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General Information

1.a General Information
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1.b Biographical Information for New Faculty by Institution

   No new faculty members have joined the Center during this reporting period.
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National Center for Earth-surface Dynamics
St. Anthony Falls Laboratory
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I. Context
This section puts the results reported in the main body of this Annual Report in the context of the National Center for 
Earth-surface Dynamic’s (NCED) Strategic and Implementation Plan (SIP) and its past history. As we prepare for a change 
in Director at the end of this fiscal year (2008 August 1), we will take a longer view this year, looking back on major 
accomplishments over the six-year history of NCED, and then look forward as we begin planning our legacy and the future 
evolution of NCED.

There are three levels from which to view the changes in Earth-surface dynamics since NCED began operation in 2002. In 
order of decreasing scale, these are community level, center level, and project level. NCED’s purpose, leading off our Strategic 
and Implementation Plan (SIP), is to catalyze development of an integrated, predictive science of the processes shaping the 
surface of the Earth. The last six years have seen explosive growth in transdisciplinary, community-level organizations and 
initiatives in Earth-surface science; we know of no comparable period in history. We do not claim that this is entirely because 
of NCED, but NCED has certainly been right in the thick of the change. In addition to our direct involvement in the major 
initiatives listed below, the presence of a high-profile, energetic, and long-lived organization like NCED has greatly increased 
the momentum: by providing an organizing center, a launching pad, and examples of what could be accomplished through 
sustained, collaborative, transdisciplinary research. 

Community level and organizational developments
Community Surface Dynamics Modeling System: Community Surface Dynamics Modeling System (CSDMS) is a 
community-driven organization focused on developing modeling techniques and components for modeling Earth-surface 
dynamics. The main effort is computational, but 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). CSDMS core National Science Foundation 
(NSF) funding began about one year ago and is expected to ramp up to approximately $1M per year plus additional input 
from industry and other groups. NCED hosted the workshop that produced the science plan for CSDMS. 

Critical Zone Observatories: Critical Zone Observatories (CZO) is aimed at creating large-scale integrated Earth-surface 
(“critical zone”) observatories. The observatories are defined as field sites for intensive research with an Earth-science 
focus but including significant participation by engineers, biologists, and social scientists. CZO arose from a joint effort by 
the Consortium of Universities for the Advancement of Hydrologic Science Inc (CUAHSI), the Critical Zone Exploration 
Network (CZEN), and NCED, and was launched by NSF last year. Funding is set to ramp up to roughly $3M per year (total) 
for three sites. 

Water and Environmental Research Systems: The Wer and Environmental Research Systems (WATERS) is a combined 
initiative of two water-focused groups, CUAHSI (hydrologic sciences) and Collaborative Large-scale Engineering Analysis 
Network for Environmental Research (CLEANER, environmental engineering) to create a large-scale network of hydrologic 
observatories. WATERS involves both earth sciences and engineering, with close coordination with ecology via links with 
the National Ecological Observatory Network (NEON). If funded, WATERS would be a much larger initiative than CSDMS, 
CZO, or NCED (larger than all three combined, in fact), and consequently is expected to take some years to come to fruition. 
NCED leadership has been very involved in crafting the initial WATERS science plan, presented to NSF in February 2008. Our 
role has been to expand the focus from water only to a wider view of water in the context of Earth-surface dynamics—what 
we term the “water environment” in the science plan. Hence WATERS now carries “NCED genes” and will constitute a 
significant part of our legacy if it is funded. 

Meeting of Young Researchers in Earth Science: The Meeting of Young Researchers in Earth Science (MYRES) (sponsored 
by NSF) in previous years focused on the deep Earth. This year we succeeded in moving MYRES to the surface with a 
meeting on the “Dynamic Interaction of Life and its Landscape.” The NCED-sponsored MYRES 2008 will involve some 
70 young researchers (postdocs and Assistant Professors, plus a select few older mentors) from North America and abroad. 
The meeting will be held in Louisiana and will include field trips to the Mississippi Delta.
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National Science Foundation Geovision and the National Research Council Future of Geomorphology: The state 
of rapid growth and change in surface process science is reflected as well in two major efforts to guide future research in 
geosciences. Both these efforts involve NCED leadership. NSF Geovision is a planning and guidance document for the 
entire GEO program of NSF, comprising atmospheric science, oceanography, and Earth sciences. While it clearly aims at a 
much broader target than surface dynamics, NCED involvement has led to a clear emphasis on the emergence of the Earth’s 
surface (critical zone) as a high priority for NSF in the next ten years. The National Research Council (NRC) meanwhile 
has undertaken a study of the future of geomorphology with significant NCED participation. The document from this is still 
at least a year away but we are confident that it will help increase the visibility of geomorphology and the broader realm of 
surface dynamics as well as reflecting NCED’s transdisciplinary approach to these fields. Another vision document that NCED 
participated in last year was the CUAHSI Science Plan which also reflected the need for integrative predictive modeling and 
the role of coupling and high resolution topography towards that goal. 

Together, the new initiatives coming online now in earth surface sciences involve hundreds of researchers and millions of 
dollars in funding. Along with the NCED renewal, they indicate that critical-zone science has crossed a threshold in terms of 
maturity and ability to develop ambitious, large-scale programs. The transdisciplinary, predictive approach that NCED has 
championed is spreading, at the grass roots level and now also at the level of major research organizations. We are confident 
that in only a few years it will be the norm in Earth-surface science.

Centerwide accomplishments
Process ecogeomorphology: A pervasive theme across all aspects of NCED research and education is the strong coupling 
between life and landscape. Again, while not claiming this as an exclusive discovery, we are the first national-level research 
center designed from the ground up with this strong coupling in mind. As a result, we have been able to go beyond general 
exploration of how spatial patterns are correlated between ecosystems and landscape to looking at how the coupling actually 
works, and beginning to develop the dynamic linkages that are necessary for substantive ecogeomorphic prediction. Major 
accomplishments in this area include quantitative analysis of the global topographic signature of life, development of 
complete predictive linkages from local geomorphic properties and dynamics to controls on ecologic populations; discovery 
of fluid-dynamical and landscape-based scaling and prediction of nutrient dynamics; and quantitative documentation of how 
vegetation dynamically controls stream patterns. These are transformative discoveries that link ecology, geomorphology 
and geochemistry. Foundational to environmental prediction, they are excellent examples of one of the unique capabilities 
of a research center: to refocus energy from the middle of traditional disciplines to the interfaces, where the potential for 
breakthrough discoveries is often highest. 

Quantitative Insight Transfer: NCED was designed from the ground up around an object of study—the Earth’s surface—rather 
than any particular discipline. One of our emphases has been on using the center structure to accelerate the transfer of insight 
and quantitative methods from engineering to ecology, geomorphology, and sedimentary geology. These three fields are at 
various stages in the process of turning the corner from qualitative/descriptive to quantitative/analytical. NCED has accelerated 
this transformation by providing a completely transparent, discipline-free environment for applying engineering and other 
quantitative tools to formerly qualitative problems. Major accomplishments in this regard include applications of scaling 
methods from quantitative hydrology to landscape analysis; adaptation of engineering predictions from mine-tailings basins 
to predict the evolution of river diversions in the Mississippi Delta; application of turbulence-based and fractional-calculus 
techniques to prediction of sediment flux and landscape evolution over short to long time scales; applications of techniques 
from heat transfer and solidification theory to predict the response of shoreline to sea-level changes; and application of 
quantitative tools for analyzing seismic images to analysis of subsidence patterns in coastal Louisiana. 

Anthropocene landscapes: The first paper to demonstrate quantitatively the remarkable extent of human influence on the 
Earth’s surface was published by our emeritus UMN colleague Roger Hooke in 1994. Since then the realization has grown 
that this is part of a much larger picture in which humans have so changed the workings of the surface environment that 
we can consider ourselves to be in a new geologic epoch: the Anthropocene. We have responded to the human influence by 
developing a strong social science program within NCED, led by principal investigators (PIs) Nick Flores and Ben Hobbs. 
The focus is on decision making, which will be especially effective at creating two-way linkages between the social and 
natural sciences. The entry point for social sciences into NCED has been our Stream Restoration Integrated Project (SR IP), 
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but the social science program has rapidly branched out; it is now well integrated with Subsurface Architecture (SA) (the 
Mississippi Delta) and the link to Desktop Watersheds (DW) is developing as well. The social science program is less mature 
than other parts of NCED but has already produced one major accomplishment: a strong proposal focusing on the Mississippi 
Delta submitted to the 2008 NSF Dynamics of Coupled Natural and Human Systems  (CNH) competition. Even if it does 
not succeed on this round, the proposal has had the effect of creating a strong connection with the Mississippi Delta team 
and also expanding the NCED social science network to new colleagues in the Gulf Coast area. 

The Museum connection: A major accomplishment, centered in our Education (ED) program but involving the whole 
center, has been the creation of one of the strongest partnerships we know of between a science museum and a group of 
research universities. No aspect of NCED has not been involved with and influenced by the museum connection. The specific 
accomplishments of this facet of NCED are discussed in more detail below, but they include creation of a major new exhibit 
at the Science Museum of Minnesota (SMM) that has drawn over 100,000 visitors; a popular exhibit at the 2004 National 
Folklife Festival in Washington DC; a new exhibit with the American Museum of Natural History that will tour nationally 
and internationally; and a pending new initiative at SMM called Future Earth Initiative focused on the Anthropocene. 

A Center of diversity: Finally, we note with pride the progress we have made in improving the diversity of NCED. While 
we are not where we want to be—with a science team fully representative of the US population as a whole—we have come 
a long way since we started. Again, although this progress arises out of our Diversity (DV) program, it has involved effort 
and insight from across all of NCED, and is truly a center-wide achievement. There are more details under the DV program 
below.

Impact on policy and practice: NCED has had a demonstrable effect on practice already, but what we have done so far 
is a fraction of what we expect in the next few years. Increasing our impact on policy is in the forefront of our work to 
integrate social sciences across NCED’s research program. We have a number of documented successes in changing practice, 
especially in Stream Restoration (SR) and (in our initial SA IP configuration) in the oil industry. This year, the enthusiasm 
that greeted the release of DW’s Ripple software across California, and strong initial demand from practitioners in landscape 
management, indicate that this project will have a major impact on landscape practice and policy as well. As it is adapted 
to agricultural landscapes in the Midwest by the SR group, the geographic scope of Ripple’s impact will broaden greatly. 
This will be accelerated by the involvement of NCED leadership in the University of Minnesota’s (UMN’s) Institute on the 
Environment (IonE), which has identified land use and surface dynamics as one of its major research themes. Finally, we 
note that the entire aim of the SA – Mississippi Delta project is to effect a dramatic change in policy and practice in coastal 
Louisiana by creating the largest engineered river diversion ever attempted. This will reverse the course of decades of land 
loss in the eighth largest delta in the world and fundamentally change the shape of the US Gulf Coast. The amount of money 
at stake is in the billions of dollars. Under the leadership of the NCED/Louisiana State University (LSU) team led by Robert 
Twilley, and with active participation of our social science research group, we are deeply and continually involved in trying 
to shape policy while simultaneously developing the science and engineering basis for the effort. 

Looking over our main research accomplishments, we summarize them as follows: We have established the dynamic connection 
between life and landscape and completed the first stage of putting that connection on a process basis. With our partners, we 
have developed the first suite of practical, fully linked tools for ecogeomorphic prediction. We have begun extending our 
predictive approach to add humans. One could argue that the word “transformative” has been used so much that its meaning is 
becoming diluted. But creating a coherent, transdisciplinary science of Earth surface processes with equal parts Earth science, 
engineering, and ecology, developing process-based quantitative tools for Earth-surface prediction—“Earthcasting”—and 
packaging these for use in basic and applied science is a real transformation. The period 2002-2012 will be marked as one 
of unprecedented growth and change: the coming of age of Earth-surface science. 

Project-level accomplishments
Desktop Watersheds Integrated Project: The goal of the Desktop Watersheds Integrated Project (DW 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 reached a major milestone this year with the launch of version 1.0 of our ecogeomorphic prediction 
system. The initial release, which we term “Ripple,” integrates what we and the larger community have learned: to go from 
high-resolution landscape information—principally topography—and rainfall to specific, field-testable predictions of local 
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variables, in this case Coho population. The basic approach can readily be extended to other variables and locations. The 
software in this case is less important than the scientific insight behind it. As a vehicle for integrating many threads of NCED 
landscape research, the advent of Ripple 1.0 is an accomplishment of the first six years of NCED activity. Ripple is the first 
demonstration of what we term terrain-based prediction,  i.e. specific, field-testable ecogeomorphic predictions based on 
terrain, network structure, and other remotely sensed data. The power of the approach derives from use of high-resolution 
topographic data provided by light detection and radar (LIDAR) as the basis for prediction. The initial Ripple 1.0 is now 
undergoing field testing across northern California by colleagues in academia and state agencies. As we gain experience with 
integrating these disparate fields and dynamics, the long-term goal is to move to prediction of other populations—algae, 
riparian insects, etc, as well as physical and geochemical variables. The basis for extending terrain-based prediction is being 
developed now across NCED as we discover and quantify mechanisms, such as drainage area and elevation thresholds, by 
which terrain controls local ecogeomorphic variables. The implementation will change, but the approach of combining physical 
and biological processes, building on a core of high-resolution topography and channel-network structure, will remain.

Stream Restoration Integrated Project: The goal of SR 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. Hence it is not surprising that the major accomplishments in SR represent 
a mix of advances in basic research and in practice. We have made major inroads in changing the practice of SR, primarily 
through short courses that have so far reached a total of over 500 practitioners with our brand of science-based restoration 
practice. These graduates represent a real change on the ground, from older analogy-based restoration practice to our approach 
emphasizing process-based analysis. On the research front, our 2006 Indoor StreamLab (ISL) program provided the best 
resolved data set yet collected on multi-size particle transport, and we are now using it to develop improved techniques for 
routing multi-size sediment and predicting the effects of sediment addition to streams. We have also pioneered the experimental 
approach in restoration, for example by discovering new methods for creating dynamic, vegetational-controlled, single-thread 
rivers in the laboratory. This has opened the way to experimental study of restoration methods in meandering rivers. This 
year, in partnership with SAFL, we have taken an unprecedented step in the experimental approach to restoration by opening 
the Outdoor StreamLab (OSL). OSL is the first large-scale experimental facility devoted to SR, with full coupling between 
an active river channel and its ecosystem. OSL would be a major step in itself, but it is not being developed in isolation. We 
have a major commitment to developing 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 SR: our traditional experiments (ISL), the OSL, and the computational VSL. 

Subsurface Architecture Integrated Project: The Subsurface Architecture Integrated Project (SA IP) was fundamentally 
redesigned in Year 5 to focus exclusively on restoration of the Mississippi Delta. The revised goal of SA 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. Previous to this transition, the most prominent accomplishments of the SA 
IP were in introducing experimentally tested quantitative methods in the largely descriptive field of sedimentary geology. 
The centerpiece of that work was a development of new experimental facilities at various NCED institutions, including 
the Experimental EarthScape facility at St. Anthony Falls Laboratory, that provided a wealth of new data and insight on 
how morphodynamic systems record their internal dynamics and response to external forcing as stratigraphy. 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. This model has been tested against Wax Lake Delta, part of the larger 
Mississippi Delta complex, where we have established our primary delta field site. Based on NCED measured sediment 
supply and subsidence rates, the modeling suggests that there is sufficient sediment to build at least 700 km2 of new wetland 
and coastal forest around New Orleans even under highly unfavorable rates of subsidence and sea-level rise. Refinements 
to this model to resolve channels and fine-scale topography are under development now. We have also discovered through 
experimentation how critical ecogeomorphic parameters such as total channel edge length change as deltas grow. We have 
also mapped the growth faults that control subsidence rates in many parts of the Delta and determined that subsidence rates, 
while still high, are decreasing toward long-term average values as fluid extraction rates decline. The fault mapping eliminates 
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much of the guesswork on spatial subsidence patterns from restoration planning. Finally, we have discovered that in some 
respects the sand-dominated lower Mississippi River acts like a gravel river, becoming activated only episodically during 
high-discharge events. 

Knowledge Transfer Initiative : 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. NCED leadership decided at the time we created our current IP structure 
that the best way to achieve our KT goal is through a distributed KT model in which KT is integrated seamlessly into the 
project structure rather than being separated out as a stand-alone program. We do not recognize a clear distinction between 
basic and applied research. We have a KT Director to coordinate and monitor KT efforts, and on the whole we are satisfied 
with our distributed model. All three integrated projects (IPs) have grown in developing and deepening collaborations with 
non-NCED institutions, which has direct impact on maintaining a strong KT program overall. We use a variety of mechanisms 
for two-way exchange including: single PI interactions through teaching/training; small group interactions via working 
groups and workshops; large-group interactions such as special sessions and conferences; sustained multi-institution research 
collaborations; information resources like websites and data repositories, and online tools. 

We have evolved a new model for two-way knowledge exchange between NCED and our industry and agency partners 
that will strengthen the ability for these partnerships to continue beyond 2012. Our model focuses on developing Research 
Cooperatives (RC) - small multi-disciplinary, multi-institutional teams of collaborators that work on critical research topics. 
The model is based on published NSF-funded research by Gray and Walters (1998), which focuses on techniques for 
developing industry/university cooperative research centers. Motivation for RCs is drawn from the success we see in our 
Partners groups to date. We believe that sustained collaboration between university, agency, and industry is the best way to 
focus and entrain basic research into solutions to complex applied problems. For example, in SR, we find that collaborations 
between NCED, federal agencies, and consulting engineering yields research results that directly address current needs of 
restoration practitioners and incorporate the best science-based knowledge into applied tools. The RCs are described in more 
detail in the KT section of this report.

NCED’s RC model represents the next step in our partner relationships. It is a program that will allow the opportunity for 
partnerships to continue beyond the end of NCED’s funding as an STC. We will test the model in as many areas as possible 
in years 7-10, and we think it may serve as an model for KT in the environmental sciences generally.

NCED is involved in several major multi-disciplinary research collaborations involving NCED researchers and non-NCED 
partners. Example projects include: An Integrated Sediment Budget for the Le Sueur River Basin, Minnesota (SR IP - section 
IIc.); NCED-LSU CLEAR: Restoration for the Mississippi Delta (SA IP - section IIb); Sensor Observatory Cyber-Infrastructure 
Collaboration (DW IP - section IIa); and Geomorphic Response of Oregon’s Sandy River to the removal of the Marmot 
Dam – (SR IP- section IIc). Specifics on the research can be found in the sections referenced above. These collaborations 
represent the best of our KT activities as they highlight NCED’s commitment to collaborative partnerships for developing 
science-based solutions to important applied problems.

In all, NCED has welcomed 23 visitors to our Visitors Program over six years, and trained 688 participants in our short 
courses for graduate students and practitioners in government and industry. 

Education Initiative: 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 from the founding of the center has been the collaboration with SMM, which was 
highlighted in the previous section because it truly transcends the ED program. The SMM Big Back Yard passed the 100,000 
visitor milestone last year, and this year saw the opening, at the American Museum of Natural History (AMNH), of Water: 
H2O=Life. This is another milestone, signaling the successful launch of a new partnership between two of the country’s most 
successful museums, AMNH and SMM. The exhibit and AMNH collaboration are the fruit of the SMM NCED collaboration, 
and the exhibit showcases many NCED-developed components. It has received widespread media coverage and will begin 
touring internationally and nationally in Year 7. Additionally, the SMM partnership has made NCED a “center for centers”: 
our proposed Future Earth Initiative, which would involve six STCs in exhibit development focused on the Anthropocene, 
was favorably reviewed at NSF. We should know the final decision on it soon.
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In the area of graduate and postdoctoral training, Years 5 and 6 are significant because they mark the graduation of our first 
cohort of “all NCED” doctoral students, i.e., ones who were entirely trained within NCED. These students have done well in 
the competition for academic positions, including new Assistant Professors at CalTech, MIT, University of Texas at Austin 
(UT Austin), and University of Washington. In all, we have trained 23 Ph D students and 35 postdocs over the six-year history 
of NCED. A major development was the funding three years ago of the UMN Integrative Graduate Education and Research 
Traineeship (IGERT) on Nonequilibrium Dynamics that linked Civil Engineering, Geology, and Ecology and involved a 
number of NCED PIs; recently we submitted the preproposal for a new IGERT DELTA project that would link UMN and 
LSU in a unique “source-sink” partnership on the Mississippi Delta. 

Diversity Initiative: The goal of NCED’s DV 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 six years we have made 
consistent progress toward this goal. Although we are still not where we want to be, we have substantially improved diversity 
both within NCED and in the nation’s pool of future scientists. Total minority representation among NCED’s scientists 
(faculty, affiliated researchers, postdocs, and graduate students), which stood at 8% in year 1, has more than doubled to 17% 
after six years.  

We have a particular emphasis on programs for Native Americans, for which it is helpful to have some context. In the 10 
years from 1996 to 2006, NSF reports 264 bachelor’s degrees in the category “Earth Sciences” to Native Americans from 
all institutions across the country, or on average 26 per year, or less than one per state per year.  This is out of 34,000 Earth 
Science degrees awarded nationally.  Yet Native American lands comprise 2% of the landmass of the United States. We are 
making significant progress in changing this situation. NCED’s programs to support Native American participation in the 
sciences include programs for students from 3rd grade to graduate school. Our seasonal math and science camps annually 
enroll 50 students, with more students joining us for science camps and other activities. We currently have nine students who 
have graduated high school from our camps (and no drop-outs) and eight of them are pursuing undergraduate coursework, 
with the majority in science majors. One of our graduates is finishing her BS at the College of St. Catherine’s this year and 
beginning graduate work at UMN, Duluth. In addition, we are supporting a statewide alliance of Native American science 
undergraduates. Eight Native undergraduate students have participated in research with NCED through our Undergraduate 
Summer Internship Program (USIP) program, and all are progressing towards their BS degree. Two have applied to graduate 
school, and six have transferred from tribal colleges to four-year programs. We currently also have a Native graduate student 
doing work with PI Mohrig. After six years working with tribal elders to build our Native American program, it is very 
satisfying to see the benefits of a center clearly borne out in minority education, in terms of the ability to provide sustained, 
coordinated support for students as they progress through the pipeline to science careers.  

Management: Our main management accomplishment over six years has been to create a well integrated center, with a good 
balance between creativity and focus, from a group that (1) comprises unusually disparate fields (engineering, ecology, earth 
sciences, social sciences) and (2) is dispersed over the whole US, including all three coasts. The IPs provide well defined focal 
areas for our research but include common themes so that they mutually energize one another. Last year we implemented a 
new proposal-based system for funds allocation that appears to be working well. This system, together with weekly video-
seminars and PI retreats such as the one we held last December following the American Geophysical Union (AGU) annual 
meeting, has also been effective in helping us to track progress in NCED research during the year. We also tuned up our SIP 
this year, reorganizing and tightening the subtasks that comprise the work structure of the six main initiatives. However, other 
than the major change in focus for the SA IP last year, there have been no major changes in course for NCED this year. 

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 SA 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: 
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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 critical-zone 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 critical-zone 
prediction? 

3. How can we combine improved prediction of critical-zone 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 DW, 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 SR IP 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 SR IP is feeding back 
information on mixed-size sediment flux, sediment routing, and channel evolution to DW, 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 SA IP, 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: This year we focused on steps to broaden the participation of social sciences 
across NCED. There is no question of the commitment of NCED leadership and PIs to the central importance of the human 
dimension in Earth-surface dynamics. After all, it was our former UMN colleague Roger Hooke who first pointed out in 1994 
that humans now move more material over the Earth’s surface than natural processes do. The main obstacle to broadening 
social sciences participation across all three IPs is resources, in terms of both money and PI time. Overall our strategy has 
two main elements: 

1. taking a staged approach to extending the work of our social science PI team (Nick Flores and Ben Hobbs) 
within NCED; and 

2. developing new proposals that leverage NCED’s research program and bring more social scientists into the 
group.

The background of the desire to broaden social science participation in NCED is that initially our social sciences effort was 
concentrated in the SR IP. The social science dimension is critical to SR, so the trick is to extend the social science program 
to the other IPs without reducing the effort in SR. This year we brought in a new synthesis postdoc, Melissa Kenney, in 
environmental economics who joined us in January 2008. Dr. Kenney is based at Johns Hopkins University but her advisers 
include David Mohrig (UT Austin) and Robert Twilley (LSU), who are leading the natural sciences work in the Mississippi 
Delta. Dr Kenney’s primary focus is on the SA IP. Another major event that helped with broadening and strengthening the 
social-natural science connection was writing a major proposal to the NSF CNH program this winter. The project, whose 
fate we do not yet know, is aimed at Mississippi Delta restoration. It would be hard to think of a problem in which strong 
two-way coupling between human and natural systems is more vivid or more important to major policy decisions (do we build 
river diversions, or put all our resources into dikes and levees?) than the one facing us now in coastal Louisiana. Regardless 
of the fate of the proposal, the process of creating it has brought the level of social science involvement in the SA IP to an 
equal level to the SR IP. In parallel with the Mississippi Delta CNH proposal, we also submitted one to CNH for studying 
the coupling of natural and human effects in SR. Again, whether it is ultimately funded or not, the proposal process created 
new links and expanded the scope of NCED social science. We are at work now on building social-science connections with 
DW. To that end, the strong DW-SR link being forged via the Minnesota River project, which aims to adapt DW prediction 
techniques to low-gradient agricultural landscapes, will provide a pathway for linking social science efforts in these two IPs.  
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Legacy and Sustainability
The NCED Executive Committee has been working to develop a legacy and sustainability strategy since the formal renewal 
of NCED last year. Our legacy and sustainability plan is included in the SIP, and is reproduced here with minor updates and 
with more focus on the strategic 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 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; and (3) development of new infrastructure 
dedicated to NCED-style integrated Earth-surface research. The first section of this document includes an update on the 
status of NCED relations with some of these major new initiatives.

Research legacy: Integrated Projects

NCED’s research is organized around three interlocking 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. Thus the legacy of DW will be a fundamental 
change in ecogeomorphic practice, both in application and basic research, to one in which field work and management are 
structured around a template of topographically based predictions that form a starting point and reference state for additional 
observations and future refinements in prediction. 

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. If we 
are successful, the SA legacy will be the creation of the largest engineered river diversion ever attempted, reversing decades 
of land loss in the eighth largest delta in the world, and fundamentally changing the shape of the US Gulf Coast.

Stream Restoration: The legacy goal of the SR project is to transform SR 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 SR projects. Close collaboration with research 
and training partners in universities and government agencies broadens our reach and helps to shift the culture of SR to one in 
which research, training, and practice are closely linked in an active, professional network. A transformed SR practice will be 
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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 website, collaboration on 
improved methods and design guidelines with research and training partners, and demonstrations and keynote addresses at 
regional SR 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. The net SR legacy will be a permanent change in restoration practice from one based on analogy to one based 
on analysis and process-based prediction. 

Education

The single most important element of NCED’s ED 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 (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 Future Earth Initiative, SMM will expand the university-museum network 
that NCED has nucleated. 

New degree programs represent permanent enhancements to the NCED educational institutions. The most prominent of 
these is the first postbaccalaureate Certificate Program in SR at UMN. We are working now on expanding this to a Master’s 
program that would include participants from across UMN. The two main elements of NCED ED legacy are (1) the cadre of 
uniquely trained students and postdocs who have participated in NCED and been steeped in our transdisciplinary culture and 
(2) a strong and enduring relationship between NCED research institutions, and especially between UMN and the Science 
Museum of Minnesota.

Diversity

Our DV 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 minority-serving institutions (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 UMN via our recent successful proposal to participate in 
the Louis Stokes Alliance for Minority Participation (LSAMP). Overall, our most important DV legacy will be the group of 
students we have supported and nurtured over many years of progress through the educational system to become productive 
members of the environmental science community. 

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 CSDMS; the CZO initiative; the creation of the new Journal of Geophysical 
Research-Earth Surface 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 
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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 OSL, a facility that will combine many of the advantages of a field site and 
an experimental basin. OSL builds on our successful 2006 ISL 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’s research 
legacy at UMN will include the SR “triad” of ISL, OSL, and VSL and the research focus on land use and surface dynamics 
at IonE. 

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. The ACRR as a prototype environmental observatory site will be a permanent legacy 
of NCED at University of California, Berkeley (UCB). 
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IIa. Desktop Watersheds Integrated Project 

Project Team 
Lead PI: William E. Dietrich 

Project Manager: Collin Bode 

Contributing PIs: Jill Banfield, Jacques Finlay, Efi Foufoula-Georgiou, Miki Hondzo, Gary Parker, Lesley Perg, Fernando 
Porte-Agel, Mary Power, Andrew Wold, Ignacio Rodriguez-Iturbe 

Executive Summary
The multi-year, strongly collaborative commitment to DW research has led to new avenues of research, surprising discoveries, 
fundamental advances, and development of new tools of analysis and practical application. The focus on understanding basic 
mechanisms has created a common ground among the earth scientists, biologists and engineers, with advances unimaginable 
without cross-disciplinary infusions. Our emphasis on exploiting high resolution topographic data has led to a literal common 
ground at the Angelo Coast Range Reserve (ACRR) where we are exploring the self-organization of the landscape and the 
co-organization of aquatic ecosystems. We have made several important discoveries on how drainage network structure 
influences the physical and biologic organization of the landscape. These include the unexpected discovery that bedload 
breakdown during downstream transport renders bedload flux independent of drainage area and bedload material size 
distribution not significantly different from that of the contributing hillslopes. On the other hand, landscape position strongly 
controls microbial abundance and weathering intensity as well as nitrate flux and photosynthesis/ respiration rates. Introducing 
landscape structure into the prediction of those variables has been revolutionized via the introduction of dimensionless analysis 
framework combined with geomorphologic scaling.  

At our focus field site (ACRR), a wireless network has been completed. All buildings on site have high speed internet access 
and research groups are attaching to the system to build an environmental observatory. The network has had 90% uptime 
through 2007. This is a major accomplishment both technologically (requiring the installation of solar panels and relay 
stations in tall trees) and programmatically, enabling multiple projects to exploit this system. This year saw the LiDAR derived 
topographic data that was acquired in Year 5 for the South Fork Eel River watershed permeate many research projects. Using 
these data we introduced a new approach for mapping valleys and channels based on wavelet and curvature analysis of their 
topographic signature rather than an assumption of some critical drainage area or slope. The high resolution topographic 
data are now enabling us to explore other scaling relationships useful for characterizing the spatial structure of networks and 
topography, with application to water and sediment routing, as well as ecosystems dynamics.

We have made several advances toward ecological prediction based on topography, remote sensing, and network structure. 
We can now pinpoint the drainage area threshold for a number of ecological ëregime shiftsí at the ACRR field site: i.e., 
the 2 km2 threshold at which algae grazing armored caddisflies (invulnerable to fish and other predators) start suppressing  
accrual of their algal food; the 10 km2 threshold at which this algal carbon also becomes available to the predator, supporting 
chains in river food webs; the 17 km2 threshold at which bat foraging mode on emerging aquatic insects switches to the more 
effective surface skimming mode; and the 100 km2 threshold at which biological nitrogen fixation starts to enrich fluxes of 
available nitrogen to the river water column and attached benthic biofilms. We have identified a major potential contributor 
of fixed nitrogen in these mainstem reachesóa family of epiphytic diatoms with cyanobacterial endosymbionts, which can 
be monitored over large scales photogrammetrically because of the distinctive rusty color they impart to algal proliferations. 
Furthermore, we have successfully used dimensional analysis and scaling relationships to upscale algae abundance and 
ecosystem metabolism, to quantify denitrification potential, and to compute the abundance of an important free-living 
cyanobacterial nitrogen fixer. Within this large-scale topographic framework, we have documented that most denitrification 
in channels occurs in hot spots, which make up a small fraction of stream reaches. Field and laboratory studies have been 
launched to reveal the mechanisms controlling these hot spots in aquatic environments. 

Together these discoveries are expanding the foundation of terrain-based (map-based) prediction of the spatial patterns and 
dynamics of ecosystems and the physical processes that drive them. We are conducting studies on the cascade of processes 
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that drive landscape evolution and directly or indirectly affect ecosystems. These multiyear studies have recently revealed: 
1) the role of coarse sediment in the debris flow wear of bedrock, 2) the importance of the spatial heterogeneity of material 
properties in sediment production and transport, 3) the spatial and temporal variability in rates of landsliding and channel 
incision in the ACRR associated with climate variation and knickpoint propagation, 4) the high transport rate of gravel through 
steep boulder reaches but the surprising tendency for sediment to be less mobile on steep slopes and 5) the predictability of 
the trapping of sand transported across gravel at low flow (thus directly influencing habitat conditions). 

NCED’s commitment to long-term support of field research has born fruit this past year in two major results. Plots in a 
meadow at the ACRR with simulated elevated rainfall (now in its eighth year of experimentation) show that the responses 
of individual species are reversed through community-level interactions, challenging the predictability of environmental 
response to anticipated climate change. In contrast, the soil microbial community in these experimental plots has remained 
unchanged, responding only to unusual weather events. Scouring floods cause considerable mortality, but they rejuvenate 
river food webs that support the growth of predators who are then dynamically linked to the abundances of algae and 
invertebrate prey lower in the food chain. These findings call for dam releases to ëstirí gravel beds of rivers to enhance their 
food production for fish.

NCED support of ACRR has attracted many other groups to the site. The Keck HydroWatch group at UC Berkeley has 
committed considerable resources and some 18 researchers to explore and discover the links between hillslope hydrology, 
vegetation, atmospheric conditions and climate change through intensive monitoring of a hillslope along Elder Creek. A 
unique focus is the attempt to document the role of ërock moistureí in providing critical dry season water to trees, a virtually 
unexplored problem. This work will form the foundation for the development of a dynamic hydrologic model in Desktop 
Watersheds.

Finally, after years of development we have just released our digital terrain based model for defining the limiting factors in 
Coho salmon populations in upland watersheds. ìRipple 1.0,î is the result of a long-term collaboration with Stillwater Sciences 
(an NCED partner). As a first step in applying our terrain-based approach to a specific population, Ripple uses topographic 
data to calculate habitat, and a population dynamics model to identify habitat limitations. It is specifically designed: 1) to be 
used where data are limited; 2) to serve as a guide to field investigations; 3) to guide management decisions; and 4) refine 
hypotheses for further theoretical advances.

Goal
The goal of Desktop Watersheds (DW) Integrated Project 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 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, river bed 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 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.
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Approach
High-resolution digital topography provides the common template for Desktop Watersheds 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 (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.

Accomplishments and Plans: Angelo Coast Range Reserve 
Details of the Angelo Coast Range Reserve (ACRR) infrastructure are 
presented in Appendix I: ACRR Infrastructure. In the past year, the 
Keck HydroWatch group at UC Berkeley has initiated a field campaign 
on a hillslope along Elder Creek to explore and discover the links 
between hillslope hydrology, vegetation, atmospheric conditions and 
climate change. This work (involving some 18 researchers) will form 
the foundation for the development of a dynamic hydrologic model in 
Desktop Watersheds in the Elder Creek Watershed. Deep (into bedrock) 
holes were drilled for monitoring wells and rows soil moisture probes 
and time domain reflectometry probes and rain gauges and temperature 
monitors were installed. Our drilling revealed that the site is underlain 
by a downslope tapering zone of intensely fractured bedrock (due 
to weathering) mantled by a thin soil. The summer low flow water 
table was perched on the underlying fresh bedrock interface. The first 
response to winter rain was a great surprise. We found that the deep 
(4 to 18 m below the surface at the end of summer) perched ground 
water responded within hours of intense rainfall, rising and falling over 
1 m. The Elder Creek hydrograph mirrored the groundwater dynamics 
in this fractured zone. The key question that has emerged is whether 
‘rock moisture’ is accessible to the old growth conifer trees on the site. 
If so these trees may lift the water for their use, but bleed some back in 
the evening into the shallow soil- thus possibly providing moisture to 
shallow rooted vegetation during drought conditions. Rock moisture 
is virtually unexplored, yet could matter greatly to hydrologic and 
ecological processes.

Accomplishments and Plans: SIP Project Plan
The multi-year commitment to projects with Desktop Watershed IP 
brought dividends in this sixth year 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 A: 
Strategic and Implementation Plan.

Figure 1: (a) probability distribution of curvatures with 
the identified threshold curvature marked ; (b) scaling of the 
standard deviation of curvature. The slope computed between 
the scales 13.3m and 71.1 m is -0.82
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DW1: 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.

Our research over the past year completed a wavelet-based methodology to extract channels by using threshold curvatures and 
threshold slope-direction-changes. The details of the methodology can be found in Lashermes et al. (2007) where an example of 
river network extraction in the South Fork Eel is also presented. A few results worth noting are as follows. First, we find a scale-
invariant quantile in the probability density function (PDF) of curvature. and clearly defined threshold curvature values that depict 
the transition from hillslopes to valleys (Figure 1). Second, we find a power law relationship was found for of curvature variance 
with scale (Figure 1b). The major break at a characteristic scale of approximately 12 m is interpreted to reflect the small-scale 
roughness due to vegetation (and other) edge effects. This scale-dependent variability in curvature will be useful for subgrid scale 
parameterizations of landscape evolution models and needs further study. Finally, the proposed methodology was successfully 
applied to extract river networks as well as channel banks and centerlines.

Our research last year also introduced a new way of looking at the 3D 
dissection of landscapes by examining the “roughness” of minimum flow-
path distances perpendicular to the main stream defined in a Lagrangian 
height framework, i.e., with respect to the changing elevation along the 
mainstream (Figure 2). The “roughness” of these series was quantified 
using a multiscaling analysis formalism akin to that used in characterizing 
turbulence velocity fluctuations (Gangodagamage et al., 2007). Namely 
two parameters ( 1c  and 2c ) characterize the degree of spikiness and 
the spatial inhomogeneity of spikes, respectively. It was found that this 
statistical characterization was able to depict physical regime transitions 
from statistical transitions, e.g., bedrock versus alluvial valleys. The potential 
to relate these statistical signatures to the mechanistic laws that give rise to 
those landscapes is still an issue of research.

Along the same lines, we are currently revisiting some of the old scaling 
laws which were introduced in a regional across-basins setting to a more 
rigorous within-basin setting. For example, Hack’s law relates basin size to 
mainstream length via a relationship L Ab

  with 0.5 0.7b - . Here we 
examined how basin area changes with mainstream length as one moves 
downstream in a particular basin. Figure 3 shows the accumulated area 
vs. downstream length for the Eel river basin as well as the incremental 
drainage area dA  vs. incremental downstream distance d . The abrupt 
changes in accumulated A (Figure 3a) or extreme fluctuations (Figure 3b) 
indicate the effect of tributary junctions and provide a means to characterize 
extreme lateral inputs to the river.

The importance of dA  vs. d  relationship lies on the fact that dA  dictates 
to a large degree the fluxes (water, sediment, drifting organic matter or 
organisms, or pollutants) that enter the mainstream within a basin. A large 
variability of these fluxes is a measure of the potential for extreme localized 
flooding or sediment delivery and thus increased potential for disruption of 
the ecological or otherwise functioning of the whole system. For example, 

[ ]Pr thdA dA>  in Figure 3b can be used as a metric of potential disruption 
of the whole system due to a flood. On the other hand, this variability also 
indicates sites where pulses of enrichment enter mainstems and contrasting 
types of habitats (e.g., dark, moist versus sunny, dry riparian areas) are 
juxtaposed, presenting ecological opportunities for organisms (Power and 
Dietrich 2002).

Figure 2: The Eel River basin and the extracted River 
Corridor Width (RCW) series.

Figure 3: (a) Cumulative upstream drainage area vs. 
downstream distance (top) and (b) incremental drainage area 
vs. incremental length along the mainstream (bottom).
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Note: numbers below refer to the list given in NCED’s Strategic Implementation Plan (SIP). If the Milestone is not listed, 
then no progress in the past year has been made.

Progress on deliverables

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

Completed. Paper done (Lashermes et al., 2007). 
Plans to develop into tool for distribution.

Channel head location detection (Yr 6) Partially complete. Wavelet technique provides a 
channel head, more work needs to be done to verify.

Automated road mapping (location, slope, 
width, channel crossings) (Yr 9)

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

Plans

We are pursuing a new suite of image processing methodologies which deviate from the linear wavelet filtering and are 
non-linear and geometric based on nonlinear partial differential equations, energy formulations, and computational geometry. 
This work is pursued in collaboration with an expert in image processing theories and aims to develop a long-term program 
for knowledge extraction from high resolution LiDAR towards improved environmental modeling and hazard prediction.

We plan to extend the incremental area dA  analysis to the calculation of incremental fluxes of sediment, sdF , via applying 
sediment transport equations on the landscape. This study can be seen as an effort of examining how the basin-wide 
organization contributes to organizing the fluxes entering the mainstream. Over long time scales, these fluxes in turn affect 
the main stream morphology.

Practical methods are being developed to routinely extract channel cross-sectional form from LiDAR to be used in flow 
and sediment routing routines. We will also use these in analyses to estimate local production and downstream delivery of 
terrestrial and algal carbon from various watershed positions to the coast.

We have begun work using the unfiltered LiDAR point cloud to estimate vegetation density with the intent to model 
subcanopy insolation. By using the ratio of LiDAR ground hits to total hits within a given area, one can create an index of 
relative vegetation density. This in turn will be used in conjunction with a sunlight model to develop insolation estimates 
for every week of the year both on the vegetation canopy, the river corridor, and finally underneath the canopy. Insolation 
will be computed as direct sunlight, diffuse, and total. We will deploy ~17 light sensors throughout the ACRR underneath 
representative vegetation types to calibrate the modeling. The sensors will be left out for a full year. 

DW2: 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, and road wash. Here we report progress on the three most 
prominent projects.

The width function of a river basin ( )W x  (number of channelized pixels at flow distance x from the outlet) is a one-dimensional 
function that summarizes the two-dimensional branching structure of a river network. Its importance lies in its potential to 
parameterize the hydrologic response of a basin based on easily measured geomorphological attributes. In our recent study 
(Lashermes and Foufoula-Georgiou, 2007) we demonstrated that ( )W x  offers the potential to differentiate between different 
river network structures and serves as a good metric of branching topologies. Also the so-called Area function, ( )A x , which 
considers all pixels at a distance x from the outlet (whether these pixels are part of the river network or in unchannelized 
hillslopes) offers opportunities to further probe into the finer scale dissection of landscapes for the purpose of hydrologic 
response classification and regionalization. 

Shallow landslides often mobilize as debris flows, which then carve bedrock canyons. The size of these shallow landslides 
determines the sediment flux to channels, the erosional area affected by landsliding, and the potential for downslope scour. 
At present we lack a general theory for landslide size. Collaborations are under way with Jim McKean (US Forest Service) 
and Taylor Perron (currently at Harvard) to explore how to apply a multi-dimensional cell-based slope stability model across 
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a landscape. An important challenge is to develop an efficient search algorithm employing the slope stability model to map 
the location and size of potential failure sites. 

Field data on grain size distribution of tributaries of Elder Creek and Skunk Creek (of the Angelo Coast Range Reserve) 
have been collected as part of a study on bed particle mobilization. We have found that the tributaries of Elder Creek are 
consistently lined with boulders, typically clustered into steps and that fan deposits show clear signs of delivery by debris 
flows. Field winter monitoring has been initiated to document relative bed mobility and explore conditions under which 
boulders could be transported by fluvial processes.

Progress on deliverables

Milestone/Deliverable Progress
Improved model for grain size prediction (Yr 7) Field monitoring under way to test hypothesis about 

bed mobility
Shallow landslide size and location model (Yr 7) Research under way for efficient search procedure
Empirical use of mapped roads to estimate average 
fines yield to channels (Yr 9)

No real progress this year

Plans

We plan to explore further the utility of width and area functions in characterizing channel networks and the use of the River 
Corridor Widths (RCWs) in identifying physical regime transitions from statistical transitions. This will require the analysis 
of more basins that have LiDAR data coverage. 

A search algorithm for calculating landslide size and location will be developed. This algorithm is envisioned to include, 
in addition to high resolution topography, other data sets such as soil type, moisture and vegetation. Such multimodal and 
multiscale data sets will require new methods of analysis based on multi-dimensional segmentation techiques and vectorial 
image processing approaches. 

We will complete the mapping of the road network in the Eel river basin from the LiDAR data by hand and use these data to 
develop and test automated routines for road detection. Features that distinguish roads in LiDAR are: (1) a lack of vegetation 
(although overhanging vegetation on small roads can be common); (2) distinctive intensity (in laser returns from airborne 
laser swath mapping surveys); and (3) topographic breaks when cutting across slopes (localized, nearly-horizontal surfaces 
in the cross-slope direction) which form a continuous, nearly-uniform width feature. These features have to be incorporated 
in the automatic extraction algorithm to be developed. 

Finally, we will continue monitoring and characterizing the Angelo river bed particle size and mobility. 

