and that requires research on realistic riverine systems.  

That need is illustrated by what happened at Uvas Creek, Calif., says Anne 
Lightbody, a research associate at SAFL and manager of the Outdoor StreamLab. 

"They tried to turn it from a braided stream [with an intricate pattern of channels 
coursing through sand] to a [simpler] meandering one," she explains. "The next 
spring, it flooded and reverted. People didn't take 'what the river wanted to do' into 
account." 

Trout streams are another example of how understanding ecological relationships is 
vital to preserving things we value.  

"Trout streams must be cold," says Lightbody. If trees along the banks are cut, there
goes the shade, and the water starts to warm up. Also, changing patterns of land 
use may reduce the amount of groundwater entering a stream. Groundwater, with its
typically cold and steady flow, not only cools streams directly but helps keeps their 
water levels from dropping. This minimizes shallow spots, which are prone to 
warming by the sun. 

See larger image
The water in the Outdoor 
StreamLab is easy to get into 
and study, as Katie Kramarczuk, 
seen here with a flow meter, 
shows.  

Photo by Patrick O'Leary 

"Twenty years ago, the people bringing this issue up and who 
wanted developments changed to accommodate storm water 
management were considered mavericks. Now it's standard."
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One of the projects under way at the lab is an investigation of how loads of sediment 
affect invertebrates, fish, and the physical stream structure. Another examines how 
vegetation affects the flow of streams and the retention of flood water.  

"We need to understand what the flood plains are doing and what ecosystem 
services they provide," says Lightbody. For example, if flood plains retain water long 
enough, they may absorb dissolved pollutants and sediments before the water seeps 
back into the river channel. 

But the ability to keep streams healthy rests on more than science; human 
acceptance is also crucial. Lightbody is part of an upcoming study to look at the 
tradeoffs between public acceptance of ecosystems like wetlands and the services, 
such as cleansing waters of nutrients, that ecosystems perform. 

Even a very small change in a project can increase acceptance, says Lightbody. For 
example, a wetland may be seen as unsightly--until it acquires a mowed path around
it and benches for birdwatching.  

But mowing has its downside. 

"With streams and lakes, people want to mow right down to the water," Lightbody 
says. "How do you convince people that a buffer is OK? Can we put in paths or 
something to make it acceptable?" 

Attitudes do change, though. Today, Lightbody says, storm water retention ponds go 
into every new development and are required by every zoning regulation she knows 
about. But it was not always so. 

"Twenty years ago, the people bringing this issue up and who wanted developments 
changed to accommodate storm water management were considered mavericks," 
she explains. "Now it's standard. 

"Understanding how rivers work can help us make smart decisions about how and 
where and whether to develop." 

Plans call for adding a second, longer stream to the lab.  

©2004 - 2007 Regents of the University of Minnesota. All rights reserved. Trouble seeing the text? | Contact U of M | Privacy

The University of Minnesota is an equal opportunity educator and employer. Last modified on Wednesday Sep 17, 2008

Page 2 of 2Field of streams: UMNnews: U of M.

9/18/2008http://www1.umn.edu/umnnews/Feature_Stories2/Field_of_streams.html

UMNnews (web) “Field of streams” (September 2008)



National Center for Earth-surface Dynamics
Annual Report 2009

Publicity     319

KSTP Channel 5 “‘U’ builds mini Mississippi in river study” (September 2008)

 Story on the SAFL/NCED Outdoor StreamLab.
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'U' builds mini Mississippi in river study

 More information on Streamlab

Nestled between St. Anthony Falls and the Stone Arch 
Bridge on the east bank of the Mississippi River is a state-
of-the-art research facility. 

Anne Lightbody is among the University of Minnesota 
researchers who will be studying how a man-made 
miniature Mississippi River changes on its own and after 
scientists alter its natural flow. 

"[The river is] telling us how much erosion and deposition 
has occurred since the start of our research season," 
Lightbody said. 

Researchers are calling the one-of-a-kind experiment 
‘Streamlab.’ 

Tiny sonar probes in the water and other high tech gear 
take constant measurements and on-sight computers 
compile the data. 

‘U’ scientists closely watch for changes in the water, 
vegetation, sediment, and wildlife. 

"Because we use water from the Mississippi, it has insects 
in it, that have decided that this is a great place to live," 
Lightbody explained. 

The project began in June and valuable lessons have 
already been learned. Among the most important: A man 
made stream can function like a real river. 

"We want to develop ways to restore streams and rivers. 
This is a major problem that confronts the entire nations 
these days," said lab director Fotis Sotiropoulous. 

Millions of dollars are spent each year around the country 
restoring rivers damaged by human development. 

Techniques developed in Minnesota could also curb the 
widespread flooding that occurs along the nation’s rivers. 

"The reason the streams have degraded to this point is 
nothing else but human development," Sotiropoulous said. 
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The ‘U’ spent about $600,000 building this tiny river and 
plans to spend $3 million more to expand the lab.  
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National Public Radio “All Things Considered: Gustav Hits Vulnerable Coastal Area”  
(September 2008)
Interview with NCED PI Robert Twilley.

September 4, 2008  

Environment
Gustav Hits Vulnerable Coastal Area  

Listen Now [3 min 56 sec] add to playlist

All Things Considered, September 1, 2008 · It has been estimated that the Louisiana loses a football-sized area of 
wetlands every 40 minutes due to damage caused by levees. Robert Twilley of Louisiana State University tells 
Melissa Block that Gustav hit smack in the middle of the state's most vulnerable coastal area. Can it recover? 

Related NPR Stories 

Aug. 5, 2008 
Along Gulf Coast, Talk Of Restoring Wetlands

June 26, 2008 
Can The Everglades Be Saved?

May 1, 2008 
Georgia Wetlands Offer Cure for Drought

Share this Page

Share this page using one of the following services: 

Del.icio.us
Digg
Facebook

Mixx
Reddit
Stumble Upon

What is this?

Yahoo! Buzz

Page 1 of 1Gustav Hits Vulnerable Coastal Area : NPR

9/4/2008http://www.npr.org/templates/story/story.php?storyId=94176239&ft=1&f=1007
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UMN press release “U of M St. Anthony Falls Laboratory to open new Outdoor StreamLab”  
(September 2008)

UMNnews Home

U of M St. Anthony Falls Laboratory to open new Outdoor 
StreamLab 

The University of Minnesota is opening a new state-of-the art outdoor environmental 
research facility along the banks of the Mississippi River and is giving the public a first 
look during public tours from 3 to 5 p.m. Friday, Sept. 19. The new Outdoor StreamLab 
is located at the U's St. Anthony Falls Laboratory, 2 Third Ave. S.E., Minneapolis. For 
map and parking information visit www.safl.umn.edu/aboutus/directionsmap.html. 

To view a video of the new Outdoor StreamLab, go to 
http://www1.umn.edu/urelate/newsservice/Multimedia_Videos/streamlab.htm  

Perched on the banks of the Mississippi River's St. Anthony Falls -- directly across the 
river from downtown Minneapolis and adjacent to Xcel's new Water Power Park, the 
Outdoor StreamLab was developed to study a wide range of river processes. Historically, 
research in habitat restoration, dam removal, channel realignment and bank stabilization 
has been limited to separate indoor laboratory and field work studies. The new facility 
enables laboratory-quality measurements in a much larger field-scale reach, bringing the 
best of both worlds together in one publicly visible facility. 

The facility can produce a large range of flows, including simulated flooding and 
simulated drought, and can support up to three parallel channels. Due to its outdoor 
location, natural light and precipitation create a natural biotic community, which in turn 
affects streambank stability and nutrient cycling. Interest in the Outdoor StreamLab 
spans many areas, including agricultural engineering, biology, civil engineering, ecology, 
geology, soil sciences and water resources sciences. Research participation also includes 
educators, federal and state agencies and consultants from private industry. Signage will 
allow the public to view real-time data collection from the adjacent park and explore the 
science of stream restoration through collaboration with the Science Museum of 
Minnesota.  

"The Outdoor StreamLab is a unique facility unlike anything else in the world," said St. 
Anthony Falls Laboratory director Fotis Sotiropoulos. "We've already had interest from 
around the world, including a New York Times article. In addition to great science and 
great outreach, it is going to add a lot of beauty to the riverfront." 

Sotiropoulos said it's always been difficult to control the variables of on-site 
measurements. The Outdoor StreamLab allows researchers to use full-scale models 
where they can control variables, like flow rate, sedimentation, flora and fauna. The new 
facility will also make it possible to tackle a wide range of questions that address how 
ecosystems relate to flow dynamics. 

The Outdoor StreamLab is a joint initiative between St. Anthony Falls Laboratory and the 
National Center for Earth-surface Dynamics, a National Science Foundation science and 
technology center headquartered at the University of Minnesota.  

To learn more about the OSL, visit www.safl.umn.edu/OSL.  

The St. Anthony Falls Laboratory is a research unit of the University of Minnesota's 
Institute of Technology in the department of civil engineering. The laboratory is also 

MEDIA NOTE: Media-only previews are available from noon to 3 p.m. Wednesday, 
September 17, at the St. Anthony Falls Laboratory. 

Contacts: Ryan Mathre, University News Service, (612) 625-0552, mathre@umn.edu

Rhonda Zurn, Institute of Technology, (612) 626-7959, rzurn@umn.edu 

Anne Lightbody, St. Anthony Falls Laboratory (612) 624-4679 

Page 1 of 2News Releases: UMNnews: U of M.

9/22/2008http://www1.umn.edu/umnnews/news_details.php?release=080915_3702&page=UMNN
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closely affiliated with the department of geology and geophysics and the department of 
ecology, evolution, and behavior. For more than 70 years researchers from around the 
world have been visiting the unique location on an island in the Mississippi River to 
conduct research for developing innovative and sustainable engineering solutions to 
major environmental, water resources and energy-related problems.  

---------- 

©2005 Regents of the University of Minnesota. All rights reserved. Trouble seeing the text? | Contact U of M | Privacy

The University of Minnesota is an equal opportunity educator and employer. Last modified on September 22, 2008
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UMNnews video of the Outdoor StreamLab (September 2008)

Video/story on the SAFL/NCED Outdoor StreamLab.

Video transcript

©2004 - 2007 Regents of the University of Minnesota. All rights reserved. Trouble seeing the text? | Contact U of M | Privacy

The University of Minnesota is an equal opportunity educator and employer. Last modified on Wednesday Oct 10, 2007
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PBS Nightly Business Report “ ‘The Mississippi’ - Old Man River Goes Green” (November 2008)

Interview with NCED PI Fotis Sotiropoulos.

Transcripts

"The Mississippi"-Old Man River Goes Green

Tuesday, November 18, 2008

SUSIE GHARIB: For centuries, the Mississippi River has ignited America's imagination. The 2,500-mile-long stretch has been a muse to
Mark Twain, a mode of transportation for American business and, during floods, a menace to those nearby. It's the nation's second
largest river. It runs through 10 states and affects hundreds of thousands of companies, big and small. Despite competition from rail and
trucks, the Mississippi remains a key transportation artery. This year alone, 300 million tons of grain, chemicals and other commodities
will move up and down the river. So for the next three nights, we travel the Mississippi with Diane Eastabrook, examining its impact on
American business, past, present and future. Diane begins with a look at how some people are turning the mighty river into a green
powerhouse.

DIANE EASTABROOK, NIGHTLY BUSINESS REPORT CORRESPONDENT: At its headwaters in northern Minnesota, the mighty
Mississippi River isn't very mighty. The river is only about six feet wide and three feet deep as it meanders through tall prairie grass. But
as the Mississippi rolls down the nation's spine, it becomes the river the Algonquin Indians called "big water." When he wrote "Life on the
Mississippi," Mark Twain said the river was good for steam boating and drinking, but worthless for all other purposes except baptizing.
But others would disagree. At a factory near Minneapolis, workers are assembling what is likely to be the first hydrokinetic power system
in the river. Wayne Krouse, CEO of Houston-based Hydro Green Energy, developed the system. Inside a steel structure, there is a
turbine that generates power as water passes through it.

WAYNE KROUSE, CEO, HYDRO GREEN ENERGY: We're going to put that unit in the water directly behind these two concrete walls.

EASTABROOK: Krouse plans to suspend the unit from a barge next to an existing hydroelectric plant in Hastings, Minnesota. The idea is
to use the water flowing out of the plant to produce more power.

KROUSE: We're actually generating power, new power from water energy that is being wasted. We are going to tie into the existing
infrastructure here and by doing that, it helps us to significantly lower the project cost and make this product, if you will, much more
appealing to the hydropower industry.

EASTABROOK: Minnesota is a pioneer in hydropower. All 12 hydroelectric plants on the Mississippi River are in that state. General
Electric built the first one in 1894 in Minneapolis to power downtown street lights. A decade later, Northern States Power-- now Excel
Energy -- built the Hennepin Island power plant just downstream. And in 1924, Ford built the twin cities power plant to provide electricity
for its nearby factory. But by the middle of the 20th century, hydropower lost steam because of increased use of fossil fuels and
environmental concerns. Environmentalists feared hydroelectric plants disturbed fish habitat. But in recent years, researchers have
worked aggressively to solve that. Fotis Sotiropoulos studies hydropower on the Mississippi at the University of Minnesota's St. Anthony
Falls laboratory. He thinks new technologies are improving hydropower's image.

FOTIS SOTIROPOULOS, DIRECTOR, ST. ANTHONY FALLS LABORATORY: There is a lot of research that has been done by both the
hydropower industry and the U.S. government through the Department of Energy to actually improve existing traditional hydro turbine
design and make them fish friendlier.

EASTABROOK: Now many power companies are looking at the Mississippi as a possible source for hydropower. Seventy preliminary
permits are in the works with the Federal government to build hydropower systems throughout the river. Brookfield Renewable Power has
some of them. It recently purchased Ford's twin cities plant and is making that power available to the public. It is also looking at other sites
for new plants. But Chief Operating Officer Kim Osmars says a lot has to be done first.

KIM OSMARS, COO, BROOKFIELD RENEWABLE POWER: We look at construction costs of doing it. We look at the opportunities to
move that electricity to marketplace. We look at the requirements of the Corps of Engineers in terms of their structures and that and we
try to fit all of those variables together to make a solution that is environmentally acceptable, it's economic and it's engineering sound.

EASTABROOK: Selling the Mississippi as a power source to communities can also be a challenge. The city of Hastings owns its

Nightly Business Report . "The Mississippi"-Old Man River Goes Green ... http://www.pbs.org/nbr/site/onair/transcripts/081118c/
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PBS Nightly Business Report “ ‘The Mississippi’ - Old Man River Goes Green” (November 2008)
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Florida Inc.

hydroelectric power plant-- the one Krouse wants to put his hydrokinetic system unit near. Mayor Paul Hicks admits many residents were
skeptical that the system could work. But now he says the community is behind the plan.

PAUL HICKS, MAYOR, HASTINGS, MN: To be able to point to something like this and say we're going to try to be a leader in this, is
important.

EASTABROOK: Experts think the Mississippi offer tremendous potential for power. That could make both Hastings and Minneapolis
shining examples for other communities hoping to plug into the mighty river. Diane Eastabrook, NIGHTLY BUSINESS REPORT,
Minneapolis.

Nightly Business Report . "The Mississippi"-Old Man River Goes Green ... http://www.pbs.org/nbr/site/onair/transcripts/081118c/
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The Journal of Experimental Biology cover (2009)

Journal of Experimental Biology -- About the Cover (February 2009, 212, (4))

http://jeb.biologists.org/content/vol212/issue4/cover.shtml[4/25/2009 12:12:25 PM]

QUICK SEARCH:  [advanced]
Author: Keyword(s):

Home Help Feedback Subscriptions Archive Search Table of Contents

Institution: University Of Minnesota | Sign In as Individual

About the Cover

Cover: Experiments have shown that anguilliform swimmers generate laterally split wakes with two rows of vortices
whereas carangiform swimmers generate wakes with a single row of connected vortex loops. I. Borazjani and F.
Sotiropoulos (pp. 576-592) carried out three-dimensional numerical simulations and showed that this striking
difference is not due to body shape and/or kinematics but rather a Strouhal number effect. The figure visualizes the
calculated wake structure of a tethered lamprey at Reynolds number Re_4000 and Strouhal number St=0.2. The
numerical results suggest that anguilliform swimmers would also generate a single row wake if they could swim at
Strouhal numbers in the same range as carangiform swimmers. 

[Table of Contents]

© The Company of Biologists Ltd 2009

Go

Cover features images generated by the work of NCED Research Associate Iman Borazjani and NCED PI Fotis Sotiropoulos 
in simulating aquatic swimming.
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Minnesota Public Radio “Minnesota researchers head to Antarctica” ( January 2009)

Story about NCED PI Patrick Hamilton going on an Antarctica mission.

THURSDAY, FEBRUARY 5, 2009
19° in TWIN CITIES (MORE CITIES)

THE CURRENT
 LISTEN

PLAYLIST

CLASSICAL
 LISTEN

PLAYLIST

NEWS
 LISTEN

SCHEDULE

RADIO HEARTLAND  :  WONDERGROUND RADIO 

Minnesota researchers head to Antarctica
by Tom Crann, Minnesota Public Radio
January 2, 2009

EMBED | HELP

St. Paul, Minn. — We've had our share of below zero degree days in Minnesota so far this
winter. It's the time of year when many Minnesotans think of heading south for their next trip.

That's just what one Minnesota scientist is doing for the New Year. Patrick Hamilton and a
team with the University of Minnesota's Antarctic Geospatial Information Center are headed to
Antarctica.

This time of year, the shines 24 hours a day and the temperatures often are warmer there.

When Hamilton and team get to Antarctica, they will map the Dry Valleys of the continent.
They'll be the first humans to visit some of the terrain on the continent.

Hamilton is the director of environmental sciences and earth system science at the Science
Museum of Minnesota. He left for the trip on Jan. 1.