DW3: Predictive mapping of key biotic populations: relationships to habitats  ►

This subproject links distribution and abundance of organisms to habitat state and availability in a spatially explicit channel 
network framework. Continuing the central theme in DW, we aim to use high resolution digital topographic data to predict (in 
advance of field work) 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. We continued field studies in the upper watershed of the South Fork Eel River to calibrate DW 
ecological models by locating drainage area thresholds down the network where important changes in the distributions of 
organisms, ecosystem process rates, and food web regimes occurred. Last year, these field observations focused on identifying 
downstream-changing environmental factors that determine algal productivity. In this nitrogen-limited system, important 
factors limiting algal growth are changing competitive pressure from heterotrophic bacteria downstream due to environmental 
changes mediating their interactions with primary producers, and changes in stream substrates which affect turbulence and 
exchanges between water column nutrients and periphyton growing on the channel bed. Goodrich and colleagues found that 
bacterial-algal interactions in stream biofilms change downstream with changes in the relative supply of nutrients, terrestrial 
carbon, and light. Nutrient-limited algae exude labile carbon, which stimulate the growth of carbon-limited aquatic bacteria 
that exploit these algal exudates. These aquatic bacteria can out-compete algae for inorganic nutrients and suppress algal 
growth when both are nitrogen limited. They sampled natural periphyton and growth on nutrient diffusing substrata deployed 
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at nine channel positions in the upper South Fork Eel drainage network (Figure 
4). The unimodal relationships between ash free dry mass of biofilm on control 
substrates and drainage area had a minimum between 3-10 km2. Chlorophyll 
areal concentrations, indicating algal and cyanobacterial biomass, increased 
downstream as predicted for light limited primary producers. Bacterial counts, 
so far incomplete, showed a weak negative relationship with drainage area, but 
the predicted minimum biomass around 2-3 km2 may emerge after samples from 
larger drainage areas are processed.

Labile carbon supplementation on diffusing growth substrates increased both 
biofilm ash free dry mass and bacterial abundance from headwaters down to 
drainages of 17 km2, but had no effect in the mainstem (drainage area 130 km2), 
suggesting (as predicted) that bacteria there were not carbon limited due to abundant 
supply of labile carbon from algae. A particularly interesting result is that the 
addition of labile carbon in the larger drainages (17 and 130 km2) decreased algal 
abundance, as predicted if the experimental carbon supplement enhanced bacterial 
competitive sequestration of limiting dissolved nitrogen (Figure 5). 

Stoichiometric changes down river networks

In 2007, a major focus was on understanding the role of consumer-resource 
interactions, stoichiometry, and landscape position in determining nutrient 
transport in streams. This ongoing project links our understanding of food 
web interactions and stoichiometry in streams to nutrient spiraling, a metric 
of element cycling and downstream transport in stream networks. Sample 
and data analyses from the summer are continuing with some very promising 
preliminary results. 

One of the most exciting aspects emerging from work in this area at ACRR 
is the identification and exploration of drainage area thresholds in biological 
features in river networks. 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., in review, Freshwater Biology, Figure 10).

Collaborations of Goodrich with former NCED postdoc John Schade on an 
independently funded (NSF Ecosystem Panel) grant yielded results relevant to 
ecological stoichiometry (the changes over space and time of ratios of limiting 
elements in organisms relative to supply ratios available across heterogeneous 
environments). Because algae take up nutrients in ratios similar to those available 
in the environment, while bacteria exhibit more selective uptake of limiting 
nutrients to maintain homeostasis in their cell nutrient ratios, the uptake of 
experimental nutrient pulses should be more altered in reaches where bacteria 
dominate biofilms (and are often nitrogen limited). Results from a small, detritus-
dominated stream (Skunk Creek) and a larger, algae-dominated stream (Jack 
of Hearts Creek) support this hypothesis.. The N:P uptake rate ratio of Skunk 
Creek remained constant across a 4-17 molar N:P supply ratios, while the 
relative uptake rate of N:P in Jack of Hearts Creek increased strongly with an 
increase in N:P of supply.

While light clearly becomes more available downstream, it is not obvious how 
availability of dissolved nitrogen should change. We initially predicted that this 
limiting nutrient might be more available upstream, due to lower uptake by light 

Figure 4: Changes in (a) ash-free dry mass, 
(b) chlorophyll a concentration, and (c) bacterial 
abundance as a function of stream drainage area.

Figure 5: Effect size (treatment – control) of carbon 
(red circle) and nitrogen (blue triangle) additions on 
(a) ash-free dry mass, (b) chlorophyll a concentration, 
and (c) bacterial abundance. Positive effects are >0, 
negative effects are <0. Symbol * indicates significant 
difference between treatment and control (t-test on 
log-transformed data, Bonferroni corrected).
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limiting autotrophs. We observed the opposite (Figure 6). Real-time 
PCR of Nif genes (coding for nitrogen fixing metabolic pathways) could 
help to explain biological controls on N-availability. 

Another area of research on the relation of networks to local biotic 
processes is genomic characterization of the bacterial fraction of epilithic 
biofilms as a function of network position and season (Goodrich, Clinton, 
Fodor and Power). Preliminary results from automated rRNA intergenic 
spacer analysis (ARISA) analysis of biofilm samples show strong 
clustering of samples within sites and across seasons (indicating that the 
bacterial assemblage composition is more similar in different samples 
and times within a stream than among different streams). Small, shaded 
streams and large, sunny streams formed two distinct clusters that 
indicate a strong difference in bacterial assemblage between these two 
stream types.

Another area of focus continues to be in linking physical conditions to 
biological processes governing nutrient cycling. The efficiency with 
which attached algae can take up nitrogen and other limiting nutrients 
from the water column also depends on abiotic factors, such as near 
boundary turbulence influenced by longitudinal changes in bed texture, 
channel geometry, and discharge. Limm, Hondzo and collaborators are 
using particle image velocimetry to study bed textural and topographic 
controls on fluid flow and exchange, with implications for nutrient 
fluxes to periphyton. 

Limm conducted fine-scale measurements of boundary layer flow and 
nutrient transport using a 25 m by 0.6 m flume. Three different flow rates 
were studied along with three different bed topographies, composed of 
sand, gravel, or gravel with large cobbles. Fluorescein dye and dissolved 
nitrate and phosphorous were injected at the bed surface and their 
concentrations were measured 1m from the source using planar laser 
induced fluorescence (PLIF) and ion-exchange membranes. Particle 

image velocimetry (PIV) was used to simultaneously calculate velocities. Scalar and velocity measurements were obtained 
at 50 Hz, enabling nutrient flux calculations throughout the water column using an eddy-correlation technique. Pore-water 
concentrations were measured using a flow-through fluorometer. Larger bed-roughness elements increased turbulent mixing 
and nutrient exchange across the sediment-water interface. However, depending upon the size of the roughness elements, 
this exchange became more heterogeneous (Figure 7).

There is disagreement in the literature about the importance of transient storage in determining nutrient uptake rates. Several 
factors influencing the difference in results found in other studies are: 1) location of storage zones (pools, bed roughness, 
hyporheic flow), 2) biologic demand in storage zones relative to mainstream areas (hotspots), 3) overall strength of nutrient 
limitation, and 4) the relative importance of abiotic uptake to overall uptake. We continue to use the ACRR and the Outdoor 
Stream Lab (OSL) to explore results from Streamlab/OSL, and thus fill knowledge gaps relevant to restoration of river channels. 
In Streamlab 06, we found that algal growth can clog surface interstitial spaces and reduce hyporheic exchange, essentially 
isolating surface and hyporheic flow paths (Orr et al., in preparation). Both near surface hyporheic flow and near bed surface 
flow can be biogeochemical hotspots depending on the identity and biomass of organisms living in these transitional areas. 

Enhancement and inhibition of denitrification by fluid-flow and dissolved oxygen flux to stream sediments

Microscale measurements of nitrate (NO3) and dissolved oxygen (DO) concentrations in sediments were conducted in a 
laboratory channel under turbulent fluid-flow conditions to examine the effects of DO flux on denitrification rates. DO 
concentrations and flux within sediments increased with increasing velocity in the surface water. Under low fluid-flow 

Figure 6: Downstream changes in total dissolved nitrogen in 
river water in the upper South Fork Eel River network (Finlay, 
unpublished data).

Figure 7: Particle-Image Velocimetry (PIV) tracks, Einstein 
flume, UCB.
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conditions (shear stress velocity, u* < 0.23 cm s-1), increasing velocity increased NO3 loss from the bulk flow. For high 
fluid-flow conditions (u* > 0.39 cm s-1), increasing velocity inhibited NO3 loss. Sediment cores were collected and sliced to 
measure the depth distribution of denitrifying biomass in sediments. Quantities of nirK and nirS genes were higher within 
the surface layer and decreased with depth in the sediments. Microscale concentration profiles of DO and NO3 revealed that 
denitrification occurs within a thin region just below the oxic-anoxic interface in sediments. The interplay of mass transfer 
and DO flux generated threshold conditions for NO3 loss by denitrification. These results demonstrate that, for given sediment 
and environmental conditions (chemical, physical, microbiological), there exists an optimal range in velocities for enhancing 
denitrification in aquatic systems (Figure 8). The results will be instrumental for the design of streams and channels that 
minimize the export of NO3 along the channel. 

Progress on deliverables

Milestone/Deliverable Progress
Spatially explicit coho salmon model for rivers (Yr 6) See DW 9
Model for frog reproductive patterns (Yr 7) See DW 9
Model for seasonal peak algae distribution (Yr 8-9) See DW 9

Plans

In the coming season, we will test the prediction that Nif genes will increase in density with drainage area (due to increasing 
sunlight to fuel energy-demanding fixation) and may help to explain the increasing N:P of biofilm material and stream water 
found with increased drainage area. We will also use small recirculating 
chambers (devised by Mike Limm, NCED graduate student) to measure 
rates of nitrogen fixers from the free living cyanobacteria and those 
symbiotic on alder roots and within epiphytic diatoms (Epithemeaceae) 
to evaluate their relative contributions to downstream-increasing fluxes 
of this highly limiting nutrient. These chambers will also be used for 
measures of denitrification rates to refine our understanding of the 
causes of spatial variation in this important process (O’Connor et al., 
2006, Hondzo et al., in progress).

A steady-state model of periphyton spatial distribution driven by local 
geomorphological and large-scale watershed abiotic signatures will be 
developed. This work will be a continuation of research efforts with 
NCED CoPIs Miki Hondzo, Mary Power, Jacques Finlay, Efi Foufoula, 
and NCED graduate students Mike Limm and Jack Sculley. 

We plan to determine the role hyporheic flow plays in determining 
nutrient retention by measuring transient storage and uptake along 
the natural gradient of bed deposit depth in the strongly N limited 
Eel River watershed. We will also use algae transplant experiments to 
determine how algal growth at a particular site can change the location 
and rate of nutrient retention over a growing season. The results of this 
study should give us a better understanding of how flume results from 
Streamlab/OSL apply in natural watersheds. We also will be able to 
use this information to help explain the downstream trends in nutrient 
retention and flux found in previous ACRR research (e.g., Power et 
al., in review). 

Figure 8: The average bulk loss rate of (a) DO and (b) NO3 
under varying experimental fluid-flow conditions, and a 
comparison of (c) average bulk loss rates of DO and NO3. All 
rates are normalized to 25°C.
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DW4: Understanding linkages among solutes, soil production, and biota  ►

 We investigated the coupling between climate-change-induced rainfall change, soil microbial community structure, physical 
and chemical properties of the soil, above-ground vegetation, and microbial activity in the ACRR. 

For the first time, it has become possible to comprehensively and quantitatively evaluate how microbial richness and 
abundance in soil respond to changes in climate, specifically the abundance and seasonality of rainfall. The findings have 
been interpreted not just in light of changes in abiotic conditions, but also in the context of detailed information about the 
responses in plant and invertebrate communities. 

The research takes advantage of a well-replicated long term (and ongoing) climate-change simulation experiment in the 
Angelo Reserve for which extensive information about above-ground (plant and invertebrate) responses is available. We 
analyze how soil microbial diversity is altered by two climate-change manipulations that differ in the seasonality of increased 
precipitation. 

The research relies critically on the use of DNA-based tools (16S rRNA gene microarrays), whose effectiveness for surveying 
soil microbial diversity has recently been established. The approach enables unprecedented and relatively comprehensive 
documentation of species richness of samples from multiple treatment plots and over time. Multivariate analysis is used 
to identify correlations between microbial abundance patterns (relative to the control) and other physical, biological, or 
geochemical/mineralogical factors. 

Microarray analyses generate extremely large datasets rich in detailed information. We have found (i) that there is no 
cumulative effect of rainfall abundance and timing on the microbial community after 6 years of manipulation (Figure 9); 
(ii) microbial communities were highly robust in composition compared to above ground plan and invertebrate communities; 
and (iii) communities only respond to unusual weather events, particularly those that amplified differences or alleviated stress 
associated with treatments. This is a particularly interesting finding that indicates that a major effect of global warming may be 
associated with extreme events that are predicted to accompany long-term climate change. The implications for the Desktop 
watershed model are also significant. The finding of a high degree of consistency in soil consortia despite differences in water 
abundance and perhaps also above-ground vegetation in this study suggests that this factor can be largely eliminated from 
watershed models. However, this is not to imply that differences in other factors will impact microbial community function, 
and thus rates of carbon and nitrogen cycling and mineral dissolution. With this information on hand, it is now reasonable 
to begin to collate mineral dissolution and other kinetic data for incorporation into first generation microbiological DW 
models. 

Following completion of the above-described study 
in mid 2007, we moved on to evaluate the possibility 
that shorter term perturbations occur in response to 
seasonal changes and weather conditions, changes 
that may have been missed by the widely spaced 
sampling time points over the first two-year period. 
Although trends with time can be identified in our more 
frequent sampling, perhaps the most striking finding 
is the high degree of variation in the parameter set at 
any time point. Clearly, the results reflect inherent 
soil heterogeneity. In ongoing work, we are using 
this heterogeneity, in combination with a new suite 
of detailed microbial community profiling studies 
(16S rRNA microarrays), lipid analysis, and fungal 
community profiling (A. Rosling, collaborator), to 
identify factors that control community structure and 
to try to tease out time-related variation. 

Figure 9: Microbial NMS results. April 2006 and July 2006 are the only two time 
points that showed differences in the microbial communities. Showed in the NMS 
and abundance graph figures. These differences might be due to “extreme” and unusual 
weather conditions. April 2006: During the winter of 2005-2006, northern California 
received high amounts of rainfalls affecting the soil microbial communities’ composition 
and abundance. July 2006: High summer temperatures might have being the cause for 
the differences.
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Progress on deliverables

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

Initial results completed: rainfall regimes and microbial 
diversity are uncorrelated. Refinement continues.

Plans

We plan to explore how the soil microbial community responds to short-time-scale wetting.

Microbial communities may respond rapidly to the first rainfall event of the season through increased microbial biomass 
and increase in abundance of organisms able to rapidly take advantage of newly available dissolved carbon and nitrogen 
compounds. Understanding how variation in a basic landscape parameter, water, leads to rapid changes in soil biological, 
physical, and chemical processes should provide a basis for incorporating seasonal effects into models of watershed processes, 
and thus be central to the development of watershed ecological predictions.

We will explore how moss biomass alter the moisture content of soil profiles, and thus profoundly alters geochemical conditions 
and the resident microbial community structure. Moss biomass is a conspicuous vegetation that could greatly alter rates of 
microbial processes, including carbon and nitrogen cycling, mineral dissolution, and soil formation. The effects may have 
profound influences on geochemical cycles and nutrient fluxes. We will compare microbial communities under mosses and 
the root-dominated region of grasses over 3 cm intervals down the top 10 cm of the soil and the membership documented with 
microarray experiments. Differences in soil and pore fluid geochemistry between these environments will be determined and 
included in these analyses. Unraveling connections between soil biogeochemistry, overlying vegetation, and the production 
of solutes and sediments (and the chemical characteristics of these) is a necessary input to desktop watershed.

Ultimately, we plan to develop a steady-state model of microbial biomass and metabolism spatial distributions mediated by 
soil moisture and carbon concentration. 

DW5: Controls on rate of landslide transport to channels ►

Shallow landslides often mobilize as debris flows which then carve bedrock canyons. The size of these shallow landslides 
determines the sediment flux to channels, the erosional area affected by landsliding, and the potential for downslope scour. 
At present we lack a general theory for landslide size. Collaborations are under way with Jim McKean (US Forest Service) 
and Taylor Perron (currently at Harvard) to explore how to apply a multi-dimensional cell-based slope stability model across 
a landscape. We are exploring how to develop an efficient search algorithm employing the slope stability model to map the 
location of potential failure sites and how to link the downscaled rainfall drivers with the landslide theory.

Also lacking is a deep-seated landslide transport law for modeling landscape evolution. At the ACRR, we are collaborating 
with Josh Roering (Oregon) and his graduate student, Ben MacKay, who have used various techniques to identify deep-seated 
landslide dominated terrain and have obtained radiocarbon dates in the toes of some of the landslides to document activity. 
Erosion rates for the South Fork Eel basin, obtained from cosmogenic radionuclide dating, are significantly lower in the 
Holocence than the Pleistocence (based on samples from the river bed and from strath terraces respectively). Given the 
dominance of erosion by deep seated landsliding in the ACRR, these data can be used to infer climate dependent landslide 
activity, and could serve to guide model development 

Landslides are typically driven by precipitation events. We have begun work on the challenging problem of downscaling 
precipitation data for use in landslide prediction, with first trials in the Appalachians. Here we have extracted orography-
dependent characteristics that can be used to build a rainfall downscaling model. 

Progress on 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

Develop a shallow landslide flux “law” (Yr 8) Developed a 3D theory for instability
Develop a deep seated landslide flux “law” (Yr 9) Rates of sediment discharge is a start, 

but no specific progress yet.
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Plans

For shallow landslides we will continue to focus on the problem of developing a model for landslide size that can be applied 
high resolution topography. We will take two paths: one will be to formulate a optimal search alogorithm for the least stable 
sites, and the second to focus on coupling rainfall downscaling and dynamics to our simple slope stability model SHALSTAB. 
While the latter will not get at size, it will allow us to explore rainfall scaling issues and get a first cut method for landslide 
forecasting. 

Radar rainfall data for Eel River basins (Eureka station) will be processed and analyzed to understand the main physical 
and statistical characteristics of the landslide-producing storms in that area. We also hope that this analysis will produce an 
efficient orographic rainfall downscaling model for further use in Eel River and other basin studies, epseically in studies of 
climate change impacts. 

We anticipate that current work by collaborators Roering and MacKay will provide new approaches to calculating deep-
seated landsliding. We will also explore the possibility of further use of cosmogenic isotope measurements to infer rates of 
shallow- and deep-seated landsliding at the ACRR.

DW6: Sediment routing: coarse sediment transport in shallow flow; fine sediment interaction with coarse bed ►

We have developed a theory for calculating sediment 
transport of gravel across immobile boulders, a common 
process in steep channels. The theory accounts for form 
drag due to boulders and local areas of finer bed (where 
typically there is mobility) and agrees well with flume 
and field observations (Yager et al., 2007). We have 
documented that the shear stress for initial sediment 
increases with slope of the channel, and propose a 
quantitative explanation for this unexpected tendency 
(Lamb et al., in press). This past winter we initiated a 
field monitoring campaign on the bouldery tributaries 
of Elder Creek (ACRR) to test both the Yager et al. 
and Lamb et al. models. We are also exploring the 
possibility that exposure ages of boulders can be used 
to document residence time of boulders in channels. 
Preliminary results in an arid stream look promising.

Our work on the formation and dynamics of grain size patches on river beds expanded this year to include collaborations 
with Giovanni Seminara (Genoa) and Burkhard Militzer (UC Berkeley). These collaborations focused on two very different 
approaches to modeling. With Seminara we are exploring the use of perturbation theory to determine conditions under which 
bedload sheets (migrating patches of sorted sediment) can form. With Militzer we are using a simple rules-based discrete 
particle model to gain insight on what type of grain interactions may be critical to the sorting process. We now have strong 
experimental evidence for the mechanisms controlling bedload sheets. Data collected at the Berkeley Richmond Field station 
clearly reveal, in a mixed-grain-size bed, that the finer sediment can smooth the bed, leading to accelerated flow on the 
exposed coarser particles and their consequent mobilization. 

We have also developed a model to predict the volume of fine sediment deposited across gravel beds during low flows 
conditions This model has been coded into the Multidimensional Surface Water Model System (MD-SWMS, in collaboration 
with Jon Nelson and Rich MacDonald, United States Geological Survey) and tested with accurate laboratory experiments 
(Figure 10). The model successfully predicts the evolution of a fine sediment input in a flume experiment. Modeled and 
observed fine sediment plumes show similar position and distribution.

Figure 10: Channel morphology through time. The blue sediment is sand (model 
gravel) fed from upstream and the white sediment is lightweight plastic (model sand) 
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Progress on 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 bed surface patchiness in general. We will also 
continue field monitoring of bed material transport in the steep tributaries of Elder through the next winter. We will begin 
exploring various isotope fingerprinting methods for documenting sediment residence time in channels. 

DW7: Develop predictive models for channel incision ►

Debris flow scour drives valley channel incision in steep landscapes. To explore the mechanism of scour we first built a 56 
cm rotating drum, conducted a series of experiment with varying granular materials (and erodible substrates) and reported our 
findings (Hsu et al., 2008) which show that: 1) debris flows do scour rock, 2) the wear rate varies with grain size, shear rate, 
and water content, and 3) strong wall effects cause the circulation in channeled flows to be strongly three-dimensional. 

Wear experiments have now moved to our 4 m diameter vertically rotating drum. Data have been collected on real-time height 
and normal forces during fifteen experimental runs. These experiments explored wear rate dependency on variations in grain 
size, water content, and drum speed. Camera-laser-topographic mapping system and data processing scripts have been used 
to scan the topography of the eroded samples. Initial findings include: 1) the mean normal forces match that expected from 
a static normal load, 2) significant excursion in normal forces occurs when coarse debris is added to the flow (Figure 11), 3) 
sliding is common and requires roughening the bed to prevent it from dominating debris motion, 4) wear pattern depends on 
whether grains slide across or impact the boundary, and 5) mixed grain sizes strongly segregate during transport. 

To explore the mechanism of segregation and the generation of boundary forces by particle collision we began a collaboration 
with Professor Kimberly Hill at the University of Minnesota who is an expert in discrete particle modeling, specifically in 
rotating drums. Model runs with glass spheres of varying sizes were done in the smaller (“Maytag”) drum and compared 
grain trajectories calculated from numerical models. 
Initial results are encouraging: relative positioning of 
particles of varying sizes through the flow compare 
favorably. 

Data on wear natural bedrock plates placed in the 
Illgraben Torrent, Switzerland (which experiences 
several debris flows per year) reveal multiple millimeter 
wear in the form of grooves, smooth fine scale wear, 
and impact marks on the marble sample (work in 
collaboration with Brian McArdell (WSL, Zurich)).

Collaboration with Professor Giovanni Seminara 
(Genoa) has also been initiated on the development 
of a theoretical framework to predict the evolution of 
the cross-sectional shape of a bedrock channel. Their 
model assumes that all erosion is the result of particle 
impacts of saltating bedload, and that bedload transport 
occurs at transport capacity along an active zone, the 
width of which is determined by the sediment supply, 
discharge, and channel cross-sectional shape. The model 
allows bedrock erosion to occur at locations within the 

Figure 11: Effect of increasing the large clast size on landslide normal stresses in a 
rotating-drum experiment.
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active transport zone where the thickness of the sediment layer does not 
exceed a critical threshold. Preliminary results are qualitatively similar 
to experimental observations documenting a dynamic nature between the 
width of channel incision and sediment supply. 

We recently derived a model (Figure 12) for the evolution of a mixed 
bedrock-alluvial river channel that accounts for the coupling of channel 
incision and hillslope erosion, including the effect of transient storage 
along the channel. The coupled system of nonlinear differential equations 
predicts that greater channel incision accelerates erosion of hillslopes, and 
generates more coarse sediment that moves down the channel intermittently, 
covering the bedrock base and thus mitigating against further incision (self-
buffering). The model also includes a novel idea: that bed sediment may 
be transported and smeared out downstream with a probability distribution 
that is heavy-tailed. Our model incorporates the heavy-tailed distribution 
of sediment dispersion using a fractional advection process and employs 
fractional calculus to formalize it. We find that the power-law weighting of 
transport distances has an explicit and predictable effect on the shape of the 
river-bed profile and the model slope-area scaling relationship. The model 
also predicts that the mean cover thickness will scale slower than linearly 
with downstream distance. This work has introduced two key innovations: 
first it has promoted the idea of self-buffering as a key mechanism in the 
spatio-temporal development of mixed bedrock-alluvial river, and second 
it has introduced the idea of a nonlocal “fractional” advection process of 
bed sediment transport.

Finally, we are developing a data set to test model results on incision and 
evolution of the ACRR site. Field data on ages of strath terraces along 
the South Fork Eel and Elder Creek (Figure 13) provide rates of channel 
incision, and, hence, constraints on modeling. Comparison of model results 
with these measurements will occur in Year 7.

Progress on deliverables

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

Rates of incision at ACRR 
obtained, various theories 
being advanced

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

First experimental data 
published, new collaborations 
in modeling initiated

Plans

We plan to continue our experimental and numerical research on debris flow incision rates and processes. Based on the work 
on bedrock-alluvial channel evolution using fractional advection in a coupled system of partial differential equations, we are 
pursuing the idea of computing bedload transport rates in a river via a fractional derivative over the surrounding landscape, 
using the ideas discussed above. Separately, modeling will continue to explore controls on bedrock channel width during 
incision. We will use field data on erosion rates from CRN measurements for model evaluation and constraint, and also 
incorporate results on erosion by knickpoint migration being done under the SR IP. 

Figure 12: Model geometry: (a) downstream profile; (b) 
nested catchment and schematic drainage. Steady-state 
solutions for (c) channel gradient, ; (d) bed sediment 
thickness,  — for three models with  (green long-dashed 
line),  in (blue solid line) and (red short-dashed line)

Figure 13: Cosmogenic Radionuclide (CRN) erosion rates 
from the ACRR site. (Perg et al. in prep.)
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DW8: Upscaling transport laws and biotic processes  ►

With NCED support, we have been able to continue to develop 
tracers and methods for understanding river ecology (Finlay and 
Kendall, 2007; Finlay et al., in preparation, Hondzo et al., in 
preparation). We also published a methodology (Barnes et al., 2007) 
for upscaling biomass in a river using a combination of dimensional 
analysis and hydro-geomorphologic scaling laws. Dimensional 
analysis was used to determine the local scaling relationships 
between an important nitrogen-fixing cyanobacterium, Nostoc 
parmeloides, and hydrologic and geomorphic variables (Figure 14). 
We then combined these relationships with downstream hydraulic 
geometry and streamflow scaling in order to upscale biomass 
from point to reach-averaged quantities. The methodology was 
demonstrated with an 18-year dataset of seasonal monitoring of 
biomass of a stream cyanobacterium (Nostoc parmeloides) in the 
South Fork Eel river within the ACRR. 

Aquatic ecosystem metabolism: Eulerian and Lagrangian estimators

Aquatic ecosystem metabolism controls organic matter processing and nutrient cycling and thus defines the trophic state of 
ecosystems. The in situ measurement of dissolved oxygen (DO) has been customarily used for estimation of metabolism 
of flowing-water communities. Measured diurnal curves of DO concentration have been used to estimate the gross primary 
production (GPP) and total respiration (R) of aquatic communities. Open-system single-station and two-station methods 
have been employed to estimate the whole-ecosystem rate of GPP and R. We combined Lagrangian (instruments moving 
downstream with the fluid) and Eulerian (fixed station) field measurements in Minnehaha Creek, MN, to quantify the spatial 
and temporal variabilities of DO concentrations and our derived estimates of GPP and R. The dimensionless analysis of DO 
mass balance revealed the dominance of local photosynthesis and respiration over the transport by advection, re-aeration, and 
dispersion along the studied reach, densely covered by submerged aquatic macrophytes. The total correlated rate of change 
of DO along the creek, quantified by the integral length scale, was on average t =10 m. The integral length scale provided a 
characteristic length along the stream over which the two-station methods should be employed for the estimation of reach-
averaged GPP and R in streams. Generally, the two-station method is not recommended for the reach-averaged estimates 
of GPP and R if the spacing between the measuring stations is larger than the integral length scale of total DO change. The 
one-station method is recommended; however, sampling DO should be fast enough to quantify the spatial heterogeneity of 
DO. The autotrophic-heterotrophic balance, quantified by GPP-to-R ratio, did not vary significantly between the estimation 
methods. The balance was successfully scaled with the local stream geomorphic and hydraulic conditions and across a range 
of streams with different geomorphic and climatic conditions (Hondzo et al., in prep.). 

This research effort is a collaborative effort among NCED CoPIs: Mary Power, Jacques Finlay, Vaughan Voller, Miki Hondzo, 
and IGERT (NSF) graduate student Mark Morris. 

Through work with former NCED student Mark Green, we are developing tools to synthesize and explore regional scale 
patterns of hydrologic and biogeochemical data with nonparametric data analyses techniques that should prove robust for 
identifying general features of watershed biochemistry (Green and Finlay, in review). A paper on regional scale nutrient 
watershed stoichiometry is in preparation. In addition, Green, former post doc John Schade and Jacques Finlay are organizing 
a special session at NABS on stoichiometry in rivers. 

Figure 14: Scaling of Nostoc biomass via a dimensional analysis on 
channel geometry metrics.
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Progress on deliverables

Milestone/Deliverable Progress
Upscale local algae 
production rates (Yr 6-8)

Under discussion

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

Under discussion

DW9 Link food webs and channel networks, including  ►
dynamic response

This subproject aims to develop models for forecasting consequences 
of climate trends for river ecosystems by investigating seasonal and 
inter-annual dynamics in physical and biotic processes over reach 
scales. We have been active in synthesizing data on the response of 
polar freshwaters to climate warming (Lyons and Finlay, in press). For 
insight into possible changes in Mediterranean systems (e.g., ACRR), 
we analyzed eighteen years of field observations and five summer field 
experiments in the South Fork Eel River at the Angelo Reserve. The data 
suggest that hydrologic regimes influence algal blooms and the impacts 
of fish on algae, cyanobacteria, invertebrates, and small vertebrates. 
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 river 
bed, estimated at 120 m3s-1). Experimental manipulations of steelhead 
and large minnows (the top predators in the river food web) showed that 
flood effects on algae were partially mediated through food webs. During 
post-flood summers, fish were linked to algal dynamics through their 
prey. During drought years, when no bed-scouring winter flows occurred, 
large armored caddisflies (Dicosmoecus gilvipes) were abundant and 
fish, which could not eat these grazers, had little or no influence on 
algal standing crops, which increased only when Dicosmoecus were 
removed 

In summer 2007, NCED graduate student Mike Limm manipulated 
Dicosmoecus density (0 m-2 (‘post flood treatment’) vs 50 m-2 (‘post 
drought treatment’)) in experimental channels for 56 days. After 21 
days, periphyton accrual was reduced by 67%, primary productivity by 
27%, and ammonium uptake by 75% less in channels with Dicosmoecus 
relative to control channels without this grazing caddisfly. Thirty-five 
days after Dicosmoecus were removed from channels, all three processes 
were still depressed in experimental channels where Dicosmoecus 
had been present. Our results suggest that ecosystem impacts of 
hydrologically mediated changes to food webs can persist longer than 
the density responses of the grazers that initially triggered them. 

 Figure 15: Association from 1988-2005 of large peak 
Cladophora blooms with average algal heights > 50 cm and peak 
discharges that exceeded estimated bankfull flow of 120 m3 s-1 
during the previous winter. 

Figure 16: Algal mats at the same location change from green 
(early succession, clean Cladophora) to yellow (epiphyte loads 
dominated by non-nitrogen fixing diatoms) to rusty (late 
successional proliferations covered by Epithemiaceae) over the 
3 month summer low flow season. This succession is accelerated 
where mats are in unfavorable low flow conditions, as in 
foreground of upper right photo. Arrows point to same sedge 
tussock.



National Center for Earth-surface Dynamics
Annual Report 2008

Desktop Watersheds     29

Algal mats and insect emergence in rivers under Mediterranean 
climates: Towards photogrammetric surveillance 

Upscaling algal or cyanobacterial biomass from local measurements 
(Barnes et al., 2007; Warnaars et al., 2006) can be complemented 
by downscaling from aerial surveillance to deduce the ecological 
consequences of biomass changes over larger river reaches. We 
investigated the changing ecological functions of macroalgal mats 
with respect to nitrogen fixation and insect emergence. In summer 2007, 
we found that changing color of mats indicated changing taxonomic 
composition of ecologically important epiphytes on the host macroalga 
(Figure 16). Yellow Cladophora mats were epiphytized by diatoms that 
were not nitrogen fixers, while rust-colored Cladophora mats were densely 
overgrown by Epithemia adnata (Kütz.) Bréb. and E. sorex Kütz., which 
both contain nitrogen-fixing cyanobacterial endosymbionts. The rates of 
emergence by numbers (individuals day-1 500 cm-2) of Nematoceran 
flies were 3-25 times greater from yellow or rusty-colored Cladophora 
mats than from green Cladophora, Oedogonium, or Mougeotia mats 
that had lower epiphyte densities. Biomass emergence from Cladophora 
mats that were rusty in color was 8-10 times greater than from yellow 
Cladophora mats (Figure 17), because larger Nematocerans dominated 
in rusty mats (Chironominae versus Ceratopogonidae in yellow mats). 
Algal mat color in this system appears subject to successional and 
seasonal influences on epiphyte assemblages. In rivers under Mediterranean climate regimes, where algal succession during 
the prolonged low-flow season is less subject to stochastic interruption by spates than in rivers under more continental 
climates, photogrammetric detection of color changes in algal proliferations may help us track change in their ecological 
function. This algal photogrammetry project potentially addresses goals of DW4 (understanding solute fluxes because of 
mat response to lateral inputs of nitrogen), DW9 (documenting seasonal and inter-annual dynamics) and DW8 (upscaling 
from local to reach- and basin-wide estimates of biomass and fluxes).

Adding new species to the Ripple model: predicting frog dynamics

NCED partner Sarah Kupferberg is now carrying out her 16th annual census of egg masses that document the breeding 
female population density of a river-breeding frog of special concern, Rana boylii . A modeling project aimed at documenting 
limiting habitat for various life stages of this frog is underway involving Kupferberg (NCED affiliate), Palen (former NCED 
postdoc), Power, Dietrich, and Bode. (PRA 6) (DW9). 

Progress on 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) Under discussion

Plans

Our efforts will be geared towards developing the empirical basis (“observables”) to motivate dynamic theory for the Desktop 
Watershed model, as well as the transfer functions to apply to scaling relationships, converting photographic images or quick 
field measurements (e.g. of algal height or percent cover) to biomass, surface area, and per area ecological functions such 
as the areal rate of insect emergence or nitrogen fixation. This interative approach will combine local measurements and 
upscaling with near-ground remote sensing (LIDAR, photogrammetrics) and downscaling to calibrate and validate models of 
how seasonal and interannual dynamics driven by climate, land use, or biological change affect basin production and fluxes 
of algae, emergent insects, and vertebrate populations (bats, fish, frogs).

Figure 17: Emergence by numbers was similar in mid-
successional (yellow) and late successional (rusty or woven) 
Cladophora mats, but emergence by biomass from mats with 
Epithemiacaea exceeded mid-successional mat emergence by an 
order of magnitude because rusty mats supported larger insect 
taxa.
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We will continue studies of the distribution down river networks of primary producer biomass (of various dominant algal 
and cyanobacterial taxa), and of seasonal processes (productivity of carbon, fixation of nitrogen, losses to grazers) that they 
mediate (Power, Finlay, Hondzo, Foufoula-Georgiou, Dietrich, Bode, Limm, Goodrich) (PRA6, 8) (DW9). We will also 
analyze field-mapping data and continue to quantify landscape and seasonal controls of algal mat accrual, insect emergence 
from these mats and from other channel habitat, lateral fluxes of river and terrestrial insects from rivers to watersheds, and bat 
foraging activity, including site-specific tracking efficiency of these insect fluxes (Rainey, Power, Catenazzi (Power postdoc 
funded by the Swiss government), Bode). 

CoPIs Finlay, Power, NCED graduate students Mike Limm and Wil Torres, and former NCED post docs Wendy Palen and 
Camille McNeely, and others will use new tracers with NCED support (Finlay et al., in preparation) to link research on food 
webs at ACRR to the population dynamics of juvenile steelhead in the watershed. 

DW10: DW model code development ►

In the past year, through the significant efforts by Collin Bode in collaboration with Peter Baker (Stillwater Sciences) a first 
release version of a Desktop Watershed model was developed. This model, referred to as Ripple, can be used to obtain a 
quick assessment of possible limiting factors on Coho salmon populations in canyon rivers. Ripple is being released with 
source code in order to encourage others to build upon it. 

Progress on deliverables

Milestone/Deliverable Progress
User friendly model for Coho salmon 
population released to public (Yr 6)

Released

User friendly model for frogs (Yr 8) Under discussion
User friendly model for algae (Yr 9) Under discussion

Plans

Stillwater and NCED have agreed to add several more features (dams, dam editing, batch updates) which may result in a 
version 1.1 of the model shortly after release. At this time, this project may shift to DW11. 

We anticipate collaborating with the Keck group to apply or modify existing rainfall-runoff models to Elder Creek, setting 
the stage for dynamic routing of water and sediment. 

DW11: Use of Desktop watershed models in landuse management decisions ►

This subproject aims to make Desktop Watershed tools and models available to agencies and private industry for practical 
uses. Work on it is just beginning. 

Progress on deliverables

Milestone/Deliverable Progress
Development and release of topographic 
analysis tools for lidar (Yr 8)

In progress, to be released in Year 7

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

Plans being developed for extensive release of Ripple

Plans

As mentioned in DW10, we plan to distribute and help with the adoption of the Ripple model. In addition, we are in planning 
phase on wrapping a number of the LiDAR feature extraction tools developed in DW1 and DW2 into user-friendly tool 
sets. We anticipate interactions with various agencies (e.g., EPA, US Forest Service, USGS) once Ripple is made available 
to them. 
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IIb. Subsurface Architecture Integrated Project

Project Team
Lead Principal Investigator: David Mohrig
Project Manager: James Buttles
Contributing Principal Investigators: Chris Paola, Gary Parker, Robert Twilley, Vaughan Voller, Efi Foufoula-Georgiou, 
Nicholas Flores, Ben Hobbs

Executive Summary
The Subsurface Architecture Integrated Project (SA IP) focuses on developing methods for predicting delta evolution in 
support of sustainable restoration of the Mississippi River Delta. The SA IP emphasizes the use of predictive models to 
integrate information from subsurface and experimental studies of delta lobe development, as well as modern field studies 
of channel network self-organization and ecogeomorphology. We are developing methods to use subsurface records to 
understand how the delta maintained itself naturally (i.e., before human influence) during the Quaternary, with the aim of 
using these natural self-maintenance processes to guide the design of a sustainable delta-restoration program. A byproduct of 
this work is insight that can improve prediction of variations in the distribution of porosity and permeability that control the 
flow and accumulation of water, oil, and gas in the subsurface. We are also 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. Our goal is to develop a fully integrated, quantitative description of delta evolution that can be benefit 
sustainable restoration of these coastal lowlands.

The SA IP has produced a wealth of data, discoveries, and technology during the past year. These achievements are summarized 
in the presentations that follow for each of the 10 SA IP subprojects. That said, the fundamental contributions of the SA IP 
are wrapped up in its three major initiatives (see below). These fundamental contributions are described here.

The SA IP has established a new NCED field site on the Wax Lake Delta, southwest of Morgan City, LA. Measurements 
collected there, as well as on the nearby Atchafalaya Delta and the lowermost Mississippi River are providing new constraints 
on transport processes in distributary networks and associated patterns of bed erosion and sedimentation. The biggest 
surprise to date has been documentation of the punctuated transport of sand through these lowland systems. Very little sand 
is moving during periods of moderate and low water discharge. However, during floods, most of the sand moves directly 
into suspended load transport where it is efficiently advected through channels and available for deposition on the tops of 
partially submerged islands. An important consequence of this dominant style of sedimentation is that many of the studied 
lowland channels are incompletely covered by sand-active sand deposits, exposing the substrate below. This lack of a sand 
reservoir on the bottoms of channels can affect potential restoration projects requiring a large sand source. SA IP field work 
is also defining the contribution that accumulation of organic matter has on rates of vertical aggradation of deltaic surfaces. 
Finally, industry grade seismic data combined with analysis of present-day surface topography is removing the guess work 
as to the contribution of structurally induced subsidence to wetland loss in the lower Mississippi River Delta. 

The SA IP has built and tested the first predictive land-building model applicable to the lower Mississippi River Delta. This 
laterally averaged model successfully reproduced the overall rates of delta growth at the Wax Lake Delta field site during the 
past 30 years, and it has been applied to predict land building into Barataria Bay and Breton Sound for a range of scenarios 
involving water and sediment diversion from the lowermost Mississippi River. These model results were presented in 
February 2008 at the annual American Association for the Advancement of Science (AAAS) meeting held in Boston, MA. 
This laterally-averaged model represents the coarsest level in NCED’s developing three-level hierarchical model of delta 
evolution. The first level uses detailed flow and sediment transport simulations to study fine-scale processes, such as the 
evolution of channel bifurcations, a key “unit process” in delta evolution. At this level, the modeling is deterministic. The 
middle level attempts to capture the dynamics of the distributary channel network and individual depositional lobes. Model 
results at this level are necessarily stochastic, and the model will be cellular in form. The third model level would comprise 
the model currently being used to predict the aerial extent associated with various land-building scenarios. Modeling at this 
level is once again fully deterministic. If we are successful with this overall strategy, it will be the first time a fully hierarchical 
morphodynamic model has been developed.
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Finally, NCED’s substantial effort in geomorphic modeling of delta evolution has been partnered with the Louisiana State 
University (LSU) Coastal Louisiana Ecosystem Assessment and Restoration (CLEAR) ecosystem forecasting framework. The 
CLEAR ecosystem forecasting framework is designed to: (1) develop and incorporate conceptual ecological models that can be 
used to integrate ecological needs and opportunities with engineering designs; (2) use wetland loss rates to describe the most 
likely “future without” scenario for a variety of ecosystem attributes; (3) estimate broad ecosystem responses to restoration 
alternatives based on processes associated with succession of geomorphic and ecological systems; and (4) calculate ecological 
benefits for incorporation into decision support tools associated with large-scale geomorphic and hydrologic processes. The 
tools that are being developed between NCED and CLEAR (www.clear.lsu.edu ) are urgently needed for planning and decision 
making in coastal Louisiana: There is a brief window during the recovery period from the major disturbances of Hurricanes 
Katrina and Rita when policy will be set for decades to come. Moreover, delta restoration is a generic environmental problem 
worldwide in which human and natural dynamics are strongly and inherently coupled. Thus, our research programs have 
national and international implications to living and working in coastal environments. The environmental issues in coastal 
Louisiana—improving methods for characterizing ecogeomorphic functions, estimating predictive uncertainty, and using 
social preferences to evaluate ecosystem management scenarios and research strategies—mirror similar concerns in major 
river delta regions worldwide. The challenges to promoting resilience of this coastal region, including the urban, industrial, 
and natural landscape components, provide a laboratory to develop new technologies that reduce risks to both social and 
natural resources.

Goal
The goal of the SA IP is to learn how the natural self-maintaining Mississippi River Delta has worked in the past and in the 
present so as to harness these processes to help maintain and restore the dynamic delta surface. To achieve this goal, we combine 
studies of the modern delta system with quantitative reconstructions of past delta behavior in order to generate predictive 
tools that can be used to evaluate the complex scenarios involved in large-scale reconstruction of lost delta surface.

Approach
NCED’s transdisciplinary technical 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 Mississippi River 
Delta: an issue long recognized as fundamental to protecting New Orleans and the Gulf Coast infrastructure from devastation 
by hurricanes. Enactment of the NCED Strategic and Implementation Plan (SIP) has led to the development of a second 
integrative field site, or natural laboratory, for NCED: the Wax Lake Delta, an actively growing subdelta of Atchafalaya River 
located southwest of Morgan City, LA.

Accomplishments and Plans: Major Initiatives
Establishment of the Wax Lake Delta field site, coastal Louisiana

During May 2007, we launched the first field campaign to the Wax Lake Delta, 
our land-building field site. This field site is uniquely suited for studies of 
natural land-building processes because the delta has been allowed to evolve 
with very little human interaction. The integration of ecologic, hydrologic, 
geomorphic, and sedimentologic studies at Wax Lake Delta will provide a 
cornerstone to our understanding of how a natural delta grows.

Wax Lake Delta is situated at the downstream end of Wax Lake Delta Outlet, a 
man-made channel that diverts water and sediment from the lower Atchafalaya 
River, roughly 20 km upstream from Morgan City, LA. The Atchafalaya 
River receives ~30% of the water and sediment from Mississippi River at the 
Old River Diversion, and the Wax Lake Delta Outlet diverts about 50% of 
the Atchafalaya River water and sediment to Wax Lake Delta. The subaerial 
delta has been building out into Atchafalaya Bay since 1973, with a delta-

Figure 1: Aerial photograph of section of Wax Lake Delta 
studied during NCED field project, May 2007. Photo 
courtesy of Gary Parker
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front advance rate of about 0.27 km/yr. Associated with this 
growth has been the development of a distributary network 
of channels, separated by vegetated island/bars, that continues 
to evolve as the delta progrades seaward (Figure 1).