©2009 Minnesota Public Radio | All rights reserved
480 Cedar Street, Saint Paul, MN USA 55101 | 651-290-1212

MPR: Minnesota researchers head to Antarctica http://minnesota.publicradio.org/display/web/2009/01/02/antarctica_trip/

1 of 1 2/5/2009 10:49 AM
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Minneapolis Star Tribune “Minnesota scientists heading to Antarctica to survey challenging region”  
( January 2009)

Home | Local + Metro

Minnesota scientists heading to Antarctica to survey
challenging region

Minnesota scientists heading to Antarctica to survey challenging region http://www.startribune.com/local/37072674.html?elr=KArksLckD8EQD...

2 of 8 1/6/2009 8:55 AM

Robert S. Boyd, McClatchy

Antarctica's Dry Valleys region is desert-like, with valleys twice as deep as the
Grand Canyon and a landscape resembling Mars. Researchers will be airlifted
by helicopter into the valleys, where they’ll be able to communicate by radio
but won’t be able to use cell phones or e-mail.

Minnesota scientists are heading to Antarctica to take part in a mapping survey of an important and challenging
region.

By ALLIE SHAH, Star Tribune

Last update: January 4, 2009 - 11:46 PM
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Patrick Hamilton

Graphic: Mapping the Dry Valleys of Antarctica

More from Local + Metro

Fewer boats, barges use Upper Mississippi locks
St. Cloud school board members cut pay
Road fatalities: Fewest since 1944
Alleged plot to swindle went awry, charges say
First of four will go on trial in April in Lakeville beating

When talking about his upcoming trip to Antarctica, Patrick Hamilton likes to joke that he's heading south to
escape a frigid January in Minnesota.

That's because Hamilton, the environmental sciences director at the Science Museum of Minnesota, is traveling
to the Dry Valleys, the largest part of the continent that's snow-free, ice-free, and where temperatures can climb
to 40 degrees in the summer.

It's a landmark expedition for Hamilton and the rest of the research team. Their quest: to collect GPS
measurements to create three-dimensional maps of the Dry Valleys that scientists will use for decades to come.

"No one has actually gone into the Valleys with GPS equipment and actually measured the elevation of points,"
said Hamilton, who leaves next week for Antarctica. "The lack of accurate maps is hindering the science that's
going on in these Valleys and elsewhere in the continent."

Hamilton is one of six researchers making the trek, which is led by the Antarctic Geospacial Information Center

Minnesota scientists heading to Antarctica to survey challenging region http://www.startribune.com/local/37072674.html?elr=KArksLckD8EQD...

4 of 8 1/6/2009 8:55 AM

Interview with NCED PI Patrick Hamilton and NCED Visualization Specialist Paul Morin.
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Minneapolis Star Tribune “Minnesota scientists heading to Antarctica to survey challenging region”  
( January 2009)

(AGIC) at the University of Minnesota.

The groundbreaking map project is funded by a $1.5 million grant awarded over three years to the center by the
National Science Foundation.

Scientists have always been interested in Antarctica, but there's more urgency behind their research now,
Hamilton said. "There certainly is increasing interest in Antarctica because it has 90 percent of the world's fresh
water locked up in the ice and we want to keep it that way," he said. "So a lot of global change research is taking
place in Antarctica in an effort to know how the continent and its enormous ice fields will respond as the
atmosphere and oceans both continue to warm."

Having accurate maps of the Dry Valleys region is especially important, researchers say.

Paul Morin, director of the AGIC, said existing maps of the area were made during the Nixon era.

Continue
to next
page

Comment on this story  |  Read all 17 comments  | Hide reader
comments

Register or log in to comment

Comments are subject to the site's terms of use and do not necessarily reflect the opinion or approval of the Star
Tribune. Readers whose comments violate the terms of use may have their comments removed or all of their
content blocked from viewing by other users without notification.

I see that it is apparently chic to mock people who question global warming by resorting to the flat earth
argument, but at the same time it is all good and kosher to back up your argument not with science, but agreeing
OPINIONS? I'd like to point out that when tflat earth belief was once CONSENSUS, and it was in fact based on
observation that conveniently ignored certain variables. Like observable planets that didnt follow stars. The stars
themselves, different ones are visible during different seasons. The length of days and sunrise/sunset. And the
biggest clue of all - the freaking moon and it's phases! So please, ignore the weather evidence and declare the
climate of minnesota as subtropical. Sheesh... a glacier could cover MN and some would STILL insist man made
GW is real

posted by scotty77 on Jan 5, 09 at 4:59 pm | 

1 of 2 people liked this comment.

GLOBAL WARMING 2009 - THE YEAR THE MYTH DIED - WHAT'S THE NEXT
MYTH DEMOCRATS COME UP WITH?

.

posted by paulsworkshop on Jan 5, 09 at 5:32 pm | 

2 of 2 people liked this comment.

re: posted by paulsworkshop on Jan 5, 09 at 5:32 pm

Minnesota scientists heading to Antarctica to survey challenging region http://www.startribune.com/local/37072674.html?elr=KArksLckD8EQD...
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Minneapolis Star Tribune “ ‘Water’ at Science Museum on Friday” ( January 2009)

The American Museum of Natural History and the Science Museum of Minnesota have co-organized a 7,500 sq. ft. internation-
ally traveling water exhibition. NCED, along with two other National Science Foundation Science and Technology Centers, 
The Center of Advanced Materials for Purification of Water with Systems (WaterCampWs) and the Center for Sustainability 
Semi-Arid Hydrology and Riparian Areas (SAHRA), have worked closely with SMM on content development for the water 
exhibition.

By KRISTIN TILLOTSON, Star Tribune

Last update: January 28, 2009 - 4:02 PM

Movies
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'Water' at Science Museum on Friday

David Joles, Star Tribune

Science on a sphere and a reproduction of a slot canyon are among the
attractions at the Science Museum’s new water exhibit.

The exhibit offers a look at the wonders of water as well as inspiration for cutting waste.

Featured comment
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Close comment
Register or log in to comment
3 comments | See all
Hide reader comments

Print this story
E-mail this story
Save to del.icio.us
Share on newsvine
Share on Digg

WATER

Where: Science Museum of Minnesota (level 4), 120 W. Kellogg Blvd., St. Paul.

When: Friday through April 26.

Tickets: Included in regular admission, $11 adults, $8.50 kids and seniors. 651-221-9444.

Website: www.smm.org

Related Content

Water jug

David Joles, Star Tribune

Water watchers

Water by the numbers

More from Health + Wellness

Family: Octuplets' mother has 6 other children
AP Exclusive: Bad peanuts found before outbreak

'Water' at Science Museum on Friday http://www.startribune.com/lifestyle/health/38539912.html
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AP Exclusive: Bad peanuts found before outbreak
Recalls: sundae cones, dough, bakery products
Congress to hold hearing on peanut butter recall

The albatross can fly 1,000 miles without a drink of water. Some lizards can slurp salt water, then sneeze the salt
out of their nostrils. The desert-dwelling Namib beetle hydrates by condensing fog it collects on its back.

Humans can perform none of these tricks. We express concern about water pollution and rain-forest
evaporation, but we still tend to think of our most essential fluid as an infinitely replenishable resource --
especially in the Land of 10,000 Lakes.

"Water," an exhibit opening Friday at the Science Museum of Minnesota, is an informative reminder that our
water supply does indeed have limits. The show successfully avoids a finger-wagging tone, and offers a look at
the wonders of water as well as inspiration for cutting waste. Still, it will make you think twice about leaving the
tap on while brushing your teeth, or buying that 24-pack of bottled water on special this week.

"It's meant to be a celebration of water, not a bummer," said Bette Schmit, senior exhibit developer. "We just
want visitors to pay attention to water."

Visual highlights include a nearly 6-foot-wide "floating" sphere with changing satellite images projected on it to
show ocean currents' effects, a walk-through replica of a water-sculpted slot canyon and, at the entrance, a
welcoming "fog curtain."

An international emphasis gives a global perspective on how water is used and abused by cultures worldwide. A
sampling of facts to be gleaned on a stroll-through: In sub-Saharan Africa, children's playgrounds are outfitted
with merry-go-rounds called PlayPumps that draw water up from deep wells via kid power. In the driest parts of
Chile, people stretch a special fabric in the air to convert vapor to water. It has taken a mere 20 years for the
Aral Sea to lose 75 percent of its volume, literally sucked dry by the cotton fields planted around it.

Continue
to next
page

Comment on this story  |  Read all 3 comments  | Hide reader
comments

Register or log in to comment
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"3 Percentage that is liquid fresh water."

posted by matheus on Jan 28, 09 at 5:07 pm | 

1 of 5 people liked this comment.

I think it's done on purpose

'Water' at Science Museum on Friday http://www.startribune.com/lifestyle/health/38539912.html
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Minneapolis Star Tribune “ ‘Water’ at Science Museum on Friday” ( January 2009)
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 KSTP Channel 5 “Antarctica Mission” ( January 2009)

Story on the Antarctica mission that included NCED PI Patrick Hamilton and NCED Visualization Specialist Paul Morin.

Copyright © Copyright 2009 - KSTP-TV, LLC
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 National Geographic Channel “Break it Down: Dam” (February 2009)

Includes footage of NCED’s Marmot Dam model.

A team of experts mobilizes to demolish, excavate and recycle a 25,000 ton dam built of concrete and steel. The pressure is on: They have just half the time needed to complete the
job. Worse yet, their biggest challenge stands behind the old dam One million cubic yards of boulders, gravel, and sand that the river has stacked against it for nearly a century. To
remove this blockade, the team gambles on a radical, dangerous plan thats never been tried before: Turning the energy of a perfect storm against the debris. If they are not
successful, a generation of endangered salmon returning to spawn may be wiped out.

NEED MORE DOG WHISPERER?
Watch Your Favorite Videos

VOLCANOES
Inside Earth's internal heat source. Visit Site

HIGHLIGHTS:
Naked Science: Hyper Hurricanes
Man-Made: Nuclear Plant
Nat Geo's Most Thrilling Moments

GET YOUR OWN
Buy all your favorite programs on DVD!
Shop DVDs

© National Geographic Channel 2009

Break It Down | Dam | National Geographic Channel http://channel.nationalgeographic.com/series/break-it-down/3860/Overview?

2 of 2 3/31/2009 12:28 PM

Copyright © National Geographic Channel 2009
http://channel.nationalgeographic.com/series/break-it-down/3860/Overview
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Minnesota Public Radio “Postcards from Antarctica” (February 2009)

NCED PI Patrick Hamilton shares pictures of his trip to Antarctica.

THURSDAY, FEBRUARY 5, 2009
24° in TWIN CITIES (MORE CITIES)

THE CURRENT
 LISTEN

PLAYLIST

CLASSICAL
 LISTEN

PLAYLIST

NEWS
 LISTEN

SCHEDULE

RADIO HEARTLAND  :  WONDERGROUND RADIO 

Postcards from Antarctica
February 4, 2009

The dry valleys of Antarctica rarely get rain. They're not covered with ice, like most of the rest
of the continent. The valleys are desolate and remote, and rarely seen by human eyes.

Over the last month, a team of researches from the University of Minnesota's Antarctic
Geospatial Information Center and the Science Museum of Minnesota brought space-age
technology to the valleys in an attempt to create accurate maps of one of the planet's last
frontiers.

The Science Museum's Patrick Hamilton called MPR regularly from inside the dry valleys and
left a series of "postcards". Some of his observations will air on MPR's All Things Considered
this week.

Check out photos of the team's expedition to the dry valleys Antarctica.

©2009 Minnesota Public Radio | All rights reserved
480 Cedar Street, Saint Paul, MN USA 55101 | 651-290-1212

MPR: Postcards from Antarctica http://minnesota.publicradio.org/display/web/2009/02/03/antarcticapostc...

1 of 1 2/5/2009 11:03 AM
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Slideshow: Postcards from Antarctica
February 4, 2009

©2009 Minnesota Public Radio | All rights reserved
480 Cedar Street, Saint Paul, MN USA 55101 | 651-290-1212

MPR: Slideshow: Postcards from Antarctica http://minnesota.publicradio.org/display/web/2009/02/04/slideshow_post...

1 of 1 2/5/2009 11:00 AM
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The AAPG Bulletin cover (April 2009)

Article (cover art shown below) written by former NCED graduate students John Martin and Ben Sheets and NCED PI Chris 
Paola among others. 

AAPG Bulletin -- About the Cover (April 2009, 93, (4))

http://aapgbull.geoscienceworld.org/content/vol93/issue4/cover.dtl[4/24/2009 5:43:48 PM]

Quick
Search: 

advanced search

 GSW Home  GeoRef Home  My GSW Alerts  Contact GSW  About GSW  Journals List  Help 

JOURNAL HOME HELP CONTACT PUBLISHER SUBSCRIBE ARCHIVE SEARCH TABLE OF CONTENTS

About the Cover

ON COVER - Grain-scale image of clinoforms viewed along dip from an experimental deposit, St. Anthony Falls
Laboratory, University of Minnesota. The light-colored material is fine sand and the dark grains are coal. Scale
independence of stratal terminations, such as erosional truncation, onlap, and downlap, is visible and permits use of
sequence stratigraphic methods at experimental scales. In this issue (Martin et al., p. 503) stratal disconformities are
lonked to the known history of basin filling to evaluate their temporal significance, which is often inextricable from
the ancient record. Image courtesy of James Mullin. 

[Table of Contents]

JOURNAL HOME HELP CONTACT PUBLISHER SUBSCRIBE ARCHIVE SEARCH TABLE OF CONTENTS

Copyright © 2009 by American Association of Petroleum Geologists (AAPG)
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May 2008 eNewsApril 2008 eNews

Appendix L: Knowlege Transfer Publications

Year 7 Newsletters
Past and present issues of the eNews are available at http://www.nced.umn.edu/NCED_E-News
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Developing the Practice: 
Perspectives on Training and 
Education in River Restoration 
by Jeff Marr, MS
Stream Restoration Project Manager
National Center for Earth-surface Dynamics
I recently attended a small one-day river 
restoration workshop. The meeting involved 
a mixture of consultants, contractors, and 
graduate students presenting short snippets 
of their latest and greatest restoration 
projects. I thought this workshop was 
interesting, but before long I began to notice 
a few similarities among the presentations. 
First, the stated motivation for nearly all the 
projects involved a complicated mixture of 
hydraulic, geomorphic, and ecologic goals; 
however, the design approaches for these 
interdisciplinary projects were ambiguous. 
Second, nearly all projects were funded 
with public dollars. Finally, all projects 
were presented as “just completed,” with 
little quantified evaluation of project 
success but with hopes of future monitoring. 
Similar workshops convene throughout the 
country every year, and these workshops 
collectively point to a technical field that 
is extremely active and one that garners 
the interest of the public and of technical 
professionals. That said, river restoration is 
also a field that is still “under evaluation” 
with many pending challenges. It is a field 
that seeks to manipulate complex natural 
systems. It is a field with little traditionally 
developed design guidelines or standards. 
It is a field lacking standards for technical 
proficiency or requirements for continuing 
education of its practicing community. 
It is a field supported by public dollars, 
and those public dollars will eventually 
mandate project assessment. 

Workshops like these do a nice job of 
highlighting both how far we have come in 
the last decade and where we need to go 
from here. Most of us now recognize that 
there are complex linkages between the 
physical river (water, channel geometry, 
and sediment), water chemistry, and 
ecology. Most of us also agree that there is 
an important need for project monitoring. 
Moreover, we all agree that training needs 
to provide field-based instruction and, at a 
minimum, must be cotaught by instructors 
with actual project experience.  What we 
have not all fully realized, however, is that 
river restoration is at a critical junction 
in its development into a profession. The 
ability of the restoration community to 
define, organize, and elevate what is now a 
somewhat patchwork field into a profession 
will determine the extent to which river 
restoration approaches are used in the 
future.  

Over the next few issues, the Stream 
Restoration Networker (SRN) will focus 
on important topics facing the practice 
of stream restoration. We start with this 
issue of the SRN by discussing education 
and training in stream restoration. What 
are the strengths and weaknesses of our 
current training system? What needs exist 
for improving education, training, and, 
ultimately, project success in the US? 
How do river restoration practitioners 
in this country receive their training? 
Where do consultants and agencies send 

In this issue...
Developing the Practice: Perspectives 
on Training and Education in River 
Restoration �

Certificate in River Restoration: One 
Approach to Training and Professional 
Development 2

Research Begins in Outdoor  
StreamLab 4

The Future of Short Courses and 
University Programs 5

Announcing a New Regional Restoration 
Group: PRRSUM  7

The Role of River Restoration Short 
Courses in Training and Professional 
Development 8

Professional Development in the Field of 
Stream Restoration ��

To Conclude.... �3

Up Next  �3

SRN Talkback �3

Acknowledgements �3

their employees to learn the latest and 
greatest in restoration design approaches? 
Looking forward, what types of training 
and education opportunities are needed to 
support a restoration profession? To answer 
these questions, we invited perspectives 
from restoration professionals with 
varying backgrounds: university, federal 
agency, commercial industry, and private 
consulting. Our authors provided their 
thoughts on the status and future needs for 
education and training in stream restoration 
by focusing on the role of university and 
graduate education, the role of short-
courses, the role of certificate programs, 
and the need for professional development 
opportunities for current river restoration 
practitioners.

Spring-Summer 2008 Stream Restoration Networker
Past and present issues of the Networker are available for download at http://www.nced.umn.edu/Stream_Networker.
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Certificate in River Restoration: One Approach to 
Training and Professional Development
by Janine Castro, PhD, RG
US Fish and Wildlife Service
River Restoration Professional Certificate Program, Portland State University

Professional short courses and workshops 
are often the preferred method for updating 
knowledge and skills acquired previously 
through a traditional academic program. 
These short courses provide working 
professionals an opportunity to refresh, 
update, or gain pertinent knowledge and 
skills in a readily accessible format. These 
courses are also particularly valuable in 
fields that are rapidly changing, such as 
telecommunications, computer technology, 
and river restoration technology. And with 
the practice of river restoration rapidly 
evolving in the United States, particularly 
in the Pacific Northwest, the traditional 
method of technology transfer—research 
findings published in peer-reviewed 
journals, read and distilled by educators, 
dispersed through university courses and 
scientific conferences, and then applied to 
projects—has been insufficient to keep up 
with the practice of river restoration. Some 
restoration professionals have likened this 
situation to “driving beyond our headlights,” 
indicating that, at 
times, the practice 
of river  restoration 
is working ahead of 
the science. In fact, 
much of the needed 
science is available 
and could be 
applied to current 
practice, but often it is not. Indeed, if we 
were just to apply our current scientific 
understanding of rivers, restoration projects 
would probably be much more successful. 
Unfortunately, the culture surrounding 
river restoration currently emphasizes 
project implementation over project 
analysis and development, which is then 
further promulgated by granting entities 

that specifically limit their funds to project 
implementation.

The rapid evolution of river restoration 
technology, in combination with the 
diversity of disciplines represented in 
this field, has created ideal conditions for 
increased market demand for restoration 
short courses. Therefore, unsurprisingly, 
there are thousands of courses offered 
nationwide by private consulting 
firms, government agencies, nonprofit 
organizations, and universities. And that 
number continues to grow.

Training needs and curriculum
Portland State University (PSU), in 
coordination with River Restoration 
Northwest (RRNW), conducted an 
education and training survey in 2003 at the 
RRNW Annual Stream Restoration Design 
Symposium. The results of this survey 
clearly identified two overarching needs 
in river restoration: for diverse disciplines 

to communicate more effectively and for 
improved observational and field skills. 
Based on survey results, PSU developed 
a comprehensive, cohesive, professional 
river restoration training program aimed 
at addressing the regional needs of river 
restoration practitioners. Since this is a 
relatively new program, and there are few 
like it in the United States, this program will 

be used as an example of one possible way 
to address identified needs and to move the 
practice of river restoration forward.

The primary concern expressed 
by the PSU River Restoration 
Professional Certificate Program  
(http://epp.esr.pdx.edu/riverrest.html) 
development committee (a small group 
of practicing professionals representing 
the fields of engineering, geomorphology, 
biology, hydrology, and project 
management) was to avoid creating over-
confident, over-eager restorationists who 
do not fully appreciate the complexity and 
interdisciplinary nature of river restoration 
projects. It is from this concern that the 
philosophy of the program emerged—you 
must be a “jack-of-all-trades and a master 
of one.” This group, therefore, agreed that 
the ideal program should have (�) a state-
of-the-science curriculum that is updated 
as new research and experience become 
available, (2) a strong field component, 
(3) practicing professionals as the primary 
instructors, (4) an accepted, theoretical 
framework for river restoration, (5) courses 
tailored to working professionals with 
a mix of educational backgrounds, (6) a 
focus on applied science with reference 
back to theoretical science, and (7) delivery 
of currently applicable working tools. The 
purpose of the program is not to make each 
individual more technically astute within 
their own discipline but rather to create 
in them breadth of knowledge and respect 
for the complementary disciplines that are 
integral to successful river restoration. In 
essence, we want students to clearly “know 
what they don’t know” and to know when 
to call on an expert in any given field.

Additionally, the PSU program development 
committee voiced their concern that many 

“The rapid evolution of river restoration 
technology, in combination with the diversity of 
disciplines represented in this field, has created 
ideal conditions for increased market demand for 
restoration short courses.”
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Certificate (continued)
short courses are offered as stand-alone 
entities, with no prerequisites and no student 
evaluation. In stand-alone courses, it is 
very difficult for instructors to determine 
the general knowledge level of the group, if 
the students are absorbing the salient points 
of the material presented, and whether the 
information is retained and applied by the 
students in practice. To address this concern, 
the PSU River Restoration Professional 
Certificate Program offers five “core” 
courses, developed and moderated by 
course facilitators, that students are required 
to take in order to obtain the professional 
certificate. These core courses include a 
basic scientific foundation in physical and 
ecological processes, river reconnaissance 
and assessment tools, restoration design, 
and restoration project management. 

The format and preferential order of the 
core courses is intended to reflect the 
time line of a project—understanding 
the physical and ecological processes, 
collecting pertinent data, analyzing the 
data, generating alternatives, developing 
a design, implementing the design, and 
monitoring the results. Not only are all 

of the core courses (with appropriate 
prerequisites) required, but to receive 
program credit for the course, students 
must attend a minimum of 95 percent of the 
lectures and field time, must participate in 
group activities, and must complete all class 
and field assignments. To further engage 
the students, data collection, conceptual 

Student diversity
River restoration is interdisciplinary by 
nature. The students who attend short 

courses, therefore, have a wide variety 
of backgrounds and experience. PSU 
students have ranged from university 
professors to road construction crews, 
hydraulic modelers, and watershed council 
volunteers. All participants bring their 
unique knowledge and experience to the 
class, and tapping into that resource is 
in the best interest of all of the students. 
However, developing a curriculum that is 
valuable and instructive to such a broad 
audience is extraordinarily challenging.  

The developers of the PSU River 
Restoration Professional Certificate 
Program decided to embrace this diversity 
and incorporate it into the program as a 
whole. All students who wish to attain a 
professional certificate in river restoration 
must complete all of the core courses, 
even if they are a designated “expert” in 
one of the course topics. For instance, a 
design engineer who has completed most 
of the core courses might wish to skip the 
restoration design course because of prior 
experience. At PSU, however, students are 
still required to take courses even though 
they may not gain additional knowledge on 
the topic per se. In the case of the design 
engineer, what that engineer will gain is an 
understanding of how people from other 
disciplines perceive and relate to design 

design development, alternatives analysis, 
and other course assignments are applied 
to actual projects. Because the students are 
aware that their work will be used 
in a real project, we believe the 
quality of the work and the student 
experience are greatly enhanced (as 
is reflected in student feedback). 

Student evaluations are useful, not 
only for tracking students’ retention 
of presented information or interest 
and dedication to a course, but for 
measuring the performance of the 
instructors and of the program. 
If a majority of students cannot 
complete assignments accurately, 
then perhaps there is a problem 
with the type of instruction. Or, 
more significantly, perhaps there is 
a larger problem with the practice 
of restoration. For the former, 
consulting with the instructor to address 
learning styles and teaching techniques is 
appropriate and, in some cases, may result 
in replacing the instructor. In the latter case, 
the problem is much more difficult, and 
the failing should be addressed by a larger 

group of restoration 
experts, which is 
beyond the scope of 
a single program. To 
address consistency 
of restoration practice 
within the context of 
the PSU program, the 
facilitators of the five 
core courses meet 
regularly to ensure that 
the methods being taught 
are covered uniformly 
across all program 
offerings. In addition, to 
further evaluate student 
knowledge retention, 

and to more fully understand instructor 
effectiveness, we have implemented pre- 
and postcourse exams. While still early in 
its implementation, the results are providing 
insight into areas of both weakness and 
strength within the program.

Portland State University students collecting field 
data.

Field-based instruction complements classroom lectures.
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engineering. That engineer will also bring 
insights to the classroom, gained through 
experience, that can be shared with fellow 
classmates. The aim here is to encourage 
interaction and communication between the 
various disciplines involved in restoration 
to the fullest extent possible.

Summary
Short courses and workshops cannot 
and should not replace classic academic 
education; they do, however, represent 
a “continuing education” opportunity 
that responsible professionals may use as 
appropriate throughout their careers. An 
effective education and training program 
should begin with a solid academic 
foundation and continue through applied 
research and experience. River restoration 
professionals can gain further education/
training support through continuing 
education and mentoring, culminating 
with seasoned professionals joining the 
cadre of continuing education instructors 
to complete the loop of education, training, 
and mentoring. 

Certificate (continued)

Biographical Sketch
Janine Castro is a geomorphologist with 
the US Fish and Wildlife Service in Portland, 
Oregon. Her primary duties include 
technical assistance for stream restoration 
projects, federal and state permit review 
for instream work, regional- and national- 
level training on stream restoration, and 
coordination between state and federal 
agencies on controversial issues related to 
fluvial geomorphology. Castro is currently 
the technical director for the Portland State 
University River Restoration Professional 
Certificate Program and a board member 
for River Restoration Northwest. Janine 
Castro webpage:

http://www.epp.esr.pdx.edu/instructorsfull.
html#castro

Research Begins in Outdoor StreamLab
There is a strong need to understand the underlying physical, biological, and 
chemical mechanisms that govern stream processes and response to natural and 
human disturbances. The Outdoor StreamLab (OSL) is a premier research facility 
developed by the St. Anthony Falls Laboratory (SAFL) and the National Center for 
Earth-surface Dynamics (NCED) at the University of Minnesota, Minneapolis. It is 
designed to bring together river scientists, engineers, and managers to explore river 
flow, morphology, and ecology.

The OSL is busy summer 2008 with five projects in the OSL Riparian Basin: (1) using 
current knowledge of river channel processes to predict the equilibrium topography of 
a sand-bed channel within a floodplain, (2) determination of the dominant control of 
cross-stream super-elevation within meander bends, (3) determination of appropriate 
metrics for sediment-related total maximum daily loads, (4) residence times and 
ecological implications of multi-scale, three-dimensional, geomorphology-driven 
surface water-ground water connections, and (5) prediction of water residence time 
and sedimentation within patches of aquatic vegetation. All projects will benefit from 
the controlled flood events that will occur during the summer. These flood events 
allow researchers to observe the geomorphic and ecological response to storms, 
with each project examining different portions of the stream system using the same 
hydrograph.

With water flowing in the Riparian Basin since June 19, all projects are currently 
underway. Preliminary observations reveal that ecological colonization is much 
faster outdoors than anticipated. Without any special intervention, algae started 
coating all hard surfaces after only four days of water flow, at which time algal mats 
were thick and lush. A single-threaded, meandering stream will remain in the OSL 
for the next three years. OSL webpage with link to view current photos of the OSL: 
 http://www.safl.umn.edu/facilities/OSL.html

  

Photograph of the OSL on July 29. Water flows through the OSL (from right to 
left) before returning to the Mississippi River. The Minneapolis skyline is in the 
background. Visible in this photograph: the sediment feed system (right), the 
biodegradable coconut matting used as bank protection, the sedges and rushes 
planted within the matting, the two stream riffle regions, and the piezometer 
network used to monitor subsurface residence times and water chemistry. 
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The Future of Short Courses and University  
Programs
by John C. Schmidt, PhD
Intermountain Center for River Rehabilitation and Restoration
Utah State University
The number of short courses that concern 
stream restoration is growing. University 
faculty, government employees, and 
private consultants teach these courses. 
Many courses are either introductory and 
interdisciplinary or seek to describe the 
principles of geomorphology or ecology 
and their relation to stream restoration. 
A few courses address advanced topics. 
The number of courses, and the diverse 
backgrounds of the instructors and students, 
leads to the question, “What are we trying to 
accomplish with these courses?” We might 
also ask, “Should short courses ultimately 
be replaced by longer, more comprehensive 
university courses?” 

Understanding the restoration process
The fundamental stages of the stream 
restoration process include the assessment 
stage, the design stage, the implementation 
stage, and the monitoring stage. Therefore, 
short courses might target any of these stages. 
Short courses focused on the assessment 
stage are necessarily interdisciplinary 
because assessment necessitates scientific 
understanding of ecology, geomorphology, 
and water quality. Ultimately, the lay 
public and the scientific community must 
distinguish between healthy, functioning 
riverine ecosystems and degraded ones 
where restoration is appropriate.

Short courses involving the design stage 
require integration of natural science and 
engineering. The most obvious component 
of this stage is the decision-making 
process—deciding how to intervene in an 
ecosystem with perceived degradation. 
Intervention can range from passive 
techniques, such as altering local land use 
or fencing to control grazing, to active 
techniques, such as reconstructing and 
reconfiguring a channel or floodplain. 

The implementation stage, typically 
undertaken by construction firms or 
groups of volunteers, involves operating 
heavy equipment, installing fencing, and 
planting and seeding new 
vegetation, along with many 
other activities. Although 
mostly ignored, it is hard 
to imagine that any group 
of implementers would not 
benefit by attending a short 
course focused on this stage, 
as well as the other stages, 
of the stream restoration 
process. 

Finally, there is an increasing 
call to evaluate whether or 
not projects achieve their 
goals and objectives. This is 
the monitoring stage. Since 
the majority of project goals 
involve improving stream ecosystem health 
or water quality, ecological and chemical 
parameters typically serve as appropriate 
indicators of project success. In the case of 
channel realignment and construction, it is 
often a challenge to link changes in channel 
geomorphology with ecological metrics 
that might have motivated the project in 
the first place. These issues could be the 
focus of short courses at the monitoring 
stage—when we wish to evaluate in cost-
effective and scientifically defensible ways 
how a project performed.

Knowing the educational market
The possibilities for course offerings are 
endless. It is difficult for any single course, 
whether lasting one week or one semester, 
to describe the foundations of the stream 
restoration process, to summarize emerging 
research for each technical field applicable 

to the restoration process, to describe the 
relationships among technical fields, and 
then to place all of that knowledge within 
an applied context. In fact, it is not difficult 

to conceive of intellectual contributions 
to restoration courses from most of the 
disciplines represented in a modern 
university and by many sectors not part of 
universities.

Clearly, it is essential that each course 
succinctly identify its purpose. One type 
of short course (similar to those offered in 
medicine or engineering) provides training 
at a high level to those already established in 
the field. Such courses might focus on new 
or innovative techniques at any of the four 
stages listed above. Since stream restoration 
does not necessarily require channel 
manipulation, let alone reconstruction, it 
is not possible to generalize what technical 
skills stream restoration professionals need: 
Advanced courses in range management 
and revegetation are just as important 
as those in sediment transport and open 
channel engineering.

Another type of course is one that focuses 
on interdisciplinary linkages, such as 

Along the Colorado River in the Grand Canyon on a 
recent river trip to evaluate effects of the March 2008 
controlled flood release from the Glen Canyon Dam.
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the linkages between fisheries habitat 
and geomorphic form and process. Yet 
a different type of course might concern 
the design of effective monitoring 
techniques that inform project 
evaluation.

Many short courses in stream 
restoration focus on a more general 
or interdisciplinary audience. Such 
short courses address whether or not 
target streams can be considered “broken” 
or are “acceptable as is,” ways to set 
regional priorities for restoration activities, 
and conceptualization of the overall 
restoration process.

Should prerequisites for short courses 
be required?
Clearly, prerequisites are necessary when 
teaching advanced subjects. And though 
university courses typically require 
prerequisites, the role of prerequisites 
is less clear when teaching introductory 
short courses. The obvious advantage of 
requirements is that instruction can take 
place at a higher, or at least more targeted, 
level. However, it is not necessarily easy 
to enforce prerequisites, especially where 
minimum enrollments are necessary for 
financial viability of courses. In such cases 
the question becomes, “What is more 
important?” Is it more important to have 
a student body with a similar background, 
or is it more important to have enough 
students for the course to actually occur?

Establishment of prerequisites necessitates 
having clear course objectives, and the issue 
of prerequisites inevitably returns one to the 
central issue of short course goals. Is a course 
in geomorphic principles applied to stream 
restoration somehow different, requiring 
fewer prerequisites, than a state-of-the-art 
course in stream geomorphology? Should 
a course in sediment transport principles 
applied to stream restoration necessarily 
reflect the latest research, or should that 
course reflect basic principles that can be 
readily understood in a nonquantitative 
way by those without previous engineering 
education?

Teaching the students
Every educator knows that learning requires 
faculty lectures and student comprehension. 

A week’s short course taught in a lecture 
format, supplemented merely by “show-
and-tell” field trips, is not a desirable 
instructional format. Organizations that 
offer short courses are often criticized 
because they have no means to critically 
assess student comprehension at the end 
of a course, and they present material 
in a compressed situation. Short course 
instructors must challenge themselves to 
develop meaningful assignments that can 
be undertaken within a compressed time 
frame so that students are forced to apply 
course material. University, semester-long 
courses do not feel the same time crunch. 
However, in an era of grade inflation, 
universities may not be as rigorous as we 
imagine. What can be said is that a university 
course typically provides an opportunity 
for extended inquiry and development of 
material and the chance for students to 
complete complex assignments. 

Presently, instructors teaching stream 
restoration courses have a wide range 
of backgrounds. Some have decades of 
project experience. Some have decades 
of university teaching experience or 
significant stature within the research 
community. In most cases, short courses 
have an instructional staff drawn from 
academia, the private consulting industry, 
and from government agencies. The 
varied backgrounds of instructional staff 
provide the best educational experience in 
introductory overview classes, but high-
level design and implementation courses 
are best taught by a small cadre of faculty 
or consultants with substantial project 
experience.

Is our science good enough to teach any 
of this?
Some people criticize the enterprise of 

stream restoration as a “feel 
good” activity that lacks sufficient 
scientific grounding. The question 
then arises: Is the science and 
practice of stream restoration 
sufficiently mature to support the 
growing number of instructional 

programs? Perhaps the large proportion 
of short courses, compared to university 
courses, reflects the immaturity of the 
field? Yet the literature in stream restoration 
science, the collective experience of 
consulting and government agencies, 
and the lessons learned by successful and 
unsuccessful projects continues to grow. 
Obviously, there is much to share among 
those individuals with project experience, 
those with extensive research experience, 
those who do the work, and those who 
lobby for new projects.