A first step in developing the Wax Lake Delta as an NCED 
field site has been the production of a high resolution digital 
topographic map. The first generation of this topographic 
template covers only the most proximal section of the 
delta (Figure 2) and has both a subaqueous and a subaerial 
component. Accurate representation of topography both 
below and above water is critical if this data is to support 
development of predictive land-growth models. Researchers 
on the 22-ft research vessel Itasca, using a swath bathymetry 
profiler with dual differential global positioning system (GPS) 
antennas, created high resolution, bathymetric data of the 
channels in the distributary. Shallow water bathymetry across 
the submerged tops of islands was characterized through a 
series of cross-island transects measured by hand in the field. 
Emergent island topography and height of the vegetative 
cover is provided by airborne light detection and ranging 
(LIDAR)  data collected by the state of Louisiana (available 
at http://atlas.lsu.edu/lidar/) and Belle Isle Quadrangle.

Water discharge in the distributary network was measured in May 2007 from the Itasca using an acoustic Doppler profiler. 
With this profiler, we collected discharge measurements at cross sections on the feeder channel and at its first five distributary 
channels. The discharge for the five distributary channels sums to 85 % of the main/feeder channel. We propose that the 
remaining 15 % is associated with unmeasured, shallow flow onto and across the weakly emergent islands. The cross-sectional 
average flow velocity in all five channels was very close to 0.5 m/s.

Deltaic deposits from both channel bottoms and island tops were sampled for grain-size analysis and organic content. The 
data, plus the resolved channel-bottom topography, are being used to design an appropriate sampling strategy to resolve 
sediment transport through, and deposition in, the delta. The evolving delta ecology is being captured via repeat ecologic 
transects across bar tops. Further descriptions of this work are presented in the project summaries below.

Integration of NCED SA IP with Louisiana State University’s Coastal Louisiana Ecosystem Assessment and Restoration 
project

The overarching objective of the CLEAR program is to effectively link science, monitoring, and modeling into an integrated 
ecosystem forecasting system in support of Louisiana’s coastal restoration and protection endeavors. The need for such an 
ecosystem forecasting system was articulated during the development of the Louisiana Coastal Area (LCA) Comprehensive 
Ecosystem Restoration Plan (CERP). To date, the ecosystem forecasting tools developed by the CLEAR program have been 
used in the LCA planning exercise (Appendix C of the LCA CERP), as well as in the Louisiana Coastal Protection and 
Restoration Authority State Master Plan. These reports evaluate restoration alternatives, along with environmental benefits, 
using a combination of individual modules that predict physical processes, geomorphic features, and ecological succession, 
including that of higher trophic levels (e.g., fish). The assumptions and limitations associated with these forecasting efforts 
have been thoroughly documented and thus provide guidance to improve upon the current procedures to reduce scientific 
uncertainty in model forecasts of restoration scenarios. The CLEAR program continues to develop and evaluate conceptual and 
simulation models to further improve upon an ecosystem forecasting system that integrates the elements of a comprehensive 
monitoring and adaptive management program. Currently, the CLEAR program serves as a nexus between the Louisiana 
university system and resource management agencies of the state of Louisiana for the support and application of environmental 
science related to the restoration and management of coastal resources. CLEAR is a multi-faceted, coordinated effort through 
a partnership involving over 48 scientists and engineers in both government and academic institutions representing a variety of 

Figure 2: Wax Lake Delta field site. UPPER LEFT. Loading field gear; research 
vessel Itasca in the background. UPPER RIGHT. Digital elevation model for 
proximal Wax Lake Delta.  Cool colors represent water depths between 0 m and 20 
m.  Hot colors represent bed elevations between 0 m and 1.5 m.  White represents 
elevations close to mean sea level.  LOWER RIGHT. Survey of island-top and 
channel margin topography at site of shallow coring. LOWER LEFT. Surveying 
topography of mature island-top.
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interests and expertise. State and national support of a comprehensive restoration plan depends on defensible science—science 
that can forecast the ecological changes and benefits that accrue over a large-scale temporal and spatial scale as a means of 
demonstrating the ability of various restoration measures to sustain the comprehensive needs of this coastal landscape.

LSU and NCED are focused on developing the theory and quantitative observations necessary to guide and test modeling 
approaches defining the linkage of geomorphic processes and ecosystem response to delta restoration measures. A fairly 
complete initial set of ecological “desktop” modeling tools (fresh- and salt-water marsh vegetation, fish, etc.) has already been 
developed as part of the LSU CLEAR program (http://www.clear.lsu.edu). The linkage between the land-building model and 
ecological models is critically dependent upon the subsurface architecture (SA) implementation plan. This year, a majority 
of SA contributing principal investigators (PIs) have traveled to Baton Rouge, LA, to meet and interact with contributing 
members of the CLEAR  program. Collaborative NCED /CLEAR research is presented in SA03, SA06, and SA10. 

Presentation of first land-building predictions associated with water and sediment diversions from the lowermost 
Mississippi River into Barataria Bay and Breton Sound: AAAS Meeting, Boston, February 2008

Contributing PIs of the SA IP worked together to build and test a predictive land-building model applicable to the lower 
Mississippi River Delta. The laterally averaged model predicting subdelta growth was primarily developed by NCED 
Postdoctoral Research Associate Wonsuck Kim and PI Parker. Appropriate input values for the model were assembled by 
the PI research team of Twilley, Paola, and Mohrig. The model was successfully tested against field data assembled for the 
Wax Lake Delta. It reproduced the overall rates of delta growth there during the past 30 years. The model was then applied 
to conditions in Barataria Bay and Breton Sound to estimate the total volume of land growth associated with a century of 
water and sediment diversion from the lowermost Mississippi River. These modeling results are summarized below in the 
discussion of SA06. 

Accomplishments and Plans: SIP Project Plan
Year 6 was the first complete year under the newly restructured SIP for SA 
research focusing on Mississippi River Delta maintenance and restoration. 
In this section, we report on research accomplishments to date.

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

During the past year, multibeam bathymetry data from the lowermost ~150 
river kilometers of the Mississippi River have been analyzed to quantify the 
composition of the channel bottom. This work shows that the river bottom 
is best classified into five categories: 1) active, sandy dune field; 2) exposed 
channel-bottom substrate; 3) exposed channel-sidewall substrate; 4) inactive, 
mud-covered dune field; and 5) slack-water sites of ephemeral mud deposition 
(Figure 3). Surprisingly, exposed bottom and sidewall substrate constitutes 23 
% of the channel surface area. These regions of exposed substrate consist of 
highly consolidated fluvial/deltaic strata that date from the latest Pleistocene 
to early Holocene and form prominent topographic benches with incisional 
structures including flutes and grooves. Exposed channel-bottom substrate 
is focused in water depths >35 m. The mean thickness of the sandy deposits 
worked into active dune forms is estimated to be 7 m. Identification of this 
relatively thin and discontinuous sand layer has important implications to 
barrier island restoration strategies involving mining of sand from the modern 
Mississippi River channel. The results of this research are presently being 
prepared for publication. 

Figure 3: Channel bed types (river kilometer 125), in 
order of prominence: (1) active dune fields; (2) exposed relict 
stratigraphy; (3) sidewall relict strata that form erosion 
resistant benches; (4) mud-mantled dunes, typically near 
banklines; and (5) ephemeral muds, confined to shallow 
water near banklines.
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Repeat acoustic surveys of the Mississippi River bottom at and downstream from New Orleans have been used to measure 
the bed-material flux in the lowermost river via bedform tracking. These results show a roughly hundred-fold difference 
in bed-material flux between mean flow and infrequent high water discharge events. This large variation in bed-material 
flux is consistent with US Geological Survey (USGS) measurements of suspended sand in the lower river that only show 
measurable volumes during river floods. Taken together, the bed-material flux and suspension data indicate that very little 
sand is moving through the lowermost Mississippi during normal water discharges. A manuscript documenting the calculation 
of bed-material load via bedform transport in the lowermost Mississippi River has been accepted for publication in Journal 
of Geophysical Research (Earth Surface).    

Progress on deliverables

Milestone/Deliverable Progress

Quantified bed-material flux in lowermost Mississippi 
River as a function of water discharge.

Measurements and analysis of bed-material load 
as a function of water discharge in the lower 
Mississippi are complete. Suspended sand samples 
defining concentration profiles as a function of 
water discharge were recently collected. Our studies 
indicate that the lowermost Mississippi River is 
relatively starved of sand and that a significant 
fraction of its channel bottom is actively eroding.

Measured suspended sand transport in lowermost 
Mississippi River at low water discharge 
and flood stage (winter 2007-2008).
Estimated thickness of active sand layer on river 
bottom available to mine for possible barrier 
island restoration projects. Quantified the degree 
of substrate exposed on river bottom and evidence 
for present-day channel incision on lower delta.

Plans
During the next year we will analyze recently collected suspended sediment samples from the lower river and compare sand 
transport by suspension to sand transport as bed-material load. We will continue to refine our understanding of the limited 
sand cover in the lowermost Mississippi River, as well as the extremely punctuated transport of sand in the system. Our 
understanding of sand transport in the Mississippi River will be imported to our ongoing study and analysis of the Wax Lake 
Delta.

Project SA02: Behavior and deposition of cohesive sediment ►
The goal of this project is to determine the behavior of the fine sediments that comprise the majority of the solid load delivered 
to the Mississippi River Delta. We know from observation at Wax Lake Delta that most or all of the clay-sized sediment 
is transported as freshwater flocs. This is also the case in the lowermost Mississippi River. The fundamental question is 
what form of transport dynamics do the flocs exhibit, and in particular, to what extent can the transport and deposition of 
flocs in the environment be predicted using conventional, noncohesive morphodynamics? We will investigate this question 
in the year to come using a combination of field observations at Wax Lake Delta and experiments at the St. Anthony Falls 
Laboratory (SAFL).

A measure of the efficiency of mud deposition associated 
with flocculation has been obtained through the analysis of  
riverbed character over the lowermost ~150 river kilometers 
of Mississippi River (Figure 3, SA01). This analysis by NCED 
graduate student Jeff Nittrouer shows that roughly 10% of  
riverbed is mantled by ephemeral muds during moderate 
to low water discharge. These deposits are preferentially 
located in shallower water near banklines.

Recently, we carried out the first public-domain experiment 
on delta evolution using a new, weakly cohesive sediment mix 
developed by scientists at ExxonMobil Upstream Research 

Figure 4: Comparison of channel networks on experimental delta DB07 (left) 
and Wax Lake delta (right). Image of Wax Lake Delta is from http://maps.
google.com.
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Company. This material allows us to produce deltas with well developed distributary networks similar in form to those of 
NCED’s field site at Wax Lake Delta (Figures 1 and 2). The experiment involved comparison of delta form and dynamics 
during an early phase of delta progradation followed by a later phase of delta aggradation. NCED graduate student John 
Martin and  Postdoctoral Research Associate Matt Wolinsky analyzed its planform geometry for consistent trends as the 
delta grew, focusing on geometric properties that have been identified by the LSU wetland ecology group as important to 
ecosystem prediction. 

Progress on deliverables

Milestone/Deliverable Progress

Carried out the first public-domain experiment on delta 
evolution using a new, weakly cohesive sediment mix 
developed at ExxonMobil Upstream Research Company.

Experimental stratigraphy will ultimately be used 
as part of our larger effort to develop methods 
for recovering quantitative information on delta-
lobe evolution and variability from subsurface 
records (priority areas SA04 and SA05).
We anticipate that the experimental deltas also 
provide a guide to the form and dynamics of 
delta lobes that might be generated at locations 
targeted for land building as part of the proposed 
wetlands restoration in Mississippi River Delta.

Completed first inventory of mud deposition on bed 
of lowermost Mississippi River (river km 0 - ~150) 
during moderate water discharge. Roughly 10% of the 
bed was covered by ephemeral, flocculated mud.

Plans

1. We are studying the possibility of deploying an in-situ channel to measure transport properties of flocculated mud 
at the Wax Lake Delta field site.

2. In terms of experiments on transport and deposition of flocculated mud on channel margins and tops of islands, we 
will focus on adding complexity and realism one step at a time: (1) introducing real flocculated material in place 
of the settling-equivalent walnut sediment we are using now, (2) introducing biofilms on the rods we are using to 
represent plants growing in shallow water, (3) introducing basal litter around the rods, and (4) replacing the rods 
with flexible plant stems.

3. PIs Twilley, Banfield, and Mohrig will collaborate to understand the importance of flocculent material in the 
Mississippi River and how this may effect nutrient cycling. One major goal is to determine where the most intense 
nutrient cycling takes place—is it in the water column or in the sediment deposits?

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

We are currently working on developing a connection of plant colonization, wetland vegetation patterns, and island 
sedimentation dynamics in developing Mississippi River Deltas by combining the study of active Wax Lake Delta islands 
with records from previous studies on the neighboring Atchafalaya Delta. 

LSU postdoctoral student Guerry Holm and PI Robert Twilley have initiated field experiments and completed plant/soil 
surveys on the natural islands of the Wax Lake and Atchafalaya Deltas (Figure 5). While current and future research will 
focus on the Wax Lake Delta, historic records from the Atchafalaya Delta provide the data necessary to make longer-term 
predictions regarding plant succession and sediment elevation changes. 

Long-term vegetation and soil elevation plots (>90 plots) in the Atchafalaya Delta have been established along with an equal 
number of new survey plots in the Wax Lake Delta. These surveys are designed to capture plant community and soil changes 
along elevation gradients, while also enabling a reconstruction of typical chronosequences of island development (Figure 6).

While data collection and analysis is ongoing, some preliminary observations, from the long-term collection sites in the 
Atchafalaya Delta, include the following vegetation community changes: (1)  Black willow communities are developing at 
the heads of islands at the earliest stages of island formation and are restricted to their initial area of establishment, (2) Willow 
copses represent the only woody community type on natural islands, and (3) There has been a continued decline over the 
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past 15 years of the once expansive arrowhead (Sagittaria latifolia and S. graminea) community. While this has been true 
in the Atchafalaya Delta, only within this past year at Wax Lake Delta have we seen the rapid conversion of Sagittaria spp. 
flats to surfaces dominated by American lotus (Nelumbo lutea). Lateral expansion of aggressive clonal species contributes to 
the establishment of perennial marsh habitat: 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.

Progress on deliverables

Milestone/Deliverable Progress

Currently measuring soil elevation changes 
(soil accretion) on islands in Wax Lake Delta 
using traditional survey techniques

Have established feldspar marker horizons 
across the elevation gradients on deltaic 
islands to more directly measure soil accretion 
associated with different plant communities.

Year 1 vegetation and elevation surveys in both deltas 
are completed and data analyses are in progress.

Defining long term patterns in development of 
deltaic wetlands by updating long-term transects of 
vegetation change in the Acthafalaya  Delta region.

Plans

1.  We will integrate field data from plant-sediment interactions to model applications: We will support NCED and 
CLEAR modeling efforts by providing rates for vertical accretion of organic matter and siliciclastic sediment across 
elevation gradients. We will also develop a budget for accumulation of organic material and sediment on each island 
in the Atchafalaya Delta, based on the long-term data. 

2.  We will initiate short-term, field experiments that address model and information needs: The critical model needs 
are being discussed at this point, with emphasis on corroborating physical short-term sedimentation rates potentially 
using age measurements from short-lived radioisotopes in soil cores. We are seeking funding to support sediment 
dating techniques.

Figure 6 (right): Depiction of plant 
community types across longitudinal and 
transverse transects of a typical delta island. 
During above-average river floods, the island 
head and lateral flanks are formed by coarse 
sediment deposition, soon thereafter these 
topographical highs are rapidly colonized by 
black willow (Salix nigra). Other distinct 
plant assemblages can be found across this 
elevation gradient, where species are separated 
based on their ability to withstand flood stress 
and physical forces of tidal and river currents. 
Intertidal mudflats occupied by annual species 
are subject to seasonal dieback and complete 
aboveground removal, which results in 
sediment export during strong winter frontal 
passages. Aggressive clonal plants such as rice 
cutgrass (Zizaniopsis miliacea), common reed 
(Phragmites australis), and cattail (Typha 
spp.), are capable of rapid expansion rates 
and contribute to the lateral formation and 
stability of a perennial marsh habitat (figure 
modified from Johnson, Sasser and Gosselink, 
1985).

Figure 5 (above): Sampling location map for the Wax Lake and 
Atchafalaya River deltas. Long-term plant community and sediment 
elevation transects have been maintained in the Atchafalaya delta 
since the early 1980’s. During the fall of 2007, seven new transects 
similar to those in the Atchafalaya delta were established on Wax Lake 
delta. Concurrent research in both deltas is designed to understand 
the role of plants in island development and stability.
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3.  We will use geographic information systems (GIS) and historical records to define vegetation dynamics in both 
the Atchafalaya and Wax Lake Deltas and determine those features associated with geomorphic development of 
islands—the first step in building desktop vegetation-geomorphic models for deltaic wetlands.

4.  Incorporate nutrient biogeochemistry found in the water column and in the subtidal sediments associated into models 
of delta evolution. Future research will include direct measurements of subtidal sediment denitrification under different 
flow regimes. In addition, we are planning to conduct open-system measurements of N2 gas flux under the floating 
marshes.

Project SA04: Reconstructing delta dynamics from seismic records ►

Regional-scale volumes of seismic data can be used to determine geometry, spatial arrangement, and variability of deltaic 
depositional units throughout the accumulation of roughly 1 km of deltaic deposits during the Quaternary. NCED graduate 
student Terra George and Postdoctoral Research Associate Kyle Straub are in the early phase of defining spatial and temporal 
variability in Mississippi River Delta subsidence using an industry grade 3D seismic volume covering about 1,400 km2 of 
Breton Sound, LA. Access to the seismic volume has been provided by WesternGeco with substantial help from collaborator 
David McCormick of Schlumberger-Doll Research.

Seven regionally distributed sedimentary horizons and ten growth faults have been mapped in the shallow subsurface using 
the Breton Sound seismic volume. Local variability in long-term patterns of subsidence for this important section of the 
lower Mississippi River Delta can be clearly connected to movement of thick salt deposits buried at depth within the delta. 
Analysis of deposit thickness trends in this region, created by sequential differencing of our regional subsurface maps, 
indicate that depositional patterns are not always in balance with subsidence patterns. At least five growth faults defined 
by seismic mapping can be shown to be still active today. These previously unrecognized faults define sharp transitions in 
vegetated wetland versus open water. One fault offsets the southern levee of the modern Mississippi River at Empire, LA. 
Another fault in the same area is spatially correlated with a prominent channel bend in the Mississippi River. Coupling 
the analysis of subsurface structure with present-day surface topography is highlighting the significance of neotectonics in 
controlling patterns of wetland development. Our first estimates of differential subsidence across the mapped growth faults 
yield a representative vertical displacement rate of 0.1 m per thousand years. This is not a high rate, but it appears sufficient 
to affect patterns of wetland occurrence in areas with low rates of vertical accretion.

Progress on deliverables

Milestone/Deliverable Progress

Have mapped 7 regionally distributed sedimentary horizons 
in the shallow surface beneath Breton Sound using a large 
3D seismic volume provided by WesternGeco. These mapped 
horizons define the long-term balances and imbalances 
between sedimentation and structural subsidence. 

Preliminary mapping needed to define structural 
variability in subsidence pattern over Breton Sound is 
complete. First estimate of subsidence rates averaged 
over 1,000 to 100,000 years have been made based on 
limited biostratigraphic control from well samples. 

Have mapped 10 growth faults in Breton Sound that have 
been active tens of millions of years and are still active today. 
At least half of the measured faults are controlling surface 
topography today and affecting aerial distribution of wetland.

Plans

1.  We will continue to refine age control associated with subsurface deposits via procurement of nonproprietary well 
data from Breton Sound.

2.  We wil use improved time control on sedimentary deposits to determine the equilibrium time for delta construction. 
This scale defines the time interval over which large-scale patterns of sedimentation and subsidence come into balance 
with each other. Estimates of long-term subsidence rates and rate variability will be incorporated into CLEAR and 
NCED land-building models.
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3.  We will begin systematic mapping of delta channels and lobes 
preserved throughout the Quaternary deposits beneath Breton Sound. 
Dimensional information acquired from this mapping will be added 
to our growing data set of deltaic depositional elements. 

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

During May 2007, bed material samples were collected from the bottoms 
of channels and across an island levee crest in order to characterize the 
composition of recent deposits at Wax Lake Delta. Channel bottom 
material was collected from the research vessel Itasca using a grab 
sampler. The locations for all of these samples are presented in Figure 
7. The levee samples were gathered from four, 1-m deep cores, roughly 
evenly space along a 12 m transect that ran perpendicular to the edge 
of an island (Figure 8). This transect was located directly to the east of 
grab sample 13 marked on Figure 7. To date, eighteen grab samples have 
been analyzed for grain size from the beds of the channels leading up to 
and on either side of the studied island. Four samples are from the main 
feeder channel for the delta, and the remaining fourteen samples are from 
distributary channels adjacent to the island. Twenty island samples have 
also been analyzed for particle size. The mean water depth associated 
with the feeder channel samples was 14 m, and the mean water depth 
associated with the surrounding distributary channels was 5 m. Water 
depth across the crest of the island levee was 0.2 m. The sand to mud 
ratio for analyzed deposits from all three depth zones is similar, with a 
median value for sand fraction by mass of close to 40%. Composition 
of the sand fraction for deposits from the three depth zones is presented 
in Figure 9. The island levee is enriched in very fine sand but contains 
no medium sand. Conversely, the feeder channel has a minor amount 
of very fine sand while being enriched in fine to medium sands. The 
distributary channel deposits possess an intermediate composition 
with close to equal amounts of fine and very fine sand. These observed 
differences in particle size as a function of water depth or elevation are 
presently being analyzed by NCED undergraduate student Elke Baitis to 
determine the dominant mode of sand transport through and deposition 
in the Wax Lake Delta. 

Progress on deliverables

Milestone/Deliverable Progress

Samples characterizing the bed 
of channels in the Wax Lake 
distributary network have been 
collected. These samples are presently 
being analyzed for particle size. 

Deposit samples collected from 
Wax Lake  Delta are currently 
being analyzed. Results from 
grain-size analyses are being 
used to guide development 
of a model describing sand 
transport through and deposition 
in the Wax Lake  Delta. 

Shallow cores defining the 
composition of an island levee 
in Wax Lake  Delta have been 
collected. These samples are 
presently being analyzed for 
particle size and organic content. 

Figure 7:  Locations map for grab samples collected from the 
bottoms of Wax Lake delta channels in May 2007.  Samples that 
have already been analyzed for grain size are marked by red 
squares.  The four samples from the delta feeder channel are labeled 
28, 29, 30 and 31.  The island cores were located directly to the 
east of grab sample 13.

Figure 8: An example of core recovered from the crest of an island 
levee in Wax Lake delta.

Figure 9: Composition of the sand fraction from deposit samples 
collected in May 2007.  Mean flow depth associated with the 
feeder, distributary and levee samples was 14 m, 5 m and 0.2 
m.  Sand size varies systematically between these three zones in 
water depth.   



40     Subsurface Architecture

National Center for Earth-surface Dynamics
Annual Report 2008

Plans

1.  Samples collected in May 2007 will be coupled to the Digital Elevation Model for Wax Lake Delta to establish the 
connection between island growth and the composition of surface deposits.

2.  PIs Paola, Twilley, Parker, Hobbs, Flores, and Mohrig, along with colleagues from other academic institutions, 
submitted a proposal in January 2008 to the National Science Foundation (NSF) Dynamics of Coupled Natural and 
Human Systems Program that, if awarded, would fund a shallow coring program across a large section of the lower 
Mississippi River Delta.

Project SA06: Modeling land building: integration with Louisiana State University’s CLEAR  program ►

Since 1973, the subaerial Wax Lake Delta 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 by a Mississippi subdelta. This 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. A 
comparison between results from the subdelta model and measurements from Wax Lake Delta is shown in Figure 10. The 
land-building model reproduces both shoreline advance and created delta area for a 20 year period beginning in 1980.

A first application of the subdelta model to new land building 
within the Mississippi River Delta was presented by PI 
Gary Parker at the annual AAAS meeting in February 2008. 
This first application predicted land building into both 
Barataria Bay and Breton Sound over the next one hundred 
years associated with proposed diversions of water and 
sediment from both sides of the Mississippi River (Figure 
11). Necessary input data for these model runs was jointly 
assembled by NCED and CLEAR researchers.

The subdelta model is being coupled to existing “desktop” 
models built by CLEAR to describe ecosystem response to 
potential delta restoration measures (see volume 4 at www.
clear.lsu.edu). A fairly complete, initial set of ecological 
desktop modeling tools (fresh- and salt-water marsh 
vegetation, fish, etc.) has already been developed as part of 
the LSU CLEAR  program headed by PI Twilley. Linking 
the predictive land-building model generated by NCED with 
the ecological models developed by LSU CLEAR is vital to 
the successful implementation of the SA IP.

PI Voller and NCED student Man Liang are working 
towards a hierarchical model of delta growth, which will 
have the ability to resolve and account for channel-scale 
processes. This model is seen as an intermediary between 
the large-scale mass balance models for delta growth and the 
high-fidelity computational fluid dynamics (CFD) models 
describing local channel-sediment interactions. Models of 
this nature are seen as operating at scales that will allow for 
physical-ecological coupling while accurately maintaining 
mass balance and capturing local channel behavior. To 
date, Man Liang has worked on generating the necessary 
numerical tools—unstructured control volume meshes—and 
on identifying the modeling strategies that will underpin 
development of the hierarchical model.

Figure 10: Calibration of the NCED land-building model with data measured 
at Wax Lake delta since 1980. The solid and dotted lines form an envelope of 
the prediction for Wax Lake delta growth based on a possible range of suspended 
sediment loads (38 – 25 Mt/yr). 

Figure 11: Conservative estimate for land building by two subdeltas in 
Barataria Bay and Breton Sound.  Constructed land is associated with 100 
years of Mississippi River diversion. The model shorelines (white lines) prograde 
into the adjacent bodies of standing water with radial symmetry. 
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Progress on deliverables

Milestone/Deliverable Progress

Successful application of radially averaged land-
building model to evolution of Wax Lake  Delta. 

A major component of the NCED-CLEAR interaction 
is to improve the forecasting of landscapes associated 
with restoration of the Mississippi River Delta. The 
land building module of CLEAR is being redesigned 
as part of the joint modeling efforts with NCED.

Initial use of the radially averaged subdelta model to estimate 
land building into Barataria Bay and Breton Sound associated 
with controlled diversions of the lower Mississippi River. 
Development of unstructured control volume meshes 
for use in hierarchical modeling of delta growth.

Plans

1.  We will continue to refine the existing land-building model, incorporating new insights from ongoing studies of 
Mississippi River and the Wax Lake Delta as they become available.

2.  We will conduct a detailed study characterizing the distributary pattern of channel flow and sediment transport in 
lowland river systems. This data will be used to guide development of the next generations of predictive land-building 
models. 

3.  We will parameterize the geo-bio-ecosystem so that it can be embedded into land-building models produced through 
collaboration between NCED and CLEAR.

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

No genetic model can explain the variability in distributary network pattern on modern deltas. NCED Postdoctoral Research 
Associate Doug Jerolmack and J. Swenson have derived scaling relationships for two processes known to create distributary 
channels and, with these laws, have constructed a simple model for distributary network evolution (Figure 12). The first process 
is mouth-bar deposition at the shoreline and subsequent channel bifurcation. The second process is avulsion—the wholesale 
abandonment of a channel in favor of a new path. The former creates relatively small networks with power-law distributions 
of channel length; the latter generates relatively few, backwater-scale distributaries. Frequency-magnitude plots of channel 
length on natural deltas agree with theoretical predictions and show a clear separation in scale that reflects these processes: 
Mouth-bar distributary lengths scale with the width of the parent channel, and avulsive distributary lengths scale with the 
backwater length—intermediate channel lengths are 
relatively rare. Wave energy controls network topology 
by suppressing mouth-bar development, thereby 
preferentially eliminating smaller-scale distributaries. 
Jerolmack and Swenson will continue to develop 
theoretical tools that contribute directly to modeling 
land building on the Mississippi River Delta.

NCED graduate student Brandon McElroy has 
conducted research on the temporal variability of bed 
topography in sandy rivers and its associated sediment 
flux. This work has taken place at The University of 
Texas at Austin and at the Technische Universiteit, 
Delft, The Netherlands, through the NSF international 
research experience program (IREP) facilitated by 
NCED. It is testing the hypothesis that bed deformation 
can be directly related to a bed-sediment suspension 
condition.

Figure 12: Cartoon illustrating unit processes of distributary channel formation. (a) 
Expansion of a turbulent jet creates a mouth bar at a distance, LD, downstream of a 
channel tip on a timescale TD. (b) On timescales smaller than the avulsion timescale 
(TA), i.e. for t < TA, successive progradation of leveed channels and bifurcation due 
to mouth-bar deposition creates a branching (fractal) distributary network. Dashed 
concentric curves are isochrons indicating the quasi-radial shoreline position at successive 
time intervals. (c) On longer timescales, t > TA, aggradation leads to avulsion and the 
abandonment of the old channel network (dark gray) and creation of a large-scale avulsive 
distributary. Each avulsive distributary spawns a new fractal distributary network at 
its tip. Abandoned channels on the delta plain are erased by overbank sedimentation 
and wave reworking (light gray) due to relative sea-level rise.
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Progress on deliverables

Milestone/Deliverable Progress

Bathymetric data from proximal distributary channels of 
Wax Lake  Delta was collected using a swath profiler in 
May 2007. This topographic data is presently being used to 
study the properties of channel bifurcations, as well as the 
mechanics of sediment transport through Wax Lake channels.

Analysis of combined subaqueous and subaerial 
topography on Wax Lake  Delta is providing a 
clearer connection between water and sediment 
transport through the distributary network and island 
growth. Bathymetric data suggests only patchy 
coverage of channel bottoms by sand deposits. Series of topographic transects defining island-top topography 

in Wax Lake  Delta has been collected. These topographic 
profiles are being assembled with cored island deposits and 
vegetation data to guide development of island growth models. 
Model for production of distributary networks based on 
the scaling relationships for 1) mouth-bar deposition 
leading to channel bifurcation and 2) large-scale 
channel avulsion has been developed and tested 
against existing data on channel-length statistics.

Plans

1.  We will combine delta topography with measures of water discharge 
and bed composition to guide development of the first vertically resolving 
sediment transport and sedimentation model for Wax Lake Delta. We will 
use this model to assess variation in sand transport and sedimentation as a 
function of overall river discharge. 

2.  We will carry out a delta growth experiment in fall of 2008. This 
experiment will last for about four months and will produce a longer record 
of channel and shoreline evolution than has been produced anywhere to date. 
The objective of this experiment is to provide a reference dataset to test the 
network evolution models being developed now.

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

Methods have been developed to automate the picking of channel edge 
length, shoreline length, and wet fraction for experimental deltas (Figure 13). 
Resulting data allow for the analysis and scaling of delta properties under 
conditions of progradation, aggradation, and retrogradation. The abundant data 
can also serve as metrics against which numerical models of delta evolution 
can be tested and refined. 

Spatial scaling of shoreline roughness in recent delta experiments has revealed 
that maximum shoreline variability is set by the scale of distributary lobes 
(Figure 14). It appears that roughness in the shoreline is, to a degree, self-
limited by channel migration. Strong coupling exists between delta growth 
and shoreline geometry during progradation. However during aggradation, 
shoreline variability is not solely due to distributary lobe growth but is also 
set by shoreline transgression over inactive portions of the delta, illustrating 
a decoupling between fan dynamics and fan geometry (Figure 14). This 
disconnect, together with the matched increase in channel network mobility 
and fluvial aggradation, suggest the stratigraphic architecture may not be a 
strong geometric signal of different fluvial surface conditions.

Figure 13: Image of the prograding experimental delta 
with measured geometric parameters. Wet fraction equals 
total channel area/total land area. 

Figure 14: Schematic diagram of the coupling and partial 
decoupling of fan processes and shoreline geometry.  (A) 
During fan progradation, all shoreline roughness is 
constructed by fan processes, forming a correspondence 
between shoreline regression and shoreline geometry.  B. 
During fan aggradation, shoreline geometry is only partially 
set by fan processes, being complemented by shoreline 
transgression over inactive portions of the delta.
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Progress on deliverables

Milestone/Deliverable Progress

We are developing a three-level hierarchical 
model of delta evolution. The fully hierarchical 
morphodynamic model will be comprised of a 
deterministic and a cellular-based approach.

We are working to provide relevant information to 
our colleagues at LSU CLEAR on the morphologic 
properties of deltas (e.g., total channel area, edge length) 
that are most important for ecological prediction.

Recent physical experiments reveal that maximum 
shoreline variability is set by the scale of distributary 
lobes; strong coupling exists between delta growth 
and shoreline geometry during progradation; during 
aggradation, shoreline variability is not solely due to 
distributary lobe growth but is also set by shoreline 
transgression over inactive portions of the delta.

Plans

1.  We are in discussions with Rudy Slingerland, Pennsylvania 
State University, on formalizing a collaboration, with the 
eventual aim of producing a three-level hierarchical model 
of delta evolution. The first-level model would be the one 
being developed by Slingerland and his group, which uses 
detailed flow and sediment transport simulations (currently 
with the Delft 3D code) to study fine-scale processes, such 
as the evolution of channel bifurcations, a key “unit process” 
in delta evolution. At this level the modeling is deterministic. 
The middle-level model would be the one that PIs Voller and 
Paola are working on now. This level attempts to capture the 
dynamics of the distributary channel network and individual 
depositional lobes. Model results at this level are necessarily 
stochastic, and the model will be cellular in form. The model(s) 
will incorporate insight from the mathematics working 
group that met recently in Ireland: This group was formed 
several years ago as an NCED Working Group. Our focus 
will be to provide information on morphologic properties, 
for instance total channel area and edge length (e.g., from 
experimental delta—see Figures 1-3) that are important for 
ecological prediction. This research will include frequent 
meetings with PI Twilley to make sure that the morphologic 
modeling addresses issues that are important for the ecosystem 
prediction. Completing the three-part hierarchy, the third-level model would comprise the model currently being 
developed by NCED Postdoctoral Research Associate Wonsuck Kim and PI Gary Parker, which treats the evolution 
of the laterally averaged delta surface. Modeling at this level is once again fully deterministic (SA06). If we are 
successful with this overall strategy, it will be the first time a fully hierarchical morphodynamic model has been 
developed.

2.  Our future collaborative research is broadly aimed at quantifying the subsurface architecture of cohesive experimental 
deltas (SA02). This effort will involve continued research on distributary channel networks (SA07), along with work 
focused on the burial process, whereby active geomorphic elements are translated to subsurface sedimentary bodies 
(SA05).

Figure 15:  Channel decorrelation for the  progradation and aggradation 
phases of the experiment was performed by measuring the progressive 
decrease in channel pattern similarity as a function of time separation.  
By fitting an exponential curve to this data and characterizing a time 
scale Tch as the time by which 95% of the original correlation is lost, we 
find that during progradation Tch = 23.5 hours, whereas during fan 
aggradation this time scale decreases to 12.5 hours.  Interestingly, the 
averaged fan aggradation during each time interval is similar, about 0.5 
channel depths, indicating that ultimately channel migration is driven 
by similar amounts of deposition.
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Project SA09: Coastal system response to rising relative sea level ►

A collaborative research project between NCED and ExxonMobil used a 
physical experiment of an alluvial delta to study the properties of the channel 
network, shoreline, and affiliated sedimentary deposits under conditions of 
both zero and steady base-level rise. This experiment took advantage of the 
behavior of a unique cohesive sediment mixture that promotes the development 
of persistent channels and a rugose shoreline that reproduces many aspects of 
the geometry of natural deltas (Figure 13). This experiemnt was conducted in 
two phases. The first phase: the delta prograded into standing water of constant 
depth in the absence of base-level rise. The second phase: steady base-level rise 
was imposed on the system, forcing a two-fold increase in topset aggradation 
due to greater sediment retention in the fluvial reach. The shift to enhanced 
fluvial deposition in the second phase caused channel network mobility to 
increase, reducing the autogenic channel timescale from 23.5 hours to 12.5 
hours and supporting a positive correlation between deposition and channel 
avulsion frequency (Figure 15). An independent shoreline time scale that 
characterizes the dominant time for persistent shoreline regression was found 
to closely correlate with the measurements from the channel network: 28.3 
hours during fan progradation and 9.5 hours during fan aggradation. These 
metrics suggest a strong coupling between the channel network morphology 
and shoreline dynamics.

PI Voller and NCED student Jorge Lorenzo Trueba are working to understand 
the role that salt intrusion plays in destabilizing delta growth. The ongoing 
objective is to understand the mechanism of the increased subsidence (carbon 

burning) due to salt intrusion and then to determine its effects through the use of modified delta-growth models. A development 
in this work has been the construction of a closed-form analytical solution for the formation of a sediment delta. Under 
the condition of a constant sea level and no subsidence, this model provides predictions for the rate of seaward movement 
of the shoreline, the rate of landward movement of the alluvial-bedrock transition, and the shape of the fluvial surface. 
These predictions have been tested in the laboratory by NCED Postdoctoral Research Associate Wonsuck Kim and NCED 
collaborators John Swenson (University of Minnesota Duluth) and T. Muto (Nagasaki University) (Figure 16). Two points 
are made here: (1) Although this analytical model is somewhat limited in the detail of geomorphologic inputs it can handle, 
it will be an invaluable tool for verifying the more complex and flexible numerical approaches that need to be developed to 
address the key practical delta growth problems of interest, and (2) The ability to rapidly generate experimental data to validate 
our model added significant value to the research, a value that would have been almost unattainable without NCED.

Progress on deliverables

Milestone/Deliverable Progress

Analysis of the experimental data shows clear dynamical 
differences between the predominantly progadational 
and aggradational phases of the experiment.

In March 2008, PI Voller visited PI Twilly at LSU. A 
central aim of this visit was to establish mechanisms 
by which the process of “carbon burning” can be 
integrated into existing delta growth models. It is 
expected that the development of an initial model that 
accounts for the subsidence due to carbon burning will 
be put in place this summer. This development will 
open up an important avenue for coupling ecological 
process in to the physical land building models.

Experimental data from the NCED-ExxonMobil 
physical model supports a positive correlation between 
deposition rate and channel avulsion frequency.
An independent time scale that characterizes the period 
of persistent shoreline regression is closely correlated 
with measurements from the channel network. This 
provides a measure of the coupling between the channel 
network morphology and shoreline dynamics.

Figure 16:  Comparison between results of the similarity 
solution for delta growth under conditions of constant sea 
level and no subsidence, and the 1D flume experiments. 
Top shows the prediction (dots) of the fluvial surface at a 
time snapshot. Bottom compares the movements (time vs. 
distance) of the shoreline and alluvial-bedrock transition 
(the squares are the experimental measurements)   
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Plans

1.  As mentioned in the plans for SA07, a delta growth experiment of 
extended duration is scheduled for the fall of 2008. This experiment 
will produce a longer record of channel and shoreline evolution than 
has been produced anywhere to date. The objective is to provide 
a reference dataset to test the network evolution models being 
developed now.

2.  As mentioned in the plans for SA08, future collaborative research 
will be broadly aimed at quantifying the subsurface architecture 
of cohesive experimental deltas (SA02). This effort will involve 
continued research on distributary channel networks (SA07), 
along with work focused on the burial process, whereby active 
geomorphic elements are translated to subsurface sedimentary 
bodies (SA05).

Project SA10: Social tradeoffs in Mississippi River Delta  ►
restoration

Recognizing that environments are dynamic and change in unexpected 
ways, particularly in restoration, management plans need to be as 
dynamic and adaptive as their environment. With decisions that are 
complex and involve a delicate balancing of multiple, competing 
objectives, including potential ecological improvements that might 
result from postimplementation learning and changes in strategies, it is 
useful to adopt a formal means to assess alternatives. Decision Analysis 
(DA) provides such a means.

There have been a number of studies that have used Bayesian DA methods 
to evaluate the worth of information in environmental management 
under a single objective (e.g., maximize population; minimize cost of 
water quality management). However, there appears to have been no 
attempt as of yet to use such methods to analyze tradeoffs and risks 
involved in restoring a large coastal ecosystem such as the Mississippi 
River Delta. We hypothesize that a formal analysis of the dynamic and 
adaptive process that determines Mississippi River Delta restoration over 
the next few decades can provide valuable information to stakeholders. 
This information includes knowledge of tradeoffs among ecological, 
protection, and social objectives and can be used to quantify the worth 
of flexibility, monitoring, and experimentation in adaptive management 
of Mississippi River Delta restoration.

PI Hobbs, in collaboration with NCED Postdoctoral Research Associate 
Melissa Kenney, are beginning to develop Adaptive Environmental 
Management (AEM) decision models for quantifying the value of 
learning and flexibility, a type of analysis technically termed “preposterior 
analysis.” These models will use multistage decision trees to represent 
present and future restoration options. The tree would include probability 
distributions of outcomes (ecological, protection, and social) over 
time as a function of restoration choices. The multistage decision 
process will consider learning by characterizing possible monitoring 
and experimental outcomes that become known after implementation 
of initial decisions but before subsequent decisions are made (Figures 
17 and 18).

Figure 17: Mississippi River delta Adaptive Management 
Decision-making Framework. The proposed methodology of 
evaluating multi-criteria attributes or reference points of proposed 
environmental management goals (such as restoration programs) 
using environmental and social models that generate endpoints 
(reference points) and benefits that are then utilized in an adaptive 
management framework.

Figure 18: Mississippi River delta Research Framework for 
Coupled Natural and Social Systems. The proposed methodology 
couples environmental and social models of restoration alternatives 
that produce reference points and benefits that are subjected to an 
adaptive management evaluation process.  The research that we are 
conducting falls within the adaptive management module.

Figure 19: Mississippi River delta restoration alternatives.  
Proposed major restoration plans include river diversions (blue 
arrows) and river management (yellow arrows) along with created 
wetlands using pipeline conveyance of sediments.



46     Subsurface Architecture

National Center for Earth-surface Dynamics
Annual Report 2008

In the years since Hurricanes Katrina and Rita, much of the discussion of long-term Louisiana restoration has focused on 
protection. This discussion has focused on three areas of protection: coastal restoration, structural protection, and non-structural 
protection. Coastal restoration refers to wetland/delta and barrier island barrier building activities. Structural protection 
refers to structures such as levees and storm gates that are aimed at minimizing the impact of storm surges. Nonstructural 
measures are activities such as putting houses on stilts and improving evacuation plans. All three approaches are important 
and are being addressed by the US Army Corps of Engineers (USACE); the focus of this research, however, is solely on 
coastal restoration efforts.  

For coastal restoration, the major problem is land loss. Thus, the two major decisions are: (1) location of restoration and 
(2) methods of sediment and freshwater delivery. Various locations may place certain constraints on the plausible methods 
of sediment and water delivery; these methods would be considered when detailing the various alternatives. The amount of 
sediment delivered affects predictions of land building. The freshwater delivery methods are important because they affect 
the salinity gradient, which in turn affects the type of wetland ecosystem (salt, brackish, or freshwater). There are other 
restoration decisions, such as vegetation, that could also be considered, but we have chosen to focus on the two most critical 
decisions for restoration in this area (Figure 19). 

Progress on deliverables

Milestone/Deliverable Progress

Submitted proposal in January 2008 to NSF Dynamics 
of Coupled Natural and Human Systems Program to 
acquire additional funding for research that compliments 
SA10. Proposal title is “Collaborative Research: The 
Mississippi Delta as a Coupled Social-Environmental 
System: Toward Resilient Coastal Restoration.”

CLEAR and NCED have initiated the development 
of a “Social Science Module” in CLEAR 
to assist with evaluating environmental and 
protection benefits of restoration alternatives 
to support systems level decision making.

Recent discussions of the CLEAR model at LSU 
focused on: future scenarios to be run through 
CLEAR and use of CLEAR output for evaluation of 
different coastal restoration project alternatives.

Currently reviewed and provided comments 
on USACE Louisiana Coastal Protection 
and Restoration Plan (LACPR).

Began the process of creating a social science 
module that will be linked to LSU CLEAR.

Plans

1.  We will create an initial DA model, based on information on feasible restoration options and their impacts, published 
objectives of Mississippi River Delta restoration, and two workshops involving small but representative groups of 
scientists and stakeholders. Feasible, initial restoration decisions (e.g., possible locations for wetland restoration) 
would be represented as the first stage, with subsequent adaptation possibilities being available in later decision 
stages. The set of feasible alternatives would consider the legal/institutional constraints analyzed as part of the legal 
task.