Where to from here?
The day is probably not far off when the 
complexity of interdisciplinary stream 
restoration science will necessitate 
abandoning introductory short courses. 
Short course education will inevitably 
begin to shift to high-level courses in 
assessment, design, implementation, 
and monitoring. The inspiration for this 
shift may come from a growing call for 
professional registration or licensing of 
stream restoration practitioners and a call 
for increased professionalism within the 
restoration field. However, developing 
high-level courses is time consuming, 
requires targeted publicity to attract 
students, and may not be sustainable by a 
large number of universities—a consortium 
of universities offering these targeted 
classes is one strategy for providing high-
level training.

It is time for all of us to roll up our sleeves 
and get to work advancing the techniques 
of restoring stream ecosystems, knowing 
when to leave well enough alone, and 
knowing how to prioritize projects within 
a region. Short courses can play a role in 

“It is time for all of us to roll up our sleeves 
and get to work advancing the techniques of 
restoring stream ecosystems... Short courses 
can play a role in advancing this practice... .”

Future of Short Courses (continued)
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advancing this practice if instructors can 
teach high-level courses that integrate 
emerging research with substantial project 
experience. That will take hard work, 
hard learning, and hard teaching, and will 
probably mean an increase in the number of 
courses taught within university programs.

Future of Short Courses (continued)
Biographical Sketch
John C. Schmidt is professor of watershed 
sciences at Utah State University and 
director of the Intermountain Center for 
River Rehabilitation and Restoration.  
Schmidt’s research is focused on fluvial 
geomorphology applied to issues of dam 
management and river restoration. John 
(Jack) Schmidt webpage:

http://www.cnr.usu.edu/htm/facstaff/ 
memberID=827

Announcing a New Regional Restoration Group: 
PRRSUM
Following the success of other regional river restoration organizations, the Partnership 
for River Restoration and Science in the Upper Midwest (PRRSUM) was established 
in January 2008. PRRSUM, initiated with support from the National Center for Earth-
surface Dynamics, is rapidly advancing into a self-run organization. In seven months, 
PRRSUM has grown to involve over 200 registered members representing scientists, 
engineers, and citizens from Illinois, Iowa, Michigan, Minnesota, North and South 
Dakota, and Wisconsin. 

PRRSUM offers a monthly forum to discuss topics related to Upper Midwest research, 
training, and practice in river restoration. Each forum includes a presentation and 
discussion and an opportunity for informal networking. Can’t attend? Participate in 
the monthly presentation and discussion through a live, interactive webstream on 
the Internet. In addition, an archive of all past forum presentations is available on 
the PRRSUM website. Membership in PRRSUM is free and open to all. Please visit 
us at www.prrsum.org to join or for more information on PRRSUM and upcoming 
forums. 

Are Regional Meetings the Way to Go?
Did you know that the major regional restoration meetings are steadily growing? 
River Restoration Northwest, Southeast Regional Stream Restoration Conference, 
and Mid-Atlantic Stream Restoration Conference have all seen a steady increase in 
attendance over the years. Regional variability in stream impairment and restoration 
approaches (see the Stream Restoration Networker, volume �, issue �) allow these 
meetings to provide the perfect blend of accessibility and local relevance sought by 
river restoration professionals. 

Upcoming Regional Meetings
River Restoration Northwest, February 3-5, 2009, Stevenson, WA

Southeast Regional Stream Restoration Conference, November 3-6, 2008, Asheville, NC

Mid-Atlantic Stream Restoration Conference, November 3-5, 2009, Morgantown, WV 

PRRSUM, fall 2009, Minneapolis, MN
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The Role of River Restoration Short Courses in 
Training and Professional Development
by David L. Rosgen, PhD, PH
Wildland Hydrology, Inc
River restoration—securing the physical 
and biological stability and function of 
rivers, streams, and creeks—is a growing 
professional discipline in the United 
States. Traditional river works involving 
navigation and flood control objectives 
(channelization, hardening, levee 
construction, straightening, lowering of 
local base level, loss of riparian vegetation, 
floodplains, etc.) have resulted in loss 
of river value and function. Land abuse 
from overgrazing, in-channel mining, 
poor agriculture and forestry practices, 
and direct channel alteration impacts 
to river channels (changed dimension, 
pattern, profile, and materials) have also 
been responsible for mitigation/restoration 
requirements. The mitigation requirements 

of the Environmental Protection Agency’s 
3�9 funds require each state to reduce its 
current list of impaired rivers. In addition, 
the US Department of Agriculture Natural 
Resources Conservation Service (USDA 
NRCS) Farm Bill and the US Department 
of the Interior Partners for Fish and Wildlife 
Program (Partner’s Program) have initiated 
hundreds of river restoration projects 
nationwide. Private land owners, and other 
state and federal agencies with related 
programs, have also entered into the river 
restoration line-up.

What is involved in river restoration? 
River restoration often includes multiple 
objectives: 

enhance fish habitat and diversity; 
stabilize bed and banks with native 
“soft” practices; 




improve terrestrial habitats; 
enhance wetlands; 
raise water tables by establishing 
surface/ground water 
interconnections; 
increase vegetative production; 
establish native, riparian vegetation 
communities; 
use natural channel fundamentals; 
reduce flood levels; 
route sediment; 
reduce sediment supply from 
streambank erosion; 
enhance recreational boating; and 
create visual and aesthetic 
enhancement. 

However, many of these objectives can 
conflict and compete with 
one another. It is obvious, 
then, that river restoration 
professionals must either 
be knowledgeable in 
many disciplines or be 
able to secure the services 

of the disciplines necessary to create a 
design that addresses multiple objectives: 
The science of river restoration is a true 
interdisciplinary effort and requires an 
interdisciplinary approach for successful 
application. 

Training gaps
Since �985, the majority of students who 
have attended short courses sponsored by 
Wildland Hydrology have all been college 
graduates representing various disciplines, 
including engineering, hydrology, 
geomorphology, fisheries biology, 
landscape architecture, geology, soils, plant 
physiology, range management, and wildlife 
biology. The strengths of these individuals 
rest in the fact that these journeyman-
level professionals have formal, academic 
















training in the physical sciences and have 
a strong understanding of fisheries biology, 
riparian plant science, and river mechanics 
(engineers). These individuals also have 
knowledge in many other specific subjects 
within their discipline gained from field 
practice as well as from formal training. 
So, why the great demand for short course 
training in river studies and restoration? 
What seems to be universally lacking in 
most of the short course participants is a 
working knowledge in the following areas:

sediment transport—both field and 
analytical methods;
quantitative methods in river stability 
and watershed assessment (a key to 
restoration);
river hydraulics, flow models, and 
linking natural channel features to 
various flows;
bankfull discharge calibration at US 
Geological Survey streamgages;
methods in data collection and 
analysis of river morphology;
integration of various disciplines 
into natural channel design for river 
restoration;
design and use of river structures for a 
variety of restoration objectives;
implementation of river restoration 
projects;
applied geomorphology principles 
to understand form and process 
interrelations; and
monitoring methodologies for 
validation, effectiveness, and 
implementation purposes.

These training gaps are primarily in the 
area of field applications of the applied 
science. And while there is no doubt 
that universities need to offer graduate 
programs in river restoration/ecological 
restoration, university staff need to have 
specialized applied science training and 





















“The science of river restoration is a true 
interdisciplinary effort and requires an 
interdisciplinary approach for successful 
application.”
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experience to prepare students for this 
profession. Unfortunately, most such 
experienced professionals are either 
working in consulting firms or are with 
agencies implementing restoration projects. 
Therefore, individuals who receive training 
from Wildland Hydrology are looking 
for tools, methods, procedures, and field 
experience in the field applications of this 
applied science in order to understand 
river characterization, watershed and river 
stability assessment, natural channel design, 
and restoration implementation. Because I 
am a field-based practitioner with over 40 
years of experience, I am sharing the field 
methods I have developed with my students 
so that they can help address the public’s 
need to restore what seems to be a growing 
list of impaired rivers.  

The curriculum topics I teach help 
students fill in typical gaps overlooked 
during formal training and 
field experience. It appears 
that the recent academic 
emphasis in modeling river 
restoration processes has 
taken away the ability of the 
students to observe these 
processes through direct field 
measurements. According to 
students and professors, the 
trend in academia is to decrease 
field trips and associated 
detailed methods in field 
studies. Not that modeling is 
inappropriate, but models do 
need to be calibrated from 
field observation. Forty years 
ago, academia seemed to have 
a greater emphasis in field 
studies than what I presently 
observe.

Role of short courses in 
professional development
All in all, short courses have 
a specific role to play—to 
provide participants detailed training on 
specific topics/methods, training which 
participants presently do not have. I have 
personally attended short courses in my 

Role of Short Courses (continued)
career to obtain specific, applied science 
methodologies that were not taught in 
my college curriculum. Based on the 
complexity, specific demands, and extensive 
requirements of river restoration, and the 
large number of people involved, I am not 
surprised to observe the great demand for 
these short courses. The subject matter and 
the combined field and analytical methods 
provide training beyond most individuals’ 
existing understanding and experience.  

The six weeks of short courses offered by 
Wildland Hydrology involve approximately 
540 hours of lecture, field applications, 
and data analysis and interpretation. The 
courses leading up to, and including river 
restoration, involve assessment, design, 
application of structures, construction 
implementation, and monitoring: A large 
part of the course content is contained in 
Watershed Assessment for River Stability 

and Sediment Supply (WARSSS)�, 2 and 
the natural channel design procedure is 
summarized in chapter �� of the National 
Engineering Handbook for the USDA 

NRCS3. All courses offer a strong field 
component, including the observation of 
ongoing construction activity on large-
scale river restoration projects. The nature 
of river stability assessment required before 
attempting the design is summarized in 
Table �, and watershed/river assessment is 
that portion of the restoration methodology 
shown as phase III in Figure �. Figure � also 
provides an outline of the various stages, 
including phase IV, which involves passive 
restoration alternatives using changes in 
management or addressing the cause of 
the impairment and recovery potential 
of the stream channels. Ultimately, short 
course participants are involved in each 
of the eight phases of restoration both in 
field application and in data analysis and 
interpretation. 

The key to river restoration is understanding 
the cause and consequence of change. 

Short courses build this assessment into the 
natural channel design procedure. Students 
who attend my short courses run models 

Table 1. Summary of the stability condition assessment categories3.
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to predict river hydraulics, sediment 
competence, and transport capacity, 
and they then verify the prediction with 
measurements. We also conduct prediction 
and field verification of streambed stability 
and streambank erosion rates. Documenting 
and sharing our pre- and postrestoration 
monitoring data will continue to inform us 
of what we thought we knew and will form 
the basis for future improvements in river 
restoration science. 

Conclusion
I encourage everyone to take advantage of 
any training offered in river assessment, 
restoration, and related disciplines in 
order to learn new ideas and techniques. 
In this field, we all continue to learn as we 
monitor our projects and make the changes 
necessary to meet required river restoration 
objectives. I see a continuing need for 
short courses due to the limited academic 
curriculum offered in specific fields, the 
lack of experience in the applied science by 
many academic staff, and the ever-changing 
field methods used in river restoration. 
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It is through our collective expertise, 
shared in short course settings, advanced 
academic degree programs in river studies 
(presently being developed), and river 
restoration conferences and publications, 
that we can help set the direction that will 
solve these complex restoration problems 
and will hopefully reduce some of the 
uncomfortable uncertainty.

�. Rosgen, D. L. 2006. Watershed 
Assessment of River Stability and Sediment 
Supply (WARSSS). Fort Collins: Wildland 
Hydrology Books.

2. US Environmental Protection Agency. 
WARSSS–Watershed Assessment of 
River Stability and Sediment Supply.  US 
Environmental Protection Agency. http://
www.epa.gov/warsss. 

3. Rosgen, D. L. 2007. “Rosgen 
Geomorphic Channel Design.” In National 
Engineering Handbook Part 654 (210-VI-
NEH), eds J. Bernard, J.F. Fripp, and K.R. 
Robinson, ��:�-��:76. Washington, DC: 
US Department of Agriculture Natural 
Resources Conservation Service.

Figure 1. Eight phases in river restoration using the natural geomorphic channel design 
approach3.

Role of Short Courses (continued)

Biographical Sketch
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hydrologist with Wildland Hydrology, Inc, 
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morphology, restoration, sedimentology, 
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applications, grazing and riparian systems 
management, cumulative water resource 
impact assessment and modeling, fish 
habitat enhancement, and research in 
river studies.  He designs, supervises, 
contracts, and monitors a variety of large-
scale river restoration projects worldwide. 
Rosgen conducts short courses in river 
morphology, restoration, and wildland 
hydrology throughout North America for 
government agency personnel, universities, 
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http://www.wildlandhydrology.com/index.
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Professional Development in the Field of Stream 
Restoration
by Marty Melchior, CFP 
Inter-Fluve, Inc
This article explores how the diverse 
technical needs in the field of stream 
restoration practice dictate the skill sets 
individuals must possess and how one 
acquires and updates these skills. I work 
as a regional director of a river restoration 
consulting firm. Through hiring of 
scientists and engineers, we are always 
trying to build strong project teams that can 
efficiently and effectively work together to 
complete stream restoration projects. As a 
consultant and manager, I provide in this 
article a brief summary of my perspectives 
on training and education in stream 
restoration: the preparedness of new hires, 
the role of formal education in stream 
restoration, the importance of on-the-job 
training and mentorship, the necessity of 
interdisciplinary teams, and the importance 
of ongoing professional development.

New hire preparedness and formal 
education
We do not hire very frequently, but we 
do grant informational interviews with 
people interested in working in the 
stream restoration field. Many of these sit 
down sessions involve individuals who 
come from general services firms and 
tell the same story: The infrequency of 
stream restoration projects has left them 
unsatisfied. Judging from the number 
of résumés sent to our firm, the pool of 
qualified or otherwise highly motivated 
stream restoration candidates appears to be 
growing, and those candidates want to work 
on stream restoration projects full time—
most private sector jobs available still 
only allow for part-time stream restoration 
among other activities. We have also 
noticed that the education and experience 
qualifications of candidates continue to 
improve every year. This improvement 
appears to be due to (�) the expansion of 
undergraduate and graduate programs in 

fluvial geomorphology and river systems 
and (2) the increasing interest in and job 
opportunities for stream restoration. 

There can be no perfect stream restoration 
job candidate, and thus no ideal path to 
success in the field. Clearly, professional 
development begins with education. 
Students are fortunate in that more 
universities now offer at least degree 
emphasis, if not an actual curriculum, in 
open channel restoration (five years ago 
this was not the case). And, with a quick 
glance at these programs, you come to what 
I call the consilience dilemma of stream 
restoration. Defined by E.O. Wilson, 
consilience is “the joining together of 
knowledge across many disciplines.” There 
are many specialty disciplines, which when 
combined in the appropriate mix, comprise 
the field of stream restoration. Ideally, all 
practitioners would have academic training 
in open channel hydraulics, hydrology, 
geology, geomorphology, fisheries, stream 
ecology, botany, and technical writing as 
well as effective 
c o m m u n i c a t i o n 
and interpersonal 
skills. However, 
the depth of 
knowledge required 
in any one of these 
specialty disciplines is arguably more 
than any one person can hope to master. 
The best stream restoration practitioners 
have acquired specialized degrees and 
experience in a specific discipline while 
learning the language of other fields. For 
instance, hydraulic engineers would be 
well served with continuing work in fluvial 
geomorphology, fisheries, ecology, and 
botany, or at a minimum, have a working 
knowledge of commonly used terms and 
concepts in these fields. 

Up until now, I’ve discussed the professional 
areas of stream restoration practice. 

However, it should be clear that technical 
skills are exceedingly important to the 
practice as well. Technical skills can include 
surveying, habitat assessment protocols, 
knowledge of permitting, AutoCAD, and 
GIS (geographic information system). 
AutoCAD Civil 3D is used by many 
firms, and being able to transform total 
station and GPS survey data into working 
topography and grading plans is essential 
for technical engineering staff. In-depth 
HEC-RAS (Hydrologic Engineering 
Centers River Analysis System) modeling 
skills are also a must for stream restoration 
professionals. And, those individuals who 
can augment this skill with hydrologic 
modeling and sediment transport modeling 
are much more competitive when seeking 
employment since the bulk of stream 
restoration practitioners use relatively 
simple one-dimensional models to do their 
work, with two-dimensional and alternative 
models being used infrequently. 

On-the-job training, mentorship, and 
interdisciplinary teams
Stream restoration is as much a craft as it is 
a science. The academic foundation of that 
craft continues to grow. However, taking 
stream restoration from the classroom 
blackboard to completed project requires 
an “Old World” approach to artisanship. 
Inter-Fluve is unusual in that we have 
developed an informal mentorship program. 
This program follows the tradition of 
apprenticeship under a master artisan. 
New staff focus on apprentice tasks such 
as topographic surveying, GIS mapping, 

“The best stream restoration practitioners have 
acquired specialized degrees and experience in a 
specific discipline while learning the language of 
other fields.”
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developing grading plans, collecting 
labor intensive data (e.g., grain size 
analysis), and conducting permit activities 
(e.g., environmental worksheets, permit 
applications, due diligence reviews). 
Responsibility for mentoring apprentice 
staff lies with the senior staff and project 
managers, who are expected to provide 
guidance and walk the new staff through 
past project examples. 

Eventually, our “journeymen” staff take 
on more responsibility, including design 
input, hydrology, development of hydraulic 
models, and CAD detail drawing, and 
participate in geomorphic and other site 
assessments. Journeymen staff accompany 
senior staff to project meetings and observe 
them conducting construction oversight. 
Construction observation skills are where 
craftsmanship comes to the forefront. 
Designing natural systems involves varying 
levels of detail in plans and specifications 
that reflect the uncertainty, or variability, of 
field conditions and materials. For example, 
in a project involving log construction, each 
log is unique. When designing a project 
with 500 logs, it is cost prohibitive to 
provide a design detail for each log. Most 
of our projects, therefore, involve intensive 
construction observation to deal with 
this variability and to guide contractors, 
most of whom are unfamiliar with stream 
restoration methods. Ultimately, we teach 
journeymen staff the craft of stream 
restoration through repeated exposure to 
actual installation. After �0 to �2 years of 
apprenticeship, journeymen staff eventually 
assume the senior roles of lead designer 
and project manager. They can then mentor 
staff using an interdisciplinary approach. 
This interdisciplinary approach requires 
that junior staff mentor under others with 
expertise outside their main discipline. 

Professional development
We encourage professional development 
through a la cart training that consists of 
three main areas: maintaining professional 
licensure or certification, teaching, and 
fulfilling personal interest(s). Engineers and 
geomorphologists maintain professional 

licenses in engineering and geology while 
other disciplines maintain professional 
certification. This work is done through 
engineering extension or continuing 
education classes at major universities. 
Some of our staff, such as those individuals 
involved with our emergency stream 
repair response team or dam removal 
projects, must also maintain certification 
in hazardous materials operations, which 
is often required to enter a work site with 
potentially contaminated soil or water. 
Teaching or presenting research findings 
is also encouraged, and so we offer short 
courses where we teach collaboratively 
with academic programs and present the 
findings of any studies associated with our 
projects. Occasionally, our staff develop 
their interdisciplinary background (perhaps 
pursuing personal interests) by taking 
courses. These courses might include 
sediment transport dynamics, construction 
law, stormwater design, two-dimensional 
hydraulic modeling, erosion control 
certification, contracting, and technical 
writing. The last of these courses, or 
skills, is of particular importance. From 
a project manager’s perspective, strong 
technical writing skills are extremely 
valuable and often hard to find. Projects 
need technical staff and managers who can 
convey complex science to a variety of 
potential readers, including highly trained 
scientists, government officials, and the 
public. Technical staff who cannot write for 
multiple audiences place a burden on those 
individuals forced to edit their work, which 
can be time consuming and frustrating. 
More importantly, those individuals who 
cannot write well lose credibility with 
their first submittal. Senior staff who can 
write well must encourage junior staff 
through good editing, and junior staff 
must continually develop this skill through 
classes and practice. In addition, being able 
to speak to various groups, though not as 
critical for technical staff, is essential for 
those employees who want to manage 
projects someday.

Conclusion
Stream restoration is becoming more 
popular every year, and those projects that 
take an interdisciplinary approach are often 
the most successful in meeting a broad 
range of goals and objectives. Until a few 
years ago, preparing for a career in stream 
restoration, or finding employees that had 
extensive experience with stream restoration 
projects, was unusual—in both the public 
and private sectors. Times are changing, 
and stream restoration has expanded slowly 
into many regions, with the special stream-
based state and federal agency departments, 
university curricula, research centers, and 
nonprofit projects funding programs. In 
addition, various groups around the country 
are now attempting to develop standards of 
practice and guidelines for professional 
licensure while recognizing the experience 
of existing practitioners. I have attempted 
to stress here that formal education and on-
the-job training (including mentorships) 
are important in creating good stream 
restoration practitioners, and that the job 
training component is necessarily long 
term and continuing. If the current trend 
continues, more and more miles of stream 
will be restored in the coming decades. 
And, each of those projects will require a 
stream restoration design team. If academic 
expectation matches the reality of job 
prospects, then the pool of potential stream 
restoration practitioners will be highly 
motivated as well as highly trained, and the 
science will continue to move forward.

Professional Development (continued)

Biographical Sketch
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Improving project success, and improving our use of public funds, necessitates an improved education and training system for river 
restoration practitioners. A well-developed education and training system is also required if river restoration is to elevate itself to the 
level of a professional practice. 

To Conclude....

Highlights from this issue:
Universities and colleges are recognizing the demand for interdisciplinary education in river science and engineering. A handful of 
universities have developed certificate programs, and some universities are exploring graduate degrees in restoration. 

National Center for Earth-surface Dynamics, University of Minnesota, Certificate in Stream Restoration Science and Engineering 
 (http://www.nced.umn.edu/SR_certificate_UofM)
Portland State University, River Restoration Professional Certificate Program 
 (http://epp.esr.pdx.edu/riverrest.html) 

Formal education (university) should provide future practitioners expertise in a specific discipline as well as fundamental, general 
knowledge in the many disciplines used in restoring rivers. University programs are, however, less able to provide real-world 
exposure to design, installation, and project management, which motivates the need for professional development opportunities 
after graduation.
Intra-organization mentorship (i.e., on-the-job training) is a key component of professional development. Currently, river 
restoration does not require formal certification or licensure. As such, it is the responsibility of individual practitioners to ensure 
colleagues, project team members, and managers recognize the importance of mentorship. One of our experts suggest that �0-�2 
years of project experience is required to move from apprentice to lead designer or project manager.
Short courses currently play an important role in providing professional development for stream restoration practitioners. In the 
future, we may see short-course curricula focus more on higher-level or advanced stream restoration topics (versus introductory 
courses). Developing course offerings within the four project stages of assessment, design, implementation, and monitoring is one 
possibility for structuring short courses. 
Postproject monitoring is a potentially powerful mechanism for improving our knowledge and design techniques. However, long-
term, comprehensive monitoring is currently under utilized. 
Short courses will always have time constraints, but course content is often field-based and applied. University, semester-long 
courses offer more in-depth course content and can challenge students with more complex assignments, but these courses are less 
applied. Together, short courses and university education will lead to a more complete education and training system for river 
restoration practice.  

















Up Next
The next Stream Restoration Networker (SRN) will focus on issues of certification and licensure in stream restoration. Some think that it 
is only a matter of time before one will need to be a licensed restoration professional in order to practice restoration design. Is this true? 
What organization will lead the development of professional standards? Who will be impacted most by this type of change? Can other 
environmental fields provide guidance for stream restoration?

SRN Talkback
The Stream Restoration Networker welcomes your ideas and suggestions. In particular, please let us know your thoughts on 
training and education in stream restoration. Send your emails to editor@streamrestoration.net, and we will post your feedback at 
 www.streamrestoration.net.
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Developing	the	Practice:	
Perspectives	on	Certification	and	
Licensure	in	Stream	Restoration 
by	Jeff	Marr,	MS,	PE
Associate	Director	of	Applied	Research
St.	Anthony	Falls	Laboratory
University of Minnesota
Welcome to this winter 2009 issue of the 
Stream Restoration Networker. This time 
around, I am thrilled to point out the two 
additional letters after my name. I’m able 
to do so after making amends with the no-
nonsense Minnesota state licensure board. 
Yes, a few more continuing education 
credits, some late fees, and my oath 
via my signature, and I’m back to the 
honorable status of professional engineer 
(PE). Personally, I’ll admit that I’m quite 
proud of the fact that I’ve achieved PE 
status. Several years of working under 
professional engineers, bracketed by two 
big exams, and I became licensed. Not 
everyone makes it to this point, and the 
fact that I have holds meaning for me. 
Professionally, the PE communicates a 
standard. It communicates to those outside 
of the engineering community a level 
of experience, responsibility, and up-to-
date training. It also communicates to the 
engineer a sense of responsibility: You are 
responsible for the quality of your work, 
and your name is linked to the reputation 
of the whole profession. The processes 
and protocols for professional licensure in 
engineering practice play a major role in 
shaping the quality of engineering services 
performed in the US. 

In this issue of the Stream Restoration 
Networker, we take the opportunity to 
think through what impacts, both positive 
and negative, professional standards would 

have on the field of stream restoration. 
The restoration practice differs in major 
ways from pure engineering, or even other 
professions with licensure or professional 
certification. That said, this topic is an 
important one for our field. Consider 
this—nearly all technical professional 
practices organize themselves and set their 
own “standards of practice.” And, to be a 
recognized participant in these professions, 
you must follow the training, mentoring, 
and certification process defined by the 
governing professional organization. 
Quite simply, the professions that have 
successfully established standards of 
practice rise to a certain level of awareness 
and respect in our society. So, for stream 
restoration, we ask: Is there a need for 
standards of practice in stream restoration? 
If so, who would develop these standards, 
and what form would such standards take?

To examine the issues surrounding 
certification and licensure in stream 
restoration, we sought input from 
several experts in this area. We invited 
the perspectives of two experienced 
practitioners: Steven Kite and Craig 
Fischenich. Steven Kite is an Associate 
Professor of Geology and Geography at 
West Virginia University (WVU). Kite’s 
research interests include applied fluvial 
geomorphology, geoarcheology, and the 
late Cenozoic history of the Appalachian 
Mountains. He has authored 27 refereed 
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articles, 70 published abstracts, and two 
lab manuals and has supervised nearly 40 
master’s and doctoral degrees at WVU. 
Craig Fischenich is a Research Civil 
Engineer with the US Army Engineer 
Research and Development Center and has 
been involved in more than 300 restoration-
type projects in several countries and in 
more than 30 states. Both Steven and Craig 
provide their thoughts on the benefits 
and challenges of a national certification 
process in stream restoration. Finally, 
we examine the experiences of a similar 
professional field that has implemented 
a certification process: the Association 
of State Floodplain Managers (ASFPM). 
The ASFPM developed an exam-based 
certification process in 1999, and now 
there are over 5,800 certified floodplain 
managers (CFMs) across the US. We 
asked ASFPM Deputy Executive Director 
George Riedel, who is also a CFM, to share 
with the Networker the story of ASFPM 
certification, including their motivation, the 
certification process, and the pros and cons 
that they have seen since the program’s 
implementation.
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Working	Towards	Quality	in	Watershed	Restoration
by	J.	Steven	Kite,	PhD
Associate	Professor
Department	of	Geology	and	Geography
West	Virginia	University

Watershed restoration, including stream 
restoration and channel design, is 
interdisciplinary in nature because of 
the complex physical-biological systems 
and human stakeholders involved. The 
restoration process requires diverse skills 
from many different disciplines, including 
ecology, geomorphology, sediment 
transport and sedimentation, hydrology, 
hydraulics, geographic information science, 
assessment, engineering design, field 
construction, monitoring, law, economics, 
community development, stakeholder 
education, and others. No single profession 
has priority over the knowledge used in 
stream and watershed restoration, and no 
single discipline prepares professionals 
for the complete array of required tasks. 
Subsequently, in order to ensure best 
practices and to promote informed 
innovation, the watershed restoration 
profession should offer professional 
certification, licensure, accreditation, or 
registration, which will add the level of 
quality assurance that is currently lacking 
in the industry. 
Before discussing 
what a watershed 
c e r t i f i c a t i o n 
process might 
look like, and who 
should oversee 
the process, let’s 
look at the status 
of professional 
certification within several restoration-
contributing disciplines. 

Professional certification in engineering, 
geology, and physical geography   
The disciplinary diversity underlying 
watershed restoration yields professional 
cultural barriers that translate into 

profoundly differing ideas on certification 
protocols. Currently, there is great 
disparity in the nature and extent of 
professional certification between the 
contributing disciplines. Space does not 
allow exhaustive discussion of all relevant 
fields, but points about these professional 
cultural barriers can be made through a 
comparison of practices in just three US 
professions: engineering, geology, and 
physical geography.

The engineering licensure process, 
which dates to the mid-1960s, is the 
most regimented of the three professions. 
Although there are some state-level 
variations, aspiring engineers in the 
US must progress through a four-step 
process to obtain licensure, as outlined 
on the National Council of Examiners 
for Engineering and Surveying (NCEES) 
website.1 The first step is graduation from an 
engineering program accredited by ABET, 
Inc (formerly the Accreditation Board for 
Engineering and Technology). The next 
step requires passing the Fundamentals 

of Engineering (FE) exam right before or 
soon after college graduation, followed by 
a period of professional work, and then 
finally, passing the Principles and Practice 
of Engineering (PE) exam. The PE exam 
is given in a variety of engineering fields, 
including several related to watershed 
restoration: civil, environmental, 
agricultural, and mining and mineral 

processing. The NCEES website shows 
that all 50 states, the District of Columbia, 
and Puerto Rico have PE licensing boards 
that follow similar protocols.1 

In many states, the licensure of professional 
geologists (PG) is loosely modeled after the 
PE exam, but there is far more state-to-state 
variation in requirements. The American 
Institute of Professional Geologists 
(AIPG) was founded in 1963 to promote 
the profession of geology and to provide 
a framework for establishing standards of 
excellence.2 California was the first state 
to license professional geologists in 1969.3 
The AIPG website shows that professional 
geologist registration or certification is 
required in 31 states, while seven states 
have partial regulation, and two states 
have only a statutory definition describing 
who can practice geology.2 Four and a 
half decades after the AIPG was founded, 
there are still 10 states without a policy 
outlining the qualifications for professional 
geologists. The National Association of 
State Boards of Geology, also known as 
ASBOG, lists 28 states and Puerto Rico as 
using the ASBOG exam in registration, but 
a review of the requirements for each board 
shows that no two ASBOG states have 
exactly the same registration standards.4

Finally, the discipline of physical 
geography, and geography certification, 
lies on the opposite end of the spectrum 
from professional engineer licensure. 
An Internet search on “geography 
certification” will bring forth sites related 
to geography secondary school teacher 
accreditation and numerous programs 
of academic certification in geographic 
information systems but nothing like 
professional licensure or registration for 
geography practitioners. An American 
Society of Professional Geographers 

“...in order to ensure best practices and to promote 
informed innovation, the watershed restoration 
profession should offer professional certification, 
licensure, accreditation, or registration, which will 
add the level of quality assurance that is currently 
lacking in the industry.”
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Working	Towards	Quality	(continued)
once existed, but it was subsumed by the 
Association of American Geographers 
(AAG) sixty years ago. And, an informed 
geographer will associate “PG” with The 
Professional Geographer, a respected 
journal emphasizing empirical studies and 
methodologies but in striking contrast to 
the association that these initials elicit in 
geology.5 

The history of rivalry between professions 
whose subject-matter overlaps has shown 
that professions with formal accreditation 
procedures tend to prevail over those 
without such procedures. This tendency 
should provide a call for professional 
certification in disciplines with laissez-faire 
or inconsistent views on who may practice 
the profession. The hands-off approach 
to certification in these disciplines costs 
individual practitioners dearly in lost 
income. In addition, the lack of control over 
who may practice in these fields leads to 
many projects being completed, or at least 
attempted, without the expertise necessary 
for the task. 

Professions need to work together
Irrespective of professional cultural barriers, 
a watershed restoration certification 
process must serve the best interests of the 
physical, chemical, and biological systems 
being restored, along with the impacted 
stakeholders—not just the self-interest 
of a particular profession. The historic 
disinclination of some disciplines to 
aggressively protect their own professional 
turf does not justify exclusion of these 
professionals from watershed restoration 
projects. It is rare to find individuals steeped 
in one professional tradition who are truly 
able to view a project from all of the 
diverse perspectives required for success 
in the restoration of complex systems. For 
example, in our three-discipline triad of 
professions discussed above, an engineer 
will usually look for ways in which a 
project can be completed, a potentially 
dangerous perspective that may promote 
attempts with little chance of meaningful 
success. In contrast, a geologist almost 
inevitably will look for (and probably 

in no small part, because the academic 
infrastructure to churn out practitioners in 
needed numbers does not now exist and 
will not for a decade or more. Moreover, 
the fact that practitioners can demonstrate 
mastery of restoration issues and techniques 
matters infinitely more than where or how 
they obtain that knowledge. However, no 
existing professional body is in a position to 
oversee watershed restoration certification 
at this time. And, it is unlikely that existing 
professional bodies will ever be able to 
shed their historical bias and develop 
a certification process that is fair to all 
disciplines and is truly in the best interest 
of streams, watersheds, and stakeholders. 
The certification oversight task can be best 
served by a new professional society formed 
to advance watershed restoration practices, 
promote watershed restoration science, and 
engender sound stewardship of rivers and 
streams. This watershed restoration society 
should 1) have effective affiliations with 
existing societies in the many disciplines 
that participate in the endeavor and 2) 
be in the position to promote symbiosis 
between distinct professional and academic 
communities.

Conclusion
The best long-term solution: Practitioners 
and scholars within the watershed 
restoration field should create a watershed 
restoration certification process from 
scratch, acting within a new professional 
society. This process must recognize the 
need for a holistic view of watershed 
restoration that includes recognition and 
examination of specific disciplinary areas. 
Disciplinary areas within a Professional 
Watershed Restoration (PWR) certification 
might include construction, design, 
hydrology, fluvial geomorphology, 
freshwater ecology, and riparian ecology, 
to name just a few. Details over how the 
overall PWR certification process will 
work, and how to integrate the roles of 
specific disciplines, will provide great 
discussion points for years to come.

find) long-term problems that will lead to 
inevitable failure and therefore shun useful 
projects because of a paralysis in the face 
of geologic time. Meanwhile, a geographer 
might typically bring a holistic perspective 
of how the project fits as part of a complex 
open system that includes people’s 
opinions and values, which are often not 
factors considered by many engineers or 
geologists. All three of these perspectives 
are important, along with the perspectives 
of the many other restoration disciplines.  

Ultimately, no single profession or 
discipline should assume to possess 
ownership of the certification process 
for watershed restoration professionals. 
Therefore, a watershed restoration 
certification should be built from the 
ground up. The certification process must 
recognize the broad nature of the work 
involved and the fact that virtually no one 
practicing today has training in all of the 
disciplines that must come together for 
success. It may be desirable to have certain 
disciplines exert control over professional 
standards and practices of certain narrow 
aspects of watershed restoration. However, 
these narrow controls must not exclude all 
professionals from working in aspects of 
restoration for which they are qualified.  