2.  We will obtain, explore, and analyze datasets to be provided by CLEAR. The models will ultimately be parameterized 
using the natural system models (CLEAR modules: developed by NCED PI Twilley with extensions by PIs Mohrig 
and Parker), the social system models (new modules that will link with CLEAR: developed by NCED PI Flores 
and others), and expert elicitation data. The models will explicitly characterize uncertainties and how they might be 
reduced over time by monitoring and experimentation.
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Executive Summary-Plans
During the next year, contributors to the SA IP will be involved in the following tasks:

1.  Targeted field work aimed at better defining a) routing of water and sediment through distributary channels, b) 
sedimentation properties associated with sand and flocculated mud, c) vertical accretion of islands via in situ 
accumulation of organic matter, and d) 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 of 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 collaborated with partners on short courses involving 
deep-water and terrestrial depositional systems, and NCED graduate students and alumni continued to serve as key leaders 
in these courses. We also continued 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 the 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 Wax Lake Delta. A second 
major partner activity has been the release of a 3D seismic survey from the Mississippi River 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 River delta becomes the central focus of the project. 
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IIc. Stream Restoration Integrated Project

Project Team
Lead Principal Investigator: Peter Wilcock
Project Manager: Jeff Marr
Contributing Principal Investigators: Bill Dietrich, Jacques Finlay, Efi Foufoula-Georgiou, Nicholas Flores, Benjamin 
Hobbs, Miki Hondzo, Chris Paola, Gary Parker, Lesley Perg, Mary Power, Vaughan Voller, Greg Wilkerson

Executive Summary
The Stream Restoration Integrated Project (SR IP) is focused on a practice, with the objective of transforming stream restoration 
(SR) from an approach based on single-discipline analogy to one based on multidisciplinary quantitative prediction. Our 
research targets developing predictive linkages in process ecogeomorphology with close coupling between stream science 
and environmental decision analysis. 

The Le Sueur River project is a high-profile, NCED-led restoration project involving fundamental research, advanced 
field-based and remote technologies, partner collaborations, and economic and social evaluations all collectively focused 
on the federally mandated restoration of the regionally important Minnesota River basin. The Le Sueur River is a 3,400 km2 
basin draining to the Minnesota River basin and is a major contributor of sediment and nutrients to the main stem of the 
Minnesota River and ultimately the Mississippi River. The main goals of the project are to identify and quantify the major 
sources of sediment contributing to the high total sediment load in the river system and to develop a routing model capable 
of routing sand and mud through a gradually varying channel geometry. Extensive remote topographic data (light detection 
and ranging—LIDAR), ground surveys (total station, ground-based LIDAR), and field-based observations are supporting 
the effort. 

NCED social scientists are playing an integral role in the Le Sueur River project. In collaboration with Minnesota environmental 
agency partners, we are developing explicit linkages between environmental predictions, including uncertainty, and management 
decision analysis regarding location, type, and function of monitoring and design. We conducted a survey of public preference 
in the Minnesota River basin this past year, and we are developing new restoration-focused approaches to account for the effect 
of public preference of uncertainty in restoration outcomes and the rate of time preference for future restoration benefits. The 
social science components of the Le Sueur River project are valuable tools for decision makers, and the knowledge gained 
through this work will set precedence for other large restoration efforts around the country. 

NCED’s commitment to developing field-scale experimental capabilities in ecogeomorphological stream science and restoration 
advanced further this past year through the development of two new StreamLab facilities: Virtual StreamLab (VSL) and 
Outdoor StreamLab (OSL). The VSL is a state-of-the art computational framework for simulating complex fluid-bed and 
fluid-organism interaction in streams. We are conducting laboratory experiments to collect validation data for numerical 
code, and are working towards the release of a VSL application to aid in restoration design and management of in-stream 
structures. The VSL effort provides much needed research tools for exploring the complex interaction of flowing water with 
in-stream structures and living organisms at realistic Reynolds numbers. 

Construction of the OSL’s Riparian Basin was completed in 2007. This summer we will conduct a rich series of experiments 
on a naturally formed 3 m wide sand-bed river created in the OSL Riparian Basin. The research will involve a multi-scale 
study including analysis of equilibrium channel design methodologies, characterization of sub-reach scale momentum 
distributions in meandering channels, analysis of turbidity and fine sediment deposition on subsurface water storage and 
benthic communities, multi-scale analysis of geomorphically driven, hyporheic exchange, and quantification of water residence 
time and sedimentation in aquatic vegetation. Three visitor groups will participate in this research through the NCED Visitor 
Program. The research in the OSL links directly to efforts at the Angelo Coast Range Reserve (ACRR) focused on issues of 
algae distributions and nutrient cycling.

Analyses of data collected in the 2006 Indoor StreamLab (ISL) project are ongoing. Results from the Ecogeomorphology 
Project (1 of 4 projects conducted during the 2006 ISL) provide insights into linkages between surface flow, light availability, 
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surface-layer hydraulic conductivity, biomass accumulation, and spatial locations of nutrient uptake. A major finding of the 
work indicates that biomass accumulation, positively correlated with light availability, significantly reduced surface hydraulic 
conductivity and decreased hyporheic exchange, while significantly increasing the rate of nutrient uptake. A summary data 
report is being authored by the research team, and all data from 2006 ISL will be made available to the broader research 
community through the NCED data repository.

The prediction and measurement of sediment in rivers is critically important for restoration design and river management. 
NCED is making revolutionary advances on fundamental understanding of sediment transport processes. We are developing 
more accurate techniques for routing multi-size sediment through channels. Working collaboratively with agency partners on 
the Sandy River Restoration project and the Le Sueur River project, we are developing predictive capabilities for the effects 
of catastrophic and chronic sediment addition to rivers. The fundamental knowledge and applied tools developed in these 
projects will impact river management in the US. The 2006 ISL project generated the best resolved dataset yet collected on 
multi-size particle transport. We are using this data, along with equally resolved topographic data, to describe the stochastic 
nature of bedload transport. The analysis demonstrates that the statistics (mean, variance, etc.) of sediment transport rates 
depend strongly on scale (sampling interval), and this dependency varies with hydraulic conditions and grain size distribution. 
Emerging from this research is a theoretical framework that will allow accurate comparisons of sediment rates sampled by 
various protocols (sampler type and sampling interval).

Restoration practitioners have a diverse range of backgrounds and expectations regarding the role of research and prediction 
in practice. Through short course presentations to more than 500 students, partner interactions, open source software 
and manuals, and active participation in regional practice conferences, NCED has played a leading role in promoting an 
objective, standards-based, predictive approach in an environment that emphasizes open and collegial research/practice 
collaboration.

Goal 
The goal of the SR 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.

Approach
NCED research addresses three key areas of SR 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, desktop watersheds 
(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 transforming SR practice 
also leads to an emphasis on training, which is discussed in the KT section.

Accomplishments and Plans
Our report on Year 6 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 SR IP projects. To provide a 
clear statement of their purpose and organization, we describe these projects first and then cite connections in the sections 
describing the seven SR IP projects.
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An Integrated Sediment Budget for the Le Sueur River Basin, 
Minnesota

We have completed the first year of this three-year project. 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 Minnesota Pollution Control Agency 
(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 measurement of sediment flux and 
storage, historical and field evaluation of sediment sources, radiogenic 
isotope models of source apportionment, high-resolution LIDAR analysis 
of sediment source and storage compartments, development of water and 
sediment routing models that account for sediment storage, all conducted 
within a sediment mass balance framework (Gran et al., in review). 
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 regional and state-wide 
water quality management. 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.

The Le Sueur River is a large (3,600 km2) agricultural watershed in 
Southern Minnesota. Postglacial river incision, agricultural practice, and 
location conspire to make the Le Sueur 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. 

In an NCED-MPCA collaboration, flow and suspended solid observations are made at eight stream gages in the Le Sueur (Figure 2): 
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 Year 7, we will be adding suspended sediment observations to the grab samples for water quality analysis.

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. Hobbs and Wilcock are collaborating with graduate 
students Sarah Jacobi and Pearl Zheng to develop guidance for monitoring and management 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. Flores is working with 
A. Shafran (now on faculty at California Polytechnic State University) and A. Meyer to determine public preference and willingness 
to pay for management practices. 

Figure 1: Hillshade relief image showing the modest 
topography of the Le Sueur River uplands and the incised 
channel near the mouth. LIDAR coverage is available for Blue 
Earth County, here shown in lighter grey.

Figure 2: Location map showing Le Sueur River watershed 
in south-central Minnesota.  The shaded area on the state map 
indicates the extent of the Minnesota River basin.  Stars on the 
watershed map on the right indicate locations of gaging stations.
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The Le Sueur River project contributes to SR IP projects SR01, SR02, SR04, and SR06. The Le Sueur River project and 
broader Minnesota River collaboration involves NCED Principal Investigators (PIs) (L. Perg, N. Flores, B. Hobbs, G. Parker, 
P. Wilcock), postdoctoral research associates (P. Belmont, M. Kenney, E. Viparelli), graduate students (S. Day, S. Jacobi, A. 
Johnson, A. Meyer, A. Shafran, P. Zheng, C. Zuerndorfer), and NCED affiliates (C. Jennings, Minnesota Geological Survey; 
NCED PhD graduate W. Lauer, Seattle University; NCED research associate K. Gran, University of Minnesota at Duluth). 
External partners include the St. Croix Watershed Research Station (Science Museum of Minnesota) and the University of 
Minnesota (UMN), Department of Soil, Water, and Climate.

StreamLabs
Experimental studies are a key component of NCED investigations, but essential features of river systems are difficult 
or impossible 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 bedforms 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).
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. StreamLabs allow experiments of 
complex riverine processes at full-scale while using the latest in advanced technologies. 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, field-scale, controlled experiments on the interaction between physical and biological systems 
(Wilcock et al., 2008). Detail on the development and operation of ISL was provided in the Year 5 annual report. SR IP 
research progress from ISL is reported here under SR02, SR03, and SR05. The 260 Gbytes 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 2008. We will continue experiments in the ISL in summer and fall of 2008. In year 6, NCED began construction of the 
OSL, which will take the StreamLab approach outside. OSL will eventually include two basins: the Riverine Corridor and 
the Riparian Basin. We will inaugurate collaborative research in the Riparian Basin in the summer of 2008. Detail on OSL 
planning and design is given in Appendix H. VSL extends the StreamLab concept to full-scale, turbulence-resolving, predictive 
numerical models of flow-bed and flow-organism interactions. Development of VSL began in Year 6 and will continue in 
upcoming years. Detail on VSL development and testing is given in Appendix G. 
The essential features of StreamLab are an explicit multi-disciplinary 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 StreamLab by NCED and SAFL is based on our conviction that prediction of physical and biological 
interactions across scales are 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. Full-
scale, multidisciplinary experiments with millimeter-resolution measurement and predictive models of flow-bed-organism 
interactions are expensive collaborative ventures requiring sustained support and focused effort. StreamLabs represent not 
only a significant investment, but a framework for ongoing collaboration and development in support of NCED’s legacy. 

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 sustainable 
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, routing models incorporating storage and transformations and fingerprinting 
methods for identifying source. In SR01, we emphasize aspects of this work specifically focused on watershed context. 
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High resolution topographic data is rapidly becoming more accessible 
and will be available in all parts of the US in the next 10 years. Extracting 
watershed characteristics from these datasets and using this information 
to make resource management decisions is a primary focus of the DW IP 
and has a direct application in the Stream Restoration IP. A first step in 
utilizing high resolution topography is determination of channel networks. 
A collaborative effort involving postdoctoral research associate Bruno 
Lashermes and PIs Foufoula-Georgiou and Dietrich explored using 
wavelet filtering to delineate threshold curvatures for defining valleys, 
and a threshold slope-direction change map that can be used to delineate 
the probable channel portions of the valleys (Lashermes et al., 2007). 
Application of this method demonstrated that the transition between 
channelled and unchanneled valleys in debris flow influenced topography 
and can be highly variable and discontinuous. In addition to channel 
delineation, we have hired a new postdoctoral research associate, Noah 
Finnegan, to explore the potential for using high resolution topographic 
data to quantify channel morphology as well as routing flow and sediment 
through the mapped system.

LIDAR analysis of landscape attributes also plays a key role 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., in review). The LIDAR data will 
also be used to define channel geometry for the sediment routing model to be developed in this project. 

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. The sediment 
budget we are developing will operate on annual to decadal time scales at a resolution of roughly 1 km along the primary 
rivers in the watershed. This work is supported by eight stream gages operated in conjunction with the MPCA, channel 
geometry mapping, and sediment routing discussed in SR02. We are exploring the interaction between watershed location, 
information type, and management action in a decision analysis model discussed in SR06.

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. A LIDAR survey of the basin was flown in 
2006. Following floods during the 2006/2007 winter, NCED collaborated on supporting a second LIDAR flight immediately 
before removal of the Marmot Dam. These LIDAR data, together with ground surveys conducted during summer 2007, will 
be compared to 2008 postdam removal airborne and ground surveys to evaluate the geomorphic impacts of dam removal 
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 SR02.

Progress on deliverables

Milestone/Deliverable Progress
Establish restoration options and priorities from 
spatially explicit Coho salmon model (Year 7). 

Ripple Model, developed by DW IP, to be released in 
2008, will be used in making management decisions for 
Coho habitat and watershed restoration. NCED will seek 
opportunities to apply the model in SR applications.
Second field season collecting historical, field and gaging 
data for Le Sueur River sediment budget.
LIDAR applications extended to low gradient (Le Sueur) 
and moderate gradient (Maryland) watersheds to identify 
sediment storage locations.

Specify location and type of restoration action for reduced 
sediment loading in large (3,000 km2) watershed (Year 9).
Demonstrate application of LIDAR topographic analysis 
tools for evaluating restoration options in different 
landscapes (Year 10).

Figure 3: Shaded relief map of the Le Sueur River showing 
valley bottom terraces and gulley propagation.
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Plans

In collaboration with NCED partners Barr Engineering and the MPCA, we will be using the high-resolution topographic data 
in the Le Sueur watershed to identify valley bottom storage opportunities such that the connection between source loading 
and restoration can be linked to sediment yield at the watershed outlet. Our goal is to link stage-discharge information with 
a characterization of valley-bottom topography to develop a frequency-weighted description of available storage volume. 
This work will be conducted in collaboration with the US Army Corps of Engineers and the Maryland Department of Natural 
Resources in an application to the mid-Atlantic region where removal of historical sediment stored on floodplains has become 
a management focus (Wilcock, 2008).

In Year 7, the DW team will continue to work on tools and capability for extracting watershed characteristics, such as channel 
network locations and properties from hi-resolution topographic data. Postdoctoral Fellow Noah Finnegan will continue 
his work on feature extraction, and Dietrich, Foufoula-Georgiou, and Lashermes will continue to collaborate on channel 
delineation. DW/SR collaboration on the Le Sueur River project will focus on identifying DW methods that apply to both 
high-gradient and low-gradient systems.

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

Routing of sediment through drainage networks is a core theme of NCED. In an SR context, routing is needed to link restoration 
sites 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 
technology while preserving interpretability. SR02 efforts are closely aligned with work in DW06 and SA01.

Projects reported in previous NCED annual reports have reached completion. Research by NCED PhD graduate Wes Lauer 
(now on faculty at Seattle University) and Gary Parker on the role of channel-floodplain interaction in controlling sediment 
routing has been applied to the transport and fate of mine-derived pollutants on the Clark Fork River, MT (Lauer and Parker, 
2008a, 2008b, 2008c). Work by NCED PhD graduate Paul Grams (now at the US Geological Survey, or USGS) and Peter 
Wilcock on routing sand through the Grand Canyon has led to development of a sediment routing model used in support of 
operation of Glen Canyon Dam (Wiele et al., 2007).

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 
2). The sediment budget requires a routing model, which will be a dynamic version of the sediment routing model developed 
by Wes Lauer and Gary Parker and applied to the Clark Fork River, Montana. The model, to be developed in Year 7 by Parker, 
Wilcock, Lauer, and postdoctoral research associate E. Viparelli, will route sand and mud through gradually varying channel 
geometry extracted from LIDAR and include sediment exchange with storage in floodplains. The routing predictions will be 
tested against stream gage records and sediment fingerprinting observations.

Wilcock is also working with the Maryland Department of Natural Resources on documenting sediment production rates in 
first-order watersheds in the mid-Atlantic. Using field-based observations of sediment yield, together with recent reservoir 
surveys on higher-order rivers, we are developing guidance for sediment delivery ratios as a function of stream order and 
physiographic location.

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. In each case, we are interested in predicting the interaction between local sorting 
and topography and transport over long distances. This is a collaborative effort among NCED investigators, consultants, and 
agency researchers. We combine field observations of sediment flux and channel change in three locations. This combination 
provides exceptional research opportunities with 1D and 2D numerical modeling and flume experiments aimed at describing 
the interaction between sediment supply, bed composition and topography, and sediment flux.

In collaboration with NCED partner J. Schmidt at Utah State University and PhD student Susannah Erwin, Wilcock is 
examining gravel migration through a restored reach on the Provo River (UT) below the Jordanelle Dam. The same restoration 
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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. We are working with 
another NCED partner, the Trinity River (CA) Restoration Program 
(US Bureau of Reclamation) 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. 

A third routing project is driven by removal of the Marmot Dam on 
the Sandy River, OR. In collaboration with the Sandy River Basin 
Watershed Council, Portland General Electric, Oregon State University, 
Graham Matthews and Associates, USGS, and US Forest Service, or 
USFS, we are conducting a multi-year study of sediment routing and 
channel change in response to the Marmot Dam removal. In 2007, we 

initiated field monitoring of bed topography and composition along approximately 5 km of river below the dam, which was 
removed October 2007 (Figure 4). The Sandy River project also hosted five summer interns during summer 2007 and is one 
of two field sites for the 2008 Research Experience for Undergraduates (REU) project discussed under the Diversity section 
of this report.

University of Delaware graduate student Katie Skalak and Professor Jim Pizzuto are using the sediment flume at 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 on deliverables

Milestone/Deliverable Progress
Tested improved reach-averaged sediment routing models 
with explicit sediment storage functions for both sand 
and gravel rivers (Year 7).

We have completed and published work on sediment 
routing models (Lauer and Parker, 2008a, 2008b, 2008c; 
Wiele et al., 2007).
The Le Sueur River project enters its second year. Field 
work, ground surveys, and topographic analysis in 
support of sediment routing were started in 2007 and will 
continue this summer. Development of morphodynamic 
sand and mud routing models for a 50 km reach will 
occur in Year 7.
The collaborative effort on reach scale routing below 
dams, including gravel augmentation and SR, will 
include extensive field observations and numerical model 
development at three field sites in OR, CA, and UT.

Establish sediment fingerprinting methods for sediment 
source and history (Year 8).
Complete sediment budget for 3,000 km2 watershed 
combining geochemical fingerprinting and flux/storage 
estimates with valley bottom sediment storage and 
stream bank erosion in a network routing model (Year 
9). Models for nutrient transformation and fingerprinting 
methods for nutrient source and export will require 
additional external funds.

Plans

We anticipate that 2008 will be an intense field season for all routing projects. On the Le Sueur River, we will supplement 
grab samples at the eight stream gages with integrated measurements of suspended sediment transport, and we will complete 
cross-sections to provide underwater topography to be used with LIDAR digital elevation model (DEM) for building the 
channel geometry for sediment routing. We will conduct a second season of ground-based LIDAR measurement of bluff 
retreat to identify sediment production rates. We will develop a morphodynamic sand and mud routing model for a 50 km 
reach of one of three mainstem channels in the Le Sueur watershed. On the Provo, Trinity, and Sandy Rivers, sediment flux 
measurements will be made during high flow, along with channel surveys at low flow. The team will also work with the 
USGS on updating open source 2D modeling code to incorporate mixed-size transport and storage. 

Figure 4: Marmot Dam (clockwise from upper left - upstream 
July 2007; upstream Jan 2008; downstream Jan 2008; 
downstream July 2007)
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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. 

Year 6 saw the completion of two projects focused on the transport of fine sediment over a coarse immobile bed. Graduate 
student Elowyn Yager (now on faculty at the University of Idaho) and Bill Dietrich published a paper on theoretical prediction 
of bedload transport of mobile gravel over rarely mobile boulders in steep shallow streams (Yager et al., 2007). She found 
relatively good comparison with flume observations. The theory accounts for drag due to boulders and over local mobile areas 
of finer bed. Graduate student Paul Grams (now at USGS) and Peter Wilcock published a paper (Grams and Wilcock, 2007) 
on entrainment of fine sand from an immobile gravel/cobble bed, based on experiments conducted in the SAFL mobile-bed 
flume. This work accounted for the effect on entrainment of the sand bed elevation relative to the coarse grains. Application 
of the model to reach-scale routing in the Colorado River was made by Wiele et al. (2007). Year 6 also saw the completion of 
work on tracer dynamics by graduate student Miguel Wong (now at Barr Engineering) and Gary Parker (Wong et al., 2007). 
This work examined the dispersal of tracer grains and included definition of the vertical variation of erosion and deposition 
rates in single-sized sediment.

Graduate student Brendan DeTemple and Peter Wilcock have completed a set of flume experiments with unique measurements 
of streambed sediment stratigraphy at the subgrain-scale and partial transport as a function of grain elevation. The data from 
these experiments have been pivotal in determining how to reformulate the probabilistic Exner equations and the classical 
active layer equations to accommodate immobile grains and the concept of partial transport. Using the proposed probabilistic 
framework, we are revising ideas on how the behavior of tracers emplaced in the bed should be interpreted when using 
them to estimate rates of grain entrainment. Using data collected in our experiments, by NCED researchers Wong and 
Parker, and reported in the literature, we are attempting to formulate 
a fractional bedload entrainment function, expanding on the unisize 
sediment entrainment function of Wong and Parker. The capstone of 
our work is to demonstrate the components necessary for a complete 
solution to the probabilistic description of the general case of streambed 
sediment storage and grain exchange for equilibrium plane-bed transport 
of sediment mixtures over a streambed in a state of partial transport. 
Using the data from our experiment, we plan to illustrate how bed 
surface fluctuations, bed surface composition, bed stratigraphy, and the 
vertical distribution of deposition and entrainment vary as a function 
of the strength of the bedload transport field, and therefore the extent 
of partial transport.

Application of a vertical sorting and armoring model faces difficult 
challenges when confronted with topographic and grain size variability 
in gravel-bed streambeds. Building on experiments on patch dynamics 
at Richmond Field Station and 2006 ISL, graduate student Peter Nelson 
continued his work on formation and dynamics of grain size patches 
on river beds. Through support from the NCED International Research 
Experience Program (IREP), he spent three months during the summer 
of 2007 working with Giovanni Seminara and his group at the University 
of Genoa (Italy). Professor Seminara and Nelson initiated a research 
project using perturbation theory to determine conditions under which 
bedload sheets (migrating patches of sorted sediment) can form and to 
examine the conditions under which it may be possible for multiple 
bedload sheets across a channel width to develop (as observed in 

Figure 5: Schematics of the differences in the surface structure 
of stochastic fluctuations due to the transport process for states 
of: (a) full transport, and (b) partial transport. In a state of full 
transport the entire bed surface is mobilized and moves over an 
immobile floor. In a state of partial transport, immobile grains 
exist within the range of elevations occupied by mobile grains so 
that grains that participate in transport move over a complex 
surface of immobile grains. Note that the planer floor used in 
the full transport equations is an idealization available if the 
mixing scale of the transport process is many times the grain size 
since the contact between the mobile and immobile populations 
is an irregular granular surface that will also exhibit an 
S-shaped hyposometric envelope.
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experimental studies). After returning to the University of California, Berkeley (UCB), Nelson also explored other strategies 
for modeling the surface sorting of river beds. This has led to a new collaboration with Professor Burkhard Militzer (UCB, 
Department of Earth and Planetary Sciences) with whom a simple rules-based discrete particle model is under development 
to gain insight on what type of grain interactions may be critical to the sorting process.

NCED continued to provide partial support for the postdoctoral research by Daniele Tonina in collaboration with Jim McKean 
(USFS). The project focuses on the in-stream effects of chronic and acute sand loading on bed texture, river morphology, 
and habitat in salmon-supporting streams. Tonina has developed a model to predict the available volume of fine sediment 
based on distribution of elevations defined by the surface formed by the coarse material. He then coupled this model with the 
two-class sediment transport equation of Wilcock and Kenworthy (2002). This model was coded into the Multidimensional 
Surface-Water Model System (MD-SWMS) in collaboration with Jon Nelson and Rich MacDonald (USGS) and tested 
with an accurate laboratory experiment. The model successfully predicts the evolution of a fine sediment input in a flume 
experiment. Tonina is now applying this model in a salmon spawning reach to evaluate forest management effect on fish 
aquatic habitat. He will use the volume of fine sediment in pool, riffle, and side beaches, and persistence of these features, 
as metrics to evaluate fine sediment impact as a function of amount and whether it is a chronic or pulse input. 

Sorting and topographic variability produce fluctuations in transport rates. The 2006 ISL experiments provided a rich dataset 
with grain-scale topography and continuous transport measurement in a system large enough to allow full emergence of bed 
and transport variability. Foufoula-Georgiou and colleagues used observations from the 2006 ISL experiments to quantify 
the “roughness” and “intermittency” of bedload sediment transport rates using two parameters: one characterizing the overall 
roughness of the series and the other characterizing the spatial inhomogeneity of this roughness, i.e., the clustering of bursts 
of various strengths (See Figure 6). We documented the presence of rougher overall behavior and more intermittency at low 
transport conditions, transitioning to a smoother and less intermittent behavior at high transport conditions. We related this 
geometric characterization to the scale-dependent statistics of sediment transport rates, and we provided an expression for 
the dependence of the probability distribution of sediment transport rates on sampling interval. 

This analysis demonstrates that the statistics of sediment transport rates depend strongly on scale (sampling interval) and this 
dependence varies with the discharge conditions. This approach provides a theoretical framework to compare not only means 
but the whole probability density function (PDF), including extreme values or quantiles of the PDFs at different scales. This 
function is important, for example, when the PDF of sediment transport rates has been estimated from data at one particular 
sampling interval and an extreme exceedance quantile (say, relevant to an ecological smaller-scale functional disturbance) 
needs to be estimated. Our methodology can bridge this gap in scales and also provide a framework with which comparison 

Figure 6: Left: Experimental setting for sediment monitoring; (right) sediment transport rates and bed elevation time series for low and high transport 
conditions. Right: The sediment transport series are smoothed with an averaging window of 10 minutes and the mean and variance of elevation is in mm.
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of sediment rates sampled with different instruments can be made. This is a first 
step in the direction of understanding the scale-dependency of sediment transport 
rates over the continuum of flow discharge conditions and grain size distributions. 
Also, the documented statistical structure of sediment transport rates can be seen 
as providing an additional model diagnostic that mechanistic models should be 
able to reproduce. Finally, we are beginning a study of quantifying the nonlinearity 
and complexity of gravel bedform morphodynamics and the effects on sediment 
transport rate predictability (see Figure 7).

Year 6 saw the formation of an NCED working group on the role of comminution 
(the breaking down of large particles into smaller particles) in downstream fining. 
The participants in this group are NCED PI’s Parker, Dietrich, Voller, and Wilkerson 
and NCED collaborators Sklar (San Francisco State University) and Hill (UMN). 
A line of inquiry has been to investigate how mineral processing comminution 
laws can be applied to fining in the landscape. In mineral processing, depending on 
the mechanism of breakage, there are two laws—Kick or Rittinger— that equate 
energy input into breakage reduction. We have shown how Kick’s law corresponds 
to well-known Sternberg’s law, i.e., the grain size D at a position x downstream is given by xeDD α−= 0 , where α is a wear 
rate and 0D is the grain size at the source. We’ve also shown that the Rittinger law leads to an alternative to Sternberg’s wear 
law, viz ( ) 1

01 −+α= DxD : A law that is shown to provide a better fit to some available field data. 

Progress on deliverables

Milestone/Deliverable Progress
Complete initial model for vertical sorting and 
morphodynamics in spatially homogeneous beds (Year 7)

Entrainment, transport, and routing models for fine 
sediment transport over coarse beds have been developed 
and applied to sediment routing and watershed 
management problems.
260 Gbytes of transport and grain-scale topography 
data from 2006 ISL have been processed; the data and 
a synthesis report will be made available on the NCED 
Data Repository in 2008.
A vertical sorting model for unisize sediment has been 
developed and a mixed-size model incorporating partial 
transport will be developed in 2008.
A mixed-size morphodynamic model with stratigraphic 
storage has been developed and applied to gravel 
augmentation problems.

Management guidelines for gravel augmentation and sand 
infiltration (Year 7).

Strategy for scaling up lateral variability in reach to 
network modeling (Year 7).
Tested model of sorting and morphodynamics for field 
datasets (SR07) (Year 8).

Plans

Research in SR03 continues to point toward development of predictive relations for the transport, sorting, and routing of 
mixed-size sediments. Wilcock and DeTemple will continue development of a mixed-size vertical sorting and armoring model 
incorporating partial transport. The role of spatially variable grain size and topography in upscaling will be explored by the 
sediment routing team (SR02) using additional ISL experiments, numerical models, and field observations. Dietrich and 
Nelson will continue exploring patch dynamics, and the role of spatial variability in sediment routing will continue to be a 
collaborative effort among Dietrich, Paola, Parker, and Wilcock. Foufoula-Georgiou and Parker will use the data of Wong to 
explore the transport of tracers in gravel streams, focusing on distributions with long tails that can lead to anomalous diffusion 
and fractional derivatives. Parker will complete implementation of a stratigraphy-storing mixed-size morphodynamic model. 
The effect of fine sediment additions on gravel transport and river slope will be explored using flume experiments supervised 
by Paola, Wilcock, and SAFL/UMN civil engineering Professor Kimberly Hill. Modeling the effect of grain comminution 
on broader scale sorting patterns will be conducted by Parker, Dietrich, Voller, and Wilkerson. 

Figure 7: Predictability horizon (seconds) of the 
bed elevation fluctuation series from low and high 
flow discharges as a function of tolerance level 
D (in mm). It is seen that at low flows the bed 
elevation series is more predictable (less complex) 
than at high flows where bedforms induce high 
nonlinearity.
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Project SR04: Predictive relations for channel and floodplain geometry  ►

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

A key interaction between sediment supply and channel morphology is the storage and release of sediment from the floodplain. 
As discussed in SR01 and SR02, we are using LIDAR-derived topography and stage discharge relations to characterize valley 
bottom storage potential. Postdoctoral research associate Noah Finnegan is focused on water and sediment routing using 
high resolution topographic data, and NCED PhD graduate Wes Lauer is working with Parker and Wilcock in extending 
floodplain storage algorithms in sediment routing computations for the Le Sueur River project (Lauer and Parker, 2008a, 
2008b, 2008c).

Work on gravel bed hydraulic geometry (Parker et al., 2007) is now being extended by Wilkerson and Parker to sand-bed 
rivers. This work evaluates observed hydraulic geometry relationships in terms of the underlying physical relationships 
for momentum, continuity, flow resistance, and transport. Wilkerson (2008) has also shown that estimates of the bankfull 
discharge, Qbf, can be improved using the the two-year return period discharge rather than drainage area. This study can impact 
SR practice where Qbf is commonly presumed to be the discharge that results in the average morphologic characteristics of a 
channel. Finally, development of a new experimental initiative led by NCED PI Parker, and involving PIs Wilkerson, Dietrich 
and Paola, is focused on the implementation of a new bank erosion/meander migration model. NCED graduate student Esther 
Eke will conduct experiments of bank protection by fallen vegetated bank clumps. In addition to the experimental work, the 
project will involve field and 2D modeling components. 

Work on the interaction between vegetation and channel geometry continued in Year 6. The flume experiments led by NCED 
PI Paola and NCED PhD graduate Michal Tal have been completed. The final experiments explored experimental methods 
to produce dynamic, single-thread rivers using a combination of two-step temporal discharge variation and seeding with 
alfalfa. Two papers are in preparation from this work, and one was published last year (Tal and Paola, 2007). In related 
work, NCED researchers at UCB are conducting physical experiments in a 6.1 x 16 m sand-filled basin. NCED PI Dietrich 
and PhD 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. 

Vegetation plays an important role in providing protection for stream banks. NCED research led by NCED PI Wilkerson 
is examining the role of bank vegetation in bank protection through numerical simulation. The models give predictions of 
velocity distributions in vegetated channels and the predictions from the model will be compared against existing laboratory 
flume data. A new initiative to develop an analytical model and dynamic scaling relationships for stream bank erosion is just 
beginning and involves NCED PIs Wilkerson and Parker. The objectives of the research include (1) developing an analytical 
model for predicting stream bank erosion that, among other things, facilitates laboratory modeling of field measured stream 
bank soil shear strength and (2) identifying measures of soil erosivity that can be obtained rapidly and without excessive 
disturbance of the stream bank, that are reliable, and that capture the effects of roots. 

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. NCED PIs Sotiropoulos and Porte-Agel, together with SAFL Associate Director Omid Mohseni and NCED/SAFL 
Research Associate Anne Lightbody, will direct a combined experimental/numerical investigation of in-stream structures 
with leveraged funding from the National Cooperative Highway Research Program (NCHRP) project. This project focuses 
on developing VSL components for instream structure research and design, and will use all three SAFL StreamLab facilities 
(OSL, ISL, and VSL). 
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Progress on deliverables

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

Active research is occurring on various scales of the 
channel-floodplain problems. In Year 6, progress was 
made on developing the quasi-universal hydraulic 
geometry relationships for sand-bed rivers. We initiated 
new work to be carried out in the upcoming year on 
scaling bank strength between laboratory work and 
the field. Also physical studies on vegetation and 
morphodynamics were completed at SAFL and continue 
in Richmond, CA. The VSL initiative is off and running 
and is developing new tools for studying instream 
structures and targets developing tools for the applied 
river restoration community in the years ahead.

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

Plans
We will continue to develop techniques for extracting feature characteristics from high resolution topographic information 
and will continue to develop an action plan for broadening DW approach to lower gradient systems, such as the Minnesota 
River basin, with application for river restoration as the goal. Our physical modeling efforts at UCB will continue as we 
develop new knowledge on the vegi-morphological linkages in terms of impacts on bank strength, meander development, 
and in-channel sediment storage and routing. A related set of experiments will begin at the University of Illinois at Urbana-
Champaign (UIUC) focused on failed vegetative bank-clumps as agents of bank protection and retardation of lateral channel 
adjustment. We will also continue work on developing scaling relationships for bank vegetation that will allow translation 
of laboratory research to the field. 

The VSL effort will continue in the year ahead. We will continue the laboratory experiments aimed at collecting high-resolution, 
time-resolved data for turbulent flows past representative stream restoration structures and will include: 1) flow past a spherical 
boulder mounted on an erodible bed; 2) flow past a natural (3D) boulder on an erodible bed; and 3) flow past a cylindrical, 
tree-trunk like structure mounted on the side of a rectangular flume over an erodible bed. The experiments will be carried out 
in indoor flumes at SAFL. The first release of OSL for generic use, VSL 1.0, will be developed in the upcoming year. The 
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. VSL 1.0 will also incorporate an aquatic habitat module 
which will allow the user to introduce virtual fish in various areas of the stream. The following capabilities will be functional: 
1) discretization of complex streams with embedded arbitrarily complex rigid structures, such as vanes, boulders, trees, etc.; 
2) Steady RANS and URANS turbulence models; and 3) Deformable free-surface model. More advanced features of the VSL 
(coherent-structure resolving turbulence models, sediment transport and erosion models, and aquatic swimming models) will 
be incorporated in subsequent years.

We will also carry out detailed experiments in the OSL as part of a new National Cooperative Highway Research Program 
(NCHRP) project on the development of a design methodology for in-stream structures. The NCHRP project will provide 
access to a wealth of highly relevant experimental data that will be invaluable for guiding the development and validation of 
the OSL and will further leverage and augment NCED resources. Additionally, experiments aimed at developing the scour 
prediction module of the VSL will also be carried out. All this work is highly relevant to VSL and will further augment 
substantially NCED resources. 

Project SR05: Predictive relations for the effect of physical channel structure and disturbance regime on  ►
primary 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 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.
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NCED is working to better understand nutrient cycling in stream systems. This 
work is described in detail in DW IP (section IIa) and is led by NCED PIs Hondzo, 
Power, and Finlay with graduate student Mike Limm. For SR, high nutrient 
loading is a main source of river impairment. In the SR IP we are working to 
extend NCED fundamental research in this area toward design capabilities for 
improving a channel-floodplain’s ability to process/remove nutrients from water, 
and thus improve water quality. Nutrient cycling is predominantly controlled by 
microbial and algal activity occurring along streambed sediments. How nutrients 
are transported and exchanged depends upon the combined dynamics of turbulent 
transport through the water column and diffusive transport across the sediment-water 
interface. In Year 6, we conducted fine-scale measurements of boundary layer flow 
and nutrient transport in a 25 m by 0.6 m flume. Various flow rates, topography, and 
substrates were examined. Fluorescein dye and dissolved nitrate and phosphorous 
were injected at the bed surface, and their concentrations were measured using 
planar laser induced fluorescence (PLIF) and ion-exchange membranes. Particle 
image velocimetry (PIV) was used to simultaneously calculate velocities. Pore-
water concentrations were measured using a flow-through fluorometer. Our results 
suggest the larger bed-roughness elements increase turbulent mixing and nutrient 
exchange across the sediment-water interface. However, depending upon the size 
of the roughness elements, this exchange becomes more heterogeneous.

Additional laboratory work led by NCED PI Hondzo and graduate students Ben 
O’Connor, Dina Dobraca, and Anwar Ahammed examined the role of fluid flow 
flux and dissolved oxygen (DO) flux across the sediment-water interface on 
denitrification. Microscale measurements of nitrate (NO3) and (DO) concentrations 
in sediments were conducted in a laboratory channel under turbulent fluid-flow 
conditions. DO concentrations and flux within sediments increased with increasing 
velocity in the surface water. Under low fluid-flow conditions, increasing velocity 
increased NO3 loss from the bulk flow. For high fluid-flow conditions, increasing 
velocity inhibited NO3 loss. Sediment cores collected in the study revealed that 
denitrifying bacteria were located higher within the surface layer and decreased 
with depth in the sediments. The results demonstrate that, for given sediment and 
environmental conditions, there exists an optimal range in velocities for enhancing 
denitrification in aquatic systems (Figure 10). 

Since denitrification represents the only mechanism for permanent removal of 
nitrogen transported by streams, it is a key function to restore in stream networks. 
Organic matter supply or quality is frequently found to be a central but poorly 
constrained variable in determining denitrification rates and mercury cycling. At 
the Angelo Coast Range Reserve (ACRR), we have two decades of research on 
dynamics of algal based food webs as well as the source and fate of terrestrial 
organic carbon. Along gradient of stream size, the dominant organic matter source 
changes from terrestrial detritus with low nutrient content and poor carbon quality 
to algae, with opposite qualities. Previous research with PI Hondzo shows important 
contrasts in denitrification between detrital and algal dominated streams, and 
preliminary data from NCED PhD student Martin Tsui suggest links between organic 
matter sources and mercury accumulation in river food webs (Figure 11). NCED 
collaborative research at ACRR provides a truly unique opportunity to study the 
influence of geomorphic controls on organic matter supply and quality, and their 
influence on biogeochemical processes across a network of sites that span much 
of the range of natural variation present in river networks. 

Figure 8: PIV tracks in the Einstein flume.

Figure 10: The average bulk loss rate of (a) 
DO and (b) NO3 under varying experimental 
fluid-flow conditions, and a comparison of (c) 
average bulk loss rates of DO and NO3. All rates 
are normalized to 25°C.

Figure 9: Fluorescein dye concentrations in 
the bed show less penetration and storage with 
increasing flow velocity and decreasing particle 
size.
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Aquatic ecosystem metabolism, the processes controlling 
organic matter processing and nutrient cycling in aquatic 
systems, provides important information on the ecological 
function of a system. In situ measurements of diurnal 
DO concentration are used to estimate the gross primary 
production (GPP) and total respiration (R) of aquatic 
communities: the two bulk ecosystem properties used to 
estimate ecosystem metabolism. We initiated a project last 
year to evaluate the spatial and temporal distribution of 
DO in Minnehaha Creek, MN (Figure 12). This effort is 
a collaboration among NCED PIs Power, Finlay, Voller, 
Hondzo, and Integrative Graduate Education and Research 
Traineeship (IGERT) graduate student Mark Morris. The 
work is important to SR IP because ecosystem metabolism 
estimates should be an essential part of pre- and postproject 
monitoring for evaluation of restoration design success. 
The two methods for estimating whole-ecosystem rates 
of GPP and R include open-system single-station and 
two-station. Data from our first field season suggest that 
the two-station method is not recommended for the reach-
averaged estimates of GPP and R if the spacing between 
the measuring stations is larger than the integral length 
scale of total DO change. The open-system single-station 
method is recommended; however, sampling DO should 
be fast enough to quantify the spatial heterogeneity of DO. 
The dimensionless analysis of DO mass balance revealed 
the dominance of local photosynthesis and respiration 
over the transport by advection, reaeration, and dispersion 
along the studied reach.

A promising area of restoration design for improving 
water quality through nutrient reduction is associated with 
hyporheic flow (i.e., subsurface/surface water exchange in 
the near-bed zone of the porous gravel media). PI Voller, 
UMN Civil Engineering Professor Heinz Stefan, and 
NCED graduate student Qin Qian completed research 
aimed at understanding hyporheic exchange controlled 
by the physical channel structure and disturbance regime. 
There were two contributions from this work. The first 
developed a modeling framework [1, 2] that can be used to 
develop general descriptions of hyporheic flow in stream 
systems. This model will be further developed in the 
summer of 2008 using data generated from 2008 OSL 
research. The second contribution of the work focused on 
developing simple management models to determine the 
uptake of solutes and nutrients in stream and lake beds. 
This model, reported in two pending papers, has been 
validated with the flume data collected by NCED visitor 
Professor Jeffrey J. Clark (Lawrence University) in the 
course of the NCED sponsored 2006 ISL (Figure 13).

Figure 11: Methylmercury in dominant aquatic insect larvae hydropsychid 
caddisflies and heptageniidae mayflies significantly increased with stream size, 
while algal scrapers did not show the increasing trend.  It is thought that the food 
sources may be different between these functional feeding groups (e.g. periphyton 
for scrapers, seston for hydropsychid), leading to different responses to changes 
stream size and absolute methylmercury concentrations (mass-basis).  Moreover, 
in-stream mercury methylation may result in higher methylmercury levels in some 
groups of aquatic insects.

Figure 12: Minnehaha Creek, MN, with sampling sites 0-4 along the creek.   
Water quality sensors embedded at measuring sites quantified temperature and 
DO variability.  In the canoe embedded sensors, water temperature and DO 
variability were quantified.

Figure 13: Comparison of calculated and measured normalized solute (NaCl) 
concentrations C/C0 vs. time, in the recirculating water in a flume with a sand bed 
base.
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The 2006 ISL focused on the interaction between flow, transport, bed 
composition, bed topography, and the uptake of biologically important 
nutrients. We found that the rate of exchange between surface and hyporheic 
water was more strongly determined by surface hydraulic conductivity than 
topographic variability. Phosphorus uptake rates were reduced in a less 
permeable sandy gravel bed, indicating that nutrient uptake was focused in 
gravel interstices. The metabolic importance of near-surface hyporheic flow 
paths was corroborated by a measured increase in microbial respiration rates 
at shallow depths and mid-channel (Orr et al., 2006). After conducting runs 
with both sediment and bed configurations, 18 high-power grow lights were 
evenly spaced along the length of the flume. A three-week growing period was 
followed by a high flow to fully disturb the bed surface, which was followed 
by a second, 10-day growing period. Algal growth responded strongly to light 
availability, with thick patches of diatom-dominated periphyton developing 
beneath each light. Biomass accumulation significantly reduced surface 
hydraulic conductivity and decreased hyporheic exchange, while significantly 
increasing the rate of nutrient uptake indicating a strong feedback between 
light availability, biomass accumulation, hydraulic conductivity, and the 
location of nutrient uptake.

OSL is a primary focus of new research in SR05. This past year saw completion of the lease agreement between the landowner 
and the UMN. The design and construction of the Riparian Basin’s headbox and tailbox/settling basin was completed in 
the fall and winter of 2007-2008 (Figure 14). The facility is capable of providing up to 1.4 m3/s of river flow and sediment 
recirculation for grains up to 8mm in diameter (sand-bed system). The basin also has 1.2 m of fill material under the river and 
ground water barriers along all boundaries, allowing the basin to be used to study subsurface/surface water flow exchange. A 
major focus of the research for the Riparian Basin and for the future Riverine Corridor is developing predictive capabilities 
for the important linkages between geomorphic channel, water hydraulics, and biotic systems living within the channel and 
near-bed surface. Details on summer 2008 research is given below in the Plans section of this project.

Progress on deliverables

Milestone/Deliverable Progress
Initiate OSL, bringing experimental control and high 
resolution measurement to field-scale ecogeomorphology 
studies. (Year 7). 

 The first of two basins in OSL facility was constructed 
and will be the site of ecohydraulic-river restoration 
research this summer. Details of the research are given 
below. OSL08 will involve three visitor groups from 
outside of NCED through the NCED Visitor Program. 
We have completed two flume studies looking at issues 
of nutrient cycling, DO flux, and bed embeddedness 
on denitrification in streams. A new field campaign 
was initiated evaluating methods of estimating aquatic 
ecological metabolism by continuous in situ measurement 
of DO.

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

Plans

Research at the ACRR and in laboratory studies will continue to work on linkages between fluid flow in river and stream 
ecology through better understanding of nutrient cycling. Much of this fundamental research is done in concert with the DW 
IP, with the goal of translating fundamental research into applied tools for the restoration of streams and rivers.