Watershed restoration certification: 
components and oversight 
A watershed restoration certificate 
should indicate that the holder has had 
a minimum level of multidisciplinary 
training in the basics of several watershed-
related fields. Under the current state of 
academic watershed restoration programs, 
too few colleges or universities offer a 
comprehensive watershed restoration 
program to permit anything like ABET 
program accreditation. In the current 
workplace, watershed restoration 
practitioners have pieced together their 
background knowledge from a variety 
of training avenues: traditional academic 
degree programs, topical workshops, short 
courses, and professional experience. 
Any certification process that ignores this 
reality of the existing workforce will fail, 
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Working	
Towards	Quality	
(continued)
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River	Restoration	Certification	Must	Be	Meaningful
by	J.	Craig	Fischenich,	PhD,	PE
Research	Civil	Engineer
US	Army	Engineer	Research	and	Development	Center

In 1996, and again in 2000, I chaired the 
American Society of Civil Engineers 
(ASCE) Wetland Engineering and River 
Restoration conference. In each case, 
we devoted a special session to address 
the issue of certification and continuing 
education requirements for restoration 
practitioners. The primary motivation for 
those sessions was a concern that unless 
we police ourselves to ensure better 
performance, public tolerance of and 
support for river restoration would wane. 
We were also keen to devise a mechanism 
to promote professional development 
for those interested in pursuing river 
restoration, a vocation requiring knowledge 
beyond the limits of any single discipline.  

The concerns and desires that inspired those 
initial special sessions have changed little 
since 1996. At a recent National Center for 
Earth-surface Dynamics (NCED) meeting 
in Utah, a similar group of professionals 
tackled the issue of training for river 
restoration. The topic of certification 
inevitably arose, and although no show of 
hands was solicited, I believe the majority 
in attendance supported the concept, 
while perhaps also recognizing that many 
difficult details must be addressed. A few 
attendees expressed strong advocacy for a 
certification program, and a few attendees 
were ambivalent, which as I recall roughly 
mirrored positions held in 1996 and 2000. 

Reasons for and against certification
Since those initial discussions, I have 
developed a skeptical position on the 
matter of river restoration certification. 
Certification does proffer many potential 
benefits. In several professions (eg, 
nursing, accounting, engineering, etc), 
those individuals who are certified 
earn higher incomes on average than 

colleagues lacking certification. Certified 
professionals often have a broader range 
of job opportunities and a greater degree 
of prestige or status. Other more intrinsic 
benefits include the personal satisfaction of 
achievement derived from the challenge of 
obtaining a certification. Certification also 
helps employers and the public to identify 
qualified service providers. For any 
industry, certification provides a means to 
self-regulate through standardized practices 
and ethical codes. Most importantly, 
certification from a respected, recognized 
organization provides credibility in much 
the same way as does a degree from an 
accredited university.

However, these cited benefits 1) occur only 
when certification reflects achievement 
beyond a basic level of knowledge 
and 2) require a commitment to the 
profession through continued learning, 
skill development, and periodic retesting. 

Unfortunately, many certifications are 
simply postnominal letters bestowed by 
a self-appointed body without regard to 

professional standards: A certification can 
be issued by any organization, training 
center, university, or agency that so chooses. 
These certifications fail to increase the 
level of practice, improve opportunities, 
or safeguard the public interest. In fact, I 
found several Internet-based sites that issue 
certifications. For example, at one website, 
you can obtain certification in “Ecology 
Awareness and Terminology” by paying a 
$9.95 fee and passing an online exam of 
35 questions. If you fail, you can retake 
the exam for an additional $5 until such 
time as you pass, and then you can include 
“CEAT” in your signature block.

Value and scope of certification
Meaningful certifications that satisfy the 
above benefits are typically offered by an 
established professional society, though 
other entities may issue them. One of 

the more significant 
hurdles to establishing 
a recognized, and 
thus meaningful 
certification program 
for river restoration, 
is the identification of 
the responsible entity. 
River restoration is a 
unique field in that it 
engages a wide variety 
of professions, many 
of which already have 
their own form of 
certification or licensure 
(eg, engineers (PE), 
hydrologists (PH),  
fisheries biologists (FP), 
and ecologists (CE)). 

Certification requirements are as varied 
and complex as these disciplines, and 
participation is frequently quite low. For 
example, the American Fisheries Society 

Certification may provide protection to the public and to 
the river restoration community, but several challenges 
must be addressed.
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(AFS) reports that the certification rate 
for fisheries professionals is less than 20 
percent of membership. To be successful, 
we must find a way to make 
certification desirable to a range of 
professions.

Establishing a single, professional 
basis for river restoration above 
and beyond individual disciplinary 
certifications seems worthwhile, 
but just what would we be 
certifying? There is little point, it seems, 
in duplicating existing certifications. So, 
there is no need to certify team members 
as restoration professionals if they can 
otherwise demonstrate proficiency in their 
field through that discipline’s (or a related 
society’s) certification process. However, 
additional knowledge may be required 
for the application of other disciplinary 
skill sets. Therefore, the focus of a river 
restoration certification program could be 
postprofessional certification. Certification 
could also be aimed at the individual who 
works alone on river restoration projects, 
effectively covering all disciplines. 
This also raises the impossible task of 
determining, in a universal sense, the 
proper balance among all of the disciplines 
and skills needed for river restoration work.  

Indeed, the topic of certification raises a 
number of interesting questions. In addition 
to determining who would administer 
a restoration certification program (the 
responsible entity) and what it would be 
certifying, we would also need to establish 
how the standards are determined and 
updated, how tests are generated and 
administered, how to incorporate or avoid 
regional focus, and how to address the 
considerable, fundamental differences 
of opinion among the river restoration 
community regarding alternative 
approaches for restoration design: Those 
differences could effectively ostracize a 
portion of the restoration community if 
they were expressed as requirements in the 
certification process (eg, the requirement 
for a particular proprietary training). So, 
perhaps the river restoration community 
must first address: “What does certification 
mean?” Is it a stamp of approval signifying 

that the bearer has met certain minimum 
requirements related to education or 
experience at one point in time? Or is 

it more? Is it something that imposes 
responsibilities, such as continuing 
education, ethical conduct, and liability? I 
suggest that, to be embraced by the public 
and pursued by the community of practice, 
certification must be meaningful, and 
perhaps, difficult to obtain. 

Certification levels as a way to add 
value
Different “levels” of certification could 
provide a means to distinguish between 
apprentice, journeyman, and master river 
restoration practitioners. An apprentice, 
for example, could be anybody meeting 
the requirements for certification in an 
associated field. A journeyman designation 
may require a minimum level of experience 
and demonstration of subject-matter 
knowledge through an examination. A 
master designation, however, should single 
out those rare individuals who possess both 
the experience and technical background 
to allow them singly, or with minimal 
assistance, to effectively undertake 
complex projects. For example, a master 
practitioner should be able to conduct 
an assessment to determine the causes 
of degradation, to formulate alternatives 
addressing the underlying problems, to 
conduct necessary analyses to prepare 
designs, plans, and specifications, and to 
oversee construction, implementation, 
and monitoring/management. The master 
practitioner should also be intimately 
familiar with associated laws, regulations, 
and permitting requirements. Finally, the 
master practitioner should have a working 
knowledge of the important components 
of the various disciplinary skill sets. That 
means they should understand the principles 

underpinning hydrology, hydraulics, 
sediment transport, geomorphology, 
aquatic ecology, biology, limnology, soil 

science, economics, and 
sociology, among others.

Obviously this is a lot 
to ask, and under this 
type of system, few 
people, even many who 
are currently practicing 
“restoration,” would be 

able to obtain the master certification. In 
fact, it should be difficult to obtain the 
journeyman designation. I would regard 
an examination to be a requirement 
and argue that a significant percentage 
should fail that exam. Many professions 
requiring certification have an examination 
failure rate that keeps standards high and 
practitioners current. Roughly one-third of 
PE, bar, and Certified Public Accountant 
applicants fail their examinations annually. 
This is part of the reason those licenses 
are so coveted, and why those individuals 
who have achieved certification are more 
clearly qualified. 

Conclusion
The benefits of certification can be 
substantial, and there is wide interest 
in establishing a certification program 
for river restoration practitioners. 
However, there remain many obstacles 
to the successful implementation of 
a certification program that would be 
widely recognized by agencies and the 
public and sought after by practitioners. 
I remain skeptical that these obstacles 
will be overcome anytime soon, though 
we may yet develop a challenging and 
meaningful certification program as long as 
the community of practice, regulators, and 
the public continue to call for certification 
of river restoration practitioners. If they 
are, I hope the resulting certification 
program is sufficiently challenging that it 
is meaningful.

Meanwhile, the restoration field must also 
ask itself to consider the issues contributing 
to recurring calls for certification. These 
include shortcomings that range from such 

“One of the more significant hurdles to establishing 
a recognized, and thus meaningful certification 
program for river restoration, is the identification of 
the responsible entity.”

River	Restoration	Certification	(continued)
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fundamental issues as internal debates on 
the definition and goals of restoration to 
specific procedural issues, like the need for 
funding agencies (or regulatory oversight 
agencies) to foresee and minimize faults 
and risks. Whatever one’s opinion of 
certification might be, it is hard to argue 
that certification will solve all restoration 
quality assurance/quality control problems. 
In a field as dynamic and immature as river 
restoration, certification is one of many 
important issues demanding attention.

River	Restoration	Certification	(continued)

Upcoming	Stream	Restoration	Events	Calendar
July 13-17, 2009: Stream Restoration 
Principles 
Utah State University 
Logan, UT

July 13-17, 2009: Fluvial Geomorphology & 
Stream Classification
Minnesota Department of Natural Resources 
Redwood Falls, MN

July 13-August 7, 2009: River Restoration 
Field Institute 
Portland State University Environmental 
Professional Program 
Portland State University and various field 
locations 
Oregon

August 10-14, 2009: Geomorphology and 
Sediment Transport in Channel Design
Utah State University 
Logan, UT

August 16-21, 2009: Geomorphic and 
Ecological Fundamentals for River and Stream 
Restoration 
Sagehen Creek Field Station 
Lake Tahoe, CA

August 17-21, 2009: Stream Restoration
Minnesota Department of Natural Resources 
Fergus Falls, MN

September 22-25, 2009: Stream 
Reconnaissance and Assessment Tools
Portland State University Environmental 
Professional Program 
Leach Botanical Garden 
Portland, OR

April 14-16, 2009: Introduction to River 
Restoration, Part I: Physical Processes 
Portland State University Environmental 
Professional Program 
Leach Botanical Garden 
Portland, OR

April 14-16, 2009: Natural Channel Design 
Principles 
North Carolina State University Stream 
Restoration Program 
Monteith Research Center 
Raleigh, NC

April 27-May 1, 2009: River & Stream 
Restoration: Geomorphic and Ecological 
Processes 
New Jersey Chapter of the American Water 
Resources Association 
Hunterdon County, NJ 

May 19-21, 2009: Introduction to River 
Restoration, Part II: Ecological Processes
Portland State University Environmental 
Professional Program 
Leach Botanical Garden 
Portland, OR

June 1-5, 2009: Ecological and Geomorphic 
Principles of Stream Restoration
University of Maryland 
Cromwell Valley Park 
Baltimore, MD

June 8-12, 2009: Natural Channel Design in 
Dam Removal & Fish Passage
Minnesota Department of Natural Resources 
Fergus Falls, MN

October 9, 2009: Sediment Monitoring - Field 
Techniques 
North Carolina State University Stream 
Restoration Program 
NC Arboretum 
Asheville, NC

November 2-6, 2009: Restoration Design 
Portland State University Environmental 
Professional Program 
Leach Botanical Garden 
Portland, OR

December 8-10, 2009: Restoration Project 
Management 
Portland State University Environmental 
Professional Program 
Leach Botanical Garden 
Portland, OR

The Stream Restoration Networker welcomes your ideas and 
suggestions. In particular, we welcome your thoughts on this 
issue. Send your emails to editor@streamrestoration.net, and we 
will post your feedback at www.streamrestoration.net.



362     Knowledge Transfer Publications

National Center for Earth-surface Dynamics
Annual Report 2009

The Stream Restoration Networker 

(8)
	 2009	•	Volume	3	•	Issue	1

Creating	a	National	Certification	Program	for	
Floodplain	Managers
by	George	Riedel,	CFM
Deputy	Executive	Director
Association	of	State	Floodplain	Managers

An increase in disaster loss means an 
expanding role for the nation’s floodplain 
managers. This expanding role includes 
an emphasis on mitigation to alleviate 
the cycle of damage/rebuild/damage and 
a recognized need for professionals to 
adequately address these issues. In 1999, the 
Association of State Floodplain Managers 
(ASFPM) established a national program 
for certification of floodplain managers. 
With floodplain managers coming from a 
variety of curricula and backgrounds, and 
no college-level degree program available 
for floodplain management, this program 
recognizes the continuing education and 
professional development that enhances 

the knowledge and performance of local, 
state, federal, and private sector floodplain 
managers. 

Certification program: the creation 
process
The process for creating the ASFPM 
National Certified Floodplain Manager 
(CFM) Program began in 1992. At that time, 
ASFPM conducted a survey of members 
to explore the interest and feasibility of a 
national floodplain manager certification 
program. Based on a favorable response to 
the survey, ASFPM approved the process 
to initiate the program. The ASFPM 
Board formed a committee in 1993 to 
research existing floodplain management 
certification programs and certification 

programs of parallel organizations and 
disciplines. Then, in 1995, the ASFPM 
Board created a formal Certification Task 
Force. Initial discussions within the task 
force identified the following topics for 
discussion and clarification:

 ¾ goals,
 ¾ levels and types of certification,
 ¾ certification/recertification,
 ¾ continuing education requirements,
 ¾ testing,
 ¾ training courses, and
 ¾ the program’s expected income and 

expenses.
The Certification Task Force and 

ASFPM Board proceeded 
cautiously from 1993 to 
1996 in addressing the 
certification target audience 
and evaluating potential 
levels of certification, 
including a possible 

“advanced” certification. In March 1996, 
the Certification Task Force developed the 
framework and Charter for the National 
CFM Program. In 1997, after the task force 
developed the Charter, the ASFPM Board 
created the Certification Board of Regents 
to administer the National CFM Program. 
The Charter identified that the Certification 
Board of Regents include representatives 
from local government, ASFPM  state 
chapters, state government, Federal 
Emergency Management Agency (FEMA), 
FEMA’s Emergency Management Institute, 
academia, and the private sector. 

Once established, the Certification Board of 
Regents drafted the vision and goals for the 
National CFM Program. The Certification 
Board of Regents determined that the vision 
of the program is for every state to establish 

a cadre of certified professionals who 
provide state-specific technical assistance 
and guidance to their communities in order 
to ensure effective floodplain management. 
The Certification Board of Regents then 
determined the primary and secondary 
goals of the program. The primary goal: 
to help reduce the nation’s flood losses 
and to protect and enhance the natural 
resources and functions of its floodplains 
by improving the knowledge and abilities 
of the nation’s floodplain managers. This 
goal will be achieved over time through the 
following actions:

 ¾ Encouraging self-study and attendance 
at training courses in order to pass 
testing and obtain certification;

 ¾ Requiring continuing education 
(within each two-year period) as a 
condition of certification renewal; and

 ¾ Ensuring that CFMs have an 
awareness, not only of the National 
Flood Insurance Program, but 
of comprehensive floodplain 
management.

The secondary goal of the National CFM 
Program is to increase the prominence of 
floodplain management in decision making 
by local officials and by the public. This 
goal will be achieved on a larger scale 
and over a longer time frame through the 
following actions:

 ¾ Improving the recognition of 
floodplain management as a specific 
discipline,

 ¾ Providing greater credibility and 
visibility for the profession,

 ¾ Increasing the education and training 
opportunities for floodplain managers 
through partnerships with other 
organizations, and

“With over 5,800 CFMs nationally, 
ASFPM believes the National CFM 
Program has fulfilled its intent. Though 
with success come challenges.”
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 ¾ Encouraging CFMs to contribute 
to the profession of floodplain 
management for the betterment of the 
nation.

In 1998, the Certification Board of Regents 
created a national CFM exam pool: They 
piloted a national CFM exam at the ASFPM 
Annual Conference in May 1998. Based on 
lessons learned, the Certification Board 
of Regents and ASFPM’s Professional 
Development Committee modified the 
initial CFM exam and officially offered 
this modified exam at the ASFPM Annual 
Conference in May 1999. This national CFM 
exam measures an individual’s knowledge 
of a community’s responsibilities under the 
National Flood Insurance Program and of 
related floodplain management topics. The 
120-question certification exam covers the 
following areas:

 ¾ overall context of floodplain 
management,

 ¾ floodplain mapping,
 ¾ National Flood Insurance Program 

regulatory standards,
 ¾ regulatory administrative procedures,
 ¾ flood insurance,
 ¾ flood hazard mitigation, and
 ¾ natural and beneficial functions.

Role of continuing education in 
certification
There are currently over 5,800 CFMs in 
the United States. As part of maintaining 
ASFPM certification status, CFMs must 
stay current in their knowledge of floodplain 
management policies and concepts through 
continuing education (within each two-
year period). The continuing education 
credits required for CFM status are 
divided into core and parallel floodplain 
management subjects. Core floodplain 
management subjects are directly related 
to the field of floodplain management: 
floodplain mapping, floodplain regulation, 
floodproofing, flood hazard mitigation, 
and floodplains and ecosystems. Parallel 
floodplain management subjects are 

Creating	a	National	Certification	
Program	(continued)

indirectly related to the field of floodplain 
management: emergency management, 
land use management, stormwater 
management, watershed management, 
dam safety, and building construction. 
Continuing education credits in either 
area can be met through a combination of 
formal courses, university short courses, 
home study courses, technical conferences, 
and workshops.