Figure 14: Design drawing of the 2008 Outdoor 
StreamLab research: (a) plan view, (b) transverse 
section view.
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This summer, 2008 OSL research will take place in the Riparian Basin. The project will be led by NCED/SAFL Research 
Associate Anne Lightbody and involves NCED PIs Finlay, Wilcock, Paola, Parker, Voller, and Hondzo, along with SR IP 
Manager Jeff Marr, NCED synthesis postdoctoral research associates Cailin Huyck Orr and Patrick Belmont, graduate students 
Becca Brun and John Gaffney, and UMN civil engineering professor Kimberly Hill. A single-thread, three-meter wide sand-bed 
river will be constructed in the basin. After construction, the banks will be lined with bioengineering protection materials and 
planted with aquatic vegetation. Over the course of the research season, the OSL team will carry out five different research 
projects and collect a rich set of environmental data from the basin. The five projects are listed below. More detail on the 
research is contained in Appendix H.

Project 1: Using current knowledge of river channel processes to predict the equilibrium topography of a sand-bed 
channel within a floodplain.

 Visitor Program Project: Marty Melchior (Inter-fluve, Inc.)

Project 2: Determination of the dominant control of cross-stream super-elevation within meander bends.

Project 3: Determination of appropriate metrics for sediment-related TMDLs.

Project 4: Residence times and ecological implications of multi-scale three-dimensional geomorphology-driven 
surface water-ground water connections at the Outdoor Stream Lab.

 Visitor Program Project: Bayani Cardenas (University of Texas at Austin)

Project 5: Prediction of water residence time and sedimentation within patches of aquatic vegetation.

 Visitor Program Project: Heidi Nepf (Massachusetts Institute of Technology)

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

As we move toward a predictive science of SR, we must anticipate the challenges to putting this knowledge 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. But the objectives are diverse, including infrastructure protection, water 
quality, aesthetics, habitat, and species recovery. In addition, there are large scientific uncertainties regarding the physical and 
biological outcomes of projects, and there is a general absence of data relevant to 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 restoration design? How do we most effectively incorporate improved ecosystem 
information in stream management? As we are better able to characterize uncertainty in landscape prediction, how can we 
more effectively incorporate uncertainty in management decisions? Does reduced uncertainty or improved prediction change 
the value placed on SR? Does this value change if benefits are uncertain or years away? 

The initial goals of the social science effort in SR IP were to demonstrate the usefulness of multicriteria decision analysis 
(MCDA) and environmental economics for evaluating SR plans. MCDA methods have the potential to improve restoration 
decision making by quantifying noneconomic objectives, communicating tradeoffs, facilitating consistent and explicit valuation, 
and focusing negotiation on ultimate objectives. Economic valuation strengthens our basis for understanding preference and 
value for restoration actions. By performing this work in concert with research on improved ecogeomorphological prediction, 
we hope to move toward improved restoration decision making. 

An evaluation was made of application of MCDA to stream restoration (Corsair et al., in press) for the goals of (1) reducing 
erosion and improving stream and floodplain habitat and (2) removing dams for the Lake Erie basin. Presently underway is 
the testing of a mixed-integer program for optimizing the dam removal portfolio for an entire basin, with an explicit linkage 
between habitat creation and ecosystem objectives, such as game fish populations. The program shows tradeoffs between 
expenditures on dam removal and improvements in fish populations and ecological health indices. The application is to the 
Lake Erie basin, which has multiple tributaries and many opportunities for enhancing habitat for spawning of anadromous 
walleye which, however, also pose a risk of increasing habitat for sea lamprey spawning. This work is part of the PhD 
dissertation of Pearl Zheng.
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With NCED synthesis postdoctoral research associate Melissa Kenney, Wilcock, Hobbs, and Flores are tackling the question: 
is stream restoration worth it? With common restoration methods emerging, and documentation of typical objectives and the 
large cumulative costs of restoration, the time seems right to ask this fundamental question. We have initiated a study to evaluate 
the aesthetic value of stream projects and the cost effectiveness of stream restoration for water quality improvement. These 
findings will be combined with estimates for the value of infrastructure and property protection, documented construction, 
and disturbance costs to evaluate whether the cumulative benefits are worth the cost.

The Le Sueur River Sediment Project and the larger context of Minnesota River water quality provides a rich opportunity 
for improved interaction between predictive Earth-surface science and decision analysis. To evaluate the value placed on 
improved water quality, Flores and PhD students Shafran and Meyer conducted an attribute-based survey. Approximately 
250 survey respondents completed eight choice questions in which they chose their most preferred cleanup policy from a 
set of two alternatives. 

To account for the role of uncertainty in the outcome, NCED graduate student Aric Shafran developed a new microeconomic 
framework. This framework helps determine the impact of uncertainty, for things such as river restoration outcomes, on 
values for projects where outcomes are uncertain. The particular contribution of this work is the ability to consistently use 
benefit estimates measured for certain, or already realized, outcomes to infer values for projects with uncertain outcomes. 
The framework is especially useful when the quantification of uncertainty unfolds over time in the future. This framework 
was used in the Minnesota River basin public preference survey. This survey also evaluated the rate of time preference by 
varying the percentage of basin cleaned and the time when the cleanup is fulfilled. Including the cost attribute allows us to 
estimate the per-year value of a basin cleanup. Economists refer to an individual’s willingness to trade off current versus 
future benefits or costs at their rate of time preference, which is measured by their discount rate. While discount rates are 
key to what happens in financial markets, they are equally important for the analysis of public policies that similarly convey 
costs or benefits that are spread out over time. For the Minnesota River basin, there may be situations where improvements 
will not occur until some time in the future. 

We find that individuals discount the future with a constant annual rate of 10.2%. That is, individuals would be willing 
to accept about ten percent less basin cleanup in order for it to happen today instead of one year from now. Equivalently, 
individuals would be indifferent between cleaning up 50% of the basin one year from now and cleaning up 55% of the basin 
two years from now. We also estimate that individuals are willing to pay about eight dollars per year for five years for each 
additional 1% of the Minnesota River basin that is cleaned. Individuals would be willing to pay about $410 a year for five 
years for a 50% basin cleanup. Applying the discount rate of 10.2%, the present value of a 50% cleanup is approximately 
$1,704 per household.

In the area of MCDA, Hobbs and Wilcock, with NCED synthesis postdoctoral research associate Kenney and PhD students 
Jacobi and Zheng, have tackled the question of using various information and management actions to guide decision analysis 
about continued monitoring and management practices. Both deterministic and stochastic approaches are being used in a 
systems analysis of sediment reduction measures in the Minnesota River basin. There are multiple possible sediment sources 
in the Le Sueur watershed, and the amount from each and their location are unknown. The sediment budget project is working 
toward improving this understanding. Different management actions can be defined to address sediment originating from the 
different sources. The sediment yield from each of these sources is not fully understood, making the management decision 
difficult. What should we do next? What should we measure next? The information provided by different monitoring actions is 
very different. Stream gaging provides a total amount of sediment yield, with no indication of source mechanism or location. 
Sediment fingerprinting provides an estimate of the relative contribution from different sources, with no indication of the 
volume of sediment yield. How do we combine different kinds of information? How does network position influence this 
decision process? 

PhD student Jacobi is using a Bayesian preposterior analysis to evaluate the value of information gained from conducting 
research, such as sediment sampling with the use of gages, cosmogenic fingerprinting, and sediment budgeting. The analysis 
will also determine the best sequence of decisions that will minimize the expected cost of reducing sediment. The work 
will explore optimal hedging strategies with the goal of identifying optimal mitigation measures and information gathering 
activities (such as cosmogenic radionuclide identification of the sources of nutrients). 
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PhD student P. Zheng, using a deterministic systems analysis, considers how all possible combinations of alternatives perform 
on the management objectives and attempts to select those that are “efficient”—in the sense that no other alternative would 
perform better in some objectives without performing worse than other alternatives. Cost, feasibility of implementation, risk, 
and ancillary benefits of SR can all be considered. A systems approach can produce implementation plans for improving water 
quality within a specified geographical area that “get more bang for the buck” and better achieve stakeholder objectives. The 
result would be descriptions of the tradeoffs among the various objectives, in the form of alternative portfolios for mitigation 
measures that emphasize different objectives. The deterministic approach assumes that sources of sediment are known, as well 
as the effectiveness of measures to reduce sedimentation. We intend to use information on Minnesota resident preferences 
concerning location and timing of water quality improvements (obtained by PI Flores) to specify the objective functions of 
the linear program.
At the watershed scale, Hobbs and PhD student J. Hargreaves have developed a linear programming-based decision tool that 
is designed to help decision makers generate alternative land development patterns that address both economic and aquatic 
habitat objectives. Due to the extent and complexity of the interrelationships between fish life cycles and habitat, the processes 
that relate landscape changes to changes in aquatic ecological health are often not well understood. However, it is commonly 
an objective of land-use planners to minimize the impact of land-use changes on the watershed system. The general approach 
is flexible, and model formulations can be tailored to objectives of the watershed they are applied to. The strength of this 
technique is that it provides potentially useful information without knowing the exact linkages between watershed changes 
and ecosystem health. Three models are presented. The first model selects the set of sites on the watershed that, if developed, 
would result in the least impact on the various streamflow indices (including average, low, and peak flows during critical 
spawning periods) for a given amount of development. The second model limits the set of sites that can be developed to those 
adjacent to existing developments. The third model adds a compactness objective to the first model so that decision makers 
can tradeoff impact on watershed health with development perimeter. An illustrative application shows that, although the 
models do not quantify the aquatic impact of changes, they enable planning authorities to make a more informed decision, 
assuming that higher low flows and lower peak flows are desirable for fish habitat.
Progress on deliverables

Milestone/Deliverable Progress
Determine practitioner and manager recommendations 
for improved predictive restoration (Year 6).

An evaluation of the application of MCDA to SR was 
completed (Corsair et al., in press).
Two collaborative projects were initiated exploring 
the role of improved sediment source identification in 
making monitoring and management decisions for water 
quality improvement. A survey of public preference for 
water quality and restoration actions was conducted in 
Minnesota River basin.
We have initiated a study to evaluate the value of urban 
SR projects, including the cost effectiveness of SR for 
water quality improvement. 
New approaches have been developed to account for 
effect on public preference of uncertainty in restoration 
outcomes and the rate of time preference for future 
restoration benefits.

Demonstrate survey method for measuring public 
preference, considering uncertainty (Year 7).

Demonstrate watershed framework for optimizing water 
quality improvement under risk (Year 7).

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

Assess value of improved models versus improved data 
in SR decision making (Year 10).

Plans 
Public preference and decision analysis play a central role for bringing improved ecosystem prediction to a transformed 
stream restoration practice. In addition to interactions through short courses, we will more formally explore the knowledge 
and experience of stream restoration practitioners with a survey of preferred approaches and information needs. We will 
complete a benefit/cost assessment of the value of urban stream restoration. We will complete stochastic and deterministic 
models that account for multiple sediment sources, diverse monitoring information, and uncertainty in guiding watershed scale 
monitoring and management decisions in the Minnesota River basin. Following on the public preference survey conducted 
in the Minnesota River basin, we are working with MPCA partners on developing an auction experiment to estimate the role 
of economic incentives in the adoption of best management practices by farmers in the upper Mississippi basin. 
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Project SR07: Dam reoperation and removal for ecosystem restoration ►

In this research project, we focus on important areas associated with dams and rivers, with the goal of producing new 
knowledge, models, and tools that will help better address dam-related restoration issues. 

The physical and ecological response of a river system to variability in sediment load is a critically important area of study 
and has important applications for river restoration, in particular restoration associated with dam removal. In Year 6, NCED 
initiated a new research effort toward developing predictive capabilities for forecasting channel change in response to a large 
and sudden input of sediment. The project, Geomorphic Response to Dam Removal, was largely motivated by the pending 
removal of the 15 m high Marmot Dam located on the Sandy River in northwestern Oregon. The dam, owned by Portland 
General Electric (PGE), was to be removed in the fall of 2007 as part of the Bull Run Decommissioning Project. Because 
the reservoir was completely filled with sediment, the Marmot Dam’s removal was a perfect scenario to study river response 
to large sediment input. The project collaborators include NCED, Oregon State University, USFS, USGS, Graham Mathews 
and Associates, and the Sandy River Basin Watershed Council. 

This project started in the summer of 2007 and will continue through 2010. A multi-year field campaign was started last 
summer and involved collecting baseline geomorphic and biological information on the river corridor just prior to Marmot 
Dam removal. The field effort was led by Peter Wilcock and NCED PhD graduate student Podolak and NCED summer 
undergrad researchers (see Diversity section VI). After summer removal of the concrete dam, a temporary earthen cofferdam 
was allowed to fail due to high flows. The dam was removed in October 2007, causing the remobilization of more than one 
million m3 of reservoir sediment. Major geomorphic and ecological changes are anticipated, and channel-change monitoring 
of the river adjustment is ongoing, with a second field season to begin summer 2008.

The field data and pre- and post-LIDAR survey of the basin will be used to develop and improve models for routing and 
storage of sediment through a coarse-bedded river corridor. Ultimately, this work will help to assist in future decision making 
regarding dam operations and removals.

Related work on the processes of remobilization of reservoir sediment was completed by NCED PI Gary Parker and graduate 
student Robert Haydel. This work involved experiments on channel incision into mixed-sized reservoir sediments initiated 
by dam removal. Conclusions of the experimental work reveal that erosional narrowing, which was confirmed by Cantelli et 
al. (2004) for the case of sand, also occurs for the case of poorly-sorted gravel-sand mixtures. In the case of sand, erosional 
narrowing appears to be followed smoothly by erosional widening. In the case of gravel-sand mixtures, however, overall 
erosional widening can be punctuated by short periods of reversion to erosional narrowing. These punctuations appear to 
be associated with modification of the degree to which the bed surface is armored compared to the substrate below. This 
work provides important information for predicting sediment remobilization after dam removal, and the results will be used 
to develop a new Dam Removal Stream Restoration Tool for mixed-sized sediment remobilization. A paper on the earlier, 
single-grain size work was published in 2007 (Cantelli et al., 2007).

Restoration of coarse-grained rivers downstream of dams often involves 
augmentation of gravel into the sediment-starved system. The goal is 
to evaluate the sediment load in the river and to create gravel patches 
needed for spawning and rearing habitat for anadromous fish. NCED 
researchers conducted a series of flume experiments at the Richmond 
Field Station, and in the 2006 ISL experiments, researchers looked at 
the science and application of gravel augmentation. NCED postdoctoral 
research associate Jeremy Venditti (currently assistant professor at 
Simon Fraser University) has been analyzing an extensive dataset on 
bedload transport from these experiments. The data reveal that the 
coarse surface layer in a gravel-bedded river can be mobilized by the 
addition of finer gravel. His analyses confirm the proposed “catch and 
mobilize” hypothesis of Whiting et al. (1988): the finer gravel smooths 
the bed, leading to accelerated flow on the exposed, coarser particles, 
with their consequent mobilization.  

Figure 15: NCED undergraduate interns M. Long and V. 
Barrios collect bed surface grain size information on the Sandy 
River in summer 2008, months before the removal of Marmot 
Dam.
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Progress on deliverables

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

A large multi-investigator, multi-year project has 
begun using new field data and observations of a 
large dam removal in Oregon to develop numerical 
tools and models for predicting geomorphic response 
of coarse-grained rivers to large sediment inputs. 
Collaborative projects on channel response to dam 
reoperation, gravel augmentation, and channel 
restoration have been initiated on the Trinity River, 
CA, and Provo River, UT. A second field season 
will take place this summer on the Sandy River. 
Flume work continued on the issue of sediment 
remobilization by dam removal and looked at 
mix-grained sediment. The work will feed into 
development of models and tools for predicting 
remobilization of sediment under dam removal 
scenarios.

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

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

Plans

Field work will continue this year on the Sandy River as we collect our first detailed dataset after the removal of the Marmot 
Dam. This field work will be led by NCED graduate student Charles Podolak and will involve students from the NCED REU 
program as part of Team Marmot (see Diversity section VI). Field monitoring will continue on the Trinity River and Provo 
River, and application of NCED transport and morphodynamic models will be used to guide dam reoperation and gravel 
augmentation decisions.

NCED PI Peter Wilcock and SR IP Manager Jeff Marr are member and alternate, respectively, on the Subcommittee on 
Sedimentation (SOS), a subordinate group to the US Department of Interior’s Advisory Committee for Water Information 
(ACWI). The SOS is a multi-agency group that is focused on national issues related to sediment in our stream, rivers, and 
reservoirs. Bi-annual meeting are held to discuss current initiatives. NCED will play a role in developing the agenda of this 
group. Specifically, the SOS is considering developing a working group to develop technical guidelines for dam removal in 
the country, and we are eager to contribute to this effort.

A new partnership between NCED and the Trinity River Restoration Program (TRRP) is in development. The collaboration 
will bring together the rich dataset and field experience of the TRRP and the expertise of NCED ecologists, geomorphologists, 
and engineers in an effort to develop new knowledge and tools for restoring and managing coarse-grained rivers influenced 
by dams. Conversations are ongoing, and we anticipate a small, collaborative set of experiments in the SAFL main channel 
this summer focused on linkages between sediment supply, flow variability, and geomorphic complexity.
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III. Education Initiative

Project team
Education Director: Karen Campbell
Staff: Karen Gran, Paul Morin
Contributing Principal Investigators: All

Executive summary
In Year 6, important strides were made toward significantly broadening NCED educational impact in both formal and informal 
settings. While our core EarthScapes Science Museum of Minnesota (SMM) programs and graduate and postdoctoral programs 
continued, along with the development of materials and workshops for K-12 through undergraduate formal education, 
several new and exciting large scale programs became realities in Year 6. Importantly, all of the above activities build on 
established NCED partnerships and most involve multiple aspects of NCED’s overall research, education, and knowledge 
transfer mission.

In the informal science arena, the November 2007 opening of the “Water: H2O =Life” exhibition at the American Museum 
of Natural History (AMNH) was a true milestone, signaling the successful launch of a brand new partnership between two 
of the country’s most successful museums: AMNH and SMM. The exhibition, which showcases many NCED-developed 
components, has received widespread media coverage and will begin touring internationally and nationally in Year 7. 
Additionally, our proposal for the Future Earth Initiative (FEI), which would involve six Science and Technology Centers 
(STCs) in contributing content to an SMM exhibition on the Anthropocene with “satellite” components installed in the 
respective STCs’ communities, was favorably reviewed at the National Science Foundation (NSF). We should know the 
final decision on it soon.

In the area of graduate and postdoctoral training, one of the most significant developments was successful completion of 
NCED’s International Research Experience. Eight graduate and four undergraduate students, several of them from minority 
communities, completed this program, which not only enhanced their research education but also greatly increased NCED’s 
international exposure as well as the students’ international perspective. In addition, NCED graduates continue to do well in 
the competition for top tenure track positions. 

In the area of tools and materials for K-12 and undergraduate instruction, exciting developments include increased demand 
for and use of NCED’s Dam Removal and Delta Box models. In addition, NCED has experienced increased production and 
nationwide distribution of two new 3D maps. 

Finally, two highly innovative, interdisciplinary NCED projects, the Geomorphic Response of Oregon’s Sandy River to the 
removal of the Marmot Dam and the Meeting of Young Researchers in Earth Science (MYRES) 2008: “Dynamic Interactions 
of Life and its Landscape” conference, began in Year 6. These projects, which cut across NCED’s Education, Diversity, 
Knowledge Transfer, and research initiatives, attracted ongoing national and international attention and will continue to 
involve research principal investigators (PIs), staff, students, partners, and the public into Year 7 and beyond. 

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 adopts a broadband approach to education, emphasizing informal as well as formal learners, 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.
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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.

Achievements and plans 

Project ED01: Bring Earth-surface dynamics to informal education with SMM ►

“Water: H2O=Life”: A major accomplishment of Year 6 was the November 2007 opening of the new 7,500 square foot 
exhibition, “Water: H2O=Life”, at AMNH in Manhattan. This exhibition created an unprecedented partnership between 
SMM, a national leader in design and fabrication of hands-on interactive exhibits and exhibit components, and AMNH, a 
world leader in natural history collections and education. It also brought together three STCs (Sustainability of semi-Arid 
Hydrology and Riparian Areas (SAHRA), Center of Advanced Materials for Purification of Water (WaterCAMPWS), and 
NCED) with NCED in the lead role amongst the STCs. Exhibit design teams from both museums joined forces in early 2007 
to combine their strengths and learn from one another. A highlight of this collaboration was a visit to SMM in summer 2007 
by exhibition partners from around the world to seek their input on exhibition plans. These partners will be among the future 
hosts of the exhibition and include the following museums: Great Lakes Science Center, Cleveland; The Field Museum, 
Chicago; Instituto Sangari, São Paulo, Brazil; National Museum of Australia, Canberra; Royal Ontario Museum, Toronto, 
Canada; San Diego Natural History Museum; and Singapore Science Centre with PUB Singapore.

The “Water: H2O =Life” exhibition features several components originally developed for NCED’s EarthScapes and Big Back 
Yard exhibits along with significant input from NCED PIs, partners, and staff: the Dam Removal interactive component and 
graphic panels, the 3D GeoWall theatre groundwater component (developed in collaboration with NSF STC SAHRA), the 
Porous Rocks and Artesian Well interactive model, the Three States of Water interactive component, the Mississippi Delta 
component, and the Science On a Sphere® (SOS) “Blue Planet” spherical video production. The Blue Planet SOS production 
is the first major US video developed for the National Oceanic and Atmospheric Association (NOAA) spherical projection 
system other than by the National Aeronautics and Space Administration (NASA); it is available to all of the 19 museums 
and science centers housing the SOS system. 
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The “Water: H2O =Life” exhibition received extensive media coverage, ranging from reviews in Nature and the New York 
Times (see Appendix L) to lighthearted broadcast coverage on the popular Colbert Report (see http://www.comedycentral.
com/colbertreport/videos.jhtml?videoId=164483). Several NCED staff, as well as colleagues from NCED’s Partner program 
and SAHRA, participated in the exhibition’s press opening. In addition, in early 2008 a group of youth from NCED’s 
gidakiimanaaniwigamig program toured the exhibition and met with one of the exhibition developers. NCED External 
Advisory Board members, PIs, and other colleagues have also visited the exhibition, offering constructive suggestions for 
improvements for future installations. As of late February, 2008, 192,000 people have visited the exhibition since its opening 
(latest data available).

A remedial evaluation of the “Water: H2O =Life” exhibition by SMM’s Department of Evaluation and Research in Learning 
indicates that a majority of visitors are leaving the exhibition with a clear understanding of at least one of the exhibition’s 
intended key messages, as well as with a greater concern about water issues than they had upon entering. Further, the 
evaluation reveals that the amount of time visitors are spending in the exhibition is above average. This indicates an unusually 
high level of visitor engagement for an exhibition; therefore, SMM has identified several strategies to be employed in future 
installations that have the potential to push the exhibition into the “blockbuster” category in terms of visitor time spent in 
the exhibition. In addition to the “Water: H2O =Life” remedial evaluation, a remedial evaluation of the Science on a Sphere 
Blue Planet video is underway. 

After closing in New York in late May, 2008, the “Water: H2O =Life” will be on display at the San Diego Natural History 
Museum through summer and fall 2008 before opening at SMM in January 2009. “Water: H2O =Life” is designed to include 
local water stories as the exhibition moves from venue to venue. SMM is currently developing both enhancements to the 
overall exhibition and specific content for the Minnesota installation. Enhancements underway in collaboration with NCED 
include expanded GeoWall groundwater content, a major new RainTable interactive scientific visualization component, in 
which visitors will be able to explore how water moves across digital representations of actual landscapes, a new component 
for the Mississippi Delta—an interactive floor puzzle that invites visitors to think about the social and scientific issues facing 
this fragile landscape as they “build” the delta, and a new Science Buzz “quiz show” being developed by SMM’s Youth Science 
Center (YSC) “Water Crew.” We are also exploring two possible local extensions: a public lecture series (to be repeated for 
public, academic, and policy maker audiences) and a series of workshops for policy makers on the linkages between urban 
land use and water quality (to be conducted in collaboration with the University of Minnesota (UMN) Extension’s Nonpoint 
Education for Municipal Officials (NEMO) staff). 

Finally, a replica of the “Water: H2O =Life” exhibition has been completed. It was shipped to Singapore in March 2007, in 
preparation for the launch of the international tour of Water:H2O=Life at the Singapore Science Center on May 15.

Future Earth Initiative: SMM’s $2,999,565 proposal to NSF (proposal #: 0741760) to develop the FEI was favorably 
reviewed during Year 6; as of this writing, we are awaiting final determination from NSF. FEI proposes to introduce audiences 
to the Anthropocene (that period of Earth history—including the present—in which humans have become a dominant agent 
of global change to Earth’s surface as well as to its atmosphere) through exhibits and programming. This initiative would 
include development of a major new 3,500 square foot exhibition to be installed at SMM, and it would make heavy use of 
techniques that would provide visitors the opportunity for interactive exposure to scientific models and visualizations. A 
special target audience would be decision makers —government, corporate, nonprofit, and community leaders—who are 
increasingly concerned about global change and seek opportunities to understand the implications of these issues on broad 
policy decisions they influence. Through FEI, SMM and NCED’s collaboration will be expanded to include five additional 
STCs: the Center for Multi-Scale Modeling of Atmospheric Processes, Colorado State University; Center for Microbial 
Oceanography: Research and Education, University of Hawaii, Manoa; Center for Coastal Margin Observation and Prediction, 
Oregon Health and Science University; Center for Remote Sensing of Ice Sheets, University of Kansas; and SAHRA, 
University of Arizona. The FEI initiative is a direct outgrowth of the NCED and SMM’s collaborative effort, which has 
highlighted the dominant role of humans in shaping the Earth-surface environment and has provided the intellectual launch 
point for FEI. NCED PI Pat Hamilton is lead FEI PI and NCED’s Karen Campbell, Paul Morin, and Chris Paola have been 
substantially involved in developing FEI. 



National Center for Earth-surface Dynamics
Annual Report 2008

Education     71

EarthScapes (NCED @ SMM): Big Back Yard. Having been open to the public for four summers, SMM’s Big Back Yard 
(BBY) continues to be a popular seasonal museum destination. Attendance figures in summer 2007 were 35,000, bringing 
park visitation totals to 170,000 since opening in 2004. During Year 6, the BBY enjoyed several notable developments:

Groundwater Plaza: Several exhibit components were developed in Year 6 to help visitors interact with the BBY’s 
artesian well. By summer 2008, visitors will be able to manipulate an artesian well model, use a hand pump to draw 
drinkable water from the well, and experiment with the porosity and permeability of various rock samples from 
formations that typically serve as aquifers in our region. The artesian well model, along with a similar porous rocks 
component, were also chosen by AMNH to be included in “Water: H2O =Life”.

Teacher Resource Center: Year 6 saw the grand opening of the new Teacher Resource Center (TRC) in the BBY’s 
Science House (see: http://www.smm.org/sciencehouse/). With assistance from the 3M Foundation, substantial 
internal renovations turned the building from a “zero-emissions” building design showcase to a year-round teacher 
destination stocked with a wide range of materials available for check-out. Local school districts can join the TRC, 
which would allow their teachers full access to materials and programming. At least one local community college 
is also exploring ways to use the TRC in its teacher education programs. Many initial resources in the TRC were 
developed and/or made possible through NCED, including two sets of the Dam Removal models, multiple sets of 
the American Association for the Advancement of Science (AAAS) Atlas of Science Literacy, 3D maps, and water 
quality testing kits.

Youth Science Center Big Back Yard activities: An important program development in Year 6 was completion of an 
evaluation of SMM’s EarthScapes youth program by Amy Grack-Nelson of SMM’s Department of Evaluation and 
Research in Learning. The purpose of the evaluation was to determine the extent to which youth in the program are 
achieving program goals. The evaluation revealed a notable increase in youth awareness of Earth science careers 
and pointed to some areas for improvement in goals relating to content mastery and presentation/teaching skills. 
This evaluation completes a suite of evaluations of NCED programs and exhibits at SMM: the BBY, the EarthScapes 
Teacher Institutes, the River Restoration Residency Program, and the YSC Park Crew. Please refer to Appendix E 
for an executive summary of the latest evaluation.

In addition to the above developments, NCED Earth-Science Teacher/Researchers Exploring Active Modeling (ESTREAM) 
Intern Kate Rosok worked with the 11 YSC Park Crew April-August 2007 to help them better interpret the BBY for visitors. 
Specific activities included field trips, development of new activities to engage visitors, and training to develop better 
interpreting skills. The team collectively worked 25 4-hour shifts per week leading hands-on activities focused on nonpoint 
source pollution, dam removal, macro invertebrate investigation, and fossil making. Rosok and the YSC Park Crew met 
biweekly to continue content learning and to reflect on the effectiveness of the training to the Crew’s on-the-job experience. 
The youth were particularly effective in involving visitors in the BBY’s interactive exhibit models and in engaging visitors 
in experimenting with different Earth-surface processes.

During fall 2007, NCED Education Director Karen Campbell and SMM Youth Program Manager Robby Schreiber designed 
a series of activities and field trips to engage a merged group of 18 youth from both the YSC Park Crew and the YSC Water 
(“Water: H2O = Life”) Crew in local river stories. Activities included experimenting with a retreating waterfall model, 
providing several field trips to explore the path of the Mississippi River’s retreating waterfall, and researching dams, all in 
preparation for the SMM installation of “Water: H2O = Life”. The YSC Water Crew also worked to communicate regularly 
with a parallel crew composed of youth from NCED’s gidakiimanaaniwigamig camp program.

During January—March of 2008, the YSC Park Crew youth went into the community to lead twice weekly after school 
outreach programs. They traveled to five St. Paul, MN, public elementary schools sharing hands-on Earth science activities 
with K-6 students. Each school received four or five class sessions where YSC Park Crew youth taught the students about 
watersheds, nonpoint source pollution, pervious and impervious surfaces, river morphology, dams, and stop-motion movie 
making. In these classes, YSC Park Crew youth reached 67 students through a total of 23.5 contact hours.



72     Education

National Center for Earth-surface Dynamics
Annual Report 2008

EarthScapes Big Back Yard: indoors. NCED’s year-round presence at SMM continued in Year 6. The focal points currently 
are the Dam Removal interactive component for the BBY (which moves seasonally from the outdoor BBY to the indoor 
BBY in the Mississippi River gallery) and the SOS spherical projection system: Both exhibits were chosen for inclusion in 
“Water: H2O=Life.” 

SOS continues to be a very popular exhibit in the museum: The Science on a Sphere Blue Planet video developed for the SOS 
as part of Water: H2O=Life is also now featured on the NOAA website where it is available for download by any venue with 
an SOS system (see http://sos.noaa.gov/datasets/extras/blue_planet.html). Several SOS institutions have already downloaded 
the Blue Planet video and an upcoming SOS installation site, the Taichung Science Museum in Taiwan, has requested the 
Blue Planet video script so that it can record a Chinese audio narration to accompany its showing of the video. Year 6 saw 
continued use of SOS in undergraduate Earth science and education classes, with classes from at least four public, private, 
and community colleges visiting the exhibit each year. A grant proposal to NSF’s Course, Curriculum, and Laboratory 
Improvement program is under development by the UMN’s Department of Geology and Geophysics. This proposal seeks 
to formalize and evaluate this emerging “museum-as-undergraduate-laboratory” concept.

Wider audiences

Floor maps: Created by NCED Visualization Specialist Paul Morin and produced by SMM, the floor maps have become 
increasingly popular, making SMM a leader in floor map production. The maps invite interactive exploration as visitors 
physically locate themselves on the map and suddenly see the world around them in new ways. The following organizations 
are recent map customers: the Liberty Science Center, New Jersey; the University of Wisconsin, Eau Claire; NSF; and the 
California Science Center. 

Educational physical models: Use of NCED’s Dam Removal model, developed from the research of NCED visitor Chris 
Bromley in collaboration with SMM, continued to expand in Year 6. Two additional museums were introduced to the model 
and associated curriculum: the Utah Museum of Natural History, Salt Lake City, and the Headwaters Science Center, Bemidji, 
MN. A delegation from the Utah museum visited NCED in June 2007 to discuss plans for a new exhibit on the Bear River 
and possible inclusion of a stream model in that exhibit. They decided to simply work NCED’s existing Dam Removal model 
into their programming, so a copy was fabricated for them, and SMM’s Travis Sandland traveled to Utah to train museum 
staff in use of and programming for the model. 

Currently, eight Dam Removal models, for use by staff at the Headwaters Science Center¸ are under construction. This small 
science center, with a long history of collaboration with SMM, will use the models to teach students and the public about dam 
related issues in northwestern Minnesota. In particular, the models will be available for use by the Teaching Relevant Inquiry Based 
Environmental Science (TRIBES) program, a three-year professional development program for teachers in Native American-
serving schools, and coordinated by SMM staff. The current cohort of 30 teachers includes teachers of youth from all the major 
Ojibwe reservations in Minnesota, including the Fond du Lac Ojibwe School and reservation, with which NCED works closely.  
In addition, fifteen of SMM’s Dam Removal models were used simultaneously at a Science Saturday event for urban K-12 
schools organized by a local private college, one model was interpreted for the public by YSC and gidakiimanaaniwigamig 
youth in the UMN building at the Minnesota State Fair, and several models will be featured at the upcoming MYRES 
conference in New Orleans.

The Dam Removal models were originally created for use in SMM’s school programs. The resulting River Restoration 
Residency Program was fully funded by NCED for three years of program delivery. Following summative evaluation in Year 
5, it has graduated to a fee-based program and continues to be very popular. 

Groundwater Residency program: In Year 6, NCED staff, including NCED ESTREAM Intern Kate Rosok, collaborated 
with SMM staff on development of a Groundwater Residency program, developed with external funding, that will bring 
groundwater models and 3D visualizations (via a newly redesigned turn-key, portable GeoWall) to schools throughout 
Minnesota. Much of this program was created in tandem with the development of the Groundwater Plaza in the BBY and 
the related components in “Water: H2O = Life.” Ongoing discussions may result in bringing some of these components into 
use by the local Metropolitan Council that oversees land-use development and water planning throughout the Twin Cities 
metropolitan area.
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American Geophysical Union invited talk. Finally, at the American Geophysical Union (AGU) Fall 2007 Meeting, NCED 
PI Patrick Hamilton and NCED Education Director Karen Campbell were invited to give a presentation at a session on 
educational partnerships to describe NCED’s unique partnership between a museum and a research institution. The jointly 
presented talk outlined the ways in which NCED’s collaboration with SMM has broadened from SMM as a local museum 
resource, literally in our own back yard, to both national and international exhibitions (“Water: H2O = Life” and the FEI) 
that feature expanded STC involvement.

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 BBY; BBY visitor 
target of 150,000 reached 
or surpassed; initial 
NCED components of 
Water Exhibition and SOS 
developed; 3D film outline 
developed with SMM

In addition to a fully functioning set of exhibits in Year 6, 
an entirely new exhibit area, the Groundwater Plaza, was 
developed and will be fully installed by summer 2008. 
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 currently on display in New York as a part of “Water: 
H2O =Life”. Plans for a single 3D film have been replaced 
by ongoing development of many short segments that 
can be incorporated directly into exhibit components.

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, an entirely new exhibit area, the Groundwater 
Plaza, was developed and will be fully installed by 
summer 2008. The YSC program continues to flourish 
with active NCED involvement and ongoing new 
activities. Our visitor target was surpassed in Year 6.

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

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

“Water: H2O =Life” opened on schedule at AMNH 
in November 2007. It will begin touring in May 
2008, and will visit SMM in Year 7. The exhibition 
has been replicated, and copy two of the exhibition 
was shipped to Singapore in March 2007.

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 favorably reviewed at NSF with questions from 
the review panel answered and funding pending.

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 utilize these 
visualization systems

Blue Planet video developed for and incorporated in “Water: 
H2O =Life”. The video has also been made available by 
NOAA to the 19 other SOS installations. New GeoWall 
material currently on display in “Water: H2O =Life”, with 
additional content being developed for MN installation 
of “Water: H2O =Life” as well as for SMM schools 
programs. Construction and prototyping of RainTable 
underway, with the goal of adding this component to the 
Water Exhibition when it opens at SMM in January 2009.
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Plans

1. Continue to carry NCED research to national and international audiences through NCED-developed components 
in “Water: H2O =Life”, opening with improvements, at SMM in Year 7.

 2. Collaborate with SMM and five sister STCs, pending funding decision, in development of the Future Earth Initiative 
(FEI). This center will include a 3,500 square-foot exhibition, a website, and several public policy programs at SMM 
that will enable public and professional audiences (e.g., policy makers) to understand and work with the following 
concepts: 1) Understand how humans are influencing large-scale planetary processes, 2) Learn how modeling can 
describe past planetary conditions and help predict future ones, and 3) Explore how the new fields of sustainability 
science and sustainability design are seeking to address the balance between nature and society. 

3. Continue enhancements to the BBY with completion and evaluation of the Groundwater Plaza and possible 
installation of an erosional landscapes component currently being tested at the St. Anthony Falls Laboratory.

4. Continue to develop NCED-related programming for the YSC youth and the public, which will be guided by Year 
6’s summative evaluation of the program.

5. 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 and 
researchers.

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

Internal activities. In Year 6, NCED’s Graduate Student Council (GSC) leader, Brandon McElroy (University of Texas at 
Austin—UT Austin), organized an all-graduate student all-day field trip to a stream restoration site featured in the NCED 
Stream Restoration Science and Engineering (SRES) certificate program. The trip, with twenty students participating, was 
led by NCED Postdoctoral Research Associate Karen Gran, who led development of the certificate program through mid 
2007. Such trips have become a traditional feature of NCED Site Visits; this trip served not only to help the graduate students 
build their own research network but also to expose students from outside Minnesota to this innovative certificate program. 
McElroy continues as leader of the Council and plans are underway for additional activities related to the 2008 Site Visit. 
In addition, a subset of NCED graduate students were active participants in NCED’s first exploratory campaign in our new 
depositional field site, the Wax Lake Delta, Louisiana, as discussed in more detail in the Subsurface Architecture Integrated 
Project section.

NCED graduate students are increasingly coadvised as NCED matures, and to date thirteen students have multi-disciplinary 
or inter-institutional thesis committees. Our weekly research videoconferences are increasingly hosted by graduate students 
and postdoctoral research associates. In Year 6, twelve videoconferences were presented by NCED graduate students and 
eight videoconferences by postdoctoral research associates. 

NCED’s graduate student group occasionally includes students from outside NCED’s research fields, who join NCED as paid 
staff but also participate in graduate student and other NCED activities. Many of these students have been ESTREAM interns, 
pursuing Master’s programs in education while serving as interns. Another such graduate student, Mary McEathron, joined 
NCED for several of its early years, helping us devise evaluation strategies as she pursued her own doctorate in educational 
policy at UMN. Through her involvement in NCED, McEathron became convinced that a thesis project on the potential for 
formal evaluation theory to play a role in river restoration would be a more worthwhile topic for her study than a traditional, 
formal education focus. United States Geological Survey (USGS) NCED partner Robb Jacobson joined McEathron’s formal 
thesis committee, with other NCED PIs, staff, and colleagues, notably NCED PIs Benjamin Hobbs and Peter Wilcock, NCED 
Partner Gordon Grant, NCED Stream Restoration Project Manager and Knowledge Transfer Director Jeff Marr, and NCED 
Education Director Karen Campbell, providing additional guidance. In January 2008, McEathron successfully defended 
her comparative study of the role of evaluation in river restoration projects on the Columbia and Missouri Rivers to the 
Department of Educational Policy and Administration at UMN to earn the first ever PhD focused on river restoration in that 
department! McEathron was immediately invited to present her research at a stakeholder meeting on the Missouri River, 
and other invitations have followed.
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International Research Experience Program: NCED’s International Research Experience Program (IREP) sent five graduate 
students and two undergraduates on international research trips during Year 6, bringing total NCED participation in this program 
to eight graduate and four undergraduate students. This competitive, STC-wide program provided funding for international 
educational and research travel by graduate students, with the goal of strengthening international research partnerships and 
two-way technology transfer. This year, Amy Hansen (UMN) with former undergraduate intern Jordan Theissen (Lawrence 
University), Sara Johnson (UMN) with UMN undergraduate Danielle Trice, former undergraduate intern Elizabeth Barnes 
(now University of Washington graduate student), Peter Nelson (University of California, Berkeley—UCB), and Brandon 
McElroy (UT Austin) participated in the program. All participants have presented (or will present) their research to the NCED 
community as a videoconference:

Hansen: Mass transfer in canopy flow: An investigation of the effect of hydrozoan colonization on Giant Kelp

Johnson: Comparing French flume investigation methods with those used in SAFL’s Main Channel

Barnes: Blocking Anticyclone Climatology: A new index applied to all four seasons

Nelson: Italian and US approaches to perturbation theory applications to bedload sheet transport and to predictive 
models bedrock channel cross sectional morphology.

McElroy: Testing a hypothesis of sand river bed evolution using data from a series of experiments conducted in 
Delft, Netherlands, to determine if the rate of change of bed topography shape and size is related to the ability of the 
flowing water to suspend the bottom sediment. 

Further detail on this program, which concluded in Year 6, can be found in Appendix P.

Graduate Museum Assistantship Program: NCED ESTREAM Intern Kate Rosok, a candidate for a Master’s degree 
in Earth science education from the University of St. Thomas, moved from her ESTREAM position to that of a Graduate 
Museum Assistantship (GMA) in summer 2007. As with several other NCED GMAs, Rosok worked with SMM’s YSC Park 
Crew in the BBY, further developing activities for the crew to experience directly or conduct with visitors. See section ED01 
for further detail.

Integrative postdoctoral research associates: NCED’s active team of integrative postdoctoral research associates continued 
their important research efforts across NCED’s integrated projects (IPs), as documented specifically in those sections of this 
report. A significant contribution made by this group in Year 6 was to secure funding for the NCED-led proposal for MYRES 
2008: “Dynamic Interactions Of Life and its Landscape” to be held May, 2008, in New Orleans, Louisiana. Details of this 
international conference and the educational EarthScapes Exposition (“Expo”) are included in section ED05 of this report.

Alumni group: NCED’s graduate student and postdoctoral research associate alumni group continues to grow and maintain 
active ties to NCED research. A notable example is their participation in both the MYRES conference and ongoing field work 
at the Angelo Coast Range Reserve (ACRR), NCED’s erosional field site. In addition, NCED continues to enjoy unusual 
success placing its graduates in sought-after tenure track positions: Taylor Perron (NCED/UCB): Massachusetts Institute of 
Technology; Mike Lamb (NCED/UCB): Caltech; Kyle Straub (NCED/MIT): Tulane University; Ben Sheets (NCED/UM): 
University of Washington; Wonsuck Kim (NCED/UM): University of Texas at Austin.

NCED-led graduate experiences for wider audiences: NCED’s NSF-funded Integrative Graduate Education and Research 
Traineeship (IGERT) program (Nonequilibrium Dynamics Across Space and Time: A Common Approach for Engineers, 
Earth Scientists and Ecologists), taught by PIs from NCED as well as faculty from three departments and two schools across 
the UMN, continued into NCED Year 6, with four NCED graduate students involved in the program. 

A notable development for this group is the outreach program they are creating to reach urban, under-represented immigrant 
children in Minneapolis. The program, led by NCED/IGERT students Ted Fuller (who also served as a GMA at SMM) and 
Mark Morris, focuses on watersheds. Its goal is to introduce under-represented school age children to the watershed concept 
and to highlight the benefits of interdisciplinary research efforts. Basic watershed principles, as well as human interaction with 
watersheds, are introduced via interactive computer software and classroom activities. The RainTable software, authored by 
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a computer science graduate student at the University of Illinois at Chicago in cooperation with SMM (see section ED01), 
is used in a laptop version to show students the geographic and hydrologic behavior of Minnesota watersheds. Students can 
control the location and intensity of precipitation on the state of Minnesota and witness the hydrologic response of the north 
flowing Red River watershed, the south-southeast flowing Minnesota and Mississippi River watersheds, and the northeast 
flowing Lake Superior watershed. The RainTable is also used to discuss how land cover, particularly urbanization of the 
Minnehaha Creek watershed in Minneapolis, can change watershed characteristics. Students will benefit from a holistic 
introduction to watersheds, riparian ecosystems, and anthropogenic stressors on watersheds. The interactive lesson highlights 
some of the unseen, subtle drivers of eutrophication and species-community structure evolution as it helps students think about 
effects of urbanization. In accordance with MN state education standards, students will mature in their grasp of scientific 
inquiry, improve their understanding of the water cycle, and receive an introduction to interdisciplinary science and higher 
education. 

IGERT DELTA initiative: NCED/SAFL PIs Vaughan Voller and Chris Paola have joined in developing a new IGERT 
initiative under the leadership of NCED PI Robert Twilley (Louisiana State University—LSU). The initiative, called IGERT 
DELTA, is a unique effort to create a multi-discipline, multi-institution training program aimed at developing a “whole basin” 
approach to the Mississippi Delta by bringing together two institutions (UMN and LSU) that represent the source and sink 
components of the Mississippi River system. The UMN component is centered around SAFL and the new Institute on the 
Environment (IonE), the first formal joint venture between two critical institutions for NCED’s legacy. IGERT DELTA was 
recently submitted as a preproposal, so it will be some time before we know its fate, but the process of putting it together 
has already strengthened and expanded the connections between UMN and LSU.

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 GMA program 

Active involvement in all of these 
programs continued in Year 6, with 
completion of the IREP and continued 
placement of alums being highlights.

Plans

We will continue to ensure active involvement by NCED graduate students and postdoctoral research associates in all of 
the activities described in this section, with the exception of the IREP, whose funding has come to a close. In particular, our 
efforts will focus on successfully managing and implementing the MYRES 2008 conference and Expo. 

Project ED03: Establish stream restoration certificate program ►

NCED’s SRES Certificate Program entered its second year in NCED Year 6. This NCED-initiated program provides graduate 
students and working professionals the opportunity to complete courses that are directed at multi-disciplinary activities 
in the science and practice of stream restoration. NCED PI Vaughan Voller is the Director of Graduate Studies for this 
postbaccalaureate pogram at the UMN. The program is designed to allow students to complete the course requirements in 
one year. Most students follow this program concurrently with a PhD or Master’s degree. However, there are some SRES 
students who are working professionals enrolled solely in the certificate program. A portion of the program is based on 
existing courses at UMN. Two specific new courses have been designed by NCED—an introduction to stream restoration 
and a practicum. Voller and NCED Director Chris Paola have taken a leading role in teaching these courses. To date, four 
students have graduated from the program, and ten students are currently enrolled. Half of the students enrolled are women, 
and one student represents a minority group. 

In summer 2007, in response to a request for proposal from UMN’s Graduate School, Voller submitted a proposal to expand 
the one year certificate program into a full Master’s degree program in landscape restoration. The UMN Graduate School 
received a number of proposals from other units at UMN to initiate graduate programs in related themes, e.g., ecological 
restoration and air pollution. The UMN Graduate School then formed a working group to develop a coordinating theme—Whole 
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Earth Dynamics—around which the various proposals could be woven into a single graduate program. Voller is part of this 
working group, whose activities will be underwritten by the UMN Graduate School through a $75,000 planning grant. This 
Master’s degree program will ensure the long-term, sustainable legacy of NCED-themed graduate courses.

Progress toward milestones/deliverables 

Project Project name Milestones Progress
ED03 SRES Certificate Program Functioning certificate program 

in stream restoration
Four students have completed the program, 
and the program continues to attract 
new enrollees. UMN has encouraged 
development of a Master’s level degree 
program in stream restoration.

Plans

NCED PI Vaughan Voller will continue to direct the SRES Certificate Program, while working with fellow members of the 
planning committee to integrate SRES 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: In Year 6, McGraw-Hill published Exploring Geology, an introductory, undergraduate textbook coauthored by 
NCED Visualization Specialist Paul Morin. This book, available for faculty adoption, contains significant material derived 
from NCED research. While publishers do not release specific sales figures for textbook adoption, McGraw-Hill has been 
extremely pleased with the popularity of this new, highly visual approach to teaching Earth science, with sales running at 
approximately 15,000 books/year. Discussions are ongoing between McGraw-Hill, Morin, and Morin’s co-authors for a 
second edition of the textbook, to be published in 2009, as well as for three related new products, a 3D atlas, an environmental 
science textbook, and a physical geography textbook. The latter two books would require broadening the current author team, 
composed largely of geologists, to include social scientists and biologists, thereby mirroring NCED’s research approach. 
These two books will also include even more direct NCED content than Exploring Geology currently does. 

In addition, three new 3D maps were produced by NCED in Year 6, featuring the Mississippi River, the Eastern portion 
of North America, and Antarctica. In a collaboration between NCED/SMM, the National Park Service, and the McKnight 
Foundation, 6,900 Mississippi River maps have been commercially produced. The maps are being used in programming by 
all of these institutions, most notably the McKnight Foundation’s partners in river restoration running the full length of the 
Mississippi River. NCED provided 1,000 maps to the AGU 2007 Fall Meeting attendees who visited the NCED booth at that 
meeting. A new map, showing surficial detail of the eastern third of North America, was also commercially produced in Year 
6. Ten thousand of these maps were printed, of which several hundred have been distributed to undergraduate institutions in 
the map area and 1,200 have been given to attendees of the National Science Teachers Association (NSTA) annual meeting, 
in collaboration with the National Association of Geoscience Teachers. The Antarctica map, produced as a short run with 
collaboration from the Antarctic Drilling Program (ANDRILL), was featured, along with associated curriculum, at the 2008 
NSTA meeting. This map is available on the NCED website.

Models and experiments: NCED’s table-top Dam Removal model, developed from NCED visitor Chris Bromley and NCED 
partner Gordon Grant’s research experiment at SAFL, continued to be used in undergraduate, as well as in K-12 and informal, 
education settings. The College of St. Catherine, a women’s undergraduate institution in St. Paul, MN, has formally adopted 
the model into the first course in its Science Technology, Engineering and Math (STEM) minor in environmental education. 
This new minor, developed by NCED External Advisory Board (EAB) Member emeritus Tony Murphy, in collaboration with 
NCED Education Director Karen Campbell and NCED alumnus Dr. Jill Welter Shade, as well as College of St. Catherine 
science and education faculty, is specifically designed to expose elementary education majors to inquiry-based science 
education pedagogy, as well as basic Earth-science. In addition to NCED components, such as the Dam Removal models, 
3D maps, and SMM SOS field trips, the STEM minor draws heavily on the partially NSF-funded Global Learning and 
Observations to Benefit the Environment (GLOBE) program, currently administered through the University Corporation 
for Atmospheric Research (UCAR).
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NCED’s Delta Box model was featured in a session at the October 2007 Annual Meeting of the Geological Society of 
America (GSA). Several talks at the session, including one by NCED Education Director Karen Campbell, documented use 
of the Delta Box model in advanced undergraduate instruction around the country. First introduced at the NSF-funded “On 
the Cutting Edge - Professional Development for Geoscience Faculty Teaching Sedimentary Geology in the 21st Century” 
workshop in July, 2006, this table-top flume offers glimpses into delta architecture and basic principles of sedimentology. 
This flume continues to be used by additional faculty members around the country with results presented at many national 
and regional meetings. 

Instruction: NCED’s main instructional contributions to undergraduate education continue to be through the maps, models, 
and museum programs discussed in sections ED01, ED04, and ED05. Due to the strength and value of these activities, we have 
revised our milestone in this section regarding undergraduate instruction to focus on enhancements, such as texts, models, maps, 
and fieldtrips rather than development of specific new courses. Course development has been done at the postbaccalaureate 
and graduate level; NCED’s greatest contribution at the undergraduate level is in supporting undergraduate instructors, 
especially in undergraduate-serving institutions, with innovative materials inspired by NCED’s research approach. 

Many local undergraduate classes visit SAFL each year for tours, lectures, and hands-on activities led by NCED Education 
Director Karen Campbell and course instructors. These tours continued in Year 6. In addition, a new e-Clips initiative was 
begun in Year 6. The goal of this initiative is to make videos and timelapse footage from NCED experiments available online 
for use in undergraduate instruction as well as in research. The project encountered some staffing difficulties, but we intend 
to continue it in Year 7. In a related effort, significant progress was made in editing NCED’s online image gallery, with the 
overall goal of increasing the number of well-documented still images, derived from NCED research, that are available to 
instructors as well as to the general public. 

NCED PIs and alumni continue to be active in advising undergraduate interns and preparing individual lectures for 
undergraduate courses. As NCED continues to mature, an increasing number of NCED alumni are actively teaching at the 
undergraduate level, with many of them still actively involved in NCED research and events. These alumns are among our 
most effective education legacies, bringing their multi-disciplinary quantitative and predictive approach to Earth-surface 
dynamics to undergraduates for years to come. 

Finally, our summer 2007 pilot program (to recruit a team of undergraduate interns to work with NCED staff, graduate 
students, partners, and PIs on documenting the geomorphic response of Oregon’s Sandy River to removal of the Marmot 
Dam) has become part of a new Research Experience for Undergraduates (REU) program. The REU program, awarded to 
NCED in Year 6, is detailed in the Diversity section of this report as well as in the appended Activity Tables. 

Progress toward milestones/deliverables 

Project Project name Milestones Progress
ED04 NCED enhancements to 

undergraduate 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

17 students have been supported ; 3 
of those students also participated 
in NCED’s IREP program.

NCED research is reaching many 
undergraduate classrooms through Exploring 
Geology, 3D maps, and models. See section 
ED05 for statistics on web-based materials.

Plans 

NCED’s Delta Box and Dam Removal models will be featured, early in Year 7, at the May 2008 MYRES conference (see 
section ED05 for more information on MYRES). By featuring the models in the Expo portion of the conference, we hope to 
encourage this international group of young researchers and faculty members to include research-derived physical models 
and experiments in their own teaching, whether they adopt these specific examples or design new ones. We will continue 
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to use the models and lab tours, as well as SMM and 3D maps, as ways to extend NCED research into local and national 
undergraduate instruction. We will also work to make our e-Clips online video collection a reality and to refine and add to 
our online image gallery.

Project ED05: Professional development for teachers of grades 4-16 ►

SMM-based EarthScapes programs: As explained in detail in section ED01, NCED’s current contribution to teacher 
professional development at SMM is through the TRC in the BBY’s Science House. Various materials developed through 
NCED’s EarthScapes Teacher Institutes and River Restoration Residency Program in Years 1-5 are now available to 
Minnesota teachers year-round through the TRC. The Dam Removal models are often incorporated in specific teacher 
development programming done through the TRC, e.g., in February 2008 an externally funded, day-long workshop on 
developing culturally-sensitive methods of teaching science (i.e., incorporating the specific viewpoint of diverse populations 
to provide a context around the science content) used all 18 of SMM’s models as a contrast to traditional stream-tables (the 
NCED-developed models teach content within a specific context that includes diverse stakeholder viewpoints—local and 
federal natural resource managers, recreational fishing and boating groups, and Native American communities). In addition, 
the River Restoration Residency Program, having been fully evaluated in Year 5, moved in Year 6 to a fee-based program, 
where it continues to be popular. 

ESTREAM teacher interns: In Year 6 , NCED’s ESTREAM intern program for in-service and preservice teachers, was 
ramped down due to changing priorities. While this program has provided valuable experience and insight to a few pre- or 
in-service teachers, the numbers are small. We had hoped the program would result in significant web-based materials, thus 
expanding the impact of the program beyond those teachers directly participating; however, this aspect of the program has 
not been as successful as anticipated. At the same time, collaborations with SMM and the College of St. Catherine continue 
to impact greater numbers of students and teachers and hold additional promise in this area, as well as in undergraduate 
education in general. So, we will devote more effort to these fruitful collaborations and less effort to this small, in-house 
teacher program. NCED ESTREAM Intern Kate Rosok, the intern active in Year 6, completed her internship by serving as 
a GMA at SMM, working with the YSC Park Crew (see section ED01) in summer 2007. Following that experience, Rosok 
completed her student teaching in fall 2007 and was immediately hired, mid-year, as a middle school Earth science teacher. 
Rosok participated in programming, throughout Year 6, such as summer workshops, and the NSTA meeting, made available 
to her as a Knowles Science Teaching Foundation Fellowship (www.kstf.org) fellow.

Each of NCED’s ESTREAM alumni remains in contact with NCED. Of the 12 alumni, all but one remains actively involved 
in some form of teaching or research. In addition to Rosok’s placement in a public Earth science teaching position, other 
recent alumni have entered, or are completing, additional postgraduate training. For example, former Ojibwe school teacher 
Rachel Breckenridge completed an advanced degree in mathematics and is now pursuing teaching positions at the college 
level, intern Amy Chen is completing a Master’s degree in geology and has been accepted into a PhD program in Germany, 
intern Horth is now actively involved in elementary teaching in Colorado, and several other alumni remain in middle or high 
school Earth science teaching in Minnesota.

We plan to continue the ESTREAM program in Year 7 at a reduced level as promising candidates emerge. Early in Year 7, 
materials developed during Year 6 will be posted to NCED’s website.

NCED-led workshops: As mentioned elsewhere in this report, a session at the October 2007 Annual Meeting of the GSA 
presented results of the 2006 NSF-funded “On the Cutting Edge - Professional Development for Geoscience Faculty Teaching 
Sedimentary Geology in the 21st Century” workshop. Dr. Tom Hickson, a frequent NCED collaborator and professor at a 
local undergraduate institution, co-led the 2006 workshop as well as the 2007 GSA session. In the session, Hickson, NCED 
Education Director Karen Campbell, and other 2006 workshop participants both presented workshop content to a wider 
audience and updated the audience on developments since the workshop. Several talks in the session focused on the use of 
NCED’s Delta Box model, an inexpensive table-top flume designed for studying delta architecture and sequence stratigraphy, 
in undergraduate classrooms around the country.

Early in Year 7, NCED will co-sponsor, with Tulane University and NSF, the 2008 international MYRES conference: 
“Dynamic Interactions of Life and its Landscape.” This four-day conference, held at Tulane University in New Orleans, 
Louisiana, with optional postconference field trips, will facilitate the formation of a global network of young scientists who 
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together can tackle issues at the interface of physical and biological sciences. The conference is the third in a series and 
the first conference to turn the MYRES focus from solid Earth processes to surficial and ecological ones, thus significantly 
broadening the MYRES scope in ways that reflect NCED’s research approach and results. The conference theme was chosen 
as the result of a competition in early 2007 and is being organized by a team primarily composed of NCED alumni; many 
of the session moderators are NCED PIs, partners, alumni, or colleagues. The organizing committee themselves are spread 
across several continents, most of them in postdoctoral or first-year faculty positions. They are being supported by a number 
of NCED staff in aspects ranging from event planning to postmeeting report production, with NCED Education Director 
Karen Campbell serving as PI for the project/conference. Results of the conference will be compiled into a white paper to 
be presented to the National Research Council. 

An important innovation of the 2008 MYRES conference will be the EarthScapes Expo to be held in conjunction with the 
conference. The Expo, modeled on NCED’s successful participation in the 2005 Smithsonian Folklife Festival, will feature 
NCED-developed research models and experiments, as well as videos, designed for use in research-derived education. The 
centerpiece of the Expo will be a demonstration, carried out in the 25’ traveling flume NCED developed in collaboration 
with partner agency US Forest Service for the Folklife Festival. This demonstration draws on the research of NCED graduate 
student Christian Brauderick and NCED alum Michal Tal into the affects of vegetation on stream morphology, as well as 
NCED’s several investigations into the geomorphic response of a channel to dam removal: The flume will feature a vegetated, 
dammed river. Conference participants and other community members will be encouraged to observe the effects on the linked 
bio-geomorphic system of first damming a river and then removing the dam. In addition, NCED’s Dam Removal model, 
Delta Box model, and Marmot table-top models will be featured and available for experimentation by conference attendees. 
The overall goal of the Expo is to encourage MYRES’ international participants (many of whom are currently, or soon will 
be, teachers of undergraduates) to adopt some of NCED’s integrative, research-based teaching methods as well as NCED’s 
approach to research itself—a key message of the overall conference. For more on MYRES, see http://www.myres.org/
myres3/index.html. 

Finally, NCED Education Director Karen Campbell continues to participate in the externally funded effort to develop an 
undergraduate STEM minor in environmental education at the College of St. Catherine, the nation’s largest college for 
women, as mentioned earlier in this section. The program makes use of materials developed by NCED and the NSF-funded 
GLOBE program. It has been a functioning minor at the college for two full academic years and is currently being expanded 
into a weekend college format for nontraditional students. Campbell and NCED EAB Member emeritus Tony Murphy are 
currently exploring ways to expand this effort to K-12 teacher professional development areanas.

Progress toward milestones/deliverables

Project Project name Milestones Progress
ED05 K-12 teacher development Materials developed and made available 

for broad use over the web, through 
the TRC at SMM, and promoted at 
local and national conferences

Use of materials developed by NCED, 
primarily our physical models and 3D 
maps, continued to expand in Year 6 and 
plans were made for a new, innovative 
NCED-led workshop, MYRES.

Plans

In Year 7, we will continue to promote and support the use of our Dam Removal and Delta Box models to and by educators 
across the country for use in teacher education and undergraduate settings. With the SMM TRC now fully operational, we 
will continue to look for opportunities to distribute NCED-related material to teachers through this venue. Finally, we will 
continue to develop innovative ways to reach teachers at the undergraduate level through national-level workshops and 
collaborations, such as our previous sessions at the fall AGU and GSA meetings, and we will continue work with the College 
of St. Catherine and the upcoming MYRES conference. 
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Additional, significant broader impacts activities
NSF Earth Science Literacy Initiative: The NSF-funded Earth Science Literacy Initiative is a community-wide effort 
to develop a succinct document that presents the research community’s priority “big ideas”, essential to the Earth science 
literacy of US voters and policymakers. The effort, which is the final one of a suite of such projects, conducted in the oceans, 
atmospheres, and climate research communities, will eventually be a part of a single Earth Systems science literacy document, 
as the four efforts—oceans, atmospheres, climate and Earth science-- are ultimately merged into one document. The goal of 
the entire process is to provide guidance to policy makers as well as to educators, formal and informal, from an informed, 
research community, perspective. While this initiative includes the term “literacy,” this initiative is not an education standards 
setting exercise. Instead, the goal is to guide future such standards-setting as well as to help the research community speak 
in a unified way to educators, media, policy makers, and the public. NCED Education Director Karen Campbell is a member 
of the organizing committee for this effort (see http://www.earthscienceliteracy.org/) which will continue into Year 7.

Documentaries: NCED involvement in documentary film productions continued in Year 6. The most significant development 
began in Year 5, when a proposal to Portland General Electric (PGE) by NCED Education Director Karen Campbell and 
Knowledge Transfer Director Jeff Marr, along with NCED partner Gordon Grant (USFS) and SAFL Associate Director Omid 
Mohseni, was funded late in Year 5. The resulting contract funded construction of a 35-ft plywood flume at SAFL. The flume 
was constructed as a scaled model of a portion of Oregon’s Sandy River, above and below PGE’s 50 foot tall Marmot Dam. 
The flume was developed using both USGS topographic maps and data from a recent light detection and ranging (LIDAR) 
survey. Other data supplied by PGE informed development of a sediment mix mimicking the wide range of sediment—from 
very fine sand to large boulders—carried by the Sandy River, much of had been deposited in the nearly full reservoir behind 
the Marmot Dam. The model was completed in May 2007. In June, a documentary film crew, retained by PGE, spent a week 
at SAFL filming various scenarios related to the planned summer 2007 Marmot Dam removal—first of the concrete Marmot 
Dam and later of the earthen cofferdam holding back reservoir sediment during removal of the concrete dam. 

While initially funded as a film project, this relatively rare opportunity to work with a dam owner involved in removing 
a large dam, and then to document the river’s geomorphic and ecological response, led to many exciting education and 
research developments for NCED, which are documented throughout this report. As of this writing, brief footage from the 
June 2007 filming of the model has appeared on Oregon Public Television (See Appendix L or http://www.opb.org/programs/
ofg/videos/view/73-Marmot-Dam); PGE and the filmmaker continue to negotiate rights to a full-length documentary with 
various distributors. In addition, SMM is exploring whether some of this film footage might become incorporated into the 
“Water: H2O = Life” exhibition.

Two film crews from the History Channel also visited SAFL in March 2008 to film processes related to catastrophic flooding. 
NCED Education Director Karen Campbell, stream restoration student Craig Hill, along with NCED Director Chris Paola, 
postdoctoral research associate Kyle Straub, and alumnus Juan Fedele worked closely with both crews. In the first case, Hill 
designed a 3D plan view model and a 2D side view model in two SAFL flumes to illustrate how catastrophic flooding resulting 
from deglaciation and sea level rise could have created the channel through the Bosphorus Straits that “flooded” the Black 
Sea approximately 8,500 years ago. In the second case, Hill designed an experiment in NCED’s “DC flume,” originally built 
for the Smithsonian Folklife Festival in 2005, to illustrate how catastrophic flooding events could have led to formation of 
the English Channel between 500,000 and 200,000 years ago. The experiment showed downcutting and erosion of channels, 
migrating waterfalls, and other landscape features associated with this flooding. Both film crews were compiling footage for 
a History Channel series focusing on megafloods, currently scheduled to air in summer 2008.

Antarctic Geospational Information Center: In Year 6, which partially coincided with the International Polar Year, 
NCED Visualization Specialist Paul Morin and NCED Education Director Karen Campbell secured funding from NSF for 
this innovative, virtual resource that will serve the research and operational needs of the Antarctic community as well as 
have significant, broader impacts as it comes fully “online.” This transformational approach to mapping and archiving is a 
collaboration between Campbell, Morin, colleagues at the USGS, and the UMN Library System. It combines “born digital” 
geospatial data (such as satellite data and imagery) with digital archiving and georeferencing of paper maps, field books, 
and landing reports. Maps are generated on request in GIS, Geotiff, JPEG, PDF, and other formats (as appropriate) from 
existing digital or paper information and then fully archived at UMN. A website and Google Maps-like searching interface 
are under development. In addition, the Antarctic Geospatial Information Center (AGIC) seeks to identify “data holes” in 



82     Education

National Center for Earth-surface Dynamics
Annual Report 2008

Antarctica, where detailed, field scale mapping could provide key advances in our understanding of this remarkable continent. 
The Dry Valleys, one of the few places in Antarctica where surficial and fluvial processes can be studied, is a key location 
for this component of AGIC. Accordingly, a team that includes Morin, Campbell, and NCED PI Patrick Hamilton (SMM), 
as well as several geologists and mapping specialists with extensive Antarctic experience, will visit McMurdo and the Dry 
Valleys during NCED Year 7. These researchers will gather mapping data, assess physical data archives, and investigate, 
first hand, additional, broader impacts potential that AGIC can provide to the already successful NCED/SMM partnership. 
AGIC’s online presence will be mirrored “on- and off- ice” to provide, for the first time, 24-hour worldwide access in both 
locations to an increasingly comprehensive archive of digital Antarctic mapping, accessible for those planning scientific 
campaigns from any discipline, the operations community that supports them, and anyone in the educational community 
who is investigating Antarctica.

Executive summary – plans
In Year 7, NCED Education efforts will continue to strive for the following goals:

Focus heavily on innovative development and distribution of NCED research through “Water: H1. 2O =Life” 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. 2. 

Support the expansion of the SRES Certificate Program into a full-fledged graduate program.3. 

Expand our impact on K-16 education locally, nationally, and internationally, through new textbook development, 4. 
the MYRES conference and Expo, and the AGIC.

Continue our involvement in uniquely inter-NCED activities such as the Marmot Dam. 5. 

Continue active leadership of national, professional efforts such as the Earth Science Literacy Initiative.6. 

Evaluation and performance indicators

MEASUREMENT
Description Value

NCED Students
1. Graduate student participation in NCED center-wide activities. Number of participating students

Green numbers are 07 report
51

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

Number of students graduated Year 6:12 
Cumulative: 46

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 6:12
Cumulative: 46

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 6:7
Cumulative: 26

in government/industry Year 6:5
Cumulative: 20

in other 0
3. New seminars and course materials 
developed for undergraduate education. 

Number of courses impacted 100+
Number of institutions 100+
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MEASUREMENT
Description Value

Earth Science Teachers and Students
1. Participation in NCED programs. Number of teachers

(Earthscapes and ESTREAMs)
Year 6: 2
Cumulative: 51

Number of students Year 6: 309  
Cumulative: 1694

2. Classroom tools developed and used. Number of tools developed 3 new maps
Number of web hits
(Maps, ESTREAM and 
SERC resources)

Year 6: 
6991 hits
Cumulative: 
17874 hits

Data downloaded
(same)

Year 6:
241532 Kb 
Cumulative: 
739116 Kb 

Public 
1. Attendance statistics and feedback from the BBY. Attendance 35,000 (2007)

170,00 (cumulative)
Feedback Evaluation of YSC 

Youth program in 
BBY completed.
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IV. Knowledge Transfer Initiative

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

Executive Summary
All three integrated projects had significant growth in developing and deepening collaborations with non-NCED institutions 
and this has direct impact on our KT with stakeholders and partners. Our KT program utilized a variety of mechanisms for 
two-way exchange including: single PI interactions through teaching/training; small group interactions via working groups 
and workshops; large-group interactions such as special sessions and conferences; sustained multi-institution research 
collaborations; information resources like websites and data repositories; and online tools. 

NCED developed a new model for two-way knowledge exchange between NCED and our industry and agency partners 
that will strengthen the ability for these partnerships to continue beyond 2012. Our model focuses on developing Research 
Cooperatives (RC) - small multi-disciplinary, multi-institutional teams of collaborators that work on critical research topics. The 
model is based on published NSF-funded research by Gray and Walters (1998), which focuses on techniques for developing 
industry/university cooperative research centers. Research Cooperatives have the following features:

Small (5-15) participants representing university, agency, and industry with multi-disciplinary expertise• 

Organized around a specific research topic (i.e., river restoration training and education, wireless technologies • 
for research observatories)

Meet regularly and work toward a publicly stated set of goals (agenda)• 

Initially organized and funded by a Center (NCED) but after 3 years seek self-funding through partner • 
contributions.

NCED’s Research Cooperative model represents the next step in our partner relationships. It is a program that will allow 
the opportunity for partnerships to continue beyond the end of NCED’s formal funding. We will test this model in as many 
areas as possible in years 7-10 of NCED. We believe that the Research Cooperative model holds promise as a more general 
example for Knowledge Transfer in the natural sciences.

NCED established a new river restoration partner group in the Upper Midwest. Other regional river restoration groups exist 
in the US but not in the upper Midwest. The group is called the Partnership for River Restoration and Science in the Upper 
Midwest (PRRSUM, pronounced “prism”). PRRSUM has a website containing general river restoration information (www.
nced.umn.edu/prrsum) and the Partnership sponsors a monthly forum on a river restoration topic. The Forum involves a 45 
minute presentation by an invited speaker followed by a facilitated discussion on the topic. The first meeting of PRRSUM 
was held in February of 2008. The contact list has grown from zero to over 200 members in under three months. The monthly 
forum is also streamed live on the internet and archives of the forums are available through the NCED website (http://www.
nced.umn.edu/PRRSUM_UMCONNECT_Archive.html). The longer-term goals for PRRSUM include growing the partnership 
such that it has region-wide impact on the practice of river restoration and technology exchange. 

NCED is involved in several major multi-disciplinary research collaborations involving NCED researchers and non-NCED 
partners. The projects are: Le Sueur River project (SR IP - Section IIc.); NCED-LSU CLEAR: Restoration for the Mississippi 
Delta (SA IP - Section IIb); Sensor Observatory Cyber-Infrastructure Collaboration (DW IP - Section IIa); Sandy River 
Restoration project – (SR IP- Section IIc). Specifics on the research can be found in the sections referenced above. These 
collaborations highlight NCED’s commitment to collaborative partnerships for developing science-based solutions to 
important applied problems.
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The 2007-2008 Visitor Program is supporting research in the St. Anthony Falls Outdoor StreamLab facility in the summer 
of 2008. The research will involve three visitor groups who will work along side NCED research faculty and staff. Visitors 
include partners, faculty and graduate students from the following groups: Marty Melchior (Inter-fluve, Inc), Heidi Nepf 
(Massachusetts Institute of Technology) and Bayani Cardenas (University of Texas, Austin). Preparation and set-up for the 
research program began in March of 2008 and the research will be conducted from June-September 2008. Details on the 
scope of the research can be found in the SR IP (Section IIc).

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” data sets, 
data generated outside of NCED but of interest to researchers in surface process science.

Finally, NCED is a co-sponsor and organizer of the MYRES conference to be held in New Orleans, May 20-23, 2008. Full 
details on this event can be found in Section III: Education. This event has broad KT impacts. The workshop itself will 
stress interdisciplinary approaches to earth science and it will be attended by many NCED grads and post docs. NCED PI 
W. Dietrich and NCED stream restoration partner G. Grant will moderate sessions during the MYRES and will bring NCED 
research approaches into discussions and presentations. Finally, the workshop will highlight the utility of using experiments 
and models in teaching about earth processes, which is a strength of NCED researchers.

Goal  
Create and maintain collaborations between NCED and our science stakeholders, the broader research community, and NCED 
participants, in order to ensure 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 two-way communication 
and exchange of research needs and new knowledge. The major export of NCED knowledge and tools is via research 
collaborations which serve to blend basic applied research and tool development. 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.

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. Develop website content for each IP including recent research products (articles, data, technologies, and software), 
links, and future directions. 

3. Conduct application-oriented short courses and workshops both at NCED facilities and at other meetings. 

4. Provide opportunity for collaborative research between NCED and non-NCED researchers within each IP through 
joint research, the Working Groups program, the Faculty to Faculty program, and the Visitor Program. 
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The Stream Restoration IP has a particularly wide range of applications. NCED’s goal is to explicitly link restoration practice, 
research, methods, and training. NCED works with a variety of partners to improve training and provide broad distribution 
of methods and models within an organized, open-source framework. To achieve this, the SR Integrated Project has three 
unique KT implementation components: 

5. Develop a Stream Restoration Newsletter that highlights issues important to the stream restoration 
community. 

6. Produce a stream restoration “toolbox” containing helpful numerical models, equations, and information derived 
directly from NCED research efforts.

7. Support the development of education and training programs in stream restoration. 

Achievements and Plans

Project KT01: (DW) Interactions with DW Science Partner Group  ►

This project focuses on establishing science partnerships that serve to guide DW IP research as well as provide a stakeholders 
group to use the resulting knowledge. The research goals of the DW IP are best served by small, focused partner groups. 
In this year, several key research areas have emerged in the DW IP and partner collaboration are flourishing in these areas. 
The nature of the partner relationships is very much project-based via active collaborative research. Knowledge exchange is 
occurring through these collaborations. The main partnerships include: (1) Coho Fish Population Model Development, (2) 
Debris Flow Erosion Partner Group, (3) Wireless Observatory Development Partner, (4) Keck HydroWatch Project, (5) Sensor 
Observatory Cyber-Infrastructure Partners Group. Scientific details of these collaborations can be found in Section IIa.

Progress on deliverables

Milestone/Deliverable Progress
Select member for the DW science partners group (Yr  6) Four partners groups have been established and 

actively involve collaborative research. Each 
project has rich two-way knowledge exchange.

Hold first formal meeting of DW 
science partners (Yr  6-7)
Hold regular meetings with DW 
science partners (Yr 8-10)

Plans

Future goals for this project involve strengthening the partnerships formed to date so as to allow the partnerships to continue 
on into the future. In the last year the Desktop Watershed IP has seen the organic growth of partnerships.  This is partially 
the result of the maturity of the IP and the progress and infrastructure developed at the ACRR research site.  We expect to 
see additional collaborations grow for similar reasons in the coming year. 

Project KT02: (DW) Collaborative DW research with stakeholders and partners ►

This project focuses on deepening the relationships established in Project KT01 by developing research collaborations with 
these science partners. The project also sets the goal of developing a subset of these partnerships into Research Cooperatives 
(see KT Executive Summary above), with the potential of sustaining the collaboration beyond 2012. As stated above, a number 
of strong partner groups have emerged in this last year. Each of these has active research collaborations that involve basic 
research, applied research, and tool development. Collaborations are two-way in that they impact the direction of NCED 
basic research and they allow integration of new knowledge into much needed tools for stakeholders. Summaries are given 
below for each collaboration.
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Coho Fish Population Model Development: The development of a fish population model for Coho salmon, Ripple, was 
finalized (beta version 1) in 2007. Detail on the technical aspects of the model can be found in Section IIa (DW IP). The 
development group for this model includes NCED researchers, engineering consultants, fisheries biologists, programmers. 
We expect the release of Ripple to the public in 2008 and we are confident that the model will see active usage in the first 
year after its release. 

Debris Flow Erosion Partner Group: From an initial laboratory-based debris flow erosion study, a partners group has 
developed to explore field, instrumentation, and numerical simulations of debris flows. Collaborators include B. McArdell 
(Swiss Federal Institute of Forest, Snow, and Landscape Research), Joel Johnson (US Geological Survey), and Kimberly 
Hill (University of Minnesota).  Formation of this collaboration was greatly enhanced by the NSF-funded international travel 
program IREP, which allowed UCB graduate student Leslie Hsu to spend eight weeks studying a debris flow in the field in 
Switzerland, with McArdell and his lab serving as her hosts and advisors.

Wireless Observatory Development Partners: The installation of a wireless network into the Angelo Coast Range Reserve 
(Angelo Wireless Network Infrastructure, ANWI) has provided valuable experience with logistical and technical issues involved 
in establishing a large, field-based communications network.  Partners include our sister STC, the Center for Embedded 
Network Sensing (CENS), the High Performance Wireless Research and Education Network (HPWREN) at San Diego, UC 
Natural Reserve System (UCNRS).   The focus of this group is on the installation and the maintenance of the network itself, 
not the sensors that will be attached to it.  While this group is not formally organized, sharing the practical lessons learned 
in developing ACRR into a wireless network with other researchers is an important KT activity.  

Keck HydroWatch Project:  The Keck Foundation funded HydroWatch project, led by Prof. Inez Fung (Earth & Planetary 
Sciences, UC Berkeley), is finishing its second year and has stabilized as a vigorous collaboration with NCED. The HydroWatch 
project is developing both the equipment and the methodology for intensive monitoring of water through its many pathways 
from atmosphere through vegetation to ground and back. Details on the research aspect of this project can be found the DW 
IP section (Section IIa).  The group is fairly large, with six UC Berkeley professors from widely different disciplines (global 
climatologist, computer science & electrical engineering, hydrology, atmospheric chemistry, geomorphology, tree physiology) 
and 12 other individuals involved.   Current breakthroughs involve new development of partially shadeable solar panels, 
discovery of rock moisture as a primary water-storage medium, and potential self-irrigation of large trees. 

Sensor Observatory Cyber-Infrastructure Partners Group: NCED has entered into a four-party collaboration to develop a 
sensor observatory cyber-infrastructure.  As mentioned previously, NCED has built an extensive wireless network infrastructure 
in our field site, the Angelo Coast Range Reserve (ACRR). This infrastructure is being leveraged by the HydroWatch project 
supported by the Keck Foundation. They have installed over 56 sensor nodes in tiny catchments and are now having to deal 
with the data flood. While the HydroWatch project is the first and most obvious project to use large sensor streams, there 
is widespread understanding that this will become standard at field sites worldwide within a few years. There is an urgent 
need to establish a usable informatics computing infrastructure to handle this flood and to distribute it to non-technical 
researchers. The project involves partnerships and collaborations between the Keck Foundation, NCED, Berkeley Natural 
History Museum Consortium (BNHM), the California Biodiversity Center (CBC), and the Consortium of Universities for 
the Advancement of Hydrologic Science - Hydrologic Information System (CUAHSI- HIS).

Progress on deliverables

Milestone/Deliverable Progress
Establish Research Cooperative on DW 
Fish Population model (Yr 5-6)

Five active, project-based partner groups were 
established in DW IP. We will continue to 
support these collaborations and will evaluate 
whether any of them have interest in adopting 
the Research Cooperative model.
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Plans

In the year ahead we will continue to support existing partner collaborations. A brief summary of future plans for each of 
these is given below.

Ripple (Coho Salmon Population Model): Ripple will be widely released in Year 7 and will see testing and use by groups 
outside of the development group. NCED will lead the provision of training on this model to various user groups. We will 
also continue working with the development group in adapting the model to other species of fish and other non-game species 
such as turtles, frogs, bats, etc.

Debris Flow Dynamics Partner Group: In the year ahead, experiments in the debris flow facility will continue. The team 
is actively seeking outside funding to broaden the research.

Wireless Observatory Development Partners: It is our intention to expand our attention to other field stations in California, 
perhaps formalizing the partner group. Several other field stations have or are developing wireless networks and are approaching 
us for advice.

Keck HydroWatch Project: The group plans to continue research and collaboration past the 3rd year of the project. HydroWatch 
continues to leverage the NCED funded wireless network and in turn contribute to its maintenance and expansion. There is 
considerable interest in both the particular discoveries and the broader approach.

Sensor Observatory Cyber-Infrastructure Collaboration: This effort is just starting. We expect rapid expansion of the 
effort in the coming year. Efficient and proper data storage and retrieval of time-series is an extremely complex and failure 
prone issue. Our collaboration will come into fruition and should have rapid evolution of participants as we and others tackle 
this problem. The larger UC Natural Reserve System may become a partner and there are some other organizations who have 
expressed interest in making sure we are interoperable, including the Critical Zone Observatories (CZO).

Project KT03: (DW) Disseminate DW knowledge, approaches, and tools outside of NCED ►

In year 6, a number of short courses, workshops, and special session were led by DW IP researchers.

Special Session: Ecological stoichiometry of catchments: Scaling our understanding of physical, chemical, and biological 
controls II, May 2008, North American Benthological Society.

Workshop: Morphodynamic Processes in Large Lowland Rivers Workshop, November 2007, Argentina.

This workshop was held November 2007 in Santa Fe, Argentina on the banks of the Parana River and was hosted by the 
Universidad Nacional Del Litoral. The workshop included six technical sessions in which individual researchers presented 
work related to large river processes. In addition three field trips were conducted on the Parana River. The workshop was 
attended by researchers from South America, North America and Europe with a large contingent of Argentineans with 
expertise in the Parana River basin.

The workshop included 32 presentations divided among 6 technical sessions. The technical sessions were organized around 
the following themes: 

1. Sediment transport. Bedforms mechanics with special reference to bar formation 

2. Morphology and flow structure in braided rivers

3. Morphodynamics of alluvial plains (lake formation, interactions of lakes with main channel and distributary 
systems, inland deltas)

4. Ecohydraulics

5. Field and laboratory measurement methods

6. Scouring around bridge abutments in floodplains



National Center for Earth-surface Dynamics
Annual Report 2008

Knowledge Transfer     89

Working Group: Stochastic Transport and Emergent Scaling in Earth-surface Processes, 2007. 

This ground-breaking working group was assembled for the first time in fall 2007 to discuss new mathematical approaches 
to modeling Earth-surface processes. The working group was co-organized by NCED and Rina Schumer (Desert Research 
Institute). The goal was to bring together the leading experts in Earth-surface processes with mathematicians and scientists 
who have successfully applied heavy-tailed stochastic theory and fractional differential equations in other disciplines. Details 
on the working group can be found in Section IIa.  By assembling these experts we have identified: 

1. Geomorphic and hydrologic transport laws to which existing heavy-tailed stochastic theories and fractional 
calculus tools can be immediately applied and

2. Outstanding theory required for the development of novel scale-invariant models for Earth-surface processes.

Symposium: Complexity in Geomorphology, 38th Annual Binghamton Geomorphology Symposium, October 2007, Duke 
University, Durham, NC. 

NCED co-sponsored the 38th Annual Binghamton Geomorphology Symposium entitled Complexity in Geomorphology. 
NCED PIs Foufoula-Georgiou and Paola were invited presenters at the symposium along with many other scholars from 
engineering, geology, and geography. The three-day symposium focused on characterization of the complexities and spatial 
and temporal patterns in natural geomorphic systems. 

Working Group: Workshop on Comminution and Downstream Fining in Rivers, August 2007: This year has seen the formation 
of an NCED working group on the role of comminution (the breaking down of large particles into smaller particles) in down-
stream fining. The participants in this group are NCED PIs Parker, Dietrich, Voller and Wilkerson; and NCED collaborators 
Leonard Sklar (San Francisco State University State) and Kimberly Hill (University of Minnesota).  

Models and Tools: The Coho population dynamics model – Ripple – was completed in 2007 and is under final preparation 
for release in 2008. We are in planning stages on developing a Geomorphic Feature Extraction Toolbox to make our advances 
on analyzing LIDAR more available to the broader community.

Progress on deliverables

Milestone/Deliverable Progress
Develop web pages for DW IP including 
tool downloads and other data (Yr 5)

Improvements were made to the DW IP webpages. 
We will continue to improve these pages in the year 
ahead. Ripple will be released in Year 7 and we 
anticipate providing training for appropriate usage of 
the model. Our PIs were actively involved in short 
courses, workshops, and working groups this past year 
and will continue such activities in future years.

Develop short course on Ripple model (Yr 6-7)
Develop other ed and training opportunities as 
DW components are developed (Yr 7-10)

Plans

In the year ahead, NCED will support continuation of as many working groups as possible. The Stochastic Transport Working 
Group will continue to develop in Year 7. The Comminution Working Group will also continue to collaborate and will be 
submitting a first publication from the efforts this year. Finally, the Ripple model will be made available in the upcoming 
year and will be distributed for use. 

Project KT04: (SR) Interactions with SR Science Partner Groups ►

Science partnerships are critical to informing our science and for providing a user group for the knowledge and tools we 
generate. The SR IP now has four active partner groups: Training and Education Partners, Bedload Monitoring Technologies 
Partners, Rivers and Dams Partners, and the Partnership for River Restoration and Science in the Upper Midwest (PRRSUM). 
We had active participation with all of these partner groups. 
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Progress on deliverables

Milestone/Deliverable Progress
Continue Training Partners meeting II (Yr 6-10) A formal meeting was not held but several partners served 

as authors in spring 08 issue of the Networker focused 
on Training. A white paper on training, co-authored by 
training partners, was submitted for review in Year 6.
New partnerships were established around the Marmot 
Dam Removal/Sandy River recovery project and for 
the upper Midwest river restoration (PRRSUM).

Dam Removal and Augmentation 
partners meeting (Yr 6-8)
Convene ecohydraulics partners meetings (Yr 7-10)

Plans

In the year ahead we will continue to develop and strengthen all partner groups with special focus placed on growing the 
PRRSUM group and the Sandy River Restoration Partners. We will also establish a new partnership around gravel augmentation 
and mixed-load sediment routing in non-cohesive streams. 

Project KT05: (SR) Collaborative SR research with stakeholders and partners  ►

Le Sueur River Project: The goal of this project is to develop an integrated sediment budget for the Le Sueur River basin in 
southern Minnesota. Technical details can be found in the SR IP (Section IIc.). The project involves NCED PIs, postdoctoral 
research associates, graduate students and a host of agency and industry partners. Non-NCED partners include the Minnesota 
Pollution Control Agency; University of Minnesota, Department of Soil, Water, and Climate; Seattle University; University 
of Minnesota at Duluth; St. Croix Watershed Research Station; and Minnesota Geological Survey. This partnership is 
showcasing the application of the latest science-based knowledge and tools to solve a complex and important environmental 
problem in the upper Midwest. 

Sandy River Restoration: Geomorphic Response to Dam Removal: NCED co-led a major initiative around removal of 
the Marmot Dam on the Sandy River in northwestern Oregon in the summer and fall of 2007. The partner team involved 
investigators from NCED, United States Geological Survey (USGS), Graham Mathews and Associates (GMA), and the 
United States Forest Service (USFS). The program involved three major KT components.

1. Participants in NCED’s Undergraduate Summer Internship Program (USIP) joined the broader project team 
in the laboratory at SAFL and on the Sandy River collecting baseline pre-removal data on the Sandy River. 
Details of the research can be found in the Stream Restoration Integrated Project (Section IIc), the Education 
section (Section III) and in the Diversity Section (Section VI) of this report. In terms of Knowledge Transfer, in 
this project graduate and undergraduate students were directly involved in the laboratory and field research and 
worked with several of the non-NCED team members, gaining exposure to a wide range of research approaches 
and techniques.

2. The removal of the Marmot Dam, owned and operated by Portland General Electric (PGE), was a well publicized 
event that will lead to complex and unknown consequences for the river and its ecosystem. To address some of 
these concerns and to develop public relations materials for affected stakeholders, PGE contracted with SAFL 
to construct a physical model of the Sandy River and the Marmot Dam. NCED and SAFL researchers built a 
model in the spring of 2007. Simulations of the removal were performed in the model to explore the physical 
phenomena likely to occur in the field during removal. Portions of the simulations were filmed by a professional 
film crew as part of large documentary film of the Marmot Dam removal. Footage taken by NCED researchers 
of the model simulation have been used to create “teaching-grade” video on impacts of dams and dam removal 
on rivers as part of the E-Clips program.

3. NCED has developed a central ftp data site for all data related to the removal of the Marmot Dam and recovery 
of the Sandy River. The site will eventually serve the data to the general science community but at this point is a 
location for organizing data for the multi-institution research group. The data site includes field notes, topography 
data, surveys, grain size information, photographs, and notes. The site includes information from the field as 
well as the model study.
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Sediment Monitoring Bedload Technologies Partner Group: We led several partners groups in the area of bedload transport 
and bedload monitoring technologies. Activities are listed below.

1. NCED co-organized with the John Gray (US Geologic Survey) and Jonathan Laronne (Ben Gurion University of 
the Negev) the International Surrogate Bedload Monitoring Workshop at the St. Anthony Falls Laboratory. The 
workshop was held in April 2007 and involved 47 scientists, engineers, and students from over 11 countries. The 
workshop provided a live, free web stream of the event (http://www.nced.umn.edu/BRIC_Archived_Streams.
html), which allowed additional people to participate in the workshop. The workshop explored the state-of-the-art 
in new bedload monitoring technologies, and developed recommendation for future research and development 
in bedload technologies. The 26 papers presented at the workshop are currently in editorial review and will be 
compiled into a US Geological Survey Scientific Investigations Report to be published in late 2008.

2. NCED is leading a collaborative research project with research partners at the US Bureau of Reclamation. The 
project is funded by the Federal Interagency Sedimentation Project and is focused on developing an Impact 
Plate Bedload Monitoring Device. The technology will allow continuous monitoring of bedload flux and grain 
size distribution using acoustic techniques and will be readily available to others interested in monitoring coarse 
grain transport in rivers.