Conclusion
In summary, the original intent of the 
National CFM Program was 1) to provide 
a way to recognize the professionalism 
of floodplain management activities and 
2) to provide a process for floodplain 
management professionals that allows 
them to stay current with state/federal 
regulations and legislative requirements. 
The certification process also means that 
CFMs have an awareness, not only of the 
National Flood Insurance Program, but of 
comprehensive floodplain management. 
With over 5,800 CFMs nationally, ASFPM 
believes the National CFM Program has 
fulfilled its intent. Though with success 
come challenges. The biggest challenge 
facing the Certification Board of Regents  
and the National CFM Program lies in 
providing sufficient continuing education 
credit opportunities, though ASFPM and 
the Certification Board of Regents  continue 
to work on this issue. However, even with 
this challenge, the National CFM Program 
has laid a foundation for ensuring that 
highly qualified individuals are available 
to meet today’s floodplain management 
challenges: breaking the damage cycle and 
stopping its negative drain on the nation’s 
human, financial, and natural resources.
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To	Conclude....
The maturation of stream restoration from a young field into a recognized professional practice requires us to address several major 
issues. Establishment of a standards of practice for stream restoration is one of these issues and is an especially difficult challenge 
because of the regional variability (see the Networker volume 1, issue 1) and multidisciplinary nature of our work. All three of our authors 
have suggested, in one way or another, that a professional organization is required to carry out development and implementation of a 
certification/licensure process. However, in stream restoration, this organization has yet to emerge. Is there an existing organization in 
the restoration field that can take this on and provide equitable representation of all the important technical aspects of stream restoration? 
Or, as one author suggests, is a wholly new organization needed? Clearly, identifying a “responsible professional entity” is a necessary 
first step. 

Without a doubt, it will be interesting to watch the stream restoration profession and see how events unfold in the years ahead. Will the 
field move forward as it does currently—practitioner by practitioner, firm by firm, conference by conference? Will there be a movement 
from within the restoration community to organize and develop a new professional society? Will external pressure resulting from 
funding agencies and clients force us to standardize the practice? Professional certification in stream restoration is a grand challenge 
indeed but one that, as our authors suggest, would have “substantial” benefits for the field. 

SRN	Talkback
Approximately 2,000 people receive this publication, and nearly all of you have subscribed to the Stream Restoration Networker (SRN) 
on your own, which suggests to us that you seek information on stream restoration. So, what do you think? We are interested in hearing 
your feedback on the issue of certification in restoration. 

 ¾ Do you think there’s a need for certification? For establishing a standards of practice?
 ¾ Do you think it’s possible to have a certification program for such a multidisciplinary field?
 ¾ Is there a need for a new professional organization or society for stream restoration?
 ¾ Would you support a professional society with your pocketbook (paying annual membership, etc)? 

Send your emails to editor@streamrestoration.net, and we will post your feedback at www.streamrestoration.net.

Up	Next
In the next Stream Restoration Networker, we will pursue what multidisciplinary topics would need to be considered to create a standards 
of practice for stream restoration. What would a certification exam look like?
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MYRES III: Dynamic Interactions of Life and its Landscape. 
Submitted to National Research Council Sep. 8, 2008.

 A Frontier in Earth Surface Processes: Dynamic Interactions of Life and its Landscape 
Submitted by Douglas J. Jerolmack (sediment@sas.upenn.edu) on September 8, 2008, 
on behalf of the MYRES III organizing committee* and conference delegates.  

Abstract 
In this report we outline the consensus view of a select group of early-career researchers on the current state and outlook 
of a frontier in Earth surface processes. A long-standing paradigm is that physical processes sculpt a landscape and set the 
template on which biological agents occur; these biological agents then interact with each other and with their environment 
within the constraints of this habitat template. However, it is increasingly recognized that biotic agents can actually shape 
the abiotic environment directly, leading to the important recognition that life and the landscape interact and feedback upon 
one another over a wide variety of temporal and spatial scales. Failure to incorporate the dynamic interactions among human 
activity, biota, surface processes (and perhaps biogeochemical cycles) in landscape studies limits our ability to predict the 
response of landscapes to human disturbance and climate change. This limitation is a direct result of the poor communication 
between the ecological and geomorphological communities and consequent paucity of interdisciplinary research. Recognition 
of this failure led us to host an NSF-sponsored Meeting of Young Researchers in Earth Science (MYRES) III, titled Dynamic 
Interactions of Life and its Landscape. This workshop acted as a community building event for early-career scientists work-
ing at the interface between geomorphology and biology/ecology. Almost eighty competitively selected participants from 
six continents took part in four days of invited talks and extensive discussions with the goals of: (1) Examining the state of 
the science of ecological-geomorphological feedbacks that may influence landscape evolution; (2) Determining knowledge 
gaps where a lack of understanding of eco-geo feedbacks is currently limiting progress in predicting landscape response to 
climate change; (3) Generating new hypotheses for how, and under what conditions, biological communities influence and 
respond to landscape change; (4) Outlining the needs of the scientific community, over short and long terms, to address key 
knowledge gaps identified at the meeting; and (5) meeting potential collaborators to initiate research based on ideas emerging 
from the workshop. Several broad themes emerged from these discussions that serve to focus and motivate future research: 
(1) “Co-evolution of landforms and biological communities”; (2) “Biogeochemical cycles as a feedback link between life and 
the landscape”; (3) ”Developing interdisciplinary, predictive science to inform landscape restoration practice”; (4) “Landscape 
resilience and response to climate change”; and (5) “Humans as geomorphic agents”. We have identified eight challenges 
that our community must meet over both the short- and long-term, and the specific needs of the community to address these 
challenges. Our hope is that recognition of these challenges and needs will lead to the refinement of current research funding 
strategies and a significant increase in the number of co-sponsored projects within NSF and between NSF and other non-USA 
funding agencies. 

*The conference organizing committee was composed of: Liam Reinhardt (U. Exeter,: Chair); Douglas Jerolmack (U. 
Pennsylvania: Co-chair), Karen Campbell (UMN), Cailin Huyck Orr (UMN), Wonsuck Kim (U. Illinois), , Anne Lightbody 
(UMN), Nikki Strong (UMN), Michal Tal (Inst. Phys. Globe, Paris France), Jane Willenbring (U. Hanover, Germany) and 
Matthew Wolinsky (UMN) 
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Appendix N: Graduate Student Theses

2008:

Borazjani, I. (2008), Numerical Simulations of Fluid-Structure Interaction Problems in Biological Flows, PhD thesis, Dept. 
of Mechanical Engineering, advisor F. Sotiropoulos, University of Minnesota, Minneapolis.

Eke, E. (2008), Breaching as a mechanism for generating sustained turbidity currents, MS thesis, Dept. of Civil Engineering, 
advisor G. Parker, University of Illinois, Urbana-Champaign.

Escauriaza, C. (2008), Three-dimensional unsteady modeling of clear-water scour in the vicinity of hydraulic structures: 
lagrangian and eulerian perspectives, PhD thesis, Dept. of Civil Engineering, advisor F. Sotiropoulos, University of 
Minnesota, Minneapolis.   

George, T. (2008), 3D Seismic Evaluation of Fault Control on Quaternary Subsidence Patterns, Rates, and Related Surface 
Morphology in Southeastern Louisiana, MS thesis, Dept. of Geological Sciences, advisor D. Mohrig, University of 
Texas, Austin.

Lamb, M. (2008), Formation of Amphitheater-headed Canyons, PhD thesis, Dept. of Earth and Planetary Science, advisor 
B. Dietrich, University of California, Berkeley.

Qian, Q. (2008), Solute exchange with sub-aqueous sediments: hydrodynamic interactions with advection flows induced 
by surface waves or bedforms, PhD thesis, Dept. of Civil Engineering, advisors V. Voller and H. Stefan, University of 
Minnesota, Minneapolis.

Sequeiros, O. (2008), Bedload transport, self acceleration, downstream sorting, and flow dynamics of turbidity currents, 
PhD thesis, Dept. of Civil Engineering, advisor G. Parker, University of Illinois, Urbana-Champaign.

Tal, M. (2008), Interactions between vegetation and braiding leading to the formation of single-thread channels in a 
laboratory experiment, PhD thesis, Dept. of Geology, advisor C. Paola, University of Minnesota, Minneapolis.

Tsai, C. (2008), Application of the HYMAN Model to evaluate the water and salt budgets in three mangrove sites along 
Shark River, Everglades, MS thesis, Dept. of Civil and Environmental Engineering, advisors C. Willson and R. Twilley, 
Louisiana State University, Baton Rouge.

2007:

Ancalle, J. (2007), Experimental study on the hydraulics of high-amplitude kinoshita-generated meandering channels, MS 
thesis, Dept. of Civil Engineering, advisor G. Parker, University of Illinois, Urbana-Champaign.

Chatanantavet, P. (2007), Physically-based models of bedrock incision processes in mountain streams, PhD thesis, Dept. of 
Civil Engineering, advisor G. Parker, University of Minnesota, Minneapolis.

Green, M. (2007), Hydrologic influence of stream water nitrogen to phosphorus ratios, PhD thesis, Water Resources Center, 
J. Finlay, University of Minnesota, Minneapolis.

Haydel, R. (2007), Channel incision into mixed-sized reservoir sediments caused by dam removal, MS thesis, Dept. of Civil 
and Environmental Engineering, advisor G. Parker, University of Illinois, Urbana-Champaign.

Kim, W. (2007), Coupled fluvial and shoreline dynamics: Experiments and theory, PhD thesis, Dept. of Geology and 
Geophysics, advisors C. Paola and V. Voller, University of Minnesota, Minneapolis.

Martin, J. (2007), Quantitative sequence stratigraphy, PhD thesis, Dept. of Geology and Geophysics, advisor C. Paola, 
University of Minnesota, Minneapolis.

Rowland, J. (2007), Tie channels, PhD thesis, Dept. of Earth and Planetary Science, advisor B. Dietrich, University of 
California, Berkeley.
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Ruch, J. (2007), Minnesota River project: Sediment budget and decision-making for watershed restoration (project thesis), 
MS thesis, Dept. of Geography and Environmental Engineering, advisor B. Hobbs, The Johns Hopkins University, 
Baltimore.

Shafran, A. (2007), Essays on economic choice in the presence of endogenous and interdependent risks, PhD thesis, Dept. 
of Economics, advisor N. Flores, University of Colorado, Boulder.

Solís, H. (2007), Identification and quantification of source waters to streamflow using hydrograph separation and End 
Member Mixing Analysis, in a paired watershed setting, Southeastern Minnesota, MS thesis, Dept. of Ecology, Evolution, 
and Behavior, advisors J. Nieber and J. Finlay, University of Minnesota, Minneapolis.

Stoll, R. (2007), Surface heterogeneity effects on turbulent fluxes in the atmospheric boundary layer, PhD thesis, Dept. of 
Civil Engineering, advisor F. Porté-Agel, University of Minnesota, Minneapolis.

Straub, K. (2007), Quantifying turbidity current interactions with topography, PhD thesis, Dept. of Earth, Atmospheric, and 
Planetary Sciences, advisor D. Mohrig, Massachusetts Institute of Technology, Cambridge.

Wan, F. (2007), Evaluation of dynamic subgrid-scale models in large-eddy simulations of neutral turbulent flow over a two-
dimensional rough sinusoidal hill, MS thesis, Dept. of Civil Engineering, advisor F. Porte-Agel, University of Minnesota, 
Minneapolis.

2006:

Blumentritt, D. J. (2006), Constraining slip rates using cosmogenic isotopes (10Be and 3He) and ASLM data: Calico fault, 
Mojave desert, California, MS thesis, Dept. of Geology, advisor L. Perg, University of Minnesota, Minneapolis.

Carper, M. (2006), A priori studies of subfilter-scale physics in turbulent boundary layers, PhD thesis, Department of Civil 
Engineering, advisor F. Porté-Agel, University of Minnesota, Minneapolis.

Grams, P. (2006), Sand transport over a coarse and immobile bed, PhD thesis, Dept. of Geography and Environmental 
Engineering, advisor P. Wilcock, Johns Hopkins University, Baltimore.

Jerolmack, D. (2006), Modeling the dynamics and depositional patterns of sandy rivers, PhD thesis, Dept. of Earth, 
Atmospheric & Planetary Sciences, advisor D. Mohrig, Massachusetts Institute of Technology, Cambridge.

Lauer, W. (2006), Channel-floodplain interaction on meandering rivers, PhD thesis, Dept. of Civil Engineering, advisor G. 
Parker, University of Minnesota, Minneapolis.

O’Connor, B. (2006), Fluid-flow effects denitrification hot spot activity in streams, PhD thesis, Dept. of Civil Engineering, 
advisor M. Hondzo, University of Minnesota, Minneapolis.

Perron, T. (2006), Formation of evenly spaced ridges and valleys, PhD thesis, Dept. of Earth and Planetary Science, advisor 
B. Dietrich, University of California, Berkeley.

Sittoni, L. (2006), The development and application of a shallow water model for flow over sediment fans, MS thesis, Dept. 
of Civil Engineering, advisors V. Voller and C. Paola, University of Minnesota, Minneapolis.  

Strong, N. (2006), Mass balance effects in clastic fluvial stratigraphy, PhD thesis, Dept. of Geology and Geophysics, advisor 
C. Paola, University of Minnesota, Minneapolis.

Theodoratos, N. (2006), The effect of channel-floodplain interactions on the scaling of floods, MS thesis, Dept. of Civil 
Engeering, advisor E. Foufoula-Georgiou, University of Minnesota, Minneapolis.

Wong, M. (2006), Model for erosion, transport and deposition of tracer stones in gravel-bed streams, PhD thesis, Dept. of 
Civil Engineering, advisor G. Parker, University of Minnesota, Minneapolis.

Yager, E. (2006), Prediction of sediment transport in steep, rough streams, PhD thesis, Dept. of Earth and Planetary Science, 
advisor B. Dietrich, University of California, Berkeley.
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2005:

Markfort, C. D. (2005), Dissolved oxygen measurements in aquatic environments: the effects of changing temperature 
and pressure on three sensor technologies, MS thesis, Dept. of Civil Engineering, advisor M. Hondzo, University of 
Minnesota, Minneapolis.

Passalacqua, P. (2005), Scale dependence and subgrid-scale closure in numerical simulations of landscape evolution, MS 
thesis, Dept. of Civil Engineering, advisor F. Porté-Agel and E. Foufoula-Georgiou, University of Minnesota, Minneapolis.

Suttle, K. B. (2005), Spider interactions with arthropod prey and their consequences in temperate and tropical communities, 
PhD thesis, Dept. of Department of Integrative Biology, advisor M. E. Power, University of California, Berkeley.

Tilman, E. (2005), Scaling relationships for the depth and width of channels in an experimental braided river, MS thesis, 
Dept. of Civil Engineering, advisor E. Foufoula-Georgiou, University of Minnesota, Minneapolis.

Warnaars, T. A. (2005), The influence of fluid motion on freshwater algae: a biophysical investigation, PhD thesis, Dept. of 
Civil Engineering, advisor M. Hondzo, University of Minnesota, Minneapolis.

2004:

Basu, S. (2004), Large-eddy simulation of stably stratified atmospheric boundary layer turbulence: a scale-dependent 
dynamic modeling approach, PhD thesis, Dept. of Civil Engineering, advisor E. Foufoula-Georgiou and F. Porté-Agel, 
University of Minnesota, Minneapolis.

Gupta, R. (2004), Parametric and non-parametric approaches for validation and blending of multi-sensor precipitation 
estimates, MS thesis, Dept. of Civil Engineering, advisor E. Foufoula-Georgiou, University of Minnesota, Minneapolis.

Lyons III, W. J., (2004), Quantifying channelized submarine depositional systems from bed to basin scale, PhD thesis, Dept. 
of Earth, Atmospheric & Planetary Sciences, advisor D. Mohrig, Massachusetts Institute of Technology, Cambridge.

McNeely, F. C. (2004), Herbivore responses to stream size gradients in a Northern California watershed, PhD thesis, Dept. 
of Integrative Biology, advisor M. E. Power, University of California, Berkeley.

Sheets, B. A. (2004), Assembling the alluvial stratigraphic record: spatial and temporal sedimentation patterns in experimental 
alluvial systems, PhD thesis, Dept. of Geology and Geophysics, advisor C. Paola, University of Minnesota, Minneapolis.

Weiss, J. D. (2004), Laboratory measurements of stormwater quality improvement in detention ponds, MS thesis, Dept. of 
Civil Engineering, advisor M. Hondzo, University of Minnesota, Minneapolis.

2003:

Dodov, B. A. (2003), Analysis of the effects of channel morphometry and network topology on the nonlinearity of hydrologic 
response as a function of scale, PhD thesis, Dept. of Civil Engineering, advisor E. Foufoula-Georgiou, University of 
Minnesota, Minneapolis.

Hasbargen, L. E. (2003), Erosion in steady state drainage basins, PhD thesis, Dept. of Geology, advisor C. Paola, University 
of Minnesota, Minneapolis.

Lima Vivancos, V. (2003), Unsaturated flow in layered media, MS thesis, Dept. of Civil Engineering, advisor V. R. Voller, 
University of Minnesota, Minneapolis.

Sklar, L. S. (2003), The influence of grain size, sediment supply, and rock strength on rates of river incision into bedrock, 
PhD thesis, Dept. of Earth and Planetary Science, advisor W. E. Dietrich, University of California, Berkeley.

Stock, J. D. (2003), Incision of steepland valleys by debris flows, PhD thesis, Dept. of Earth and Planetary Science, advisor 
W. E. Dietrich, University of California, Berkeley.

Violet, J. A. (2003), Experiment on turbidity currents and their deposits in a model 3D subsiding minibasin, MS thesis, Dept. 
of Civil Engineering, advisor G. Parker, University of Minnesota, Minneapolis.
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Wright, S. A. (2003), Density stratification, suspended-sediment transport, and downstream fining in large, low-slope, sand-
bed rivers, PhD thesis, Dept. of Civil Engineering, advisor G. Parker, University of Minnesota, Minneapolis.

2002:

O’Connor, B. L. (2002), Variability of water quality and sediment provenance in the Minnesota River Basin, MS thesis, 
Dept. of Civil Engineering, advisor M. Hondzo, University of Minnesota, Minneapolis.