3. NCED became a co-organizer of the Bedload Research International Cooperative (BRIC). This group is an 
international organization of scientists and engineers focused on measurement and research of bedload in rivers. 
The BRIC website is created and hosted by NCED (www.bedloadresearch.org) and we are actively involved in 
developing this new organization into a resource for data and community building for research in bedload-related 
areas.

Partnership for River Restoration in the Upper Midwest (PRRSUM): NCED established a new river restoration partner 
group in the Upper Midwest to address the need for discussion, knowledge exchange, and collaboration between academia, 
industry, and government agencies, including two-way exchanges between research and practice as well as interagency 
communication. The first meeting of PRRSUM was held in February of 2008 with monthly meetings scheduled for the 
remainder of the year.

Progress on deliverables

Milestone/Deliverable Progress
Define Research Cooperative for Training, Gravel 
Augmentation, and Eco-response to structures. (Yr 6)

SR IP continued to develop rich collaboration with 
partners. Sediment budgeting techniques, bedload 
monitoring technologies, river restoration and 
dam removal, and stream restoration training are 
four partner collaborations. The visitor program 
will involve three visitor groups this year and will 
utilize the Outdoor StreamLab facility at SAFL. 

Plans for StreamLab08 (Yr 6)
Long term plans for StreamLab (Yr 7-10)
Establish metrics for evaluating Research Cooperatives

Plans

Training Partners: The area of training and education in stream restoration is a vitally important topic to improving practice 
and transforming restoration into a professional practice. A white paper that proposes a framework for education and training 
for the US, resulting from the 2006 Training Partners meeting, will be submitted for publication review in the summer of 
2008. We will reassemble the Training Partners Group in Year 7 and work toward establishing a five-year agenda for this 
group and plan for sustained activity among the members. 

Bedload Partners: The partnership will publish papers from the International Bedload Surrogate Monitoring Technologies 
Workshop in a US Geological Survey Scientific Investigations Report in fall 2008. Data from the experiments conducted 
in SL06 will be further analyzed by USGS and NCED (John Gray, Jeff Marr) and published in a USGS data report. We 
will also begin planning the next phase of research, and developing experiments that will utilize the SAFL main channel 
to investigate  new and better surrogate technologies. This will involve convening the core research team and identifying 
sources of funds to support the research.
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Partnership for River Restoration in the Upper Midwest: Interest in this partnership has ignited in three short months since 
its inception in February 2008. In the year ahead, we will continue to grow this group with the goal of bringing participation, 
membership, and sponsorship from the upper Midwest region. Several members are also interested in working with NCED 
to bring a large regional river restoration meeting, similar to River Restoration Northwest, to the Upper Midwest.

Dam Removal and Augmentation Partners: The Marmot Dam Removal project will continue in Year 7 with a field 
campaign and remote topographic data collection. Partner involvement includes the USGS, USFS, and Graham Mathews 
and Associates. NCED is hosting an FTP site for all data collected from this project and will make this available to the public 
when appropriate. This partnership will provide the community with a great deal of data and research results regarding the 
geomorphic response of the Sandy River to removal of the Marmot Dam.

Project KT06: (SR) Disseminate SR knowledge, approaches, and tools outside of NCED ►

Stream Restoration National Publication – Stream Restoration Networker: Because a national stream restoration 
publication does not exist, NCED established a regularly published newsletter. Prior to 2007, the Networker covered a range 
of topics including project and research profiles. Articles were exclusively written by NCED science writers. In Year 6, NCED 
refocused the editorial approach of the SR Networker to one that will support our long-term goal of developing the Networker 
into a permanent publication with national recognition and impact. Each issue of the Networker focuses on a single topic 
in stream restoration and we invite 3-5 contributing authors to provide a short perspective on the topic. The fall 2007 issue 
focused on the fact that motivation, needs, training and approaches in river restoration vary greatly by geographic region. The 
spring 2008 issue is scheduled to be released in May 2008 and will focus on US training and education in river restoration. 
This issue includes contributions from many of the nation’s leading trainers, such as Dave Rosgen (Wildland Hydrology) 
and Jack Schmidt (Utah State University). We have expanded our distribution list into the consulting and university arenas 
and have seen our distribution list expand from 282 in March 2007 to 516 in March 2008.

SR Toolbox: A new tool was added to our Stream Restoration toolbox. The Willow Post Velocity Analyzer Tool is a MS 
Excel-based tool for predicting depth-averaged velocity distributions in straight trapezoidal channels with newly constructed 
willow post systems. The tool’s computations are founded on wake theory.  Channels with submerged and unsubmerged 
rigid cylinders can be analyzed. 

Progress on deliverables

Milestone/Deliverable Progress
Continue biannual newsletter to SR community 
(Yr 6-10)

The Networker was reformatted into a more relevant and 
exciting publication and distribution has doubled in one 
year. SR website has had major updates to research as well 
as resources and partner pages. We now host pages for Sandy 
River Data, Bedload Research International Cooperative, and 
PRRSUM. One tool was added this year. We established a 
video resource library for Earth-surface processes.

Continue to add content to SR Website (Yr 
6-10)
Continue to expand SR Toolbox including 
non-NCED contributions (Yr 6-10)

Plans

Newsletter: The biannual SR Networker will continue to be high priority for the SR IP. Our long term goal is to develop 
the Networker into a self-sustaining publication for the stream restoration community. In the Fall 08 issue we will provide 
a hardcopy version in addition to the digital version. We will also define an appealing design and layout for the publication. 
We will explore staffing and financial requirements of a professional publication as well as issues of selling advertisements 
for revenue to support the production of the Networker.

Tools: Focus will be placed on gathering non-NCED tools into the SR toolbox. We have also established a new program, 
E-Clips, that is developing a video library of Earth-surface phenomena as well as video and time-lapse photographs from 
NCED research. Videos are posted on the NCED website (http://www.nced.umn.edu/eclips) and included in the NCED data 
repository for free download. The program was initiated in January 2008 with the goal of producing 8 complete videos and 
making these videos accessible on NCED’s website and on Google’s YouTube website.  These videos will be a resource to 
the research, educational and practitioner communities.
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SR IP Web: NCED will continue to maintain our web pages. Focus will be placed on (1) keeping our research pages current, 
(2) keeping partner pages accurate and relevant, (3) providing timely access to StreamLab and Sandy River data, (4) providing 
content to E-Clips.

Project KT07:  (SR) Promote and develop education and training programs in Stream Restoration ►

Certificate in Stream Restoration Science and Engineering: NCED continues to lead one of the few SR certificate programs 
in the country. This program provides graduate students and working professionals the opportunity to follow courses that 
are directed at the multi-disciplinary activities in the science and practice of stream restoration. A fraction of the program is 
based on existing course at the University of Minnesota. Two specific courses have been construed—an introduction to stream 
restoration and a practicum. NCED PIs Voller and Paola have taken a leading role in teaching these courses. Four students 
have graduated and ten students are currently enrolled in the program. In summer 2008, the Outdoor SteamLab project will 
be used as the field site for the student practicum course. 

Short Courses Taught:

Ecological and Geomorphic Principles in Stream Restoration, June 4-8, 2007, Peter Wilcock co-instructor

Principles and Practice of Stream Restoration, Part I, July 16-20, 2007, Peter Wilcock co-instructor

Introduction to Field Methods, August 9-11, 2007, Peter Wilcock co-instructor

Geomorphic and Ecological Fundamentals for River and Stream Restoration, August 13-17, 2007, Mary Power and 
Peter Wilcock co-instructors

Principles and Practice of Stream Restoration, Part II (Design Problem), August 20-24, 2007, Peter Wilcock co-
instructor

River Processes: Short course for US Bureau of Reclamation employees, March 2008, Denver, CO., Gary Parker 
instructor.

Workshops:

Upper Midwest Stream Restoration Workshop, December 2007, Minneapolis, MN

International Bedload Surrogate Monitoring Workshop, May 2007, Minneapolis, MN

Progress on deliverables

Milestone/Deliverable Progress
Increase PI participation in teaching 
SR Short courses (Yr 6-10)

Training, education and tool development is a high 
priority for SR IP. Wilcock continues to serve as 
a nationally recognized SR trainer and is joined 
by other PIs in training efforts. The SR Certificate 
program is strong and we are exploring developing 
the program into a graduate degree. The Spring 2008 
Networker, co-authored by many partners, will focus 
on training and education in stream restoration. 

Expand SR Certificate Program into 
a Graduate Degree(Yr 7-8)

Work with Training Partners Research Cooperative 
to explore certification in SR (Yr6-8)

Plans

SR Training Partners Group: This group will have a formal partner meeting in Year 7 to develop a five-year goal and 
agenda for our work in improving training and education practices and opportunities in the US. The training white paper 
started at the 2006 partners meeting will be submitted for publication. 
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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: River Restoration 
Northwest, Southeast Regional Stream Restoration Conference, Mid-Atlantic Stream Restoration Conference.  NCED will 
become more involved in these conferences by joining the organizing committees, hosting booths, presenting our research 
results, and supporting special sessions focused on NCED-related issues. 

SR Certificate Program: We are actively seeking means for sustaining the SR Certificate program and growing the program 
into a Masters degree. In 2007, NCED PI V. Voller submitted a proposal to expand the stream restoration certificate into a 
Masters 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. This vehicle will 
allow for the long term sustainable legacy of NCED themed graduate courses.

Project KT08: (SA) Interactions with SA Science Partner Group ►

Delta Restoration Partners: NCED’s partnership with the LSU CLEAR program was dramatically strengthened in Year 
6. The CLEAR program serves as a bridge between the Louisiana university systems and the state of Louisiana’s resource 
management agencies for the support and application of environmental science related to the restoration and management of 
coastal resources. This partnership provides a conduit for NCED research and tools to reach Louisiana’s coastal restoration 
managers and decision makers. The partnership has led to important research collaborations as well as direct stakeholder 
interactions and has greatly informed the direction of NCED research. This year, NCED findings on the location and magnitude 
of sand flux in the Mississippi River supplying the Delta were brought directly into the Louisiana state planning process 
for sand pumping to rebuild barrier islands that will help stabilize the Delta. In addition, we are well along in integrating 
NCED land building models with the existing LSU CLEAR wetland modules to provide comprehensive predictions for delta 
restoration via our “Desktop Delta” program. 

Industrial Partners: NCED continues to deepen the collaborations with our industrial partners group. 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. The partners group, created when the SA 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.

Progress on deliverables

Milestone/Deliverable Progress
Select member for the SA science partners group (Yr  6) Industrial partnerships and Delta Restoration partnerships 

were strengthened this year. Both groups met throughout 
the year and will continue to grow and strengthen in Year 
7, having significant, positive impacts on stakeholders.

Hold first formal meeting of SA science partners (Yr  6-7)

Hold regular meetings with SA science partners (Yr 8-10)

Plans

Delta Restoration Partners: We will continue to develop partnerships between NCED and LSU CLEAR. NCED PIs will 
travel to LSU and into the field in efforts to deepen these partnerships. The newly submitted IGERT DELTA proposal provides 
one more direct connection here. In year 6, we explored the need to develop a Social Science Module for  CLEAR involving 
NCED PIs Hobbs, Flores, and Postdoctoral Research Fellow Melissa Kenney. This has been further developed in the course 
of preparing the NSF CNH proposal on delta restoration discussed elsewhere in this report. NCED will continue to develop 
this plan in the year ahead. Finally, NCED-LSU CLEAR will continue to seek opportunities to contribute to Mississippi 
Delta Restoration through collaborative research or advisory roles with Louisiana resource managers.

Industrial Partners: In Year 7, NCED will host annual short-courses in deepwater and shallow water transport processes. The 
Industrial Consortium will conduct an experiment in the XES basin and will host its annual meeting in late summer 2008.
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Project KT09: (SA) Collaborative SA research with stakeholders and partners  ►

Delta Restoration Partners: Several collaborations are under way with LSU CLEAR and other Delta partners

1. NCED’s depositional field site, the Wax Lake Delta, was chosen in 2007 as part of the NCED-LSU CLEAR 
partnership. A preliminary field campaign was completed involving NCED and non-NCED researchers. 

2. Through collaboration between NCED and Ehab Meselhe (Louisiana University at Lafayette) and John 
McCorquodale (University of New Orleans), we have enhanced our model for sediment diversions to the Lower 
Mississippi. 

3. Through collaboration with partners, we have begun exploring novel hierarchical models of delta growth, which 
will take into account channel processes.

4. Through collaboration we are developing one-dimensional delta sediment transport models used to study the 
potential impacts of salt intrusion on destabilizing delta growth. 

Industrial Partners: The first public-domain experiment on delta evolution with our Industrial Consortium Partners was 
completed in Year 7 in the SAFL Delta Basin. The experiments used a special sediment mix developed by the ExxonMobil 
Upstream Research Lab. Access to this “recipe” represents the kind of two-way collaboration NCED’s seeks to establish 
with its partners—in this case, industry transferred knowledge to the university research arena. The mixture results in delta 
dynamics and morphology similar to those of the Mississippi Delta and Wax Lake Delta, thus these experiments are used to 
inform restoration planning and numerical model development.

Mathematics and Geomorphology Working Group: Spring 2007, England & March 2008, Ireland. This working group 
met two times in this reporting period owing to its success in stimulating participants. The first meeting was held in England. 
The second working group meeting was held in Ireland. The working group includes NCED PI Voller and NCED Postdoctoral 
Research Fellows Matt Wolinsky and Doug Jerolmack. It also includes several other participants from non-NCED institutions. 
The central purpose of this working group is to develop mathematical and numerical models for describing the growth of 
river deltas. By combining modelers, applied mathematicians, geographers and geologists, this group is able to explore novel 
ways of approaching geomorphic prediction and simulation as applied to SA IP initiatives such as modeling delta growth 
dynamics.

Progress on deliverables

Milestone/Deliverable Progress
Establish Research Cooperatives for SA 
for social tradeoff in delta restoration 
and other topics (Yr 6-7)

Strong research collaborations exist in SA IP on many 
important delta restoration issues. Collaboration will 
continue and in Year 7 we will begin to evaluate 
how to sustain collaborations into the future.Establish metrics for evaluating 

Research Cooperative

Plans

The strong partner collaborations that exist in the SA IP will continue to deepen in Year 7. The various model development 
efforts will continue to use Partner input to guide direction of the models and to provide feedback on critical research needs 
within NCED.  We will continue to conduct collaborative research with Industrial Partners in the XES basin and our various 
delta basin experimental facilities. We will design the next Wax Lake field campaign and continue collaboration with 
stakeholders to quantify sediment transport in the lower Mississippi River.
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Project KT10: (SA) Disseminate SA knowledge, approaches, and tools outside of NCED ►

NCED PIs were involved in a number of venues to advise, present, and discuss research and knowledge developed through 
SA IP research. We summarize the major items below:

1. R. Twilley participated in a meeting with J. Marburger (Science Advisor to the President and Director of the Office 
of Science and Technology Policy) and J. Connaughton (Chairman of the Council on Environmental Quality), 
Discussion of Coastal Protection and Restoration Needs in Mississippi River Delta; October 2007. White House 
Executive Office Building, Washington, DC.

2. Designing self-maintaining deltas: a multidisciplinary approach to restoration, American Association for the 
Advancement of Science – Special Symposium and Press Conference, February 2008, C. Paola, R. Twilley, D. 
Mohrig, G. Parker.

3. Resource Agency/NGO/Scientist Workshop; Louisiana Coastal Protection and Restoration; Coastal and Hydraulics 
Laboratory Conference Facility; U.S. Army Engineer Research and Development Center; Vicksburg, MS, February 
2008, R. Twilley.

4. R. Twilley served as Technical Advisor to the following National Academy of Public Administration Panel: 
Prioritizing America’s Water Resources Investments: Budget Reform for Civil Works Construction Projects At 
the U.S. Army Corps of Engineers.  A Report by a Panel of the National Academy of Public Administration, 
February 2007.  

5. D. Mohrig was selected as a MARGINS distinguished lecturer for 2008-2009. He will visit a number of colleges 
and universities to present NCED results and plans for restoring the Mississippi Delta. 

Progress on deliverables

Milestone/Deliverable Progress
Develop web pages for SA IP including 
posting of data sets (Yr 6)

NCED PIs have had significant involvement in 
advising environmental and technical stakeholders 
on issues relating to delta and coastal restoration. In 
Year 6 an initial website was established for SA IP 
and the site will see significant development in Year 7. 
Industrial short courses will be offered again in 2008.

Conduct short courses and workshops on delta 
dynamics and stratigraphy (Yr 6-10)

Plans

Our interactions with stakeholders through advising, technical meetings and workshops will continue into Year 7 as the 
NCED-LSU CLEAR partnership has significant potential to influence decision-making and approaches to Louisiana coastal 
restoration. Industrial short courses will continue in 2008 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 for not only researchers, 
but also others seeking information on social and environmental issues surrounding coastal restoration.

Executive Summary: Plans
Partnerships: A priority for all research integrated projects is to continue to develop and deepen partnerships, as they are a 
key to the legacy of NCED. The Research Cooperative model will be tested initially on partners groups in stream restoration. 
Finally, we will develop new partnerships as we see opportunities - such as with Year 6’s Partnership for River Restoration 
and Science in the Upper Midwest.
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Visitor Program: The second test of a single collaborative research project involving visitors will be conducted this year 
in the Outdoor StreamLab facility at SAFL. Building on the success of our collaborative research project StreamLab 06, 
this summer’s team approach will launch two new NCED collaborative research groups at MIT and UT Austin. In the late 
summer of 2008, we will finalize plans for a Year 8 visitor program and begin advertising these opportunities.

Web and Tool Development: Web pages for the three integrated projects 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 
other legacy data sets. The E-Clips program will complete its first eight videos and make these available on the internet and 
NCED websites for free download.

Knowledge Transfer Challenges
It is through collaborative partnership with agencies and industry that we see the greatest integration of basic science with 
applied environmental needs. Therefore, the greatest challenge for NCED’s Knowledge Transfer program is to explicitly 
develop our existing partnership and collaboration so that they can be self-sustained after 2012. This is part of our ongoing 
legacy planning and is addressed, in part, by the Research Cooperative model discussed above.  
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V. External Partnerships
External partnerships and the basic types of interaction are listed in this section. Goals, indicators, challenges, activities and 
plans are described in the Knowledge Transfer, Education and Diversity sections themselves.

Knowledge Transfer Partners

Stream Restoration Partners Group

Governmental and corporate organizations involved with stream restoration activities.

Types of Interaction Frequency
Strategy meeting Annual
Participation in Working Groups 1-3 times per year - varies by partner
Collaborative Research Ongoing

Organization Name Organization Type
Barr Engineering Company Environmental Consulting Firm
Bureau of Land Management, National Science and Technology Center Government Agency
California Bay-Delta Authority State Government
Canaan Valley Institute Non-profit organization
Federal Interagency Sedimentation Project Federal Interagency
Graham Mathews and Associates Industry
Inter-Fluve, Inc. Environmental Consulting Firm
Minnesota Department of Transportation Government Agency
MN Department of Natural Resources Government Agency
MN Geological Survey Government Agency
Minnesota Pollution Control Agency State 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
ONR, Coastal and Geosciences program Government Agency
R2 Resource Consultants Environmental consulting firm
St. Croix Watershed Research Station Research Institution - SMM
Stillwater Science Environmental consulting firm
US Bureau of Reclamation, Technical Service Center Government Agency
US Bureau of Reclamation, Sediment and River 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, 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, Natural Resources Conservation Service Government Agency
USGS, Columbia Environmental Research Center Government Agency
USGS, Grand Canyon Monitoring and Research Center Government Agency
USGS, Office of Surface Water Government Agency

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

Partners interested in River research and restoration in the Upper Midwest.

Organization Name Organization Type
Barr Engineering Company Environmental Consulting Firm
Applied Ecological Services Environmental Consulting Firm
Belwin Environmental Consulting Firm
Board of Water and Soil Resources Governmental Unit - State
Cannon River Watershed Partnership Non-Governmental Organization
CH2M HILL Environmental Consulting Firm
Clean Development Mechanism Non-Governmental Organization
Dakota County Soil and Water Conservation District Governmental Unit - Local
Environmental Protection Agency Governmental Unit - State
Great River Greening Non-Governmental Organization
HR Green Non-Governmental Organization
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
Lac qui Parle County Governmental Unit - Local
Legislative Citizen Committee on Minnesota Resources Governmental Unit - Local
Metropolitan Council Governmental Unit - Local
Minnehaha Creek Watershed District Governmental Unit - Local
Minnesota Associtation of Watershed Districts Governmental Unit - Local
Minnesota Department of Agriculture Governmental Unit - State
Minnesota Department of Natural Resources Governmental Unit - State
Minnesota Department of Transportation Governmental Unit - State
Minnesota Pollution Control Agency Governmental Unit - State
Minnesota River Board Non-Governmental Organization
Minnesota Sea Grant Research
Mississippi Watershed Management Organization Governmental Unit - Local
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Organization Name Organization Type
National Park Service Governmental Unit - Federal
Natural Resource Conservation Service Governmental Unit - Federal
Natural Resource Research Institute Research
Nine Mile Creek Watershed District Governmental Unit - Local
Bonestroo Environmental Consulting Firm
Rice Creek Watershed District Governmental Unit - Local
Prior Lake-Spring Lake Watershed District Governmental Unit - Local
Ramsey Washington Metro Watershed District Governmental Unit - Local
Rice Creek Watershed District Governmental Unit - Local
SCWRS/ Science Museum of MN Non-Governmental Organization
St. Cloud State University Adademic Institution
St. Coix Watershed Research Station/ Science Museum of MN Research
Sterns County Soil and Water Conservation Districts Governmental Unit - Local
Trout Unlimited Non-Governmental Organization
United States Army Core 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
University of Illinois University
University of Minnesota - Civil Engineering University
University of Minnesota - St. Anthony Falls Laboratory University
University of Minnesota - Water Resources Center University
University of Minnesota Center for Transportation Studies University
University of Minnesota Duluth University
Upper Mississippi River Basin Association Non-Governmental Organization
URS Corporation Environmental Consulting Firm
US Environmental Protection Agency Governmental Unit - Federal
US Geological Survey Governmental Unit - Federal
USGS Upper Midwest Environmental Sciences Center Governmental Unit - Federal
Watermark Initiative Non-Governmental Organization
Wisconsin Department of Natural Resources Governmental Unit - State

Delta Restoration Partners Group

Partners interested in the long-term dynamics of delta systems.

Types of Interaction Frequency
WesternGeco Geophysical services company
Schlumberger-Doll Research Research center
Louisiana Department of Natural Resources Government agency
U. S. Army Corp of Engineers Government agency
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Stratigraphic Partners Group

Oil companies interested in the long-term dynamics of channel systems.

Types of Interaction Frequency
Research meeting Annual
Industrial Short Courses Bi-annual
Meetings and consultation As needed
Reporting research results on (private) website Ongoing

Organization Name Organization Type
Anadarko Petroleum Corporation Oil exploration company
Chevron Oil exploration company
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 numerous research relationships to other institutions are normally person-to-person, and are described in the 
Research Focus Area reports. In addition, the following research partnerships are underway or in development:

Research Partners Group

Non-NCED organizations that partner with NCED to perform joint research

#
Organization Name Organization Type
Description of partnership

1
International Center for Geohazards (ICG) International Research Center
Joint research on subaerial and subaqueous debris flows.

2
Lawrence University University
Joint research on stream restoration 

3
Louisiana State University - CLEAR University
Collaboration on Delta restoration research

4
National Academy of Science Government Agency
Ongoing coordination of river restoration study.

5
National Institute for Water and Atmospheric Research in New Zealand International Research Center
Collaboration on stream restoration research

6
National River Restoration Science Synthesis Project
Ongoing coordination of river restoration study.

7
NSF supported Center for Airborne Laser Mapping (NCALM) NSF Center
NCED and NCALM work together to develop visualizations from LIDAR survey data of the ACRR and other areas.

8
San Francisco State University University
Various research collaboration in Stream Restoration and Desktop Watersheds

9
Swiss Federal Research Institute WSL International Research Center
Collaboration on debris flow research in DW
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#
Organization Name Organization Type
Description of partnership

10
Tulane University University
Collaboration on Delta restoration research

11
University of Colorado/INSTAAR University
Coordinated development of Community Surface Dynamics Modeling System.

12
University of Maryland University
Collaboration in stream restoration training programs

13
University of Wyoming University
Collaboration on Subsurface Architecture research

14
Universidad Nacional del Litoral University
Joint studies of large river systems and river engineering.

15
Universidad Central de Venezuela University
Joint research on rivers and debris flows.

16
Utah State University University
Collaboration on various stream restoration initiatives

Education and Diversity Partners
We have many Partners involved in our various Education and Diversity initiatives. They are listed below:

Education & Diversity Partners Group

# Organization Name Organization Type
Description of partnership

1
1854 Treaty Authority Tribal entity
Collaborates with NCED on gidakiimanaaniwigamig camps.

2
Advanced Materials for Water Purification NSF STC
Purpose: Joint development of traveling Water Planet (exhibit) with SMM.

3
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.

4
AIHEC: American Indian Higher Education Consortium Consortium of tribal colleges
NCED participates in their conferences, recruiting students at their career fairs.

5
AlBrook School MN School
Collaborates on programs for teachers and students.

6
American Museum of Natural History Non-Profit
Collaborates with NCED/SMM on exhibit development

7
American Rivers Non-Profit
Collaborates with NCED on public outreach related to dam-removal

8
APEXES--Academic Programs for Excellence in Engineering and Science University program
Collaborates with NCED on undergraduate and graduate recruiting and retention.

9
Association for Women Geoscientists, Minnesota chapter Professional Association
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.

10
Center for Compact and Efficient Fluid Power NSF Center
Collaborates on K-12 and undergraduate programs for Native youths.

11
Center for Embedded Network Sensing NSF Center
Collaborates on joint recruiting of underrepresented undergraduate and graduate students.



National Center for Earth-surface Dynamics
Annual Report 2008

External Partnerships     103

# Organization Name Organization Type
Description of partnership

12
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.

13
Center for Space-Weather Modeling NSF Center
Partners with gidakiimanaaniwigamig Native American youth science immersion program and provides access to a Sudden 
Ionospheric Disturbance Monitor for our students to use.

14
Center for Transportation Studies, University of Minnesota University
Collaborates with NCED on gidakiimanaaniwigamig camps.

15
City Technology of New York Non-Profit
Collaborates on developing culturally-appropriate science and math curricula

16
Cloquet Forestry Center, University of Minnesota University Center
Partners with gidakiimanaaniwigamig Native American youth science immersion program.

17
Cloquet School District MN School
Collaborates on programs for teachers and students.

18
Division of Indian Work Non-Profit
Collaborates with NCED on grade-school diversity programming.

19
Florida A&M University University
Faculty-to-Faculty Participant.

20
Fond du Lac Ojibwe School Public School
Partners with NCED on gidakiimanaaniwigamig Native American youth science immersion program.

21
Fond du Lac Reservation Natural Resources Reservation
Partners with NCED gidakiimanaaniwigamig Native American youth science immersion program.

22
Geowall Consortium Consortium
Exchange visualizations, tools and methods with 3-D developers worldwide; Paul Morin, organizer (NCED is a member).

23
Graduate School Outreach Office, University of Minnesota University
Partners with NCED on recruiting and hosting underrepresented undergraduate students for our Undergraduate Summer Internship 
Program

25
Limnological Research Center, University of Minnesota Research Center
Partners with the gidakiimanaaniwigamig Native American youth science immersion programs.

26
Louis Stokes Mississippi Alliance for Minority Participation (LSMAMP) NSF LSAMP
Collaborates to find research internships and graduate opportunities for LSMAMP participant students at NCED, other departments at 
University of Minnesota, and at other STCs.

27
MAST Lab, Civil Engineering, Univ of MN NSF Center
Collaborates on teacher and student programs.

28
Minnesota Space-Grant Consortium University
Partners with NCED on gidakiimanaaniwigamig Native American youth science immersion program.

29
QEM NSF funded program
Partners with STCs in recruiting underrepresented groups for graduate and post-doc positions

30
SAHRA NSF Center
Collaborates on joint recruiting of underrepresented undergraduate and graduate students

31
The Science Center at Maltby Preserve Non-Profit
Co-hosts and co-leads NCED’s Earthscapes Teacher Institute

32
SciTech Hands On Museum
Purpose: Develop joint proposals, share exhibit and 3-D visualization expertise

34
SERC: The Science Education Resource Center@Carleton College Non-Profit
Collaborates with NCED on designing/sponsoring/conducting workshops for college faculty

35
St. Louis County Schools MN School District
Collaborates on programs for teachers and students.

36
Southwestern Indian Polytechnic Institute Tribal College
Collaborates on programs for K-12 and undergraduate students.

37
Steadfast Television Educational Television producers
Partners on educational science programming for all ages
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# Organization Name Organization Type
Description of partnership

38
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

39
NOAA Federal Agency
Collaborates with NCED/SMM on exhibit development

40
St. Louis Riverwatch State Agency
Collaborates with NCED on gidakiimanaaniwigamig camps.

41
University of Minnesota, Duluth, Department of Engineeirng and Robotics University
Collaborates with NCED on gidakiimanaaniwigamig camps.

42
University of Minnesota, Duluth E-Portfolio University
Collaborates on developing technology for education programs.

43
University of Minnesota, Duluth School of Medicine University
Collaborates with NCED on gidakiimanaaniwigamig camps.

44
University of Minnesota, Twin Cities, Graduate School Diversity Programs University
Collaborates with NCED on recruiting diverse graduate students.

45
Utah Museum of Natural History Museum
Purpose: Pilot use of Earth-surface visualizations in museums nationally.
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VI.  Diversity Initiative

Project team
Diversity Director: Diana Dalbotten
Faculty and Staff: Andrew Wold, Holly Pellerin, Lowana Greensky, Robby Schreiber
Principal Investigators: All

Executive Summary
NCED has made considerable strides over the past six years towards achieving its goal of making the science workforce 
within NCED representative of US society, and fostering diversity in the geosciences as a whole by increasing the pool of 
underrepresented students with interest in science, math, engineering, and technology (STEM).  Our programs to support 
Native American participation in STEM careers have expanded in Year 6 and are showing remarkable results.  For example, 
seven of our eight high-school graduates are pursuing STEM degrees as undergraduates; one of these is graduating this year 
and is starting graduate studies in fall 2008.  

In the 10 years from 1996 to 2006, NSF reports 264 bachelor’s degrees in the category “Earth Sciences” to Native Americans 
from all institutions across the country, or on average 26 per year, or less than one per state per year.  This is out of 34,000 
Earth Science degrees awarded nationally.  Having these sobering statistics as background, we are proud to note that in Year 6 
alone, we had 4 undergraduate Native American students working with us at NCED, and one graduate student.  Three Native 
American participants in NCED’s Year 6 Undergraduate Summer Internship Program (USIP) transferred from NCED Fond 
du Lac Tribal and Community College (FDLTCC) to 4-year Earth Science programs this year and another is completing her 
mathematics degree at University of Arizona.  A past NCED USIP participant, who was at a 2-year tribal college when he 
joined us, is a senior in Geology this year and is applying for graduate programs.  Another former NCED FDL intern has 
transferred to a 4-year program at the University of Minnesota-Duluth (UMD) in Environmental Biology.  

Recently, we have expanded our efforts to support all Native American STEM undergraduates in the state of Minnesota by 
forming the giiwed’anang (Northstar) American Indian Science and Engineering Society (AISES) alliance in collaboration with 
the new NSF Minnesota Northstar Louis Stokes Alliance for Minority Participation (MNLSAMP) and the Center for Compact 
and Efficient Fluid Power (CCEFP).  NCED and CCEFP diversity staff were involved in the formation of the MNLSAMP, 
and are determined to ensure that Native American students play a central role in the MNLSAMP’s goal of doubling STEM 
baccalaureate degrees in Minnesota over the next 5 years.  In addition, NCED is working on a new initiative to create a 
national working group of tribal leaders and university faculty and staff to increase representation of Native Americans in 
the geosciences at the undergraduate and graduate levels.  In Year 7 this effort will be launched by NCED-hosted sessions 
at three upcoming national conferences.

NCED has two core programs that are designed to increase overall diversity within NCED, and in , geosciences at large, at 
the graduate level:  NCED’s Undergraduate Summer Internship Program (USIP) and Faculty-to-Faculty Program (F2F).  In 
Year 6 we reorganized our Undergraduate Summer Internship Program, with all our undergraduates working together on one 
project supported by a team of NCED advisors.  To accomplish this, we piloted “Team Marmot,” a collaborative effort led 
by PI Wilcock, NCED Staff, and NCED partners and collaborators to bring a team of 5 undergraduate students to Oregon 
for a pre-survey of the area above and downstream of the Marmot Dam before its removal in fall of 2007.  This effort led to 
funding of an REU Site on River and Coastal Restoration that will be a collaboration of NCED PIs in Minnesota, Louisiana, 
and Maryland. To date NCED’s USIP program has supported 26 students, with 9 students currently in graduate program, 
and 2 doing their graduate work with NCED.

NCED’s Faculty-to-Faculty (F2F) Program, initiated in Year 4, has led to the launch of an exciting 2-year collaboration 
with Florida International University (FIU), an Hispanic-serving institution in Miami, Florida.  As a result of work in Year 
6, FIU Assistant Professor Assefa Melesse, was appointed an NCED associate PI and will lead a team of students from FIU, 
including 2 graduate students and an undergraduate summer researcher, to collaborate with NCED PIs on the Le Sueur 
project.  This will be NCED’s second major F2F research collaboration.  To date, 6 faculty from institutions with strong 
minority enrollment have visited NCED through the F2F program and 4 graduate students and 3 undergraduate students 
have been supported through this program.
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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: (a) an immediate improvement in participation by members of all underrepresented groups in NCED itself, and (b) 
an improvement 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. Key elements in our approach include:

1.   Use a vigorous Undergraduate Summer Internship Program (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.   Faculty-To Faculty Program: Build research ties with faculty members from schools with large minority 
enrollments, particularly minority-serving institutions (MSI’s). 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, STC partners, and other broader national 
efforts, such as the GEM Consortium, to recruit and fund students from underrepresented groups in NCED-related 
graduate research. 

4.   Use the NCED Stream Restoration Certificate Program 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 MSIs 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.

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; and• 

Junior faculty will be greatly assisted in their professional development.• 
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This year, F2F participant Emad Habib, University of Louisiana, Lafayette, visited NCED to deliver a seminar and meet with 
NCED PIs and staff.  Professor William Velez from Arizona State University is collaborating with NCED to bring students 
from the Mathematics Department at Arizona State University to NCED for undergraduate summer internships.  Three 
students recommended by Velez were placed in summer research positions in Year 6 and one will return in Year 7.  NCED 
supported an Hispanic undergraduate student to work with Professor Judy Haschenburger, University of Texas, San Antonio, 
on her research on remote sensors in gravel bed rivers in collaboration with our Stream Restoration team.  In addition, we 
have launched a new 2-year initiative with Florida International University (FIU) Assistant Professor Assefa Melesse, that 
will bring two graduate students, and a summer undergraduate researcher from FIU to work with NCED PIs on the Le Sueur 
River Project.  

Progress towards milestones/deliverables for years 6-10

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.

Year 6; NCED F2F participant Judy Haschenburger 
collaborates with NCED to support an undergraduate summer 
intern, who worked with JH on her summer field project and 
then visited NCED to present her work in the all-SAFL poster 
session.
FIU F2F participant Assefa Melesse submits proposal for 
a two-year collaboration and becomes an NCED affiliated 
PI.  William Velez forms a summer-internship-recruiting 
partnership with NCED to place minority students from ASU 
Mathematics Dept in NCED summer research positions.  

New collaborations and recruiting visits by NCED 
faculty.

Dalbotten organized session at SACNAS  (“Getting Our 
Hands Dirty”) that included representatives from five NSF 
Geoscience STCs and from UCAR to encourage new research 
collaborations and recruit for summer research programs.

Plans

In Year 7, NCED will host Prof. Melesse’s FIU research team over the summer to work on the Le Sueur River project.  
Professor Judy Haschenburger will develop a proposal for collaboration.  We will also be 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 19% by the end of Year 5. Our numbers took a 
slight dip in Year 6 to 17%, but it was due to the addition of new PIs and their NCED-related graduate students, which increased 
the overall population of researchers without adding greater diversity.  This year we added two new graduate students from 
underrepresented groups, including our first Native American graduate student, but also had two of our graduate students from 
diverse groups graduate over the past year and leave.  This year-to-year fluctuation in our overall research group diversity is 
expected, but it should be mitigated in Year 7 with the addition of at least two new graduate students from underrepresented 
groups, including a summer research intern of Director Chris Paola who will join our graduate students in winter 2009 and 
a former Team Marmot participant, who will be advised by PI Peter Wilcock at Johns Hopkins.

Progress towards milestones/deliverables for years 6-10

Milestone/Deliverable Progress
Bring percentage of graduate students, including 
participants in the Stream Restoration Certificate 
Program, from underrepresented groups to parity with 
overall 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 11% by 
end of Year 6.



108     Diversity

National Center for Earth-surface Dynamics
Annual Report 2008

Plans

We will continue our vigorous program of graduate recruiting, including visits to national recruiting venues such as the American 
Indian Science and Engineering Society (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 the NCED recruiting efforts by providing diversity supplements to their research grants. We will 
collaborate with the National GEM Consortium 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 SITE—River and Coastal Restoration.  
This summer will bring 13 visiting undergraduate students to do research at NCED, 9 from groups underrepresented 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), have been accepted into NCED-related 
graduate programs for next year.

Project DV03: Undergraduate Summer Internship Program (USIP) ►

Each year, the USIP brings undergraduate students from underrepresented groups to NCED institutions for a 10-week summer 
program, and has played an important part in accomplishing our diversity mission. Five students participated in Year 6.  This 
year we introduced the idea of having the students do research as a team, to build community and confidence in the students 
and to introduce them to the collaborative and interdisciplinary research approach of NCED. The students formed “Team 
Marmot,” under the leadership of NCED PI Peter Wilcock and graduate student Chuck Podolak, and with the advice and 
assistance of NCED Education, Diversity, and Knowledge Transfer Directors Campbell, Dalbotten, and Marr. Students began 
their research experience during an intensive month at St. Anthony Falls Laboratory where they explored all aspects of the 
planned fall 2007 Marmot Dam removal.  The students worked on a scale model of the Marmot Dam that was constructed 
at SAFL.  They spent July camping on a site near the Marmot Dam in Oregon under the direct leadership of Podolak and 
Wilcock and completed individual projects and a team report.  The students then returned to SAFL to create posters of their 
individual projects and finish a joint team report of over 60 pages.  One of the students in Team Marmot will join NCED as 
a graduate student this fall and another will return in Year 7 for further undergraduate research.  

Year 7 will see the launch of our REU Site on River and Coastal Restoration, which has been funded by NSF based on 
the Marmot Year 6 pilot, and will support 10 students on two teams, “Team Marmot” and “Team Delta” (based in coastal 
Louisiana). Team Marmot participates in an ongoing campaign to document the geomorphic response of the Sandy River 
to the 2007 removal of the Marmot Dam.  NCED research staff, in collaboration with state and federal agencies, use high 
resolution measurements to compile a detailed record of how the river redistributes 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 experiment, critical to the development of more effective 
river management and restoration practices (http://www.marmotdam.com/).  In addition, we are adding Team Delta under 
the leadership of NCED PI Twilley and his research group at Louisiana State University.  Team Delta participates in research 
related to coastal restoration of the Mississippi River Delta.  NCED’s Wax Lake 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, biogeochemical, and ecological processes (http://www.wbi.lsu.edu/).  Just as in the pilot Team 
Marmot, all the interns will start their research experience at the St. Anthony Falls Laboratory, where in June they will work 
on hands-on modeling in the laboratory to prepare for their field work.   

The NCED Undergraduate Summer Internship Program is now producing graduate students from underrepresented groups.  
Of the students supported through the USIP, 76% have expressed a desire to continue their education in graduate programs 
and 35% have are already in graduate programs.
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Progress towards milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Ongoing participation of 5 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.

- 25 students have been supported: 16 women and 9 men
- 3 students are in graduate school, 4 students have been 
accepted for next year, and 2 students have graduated 
with an MS degree
- 10 more students plan to apply to graduate programs 
when they finish their undergraduate programs
- 2 student have graduated and are currently working in 
industry
- 2 students have no plans for graduate work but are 
planning to teach K-12
- 2 students are past NCED graduate students. (Robert 
Haydel graduated in Year 6 with an MS; Crystal 
Lesmeister graduated in 2003 with an MS)
  -3 students are prospective NCED graduate students for 
2008
- 3 students have taken part in the NCED IREP, advised 
by NCED graduate students

Plans

We will continue to develop pathways into our research experiences for students from Fond du Lac Tribal and Community 
College and other students in the giiwed’anang MN Alliance 9 (see below under DV04). We will develop methods to provide 
support and mentoring to these students as they transfer to 4-year programs. NCED is collaborating with the Center for 
Compact and Efficient Fluid Power (University of Minnesota) and IT APEXES to provide mentoring, visiting research talks, 
research experiences, and travel opportunities.   Over the summer, an undergraduate student from St. Cloud State University 
recruited through giiwed’anang will work in the SAFL Outdoor Stream Lab with NCED postdoc Anne Lightbody and another 
USIP intern.  In addition, another giiwed’anang student was supported in a research project with NCED in Year 6.  

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 
experience that provides ongoing opportunities for students in K-12 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 camps and related activities with 46% attending more than one activity.  New partnerships brought 34 scientists 
from the University of Minnesota, from tribal entities, and from other institutions across the country to lead activities at our 
camps in the past year. Two Native American students from the Center for the Remote Sensing of Ice Sheets, an NSF STC 
headquartered in Lawrence, Kansas, visited winter camp and captivated our students with their presentation and hands-on 
experiments on the effect of melting ice on sea level.   Our collaboration with the Center for Compact and Efficient Fluid 
Power (CCEFP) has led to new opportunities for Fond du Lac students, including a Lego camp for students in grades 3-6 and 
a FIRST Robotics team, which competed this March at the Minnesota FIRST competition at the University of Minnesota.  
The director of CCEFP, Kim Stelson, attended our winter camp and led the students in a catapult building competition.

Students in our gidakiimanaaniwigamig middle- and high-school programs 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/Fond 
du Lac Tribal and Community College (FDLTCC)-sponsored American Indian Regional Science Fair, which had over 
300 middle- and high-school student exhibitors in its first four years.  In the years 2005-2008, NCED collaborated with 
FDLTCC and the Ojibwe School to send 55 students from this group to Albuquerque to attend the American Indian Science 
and Engineering Society (AISES) National American Indian Science and Engineering Fair (NAISEF).  In 2008, 15 of our 
students attended and brought home 30 medals and awards, including the NASA Science Exploration Award, the Association 
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of Women Geoscientists Award and two Women in Science and Engineering awards. Four 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 eight who will represent AISES at the Intel International Science and Engineering Fair (ISEF). 

Seven of our eight gidakiimanaaniwigamig high-school graduates are now or will this fall be enrolled in college or university 
programs.  In order to continue support of these students and other Native American undergraduates in the state, collaborative 
efforts with the new Northstar Louis Stokes Alliance for Minority Participation and the CCEFP have led to the formation of the 
giiwed’anang (North Star) Minnesota Alliance of undergraduate AISES chapters in the state of Minnesota, the University of 
Minnesota (Twin Cities, Morris, and Duluth); Fond du Lac Tribal and Community College, Bemidji State University, and St. 
Cloud State University (fledgling chapter).  Our collaboration seeks 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 LSAMP. The goals of the 
giiwed’anang Alliance are to form relationships between Minnesota AISES chapters, provide educational opportunities, 
academic guidance, open research doors, bridge the gap between high school, pre- and post-secondary education and industry 
STEM fields.  By networking with Minnesota industry and educational institutions, this alliance fosters fundraising capabilities 
and professional support, and by doing so will increase the number of AISES chapters in Minnesota for a larger representation 
of Native Americans in STEM fields and disciplines.  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.  
Two giiwed’anang students will have research experiences with NCED in year 7.

Outcomes 

1. Students in gidakiimanaaniwigamig are showing improvements in math and science grades and test scores.

2.   Seven of our gidakiimanaaniwigamig students are enrolled in college courses. One of our gidakiimanaaniwigamig 
students has finished her senior year of high-school, and concurrently earned an AA degree at FDLTCC as a 
Post-Secondary Education Option (PSEO) student; she will transfer to a 4-year program in the fall. 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 begins work at University of Minnesota, 
Duluth in Fall 2008.

3. A core group of Fond du Lac Tribal and Community 
College undergraduate students interested in science is 
now affiliated with NCED and participating in research 
activities and academic enrichment. This year NCED 
supported two of these students to attend an AISES 
student leadership conference.  Six Native American 
students have participated in research opportunities 
with NCED.  And we have collaborated to create 
the giiwed’anang undergraduate AISES alliance to 
provide support for gidakiimanaaniwigamig students 
as they become undergraduates.

4.  gidakiimanaaniwigamig students began participation 
in the SMM’s new “Water: H2O = Life” traveling 
exhibition.  “Water: H2O = Life” brings together the 
students from the Science Museum of Minnesota and 
NCED’s gidakiimanaaniwigamig program in a novel 
outreach program.  The student teams will develop 
exhibits to be included in the “Water:  H2O=Life 
Exhibit” when it comes to Minneapolis in spring 
2009.  