Toniolo, H. A. (2002), Debris flows and turbidity current deposition in the deep sea and reservoirs, PhD thesis, Dept. of Civil 
Engineering, advisor G. Parker, University of Minnesota, Minneapolis.
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Appendix O: Acronyms

Key to acronyms and abbreviations used in this report:
1D one dimensional
2D two dimensional
3D three dimensional 
4D four dimensional
AA Associate in Arts
AAAS American Association for the Advancement of Science
AAPG American Association of Petroleum Geologists
ACRR Angelo Coast Range Reserve (NCED field site)
ACWI Advisory Committee for Water Information 
ADV Acoustic Doppler Velocimeter
AEM adaptive environmental management
AGEP Alliances for Graduate Education and the Professoriate
AGIC Antarctic Geospatial Information Center
AGU American Geophysical Union
AIHEC American Indian Higher Education Consortium
AISES American Indian Science and Engineering Society
ALSM Airborne Laser Swath Mapping
AMNH American Museum of Natural History (New York)
ANAMS ando-giikendaasowin Native American Math and Science Camps
ANWI Angelo Wireless Network Infrastructure
APEXES Academic Programs for Excellence in Engineering and Science
ArcGIS an integrated collection of GIS software products
ArcIMS Internet map server (ESRI software)
ASCE American Society of Civil Engineers
ASTC  Association of Science and Technology Centers
ASU Arizona State University
AWG Association for Women Geoscientists
BACI before, after, control, impact
BBY Big Back Yard (Science Museum of Minnesota)
BMP best management practices
BNHM Berkeley Natural History Museum
BRIC Bedload Research International Cooperative
BS Bachelor of Science
CALFED 25 state and federal agencies working cooperatively to improve the quality and reliability of California’s 

water supplies while restoring the Bay-Delta ecosystem
CAP LTER Central Arizona-Phoenix Long-Term Ecological Research
CBC California Biodiversity Center
CCEFP Center for Compact and Efficient Fluid Power
CCLI Course, Curriculum, and Laboratory Improvement
CEM Conceptual Ecological Modeling
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CENS Center for Embedded Networked Sensing (NSF STC)
CERC Columbia Environmental Research Center (USGS research facility located in Columbia, MO)
CERP Comprehensive Everglades Adaptive Management Program
CERP Comprehensive Ecosystem Restoration Plan (SAIP section)
CFD computational fluid dynamics
CFE Center for Future Earth (Science Museum of Minnesota)
CFS cubic feet per second
CGEE Center for Global Environmental Education
CLEANER Collaborative Large-scale Engineering Analysis Network for Environmental Research (NSF)
CLEAR Coastal Louisiana Ecosystem Assessment and Restoration
CME Coastal & Marine Environments
CNH Dynamics of Coupled Natural and Human Systems
CNSF Coalition for National Science Funding
CPOM Coarse Particulate Organic Matter
CREST Centers of Research Excellence in Science and Technology
CRA Critical Research Area
CRN Cosmogenic Radionuclide
CSC College of St. Catherine
CSDMS Community Surface Dynamics Modeling System
CSIRO Commonwealth Scientific and Industrial Research Organisation (in Australia) 
CUAHSI Consortium of Universities for Advancement of Hydrologic Science Inc.
CUAHSI-HIS Consortium of Universities for Advancement of Hydrologic Science Inc.-Hydrologic Information System
CU-Boulder University of Colorado, Boulder
CUNY City University New York
CURVIB Curvilinear Immersed Boundary
CV coefficient of variation
CZEN Critical Zone Exploration Network
CZO Critical Zone Observatories
DA Decision Analysis
DAQ data acquisition
DEM Digital Elevation Model
DEM distinct element model (included in DWIP and Management sections)
DGS Director of Graduate Studies
DHVSM Distributed Hydrology Soil Vegetation Model
DLESE Digital Library for Earth System Education 
DNR Department of Natural Resources
DO dissolved oxygen
DRB Director’s Review Board
DRK12 Discovery Research K-12 
DSL Digital Subscriber Line (Internet access method)
DV Diversity
DW Desktop Watersheds
DWIP Desktop Watersheds Integrated Program
DWPG Desktop Watersheds Partners Group
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E4 energy, environment, economics, and education
EAB External Advisory Board (NCED)
EBD Emotionally and Behaviorally Disturbed
EC Executive Committee
ECCOMAS European Community on Computational Methods in Applied Science
ED Education
EGS European Geological Society
ENSO El Niño/Southern Oscillation
EPA Environmental Protection Agency
ERDC Engineer Research and Development Center (US Army Corps of Engineers)
ESA Ecological Society of America
ESLI Earth Science Literacy Initiative
ESR EarthScapes School Residency (SMM): previously referred to as School Contact Program
ESRI GIS and Mapping Software (company)
ESTREAM Earth Science Teacher Researchers Exploring Active Modeling
ETI EarthScapes Teacher Institute (SMM)
EUG European Union of Geosciences
EVL Electronic Visualization Laboratory (University of Illinois, Chicago)
EWRI Environmental & Water Resources Institute (ASCE)
F2F Faculty to Faculty Program
FDLTCC Fond du Lac Tribal and Community College
FEI Future Earth Initiative
FIRST For Inspiration and Recognition of Science and Technology
FIU Florida International University
FPOM Fine Particulate Organic Matter
GCMRC Grand Canyon Monitoring and Research Center
GEM National Consortium for Graduate Degrees for Minorities in Engineering and Science
GEO Geosciences (NSF)
GGRP Global Great Rivers Partnership
GIS Geographic Information Systems
GLD Geomorphology and Landuse Dynamics
GLOBE Global Learning and Observations to Benefit the Environment
GMA Graduate Museum Assistant (NCED)
GMA Graham Mathews and Associates (SRIP and KT sections)
GPM Global Precipitation (satellite) Mission (a new NASA mission)
GPP gross primary production 
GRA General Research Area
GSA Geological Society of America
GSC Graduate Student Council (NCED)
HACU Hispanic Association of Colleges and Universities
HD high definition (in video)
HEC-RAS Hydrologic Engineering Centers River Analysis System (see also USACE)
HG Hydraulic Geometry
H/L Hispanic/Latino
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HPWREN High Performance Wireless Research and Education Network
HSC Headwaters Science Center
IAF Incremental Area Function
IAHS International Association of Hydrological Sciences
IAS International Association of Sedimentologists
IBSMW International Bedload Surrogates Monitoring Workshop
ICG International Center for Geohazards
IGERT Integrative Graduate Education and Research Traineeship
INSTAAR Institute of Arctic and Alpine Research 
IonE Institute on the Environment
IP Integrated Program (within NCED) and formerly referred to as Integrated Project
IREP International Research Experience Program
IRES International Research Experiences for Students
ISE Informal Science Education (NSF)
ISEF Intel International Science and Engineering Fair
ISL Indoor StreamLab
ISO International Organization for Standardization
iSURF inverse surface-based transport calculations (an NCED SR Toolbox tool)
IT Information Technology
IUH instantaneous unit hydrograph
JGR-ES Journal of Geophysical Research-Earth Surface 
JHU The Johns Hopkins University
KAYSC Kitty Andersen Youth Science Center
KT Knowledge Transfer
LACPR Louisiana Coastal Protection and Restoration 
LBNL Lawrence Berkeley National Laboratory
LCA Louisiana Coastal Authority
LES Large Eddy Simulation
LIDAR light detection and ranging (an optical remote sensing technology)
LPM long-profile model
LSAMP Louis Stokes Alliances for Minority Participation (NSF HRD)
LS LAMP Louis Stokes Louisiana Alliance for Minority Participation
LSU Louisiana State University
LTER Long Term Ecological Research
MAST Multi-Axial Subassemblage Testing
MCC Minnesota Conservation Corps
MCDA multicriteria decision analysis 
MD-SWMS USGS’s Multidimensional Surface-Water Modeling System
MESTA Michigan Earth Science Teachers Association
MF Multifractal
MIT Massachusetts Institute of Technology
MNLSAMP Minnesota Northstar Louis Stokes Alliance for Minority Participation
MNP Maltby Nature Preserve (now “Science Center at the Maltby Nature reserve”)
MNRRA Mississippi National River and Recreation Area
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MOU Memorandum of Understanding
MRB Minnesota River Basin
MRDDM Mississippi River Delta Desktop Model
MRSEC The University of Minnesota Materials Research Science and Engineering Center
MS Master of Science
MSI minority-serving institution
MSI Minnesota Supercomputer Institute (KT section)
MST Minimal Spanning Tree
MYRES Meeting of Young Researchers in Earth Science
NABS North American Benthological Society 
NAGT National Association of Geoscience Teachers
NAISEF National American Indian Science and Engineering Fair
NAS National Academy of Sciences
NASA National Aeronautics and Space Administration
NBTC Nanobiotechnology Center
NCALM National Center for Airborne Laser Mapping (NSF-supported)
NCAR National Center for Atmospheric Research
NCEAS National Center for Ecological Analysis and Synthesis
NCED National Center for Earth-surface Dynamics
NCHRP National Cooperative Highway Research Program 
NDCSMC National Design, Construction, and Soil Mechanics Center
NDS Nutrient Diffusing Substrate
NEES Network for Earthquake Engineering Simulation
NEMO Nonpoint Education for Municipal Officials
NESTA National Earth Science Teachers Association
NIWA National Institute of Water and Atmospheric Research, New Zealand
NOAA National Oceanic and Atmospheric Administration
NPR National Public Radio
NRC National Research Council
NRCEN National Science Foundation Research Center Educators Network 
NRCS Natural Resources Conservation Service
NRRSS National River Restoration Science Synthesis
NSBE National Society of Black Engineers
NSF National Science Foundation
NSTA National Science Teachers Association
NWIS National Water Information System
OCN Optimal Channel Networks
ODM Observations Data Model
OLERR Outdoor Laboratory for Ecogeomorphology and River Restoration
ONR Office of Naval Research
OSL Outdoor StreamLab
OSL Optically Stimulated Luminescence (included in DWIP section)
OWEB Oregon Watershed Enhancement Board
PAR photosynthetically active (solar) radiation
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PDE partial differential equation
PDE probability density equation
PDF Probability Density Function
PGE Portland General Electric
PI Principal Investigator
PIV particle image velocimetry
PLIF planar laser induced fluorescence 
PR Puerto Rico or Puerto Rican
PRRSUM Partnership for River Restoration and Science in the Upper Midwest
PSEO Post-secondary Education Option
PUB Singapore’s national water agency
QEM Quality Education for Minorities
R2 R2 Resource Consultants
RAM read access memory
RANS Reynolds Averaged Numerical Simulations
RC Research Cooperatives
RCW River Corridor Width
REU Research Experience for Undergraduates (NSF-funded)
RFID Radio Frequency Identification
RFS Richmond Field Station  (University of California, Berkeley)
ROADnet Real-time Observatories, Applications, and Data management Network
RRNW River Restoration Northwest
RWMWD Ramsey Washington Metro Watershed District
SA Subsurface Architecture
SACNAS Society for the Advancement of Chicanos and Native Americans in Science
SAFL St. Anthony Falls Laboratory
SAHRA Sustainability of semi-Arid Hydrology and Riparian Areas (NSF STC)
SAIP Subsurface Architecture Integrated Program
SAN Storage Area Network
SAPG Subsurface Architecture Partners Group
SCP School Contact Program (SMM): now  referred to as ESR
SCWRS St. Croix Watershed Research Station
SEEDS Strategies for Ecology Education, Diversity and Sustainability: Diverse People for a Diverse Science
SEG Society of Exploration Geophysicists 
SEPM Society for Sedimentary Geology
SERC Science Education Resource Center
SERC Smithsonian Environmental Research Center (included in Education section)
SHIRAZ A computer model developed at the University of Washington to incorporate fish habitat relationships into 

conservation planning.  Part of the Puget Sound Regional Synthesis Model.
SHPE Society of Hispanic Professional Engineers
SIDS Sudden Ionospheric Disturbance
SIESP Summer Institute on Earth-surface Processes
SIP Strategic and Implementation Plan
SMC Seven Mile Creek
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SMM Science Museum of Minnesota 
SMRS Sediment Monitoring and Recirculation System
SNR signal-to- noise ratios
SOS Subcommittee on Sedimentation (applies to SRIP section)
SOS Science on a Sphere®
SPARC Space Physics & Aeronomy Research Collaboratory 
SPD/AAS Solar Physics Division - American Astronomical Society
SPM Salmon Population Model
SR Stream Restoration
SRES Stream Restoration Certificate Program
SRIP Stream Restoration Integrated Program
SRN Stream Restoration Networker
SRPG Stream Restoration Partners Group (NCED Partners)
SRSE Stream Restoration Science and Engineering
SRTT Stream Restoration Training Team
SRTWG Stream Restoration Training Working Group
STC Science and Technology Center
STEM Science, technology, engineering, and mathematics 
STEPS Science, Technology, Engineering, Policy, and Society
STRESS Stochastic Transport and Emergent Scaling on Earth’s Surface
SURGE Support for Under-Represented Groups in Engineering Fellowship Program at the University of Illinois at 

Urbana-Champaign
TMDL total maximum daily load
TNC The Nature Conservancy
TOC top-of-casing
TOS top-of-screen
TR2 Toutle River II
TRC Teacher Resource Center (Science Museum of Minnesota)
TRRP Trinity River Restoration Program
UC University of California
UCAR University Corporation for Atmospheric Research 
UCB University of California, Berkeley
UCNRS University of California Natural Reserve System
UF University of Florida
UIUC University of Illinois at Urbana-Champaign
UMN University of Minnesota
UMNTC University of Minnesota Twin Cities
UMN WRS University of Minnesota Water Resources Science
UROP Undergraduate Research Opportunities Program
USACE US Army Corps of Engineers (see also HEC-RAS)
USARS United States Agricultural Research Service
USBR US Department of the Interior, Bureau of Reclamation
USDA United States Department of Agriculture
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USFS United States Forest Service
USFWS United States Fish and Wildlife Service
USGS United States Geological Survey
USIP Undergraduate Summer Internship Program
UT-Austin University of Texas at Austin
VINES Virtual Network System
VIP Virtual Internet Protocol
VOIP Voice Over Internet Protocol (internet access method)
VP Visitor Program (NCED)
VSL Virtual StreamLab
WaterCAMPWS The Center of Advanced Materials for the Purification of Water with Systems
WATERS Water and Environmental Research Systems
WLD Wax Lake Delta
WSL Swiss Federal Institute for Forest, Snow and Landscape Research (“Wald, Schnee, und Landschaft”)
WTMM Modulus Maxima
XES eXperimental EarthScapes facility (“Jurassic Tank”)
YSC Youth Science Center (Science Museum of Minnesota)

Key to Sub-Projects:

Diversity (DV)

Project Project Name
DV01 Faculty-to-Faculty: building durable connections to Minority-Serving Institutions
DV02 Direct recruiting of under-represented students to NCED graduate and postdoc program
DV03 Undergraduate Summer Internship Program
DV04 Gidakiimanaaniwigamig (Our Earth Lodge) and Ando-giikendaasowin (Seek To Know) science camp programs
DV05 Earthscapes in the SMM Youth Science Center (YSS)

Desktop Watersheds Integrated Project (DW)

Project Project Name
DW01 Numerical techniques for feature extraction
DW02 Topographic signatures of properties and processes
DW03 Predictive mapping of key biotic populations: relationships to habitats
DW04 Understand linkages among solutes, soil production, and biota
DW05 Controls on rate of landslide transport to channels
DW06 Sediment routing; coarse sediment transport in shallow flow; fine sediment interaction with coarse bed
DW07 Predictive models for channel incision
DW08 Upscaling transport laws and biotic processes
DW09 Link food webs and channel networks, including dynamic response
DW10 DW model code development
DW11 Use the Desktop Watershed models in landuse management decisions
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Education (ED)

Project Project Name
ED01 Bring surface dynamics to informal education with the Science Museum of Minnesota
ED02 Enhance the education of NCED student participants by providing unique opportunities and an extended, cross-

disciplinary peer and mentor network.
ED03 Stream Restoration certificate program
ED04 NCED enhancements to undergraduate education
ED05 K-12 teacher development

Knowledge Transfer (KT)

Project Project Name
KT01 Interactions with DW Science Partner Group
KT02 Collaborative DW research with stakeholders and partners
KT03 Disseminate DW knowledge, approaches, and tools outside of NCED
KT04 Interactions with SR Science Partners Group
KT05 Collaborative SR research with stakeholders and partners
KT06 Disseminate SR knowledge, approaches, and tools outside of NCED
KT07 Promote and develop education and training programs in SR
KT08 Interactions with SA Science Partner Group
KT09 Collaborative SA research with stakeholders and partners
KT10 Disseminate SA knowledge, approaches, and tools outside of NCED

Subsurface Architecture Integrated Project (SA)

Project Project Name
SA01 Current sediment budget and subsidence distribution in Mississippi Delta
SA02 Behavior and deposition of cohesive sediment
SA03 Vegetation-sedimentation interaction in island & marsh development & maintenance
SA04 Reconstructing delta dynamics from seismic records
SA05 Reconstructing delta dynamics from cores and other records
SA06 Modeling land buildling; integration with LSU CLEAR
SA07 Self-organization of distributary systems including elevation statistics
SA08 Upscaling short-term rates and small-scale geometries
SA09 Coastal system response to rising relative sea level
SA10 Social tradeoffs in Delta restoration

Stream Restoration Integrated Project (SR)

Project Project Name
SR01 Watershed context for stream restoration
SR02 Improved models for sediment source, routing, storage and yield
SR03 Dynamics of mixed-size sediment
SR04 Predictive relations for channel and floodplain geometry.
SR05 Predictive relations for the effect of physical channel structure and disturbance regime on primary productivity, nutrient 

transport, and species recovery.
SR06 Linking public preference, objectives, and stream restoration alternatives
SR07 Dam reoperation and removal for ecosystemrestoration