Figure 1.  Math and Science Proficiency.  Students in 
gidakiimanaaniwigamig (Our Earth Lodge) Native American 
Youth Science Enrichment Program.  Note:  Changes in standard 
tests in the State of MN 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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5.  The NCED regional science fair is now drawing student participants from five school districts 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, the 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 the Minnesota State Science Fair as well as at NAISEF.

6.  New partnerships have broadened the content of NCED’s Native American science camps. This year’s winter 
camp was conducted in partnership with the CCEFP and the NSF STC Center for the Remote Sensing of Ice 
Sheets. 

7.  Teachers for gidakiimanaaniwigamig received training to bring an earthquake shake table from the University 
of Minnesota’s Civil Engineering Department to their classrooms for extended use in their science classes.

8. Our NCED undergraduate gidakiimanaaniwigamig assistant is now enrolled in graduate school in 
pharmacology.

9.  NCED staff are members of the local organizing committee for the AISES NAISEF 2009 conference, which we 
successfully proposed to host in Minneapolis-St. Paul in March of 2009.  This will mean that a larger number of 
Native American students from the Midwest will be able to participate in NAISEF.  NCED will be prepared to tap 
these new students for future engagement in geoscience research. Teachers will see the benefits to encouraging 
their students to participate in science fairs.  NCED will institute a Science Fair Roundup at the University of 
Minnesota to help students get prepared and have mentors for their science fair projects.

Progress towards milestones/deliverables for years 3-5

Milestone/Deliverable Progress
90 students per year participate in 
gidakiimanaaniwigamig programs in Years 6-10.

172 students participated in the gidakiimanaaniwigamig 
program.

Documented improvement in grades and test scores for 
students in both programs.

See Chart above and Table below.

Majority of participants attend college, with substantial 
fraction majoring in science, math, engineering or 
technology.

There were 5 graduating seniors this year with 3 planning 
on attending Fond du Lac Tribal and Community College 
and 1 attending Montana State University, Missoula.  
Three other gidakiimanaaniwigamig students are 
continuing as college students. 

Plans

By the end of Year 10, NCED plans to have created a 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 of the University of Minnesota will draw new young students 
each year as others graduate and attend college.  New centers and academic units are joining our efforts each year.  The 
newly-formed giiwed’anang 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 by instituting new research on best practices and creating new collaborations.

For Year 7, we are working to develop for the gidakiimanaaniwigamig program two new learning tools:  (1) “ePortfolio” is 
currently in use at the University of Minnesota (U of MN) and will be adapted as a tool for University-level K-12 STEM 
education outreach and mentoring; (2) “eMath” is being developed by the Institute for Studies in Educational Mathematics 
to provide students and teachers with individualized, problem-based mathematics instruction. Collaborative grant proposals 
have been submitted to fund this effort.  In Year 6 we will develop a pilot of these technologies for use with Native American 
students and test the pilot in our camps.
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We are excited about helping to bring the AISES 2009 National American Indian Science Fair to Minneapolis in 2009.  This 
will take place in conjunction with the opening of the “Water:  H2O=Life” exhibit at the Science Museum of Minnesota.  
The SMM will be an integral part of NAISEF in Minnesota, especially since NAISEF will take place at the Xcel Energy 
Center, across the street from SMM.  We are actively working to promote this opportunity to Native groups in Minnesota 
and neighboring states including students who have been barred from participating in the past because of travel expenses.

NCED program administrators will present workshops on Native American science education at professional conferences, 
including the National Research Center Educator’s Network, SACNAS, and the American Geophysical Union.

Project DV05: EarthScapes in the Science Museum of Minnesota’s (SMM) Youth Science Center (YSC) ►

NCED Estream Intern Kate Rosok worked with the 11 Park Crew youth April-August 2007 to provide enrichment to help them 
better interpret the BBY to visitors.  Specific activities included field trips, development of new activities to engage visitors, 
and training to develop better interpreting skills. The team collectively worked 25 4-hour shifts per week leading hands-on 
activities focused on non-point source pollution, dam removal, macroinvertebrate investigation, and fossil making.  They 
met biweekly to continue content learning and to reflect on the effectiveness of the training to their on-the-job experience.  
The youth were particularly helpful in the BBY by involving visitors in the interactive exhibit models in such a way that 
visitors were able to experiment with different processes.

During fall of 2007, NCED Education Director Campbell and SMM Youth Program Manager Robby Schreiber designed a 
series of activities and field trips to engage a merged group of 18 youth from both the BBY Park Crew and the Water (Water: 
H20=Life) Crew in local river stories.  Activities included experimenting with a retreating waterfall model, several field 
trips to explore the path of the Mississippi River’s retreating waterfall, and research on dams, in preparation for the SMM 
installation of “Water: H2O = Life”.  The Water Crew also worked to communicate regularly with a parallel crew composed 
of youth from NCED’s gidakiimanaaniwigamig camp program.

In January, February, and March of 2008 the Park Crew youth went out into the community to lead twice-weekly after-school 
outreach programs.  They traveled to 5 St. Paul Public Elementary Schools sharing hands-on earth science activities with 
K-6th grade students.  Each school received four or five class sessions in which Park Crew youth taught the students about 
watersheds, non-point source pollution, pervious and impervious surfaces, river morphology, dams and stop-motion movie 
making.  In these classes, Park Crew youth reached 67 students through a total of 23.5 contact hours.

New in Year 6 

Prototyping of groundwater model activities for SMM’s Education Outreach department – BBY – June-August • 
2007

Formal evaluation of BBY work by SMM evaluation staff – BBY – June-August 2007 (see Appendix E)• 

Stream restoration site field trip – Lakeville– June 24, 2007• 

Canoeing day trip - Cannon River – July 14, 2007• 

Stream study outreach for the Minnesota Conservation Corps Summer Youth Program – St. Croix State Park – • 
August 4 and 5, 2007

Metropolitan wastewater treatment plant field trip – St. Paul – August 13, 2007• 

Stop-motion movie-making outreach sessions – St. Paul – March 25 and 27, 2007• 

Continue bringing NCED-related stream table and other activities to community centers in the Minneapolis/St. • 
Paul metropolitan area 
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Progress toward milestones/deliverables for years 3-5 

Milestone/Deliverable Progress
Substantial participation by minority students in YSC 
park crew and other activities 

20 students participated: 5 males and 15 females with 15 
students from underrepresented groups

Number of youths from community groups taught and 
demographics. 

186 youths taught by YSC park crew, 138 from 
underrepresented groups

Number of activities conducted outside SMM by YSC 
program/hours

7 activities/29 program hours per youth

Number of educational outreach activities conducted 
outside SMM by YSC program/hours

28 activities/84 hours per youth

Plans 

In Year 7 the Park Crew youth will again serve as docents in the BBY summer 2008 utilizing evaluation data from summer 
2007 to better inform their training and work,track the number of BBY visitors they reach, further 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.

Partnerships and Collaborations
Major liaisons with other programs have been developed that continue to enrich our diversity programs by creating sustainability 
and leveraging our efforts, as well as establishing NCED’s leadership role in defining best practices and pathways for engaging 
minorities, and especially Native Americans (See Table 2).

Partnerships between NCED and other Organizations on Diversity

National
National Academy of Science:•	   Provides materials for our 
camps and programs
Consortium of Independent Colleges:  collaborates with •	
us on joint recruiting for minority summer research 
opportunities
Center for Space-Weather Modeling:•	   Installed a Sudden 
Ionospheric Disturbance (SIDS) Monitor at FDLTCC for 
K-12 and undergraduate student research
Smithsonian Institute:•	   Invited our gidakiimanaaniwigamig 
students to take part in Smithsonian Virtual Museum 
Workshop Program
Consortium of Universities for the Advancement of •	
Hydrologic Sciences, Inc. (CUAHSI):  Partners with NCED 
on modeling gidakiimanaaniwigamig Circle of Learning to 
new communities. 
Institute for Studies in Educational Mathematics:•	   Develops 
web-based computer mathematics applications, which 
will be specifically geared to Native American students 
and will help support the mathematics capabilities of 
gidakiimanaiwigamig students.  

University of Minnesota

Institute of Technology’s APEXES:•	   Collaborates on 
NSF Northstar Lewis Stokes Alliance for Minority 
Participation (MNLSAMP) NSF; contributes funds for 
gidakiimanaaniwigamig program
Center for Compact and Efficient Fluid Power:•	   Co-
organizing and developing giiwed’anang alliance; 
Multi-Axial Subassemblage Testing (MAST) Laboratory, •	
Civil Engineering:  Launched a teacher initiative with 
NCED on the natural and built environment; 
Limnological Research Center:•	  Sends faculty, 
graduate students, and equipment to NCED’s 
gidakiimanaaniwigamig camps to teach students about the 
natural history of the reservation using lake bed cores
University of Minnesota, Duluth (UMD):•	   Collaborates with 
gidakiimanaaniwigamig to promote the use of technology 
in our camps and also collaborates with NCED on a NSF 
GK12 program, which will support science teaching at 
NCED affiliated schools.  NCED diversity staff Dalbotten 
and Pellerin act as advisors for the GK12 graduate students 
on best practices for educating Native American youths.
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Summary of Plans
In Year 7, our plans include:

1.  Initiate a two-year Faculty-to-Faculty research collaboration on the NCED Le Sueur River Project in collaboration 
with Florida International University.  

2.  Develop giiwed’anang AISES Alliance connecting Minnesota Native American undergraduate AISES chapters.

3.  Expand gidakiimanaaniwigamig to connect with science centers and organizations across the country; develop 
camp programs and curricula in connection with the AAAS Atlas for Science Literacy content standards and our state 
standards, and adopt new technologies to facilitate communication and to increase metacognitive and mathematical 
abilities of our students.   In addition, we will host special sessions at three national conferences this year (SACNAS, 
AISES, and AGU) to kick-off our national working group on increasing Native American participation in the 
geosciences.

4.  Create a network of University of Minnesota mentors who will help Native American students participate in 
regional and national science fairs. NCED is developing a special Science Fair Roundup that will annually bring 150 
Native American students from around the state to the University of Minnesota, where students will have a chance 
to brainstorm topics and get connected to graduate students and faculty who can act as mentors for their science 
projects.  

5.  Initiate the first year of our REU Site—River and Coastal Restoration, with two teams: Team Marmot and Team 
Delta.  In addition the NCED Undergraduate Summer Internship Program will continue to support students to do 
research at the St. Anthony Falls Laboratory.  This summer two students from underrepresented groups will do 
research projects in conjunction with the opening of the new Outdoor Stream Laboratory.
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Evaluation and Performance Indicators

 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 6.

10

Number of undergraduate students from underrepresented groups 
doing research at SAFL in Year 5

7

2. Increasing the representation of under-
represented groups within NCED 

NCED Researchers  

Percent of underrepresented research ers in current year 17%

Percent of underrepresented research ers in previous year 19%

NCED Participants and Affiliates  
Percent of underrepresented participants/affiliates in current year Participant: 22% 

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 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

Number of students 361
Attendance and grades See Table 1 
Number of repeat contacts  
1 camp 82
2 camps 19
3 camps 14
4 camps 10
5+ camps 26

Youth Science Center 
1. Number of kids enrolled/demographics Number of students 20

Male 6
Female 15
% from underrepresented groups 75%

2. Number of visitor kids/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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Educational Outcomes
The educational outcomes 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.
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VII. Management

Management Team
Director: Chris Paola
Co-Director: Efi Foufoula-Georgiou
Deputy Director, Administration: Rochelle Storfer
Staff: Melanie Lord-Van Slyke (Science Writer), Charles Nguyen (IT Professional), David Olsen (Principal Accountant), 
Debra Pierzina (Event Coordinator), and Adam Recknor (Accountant)

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

NCED’s Executive Committee reluctantly accepted the resignation of NCED’s current director, Chris Paola, with great 
appreciation for the five years of his exceptional leadership and service to the Center. With unanimous consent of NCED 
Principal Investigators (PIs), the Executive Committee asked Efi Foufoula-Georgiou to take over as the third director of the 
Center in light of her dedication and service as Co-Director, as well as her vision for the future. Foufoula-Georgiou agreed 
to accept the directorship and has been working closely with Paola to smoothly transition the Center to her administration. 
Foufoula-Georgiou will formally accept the responsibilities of NCED Director on August 1, 2008.

External Advisory Board: 

Several changes to the composition of the External Advisory Board (EAB) have occurred over the past year. Members Moon, 
Palmer, and Taylor have stepped down as members of the EAB, and Roberta Johnson (University Corporation for Atmospheric 
Research, or UCAR, Director of Education and Outreach) was invited as a new member. NCED continues to recruit to fill 
the remaining two positions and expects the EAB to be fully reconstituted by the EAB meeting to be held in January 2009. 

Appendix D: EAB contains a list of current members and the report from the EAB meeting held in Minneapolis, MN, from 
January 24-25, 2008. The Director’s response to the EAB’s comments can also be found there.

Executive Committee: 

NCED’s Executive Committee comprises the following members: Chris Paola (Director), Efi Foufoula-Georgiou (Co-
Director), Bill Dietrich (Lead PI for Desktop Watersheds, or DW), Peter Wilcock (Lead PI for Stream Restoration, or SR), 
David Mohrig (Lead PI for Subsurface Architecture, or SA), Mary Power (member at large, NCED PI), Karen Campbell 
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(Education Director), Diana Dalbotten (Diversity Director), Jeff Marr (Knowledge Transfer Director), and Rochelle Storfer 
(Deputy Director, Administration). No changes in composition or function of the NCED Executive Committee have occurred 
since the last report.

PI Retreats

NCED conducted two highly productive PI retreats over the reporting period. The first PI retreat capitalized on the availability 
of PIs, students, and postdoctoral research associates (postdocs) around the time of our Year 5 site visit. This retreat took place 
on the day preceding and the day after the site visit occurred. On the first day, while NCED graduate students and postdocs 
attended their own retreat at William O’Brien State Park, the PIs met to discuss center management and strategic planning: 
two-hour sessions for each research Integrated Project (IP) to discuss gaps based on the evaluation of PI proposals submitted 
as part of the new funding system, as well as a discussion on the details of a planned special issue in Water Resources Research 
(WRR). The second day moved away from management issues and incorporated graduate students and postdocs to discuss 
NCED science. Topics included discussions on fine sediment dynamics in coarse bed rivers, computation aspects of NCED 
research, and plans for the Outdoor StreamLab (OSL).

The second retreat (December 2007) was hosted in Berkeley, CA, by PIs Banfield, Dietrich, and Power. The purpose of this 
retreat was to discuss progress on integrative research and set directions for all IPs over the next year. This meeting was 
also instrumental in advancing some new, collaborative research ideas, including development of generalized nonlocal flux 
laws, communition theories for modeling, a biogeochemistry component of the Mississippi River Delta modeling effort, and 
a computational fluid dynamics approach to SR. Important decisions on the design of the OSL were also taken up during 
that meeting. 

Legacy and Sustainability
As NCED approaches its sunset as a National Science Foundation (NSF) Science and Technology Center (STC) in 2012, a 
priority over the coming year will be 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 postdocs, 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. 

In the coming year, NCED’s sustainability strategy will include exploring options to institutionalize our ED and DV programs, 
as well as strengthen our interactions with other centers and organizations. An important step in achieving this goal will be 
to build relationships with colleagues in the University of Minnesota’s (UMN’s) new Institute on the Environment (IonE) to 
integrate NCED into the mainstream activities of the IonE. The IonE, capitalizing on UMN’s remarkable breadth and depth 
of disciplines, is a system-wide initiative amongst 41 departments and 64 centers aimed at identifying and encouraging new 
lines of research, education, and outreach that focus on “all things environmental.” During its first year of operation, IonE 
established four themes (similar to our IPs) as part of its organizing framework: (1) climate change adaption and mitigation, 
(2) renewable energy and the environment, (3) landscapes and watersheds, and (4) human and ecosystem health. Given that 
NCED’s research is closely aligned with IonE themes (1) and (3), partnership with the IonE is a natural step for the NCED 
after the end of  STC funding.

Also, in the coming year, concerted efforts will be made in developing and submitting collaborative research proposals 
for competitive funding of PI research and ED activities. Partnerships with applied research firms and other government 
institutions are currently being pursued, and the plan is to develop formal memos of understanding (MOUs) that will not only 
continue the goal of transforming practice through research but will also create a revenue for research, especially in stream 
and coastal restoration activities. With the NCED sunset coming over the horizon, we have increased our efforts in major 
leverage-funding proposals this year, including two to the NSF CNH program (Stream restoration and delta restoration), 
an NSF CFI proposal, the IGERT DELTA preproposal, the SMM NSF Future Earth Initiative (favorably reviewed but still 
pending), and initial NCHRP funding for the Outdoor StreamLab (funded).
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Accomplishments

Year 6 saw significant progress in framing NCED’s legacy both as a whole and within each of the six primary initiatives. A 
major part of this process has been the revision of our SIP to include concrete definitions of the products of our intellectual 
legacy, as well as detailed milestones for achieving these goals. 

The greatest legacy NCED will impart after our first ten years will be a tangible, community-wide transformation of how 
Earth-surface research is conducted. Over the past several years, NCED is pleased to have seen a steady stream of changes 
in how the research community has adopted new ways of thinking about problems in Earth-surface dynamics. For example, 
it is rewarding to see that the basic elements of the NCED philosophy (Earth processes as complex, coupled, and highly 
interactive systems at a large range of scales) is the accepted approach now of many research programs at NSF and elsewhere. 
Other transformative outcomes NCED has been involved with include the establishment of the Journal of Geophysical 
Research-Earth Surface (JGR-ES) and the development or promotion of other large community efforts aimed at critical 
zone science, e.g., Community Surface Dynamics Modeling System (CSDMS), the Critical Zone Observatories (CZOs), 
Consortium of Universities for Advancement of Hydrologic Science, Inc. (CUAHSI), and the WATer and Environmental 
Research Systems (WATERS).

Despite the scientific transformations already underway, more strong of NCED’s intellectual legacy and cross-disciplinary 
engagement are on the way: The next generation of students who have been educated as interdisciplinary scientists with a deep 
appreciation for the complexity of the environment around us, its vulnerability to natural and manmade perturbations, and 
the knowledge that predictive modeling is a powerful tool for understanding and responsibly managing this environment. 

Beyond our intellectual legacy, NCED has taken steps to ensure the longevity of our institutional footprint by investing in 
several projects to enhance the critical infrastructure necessary to support the modes of transformative research and public 
outreach we have adopted. For example, Year 6 saw exciting developments in a joint venture between NCED and the St. 
Anthony Falls Laboratory to construct the world’s first large-scale observatory to study channel and floodplain interactions, 
vegetation and channel dynamics, and biogeochemical processes: the OSL. This facility, opening spring 2008, will bring 
together scientists and engineers from a broad range of disciplines to collaborate on five projects. The OSL will also serve as 
the facility for a capstone project undertaken by students in the Stream Restoration Science and Engineering (SRSE) certificate 
program. In addition to OSL, the Berkeley group continued expansion of wireless technologies in the Angelo Coast Range 
Reserve (ACRR)—the Angelo Network Wireless Infrastructure (ANWI)—to increase the range of environmental monitoring 
capabilities at the ACRR (for more details, please see Appendix I: Angelo Wireless Network).

In terms of our public face, considerable investment has been directed towards development of new visualization technologies 
and interactive content that will be incorporated into future educational expositions and exhibit installations (see, for example, 
the sections on the development of the RainTable and Science-on-a-Sphere, or SOS, presented in the Education section). In 
addition, the success of our diversity initiatives has resulted in the increasing participation of students from underrepresented 
segments of the population into our science, particularly the Native American population, and has led to both institutional and 
national expansion of diversity programming aimed at creating a cadre of students trained in team-oriented environmental 
science.

Year 6 also saw an increase in activities designed towards supporting the Center after the sunset of STC funding. At this stage, 
we have started integrating sustainability plans into our education and knowledge transfer programs in an effort to expand 
two critical facets of our ultimate success: center visibility and center engagement. For example, the development of the 
Research Cooperatives (RC), the Partnership for River Restoration and Science in the Upper Midwest (PRRSUM), serves 
not only to formalize relationships with our partners in the Stream Restoration Partners Group (SRPG) but also plays key 
roles in the following areas: (1) promotes the Center as a leader within the Upper Midwest stream restoration community, (2) 
helps to identify interests and projects of relevance to other scientists, and (3) offers potential sources of funding for future 
research collaborations (for details on RCs and PRRSUM, see the KT section). NCED is also addressing sustainability in these 
ways: engaging early career scientists to buy into the concept of team science by organizing and sponsoring the upcoming 
Meeting of Young Researchers in Earth Sciences (MYRES) conference (May 20-23, 2008, New Orleans, LA); establishing 
a new Research Experience for Undergraduates (REU) site for river and coastal restoration to entice undergraduate students 
to explore research in Earth-surface science; working in partnership with the Science Museum of Minnesota (SMM) and 
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the American Museum of Natural History (AMNH) to develop a traveling exhibit demonstrating the intrinsic beauty and 
importance water plays to Earth and life; continuing development of the first UMN-sponsored postbaccalaureate program in 
stream restoration; and focusing efforts by the PIs to develop competitive research proposals for collaborative funding.

NCED’s accomplishments reflect synergistic activities, and the dedication to our legacy and sustainability initiatives include 
these areas:

Partnerships Established

Liaison with the newly formed IonE at UMN (Paola was appointed a founding fellow and Foufoula-Georgiou • 
served as a member on the committee responsible for developing the blueprint for the Institute). NCED is is working 
with IonE currently via the IGERT DELTA project and on developing co-funded working groups.

NCED (led by PI 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 AMNH and SMM to develop a 7,500 sq ft internationally traveling water exhibition which 
uses and builds on current research to help visitors better understand the role of water in critical global processes.

NCED (led by Hamilton) has proposed the Future Earth Initiative at SMM, involving six STCs to focus public • 
education and engagement on the causes and consequences of human domination of the Earth-surface environment. 
Funding is undecided after favorable reviews.

NCED PIs are involved with the research and education activities of other STCs, specifically SAHRA and the • 
Center for Embedded Network Sensing (CENS).

NCED PIs are involved with the hydrology and Earth-surface science activities of the National Center for • 
Atmospheric Research (NCAR) for future collaboration and visitor exchanges.

NCED PIs (led by Foufoula-Georgiou) are involved with the NSF-funded Hydrologic Synthesis Activities led • 
by the University of Illinois at Urbana-Champaign (UIUC). 

NCED PIs (led by Robert Twilley) are involved with the Louisiana State University (LSU)  Coastal Louisiana • 
Ecosystem Assessment and Restoration (CLEAR) program (emphasis on coastal processes and the rebuilding of 
the Mississippi River Delta). 

NCED PIs Mohrig, Parker, and Paola have extensive collaborations with the oil industry that have provided, • 
among other things, access to critical data for the Mississippi River Delta Initiative.

NCED PIs (led by Dietrich) are involved with a research and education activity, the Biosphere II project, with • 
the University of Arizona.

NCED PIs (led by Foufoula-Georgiou) are involved in an international collaboration and research exchange • 
program (funded via UMN International Circle Grants) with the University of Padova, Italy.

NCED PIs (led by 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 on watershed 
monitoring and modeling in the Upper Mississippi River Basin.
Community Leadership and Involvement

NCED PIs (led by Paola and Parker) are involved (via a fully funded postdoctoral research associate and advising • 
capacities) with the NSF CSDMS effort. 

NCED PIs (Dietrich and Paola) are serving on an NRC committee to develop a vision for geomorphology and • 
Earth-surface science into the next decades.  
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NCED PIs (led by Paola and Wilcock) have been very involved in developing the WATERS science plan for • 
large-scale, sustained funding for transdisciplinary environmental observatories.

NCED PI Paola continues to serve on the NSF Geovision committee to craft a strategic vision for NSF GEO (all • 
of Earth sciences) for the next decade.

NCED PIs (led by Foufoula-Georgiou) are involved with CUAHSI and synergies are continuously explored in • 
interdisciplinary research, ED, KT, and DV.

Young researchers from NCED have taken a leadership role in organizing the MYRES conference, cosponsored • 
by NCED, being held in New Orleans, LA, May 2008. 

Several NCED researchers (from across institutions) are developing, in collaboration with the St. Anthony Falls • 
Laboratory (SAFL), a strategic plan for the OSL. 

Several NCED PIs (Paola, Parker, Dietrich, Twilley, Mohrig, and Wilcock) have taken a leadership role in the • 
Mississippi River Delta Initiative, as discussed in the SA section, and are working to develop a new initiative involving 
a larger PI group. This group also recently published a refereed comment in Science. 

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) are involved in a working group on “Stochastic transport and emergent • 
scaling in Earth-surface.” The first meeting took place in November, 2007, at Lake Tahoe, and several collaborations 
were initiated. These collaborations have led to papers, proposals, and several smaller sub-group meetings. The next 
StRESS meeting is scheduled for October 2008.

NCED PIs (led by Efi Foufoula-Georgiou) are organizing a special issue in JGR-ES with papers that resulted • 
from the StRESS working group. This special issue has been approved by AGU and will appear next year. 

NCED PI Peter Wilcock is collaborating with the stream restoration synthesis efforts led by EAB member Margaret • 
Palmer; Wilcock is also playing a leadership role in communicating with practitioners via short courses.

NCED PIs (led by Campbell and Hondzo) are involved in an international student exchange program funded by • 
NSF (see the Education Section).
Initiatives Funded

NCED PI Hondzo is the recipient of an NSF Testbed grant to develop wireless environmental monitoring activities • 
and demonstrate their potential in the Upper Mississippi River Basin. Collaborative monitoring programs and protocols 
have been initiated with the US Geological Survey (USGS) and Minnehaha Creek watershed organization.

Members of the Berkeley group (Dietrich and Power) have received funding from the Keck Foundation to • 
enhance the hydrologic and geomorphologic monitoring at ACRR.

Foufoula-Georgiou and Dietrich have received a grant from the National Aeronautics and Space Administration • 
(NASA) to investigate rainfall as the driver of geomorphologic extremes and in particular shallow landslides. 

Perg, Wilcock, Parker, Flores, and Hobbs, along with Assefa Melesse (Faculty-to-Faculty participant), three • 
NCED postdocs, four NCED graduate students, and several undergraduate interns, have received funding from the 
Minnesota Pollution Control Agency (MPCA) to develop an integrated sediment budget for the Le Sueur River 
basin in southern Minnesota. This sediment budget, coupled with work by NCED social scientists on stakeholder 
preferences, will guide development and management decisions throughout the basin.
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NCED Visualization Specialist Paul Morin and NCED Education Director Karen Campbell secured funding for • 
the Antarctic Geospatial Information Center (AGIC). The AGIC is an innovative, virtual resource that combines 
geospatial data with digital archiving and georeferencing to provide 24-hour, real-time access to cartography services, 
data serving, and delivery solutions for the research and operational needs of the Antarctic community.

NCED Diversity Director Diana Dalbotten has received funding from NSF for an NCED managed REU site on • 
river and coastal restoration. This summer will bring 13 visiting undergraduate students to do research at NCED, 
with nine students from groups underrepresented in the sciences.

Proposals Submitted

Foufoula-Georgiou and Dietrich, in collaboration with Guillermo Sapiro (Electrical Engineering, UMN), have • 
submitted a proposal to NSF’s Cyber-Enabled Discovery and Innovation Program on “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), have submitted a proposal to NSF’s Mathematics in 
Geosciences Program on “Geomorphic transport laws, landscape evolution, and fractional calculus.”

Hondzo, Finlay, Parker, and Sotiropoulos submitted a proposal to the NSF Earth Sciences: Instrumentation and • 
Facilities on “Development of Digital Observatory for Ecogeomorphology and Environmental Restoration.”

Hondzo and Voller submitted a collaborative proposal to NSF’s Division of Chemical, Bioengineering, • 
Environmental, and Transport Systems on “Optimizing CO2 Fixation and Biomass Production from Dunaliella.”

Hondzo, in collaboration with R. Hozalski and M. Semmens (Civil Engineering), J. Nihar (Electrical and • 
Computer Engineering), and S. Shekhar (Computer Science and Enginnering), submitted a proposal to the NSF 
Division: Office of Emerging Frontiers in Research and Innovation on “Integrated Water Quality Management and 
Treatment Enabled by Cyberinfrastructure.”

Finlay, Wilcock, and Hobbs have submitted a proposal to NSF’s Coupled Natural and Human Systems CNH  • 
program on “Cultural Sustainability of Stream Corridor Restoration for Nutrient Removal.”

Twilley, Paola, Mohrig, Parker, Hobbs, and Flores submitted a proposal to NSF’s CNH program entitled “The • 
Mississippi Delta as a Coupled Social-Environmental System: Toward Resilient Coastal Restoration.”

Hamilton and Campbell have submitted a proposal to NSF entitled “Future Earth Initiative” seeking funding to • 
create a 3,500 sq ft exhibit and programming to introduce audiences to the Anthropocene.

Twilley, Paola, and Voller submitted a preproposal to NSF’s International Graduate Education and Research • 
Traineeship (IGERT) program on interdisciplinary research and education on the Mississippi River Delta.

Dalbotten, Pellerin, and Greensky submitted a proposal to NSF’s Discovery Research K-12 (DRK12) program • 
proposing to adapt UMN’s ePortfolio as a tool for K-12 mentoring by science faculty, and specifically for mentoring 
science fair projects.

Dalbotten, Pellerin, and Greensky submitted an NSF ITEST proposal for increasing the effectiveness of Native • 
American Science, Technology, Engineering, and Mathematics (STEM) education through emphasis on a multitude 
of abilities: quantitative, visual, social, mechanical, verbal, conceptual, and metacognitive.
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Metrics

Target Metric Done by Frequency Current status
PI evaluation Standard measures 

(publications, etc.) + 
collaboration + contributions 
to ED, DV, KT 

Directors, 
Executive 
Commmittee EC

Annually Year 6 was an off-cycle year 
for research proposals. Progress 
reports and future plans submitted 
by PIs were evaluated and formed 
the basis for this annual report. 

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 + co-advised 
students, postdocs

Directors Semi-annually 
or as needed

Very good; a revised SIP shows 
continued refinement and 
organization within each of the 
IPs and initiatives; coauthored 
publications are steadily increasing

Research – KT 
integration

Development of 
research applications + 
adoption by Partners

Directors, EC, 
IP managers

Annually or 
as needed

Excellent; see KT 
section for 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; see DV 
section for details

Centerwide 
communication

Participation in centerwide 
activities: videoconferences, 
retreats, field sites, and 
joint experiments

Administrative 
staff, directors

Weekly or 
per event

Very good; 2 retreats and 
several smaller PI meetings; 
cyber-seminars throughout the 
year; coadvising of students

Center visibility Participation in: short 
courses, working groups, 
Visitors Program, special 
sessions; total number 
of outside professionals 
supported by NCED 
programs; invited tallks

Administrative 
staff, directors

Ongoing Continuing to improve: highlights 
include 2 successful working 
groups, the Mississippi River 
Delta Initiative, the American 
Association for the Advancement 
of Science (AAAS) public 
forum and new report, MYRES 
organization, representation 
in large community efforts 
and advisory boards

International presence Number and intensity of 
international collaborations

Directors, PIs Ongoing Very good; participant response 
to IREP was excellent; several 
short courses/working groups 
were conducted outside of the US; 
several visits exchanged between 
US and international collaborators
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Target Metric Done by Frequency Current status
External buy-in to 
center activities

Leveraged funding 
by NCED PIs

Directors, PIs Annually The community has now become 
aware that this is not a competitive 
to smaller NSF activity but an add-
on geosciences activity (funded 
from OIA). Given the importance 
of Earth processes under climate 
change concerns, NCED is playing 
a role in promoting other large 
initiatives within the geosciences. 

Research community 
building

Community buy-in to 
transdisciplinary surface 
process science

Directors, 
EC, PIs

Ongoing Very good; collaboration 
continues with CUAHSI, 
CSDMS, and CZO; introduction 
of PRRSUM RC test case

Financial management: 
review of headquarters 
and subaward accounts

Relevant federal audit 
standards; rapid, effective 
communication between 
headquarters and other 
NCED institutions

Deputy 
director, staff

Monthly Very good; headquarters-
subaward communication 
improving; deputy director, 
administration meeting on-site 
with cognizant administrators 
to discuss and review 
management of the subaward

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; successful transition 
to IP-based funds allocation

Staff evaluation Provide written objectives 
and performance evaluation 
for all staff employees

Deputy director, 
directors

Annually Very good; staff are performing 
at the highest level of 
engagement and commitment 

EAB communications Impact of EAB report 
and comments on 
NCED activities

Directors, 
EC, EAB

Annually Good; need to seek two additional 
members and include members 
to advise on transition plans, 
or alternatively form a new 
transition advisory board 

Website effectiveness Content contribution 
by NCED participants; 
website use (hits)

Directors, staff Ongoing Very good; front-end to data 
archive completed; continue 
to press for data contributions 
to website and data archive
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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 pre-publication, 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.  

*An asterisk indicates “added value” in research, in that these publications can be attributed only to the Center mode of 
research and which would not happen otherwise. 

JOURNAL ARTICLES
In Press:
Al-Homoud, A., and M. Hondzo (in press), Enhanced uptake of dissolved oxygen and glucose by E. Coli in a turbulent flow, Applied 

Microbiology and Biotechnology.
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), Numerical investigation of the hydrodynamics of carangiform swimming in the transitional 

and inertial flow regimes, Journal of Experimental Biology.
Carper, M., and F. Porté-Agel (in press), Subfilter-scale fluxes over a surface roughness transition. Part II: Evaluation of large-eddy 

simulation models, Boundary-Layer Meteorology.
Corsair, H. J., J. B. Ruch, P. Zheng, B. F. Hobbs, and J. F. Koonce (in press), Multicriteria decision analysis of stream restoration: 

Potential and examples, Group Decision and Negotiation.
Daly, E., A. Porporato, and I. Rodriguez-Iturbe (in press), Ecohydrological significance of the coupled dynamics of photosynthesis, 

transpiration 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.
Hsu, L., W. E. Dietrich, and L. S. Sklar (in press), Experimental study of bedrock erosion by granular flows, Journal of Geophysical 

Research.
Lauer, J. W., and G. Parker (in press), Modeling framework for sediment deposition, storage, and evacuation in the floodplain of a 

meadering river, part I: Theory, Water Resources Research.
Lauer, J. W., and G. Parker (in press), Modeling framework for sediment deposition, storage, and evacuation in the floodplain of a 

meadering river, part II: Application to the Clark Fork River, Montana, Water Resources Research.
Parker, G., T. Muto, Y. Akamatsu, B. Dietrich, and J. W. Lauer (in press), Unraveling the conundrum of river response to rising sea level: 

from laboratory to field. Part I. Laboratory experiments, Sedimentology.
Parker, G., T. Muto, Y. Akamatsu, B. Dietrich, and J. W. Lauer (in press), 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.
Power, M. E., M. S. Parker, and W. E. Dietrich (in press), Seasonal reassembly of river food webs under a Mediterranean hydrologic 

regime: Floods, droughts, and impacts of fish, Ecological Monographs.
Straub, K. M., and D. Mohrig (in press), Quantifying the morphology and growth of levees in aggrading submarine channels, Journal 

of Geophysical Research.
Strong, N., and C. Paola (in press), Valleys that never were, Journal of Sedimentary Research.
Swanson, K. M., E. Watson, W. E. Dietrich, S. Apte, J. W. Lauer, R. Aalto, M. Bera, A. Marshall, and M. Taylor (in press), Decadal 

sedimentation rates on the floodplain of the Strickland River, Papua New Guinea, Journal of Geophysical Research.
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In Review:
Borazjani, I., L. Ge, and F. Sotiropoulos (in review), Curvlinear immersed boundary method for simulating fluid structure interaction 

with complex 3D rigid bodies, Journal of Computational Physics.
Chatanantavet, P., and G. Parker (in review), Experimental study on the exposure of bedrock under varied sediment supply and hydraulic 

conditions, Water Resources Research.
Duan, J. (in review), Mean flow and turbulence around a spur dike, Water Resources 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. B., and J. C. Finlay (in review), Nonparametric scatter plot analysis of normalized data: Detecting characteristic hydrological 

and biogeochemical signals, Water Resources Research.
Hondzo, M., M. Morris, V. Dick, J. Finlay, M. E. Power, and A. Wüest (in review), Aquatic ecosystem metabolism: Eulerian and 

Lagrangian estimators, Water Resources Research.
Hondzo, M., and T. A. Warnaars (in review), Coupled effects of small-scale turbulence and phytoplankton biomass in a small stratified 

lake, Journal of Environmental Engineering.
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.
Paik, J., A. Eghbalzadeh, and F. Sotiropoulos (in review), 3D URANS simulation of discontinuous gravity currents, Journal of Hydraulic 

Engineering.
Paik, J., F. Sotiropoulos, and F. Porté-Agel (in review), Detached eddy simulation of flow around two wall-mounted cubes in tandem, 

International Journal of Heat and Fluid Flow.
Power, M., R. Lowe, M. Limm, C. Bode, S. Chang, J. Finlay, M. Goodrich, and J. Scully (in review), Algal mats and insect emergence 

in rivers under Mediterranean climates: Towards photogrammetric surveillance, Freshwater Biology.
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.
Qian, Q., J. J. Clark, V. R. Voller, and H. G. Stefan (in review), A vertical dispersion coefficient for solute exchange in a lake bed under 

surface waves, Journal of Hydraulic Engineering.
Qian, Q., V. R. Voller, and H. G. Stefan (in review), A vertical dispersion model for solute exchange induced by underflow and periodic 

hyporheic flow in a stream gravel bed, Water Resources Research.
Roux, S. G., V. Venugopal, K. Fienberg, A. Arneodo, and E. Foufoula-Georgiou (in review), Evidence for inherent nonlinearity in 

temporal rainfall, Advances in Water Resources.
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.

Singh, A., D. Jerolmack, K. Fienberg, J. Marr, and E. Foufoula-Georgiou (in review), Scaling in gravel bedload transport rates and 
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Stark, C. P., E. Foufoula-Georgiou, and V. Ganti (in review), A nonlocal theory of sediment buffering and bedrock channel evolution, 
Journal of Geophysical Research.

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, 
doi:10.1029/2006JF000627.
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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, doi: 10.1029/2006JF000618.

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.

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, 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).

Lauer, J. W., and G. Parker (2008), Net local removal of floodplain sediment by river meander migration, Geomorphology, 96, 123-149, 
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Limnology and Oceanography, 53, 566-578.
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sediments, Environmental Science and Technology, 42, 119-125, doi: 10.1021/es071173s.

Schmidt, J. C., and P. R. Wilcock (2008 ), Metrics for assessing the downstream effects of dams, Water Resources Research, 44, 
doi:10.1029/2006WR005092.

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.

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.

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.

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).
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Basu, S., E. Foufoula-Georgiou, B. Lashermes, and A. Arneodo (2007 ), Estimating intermittency exponent in neutrally stratified 
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Flores, N. E., and A. Strong (2007), Cost credibility and the stated preference analysis of public goods, Resource and Energy Economics, 
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Gangodagamage, C., E. Barnes, and E. Foufoula-Georgiou (2007 ), Scaling in river corridor widths depicts organization in valley 
morphology, Geomorphology, 91, 198-215, doi:10.1016/j.geomorph.2007.04.014.
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Grams, P. E., and P. R. Wilcock (2007 ), Equilibrium entrainment of fine sediment over a coarse immobile bed, Water Resources 
Research, 43, doi:10.1029/2006WR005129.
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Jerolmack, D. J., and C. Paola (2007), Complexity in a cellular model of river avulsion, Geomorphology, 91, 259-270, doi:10.1016/j.
geomorph.2007.04.022.
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Research, 112, doi:10.1029/2006JF000555.

Kim, W., and T. Muto (2007), Autogenic response of alluvial-bedrock transition to base-level variation: Experiment and theory, Journal 
of Geophysical Research, 112, doi:10.1029/2006JF000561.

Kim, W., and C. Paola (2007), Long-period cyclic sedimentation with constant tectonic forcing in an experimental relay ramp, Geology, 
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Water Resources Research, 43, doi:10.1029/2006WR005329.
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Manfreda, S., M. F. McCabe, M. Fiorentino, I. Rodriguez-Iturbe, and E. F. Wood (2007), Scaling characteristics of spatial patterns of soil 
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Muneepeerakul, R., J. Weitz, S. Levin, A. Rinaldo, and I. Rodriguez-Iturbe (2007), A neutral metapopulation model of biodiversity in 

river networks, Journal of Theoretical Biology, 245, 351-363, doi:10.1016/j.jtbi.2006.10.005.
Muneepeerakul, R., A. Rinaldo, and I. Rodriguez-Iturbe (2007), Effects of river flow scaling properties on riparian width and vegetation 

biomass, Water Resources Research, 43, doi: 10.1029/2007WR006100.
Muneepeerakul, R., S. Levin, A. Rinaldo, and I. Rodriguez-Iturbe (2007), On biodiversity in river networks: A trade-off metapopulation 

model and comparative analysis, Water Resources Research, 43, doi: 10.1029/2006WR005857.
Paik, J., C. Escauriaza, and F. Sotiropoulos (2007), On the bimodal dynamics of the turbulent horseshoe vortex system in a wing-body 

junction, Physics of Fluids, 19, doi: 10.1063/1.2716813.
Parker, G., and H. Toniolo (2007), Note on the analysis of plunging of density flows, Journal of Hydraulic Engineering, 133, 690-694, 

doi: 10.1061/(ASCE)0733-9429(2007)133:6(690).
Parker, G. P., P. Wilcock, C. Paola, W. Dietrich, and J. Pitlick (2007), Physical basis for quasi-universal relations describing bankfull 

hydraulic geometry of single-thread gravel bed rivers, Journal of Geophysical Research, 112, doi:10.1029/2006JF000549.
Pasternack, G., C. Ellis, and J. Marr (2007), Jet and hydraulic jump near-bed stresses below a horseshoe waterfall, Water Resources 

Research, 43, doi:10.1029/2006WR005774.
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Qian, Q., H. G. Stefan, and V. R. Voller (2007), A physically based flux limiter for QUICK calculations of advective scalar transport, 
International Journal for Numerical Methods in Fluids, 55, 899-915, doi: 10.1002/fld.1501.

Qian, Q., V. R. Voller, and H. G. Stefan (2007), Modeling of solute transport into sub-aqueous sediments, Applied Mathematical 
Modelling, 31, 1461-1478, doi:10.1016/j.apm.2006.09.001.

Rosling, A., K. B. Suttle, E. Johansson, P. A. W. Van Hees, and J. F. Banfield (2007), Phosphorous availability influences the dissolution 
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Research Letters, 34, doi:10.1029/2007GL030089.
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three-dimensional modeling, Water Resources Research, 43, doi: 10.1029/2005WR004328.

Toniolo, H., G. Parker, and V. Voller (2007), Role of ponded turbidity currents in reservoir trap efficiency, Journal of Hydraulic 
Engineering, 133, 579-595, doi: 10.1061/(ASCE)0733-9429(2007)133:6(579).

Törnqvist, T. E., C. Paola, G. Parker, K. Liu, D. Mohrig, J. M. Holbrook, and R. R. Twilley (2007), Comment on “Wetland Sedimentation 
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dimensionless numbers, Water Resources Research, 43, doi: 10.1029/2006WR005002.

Wilkerson, G. V. (2007), Flow through Trapezoidal and Rectangular Channels with Rigid Cylinders, Journal of Hydraulic Engineering, 
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Basu, S., and F. Porté-Agel (2006), Large-eddy simulation of stably stratified atmospheric boundary layer turbulence: A scale-dependent 
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Cui, Y., G. Parker, C. Braudrick, W. E. Dietrich, and B. Cluer (2006), Dam removal express assessment models (DREAM). Part 2: 
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*Dietrich, W. E., and J. T. Perron (2006), The search for a topographic signature of life, Nature, 439, doi: 10.1038/nature04452.
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*Green, E. G., W. E. Dietrich, and J. F. Banfield (2006),  Quantification of chemical weathering rates across an actively eroding hillslope, 

Earth and Planetary Science Letters, 242, 155-169.
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Venugopal, V., S. Roux, E. Foufoula-Georgiou, and A. Arneodo (2006), Revisiting multifractality of high resolution temporal rainfall 

using a wavelet-based formalism, Water Resources Research, 42, doi: 10.1029/2005WR004489.
Venugopal, V., S. Roux, E. Foufoula-Georgiou, and A. Arneodo (2006), Scaling behavior of high resolution temporal rainfall: New 

insights from a wavelet-based cumulant analysis, Physics Letters A, 348, 335-345.
Vinuesa, J. F., F. Porté-Agel, S. Basu, and R. Stoll (2006), Subgrid-scale modeling of reacting scalar fluxes in large-eddy simulations of 

atmospheric boundary layers, Environmental Fluid Mechanics, 6, 115-131.
Voller, V. R., J. B. Swenson, W. Kim, and C. Paola (2006), An enthalpy method for moving boundary problems on the earth’s surface, 

International Journal of Numerical Methods for Heat and Fluid Flow, 16, 641-654.
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Warnaars, T. A., M. Hondzo, and M. A. Carper (2006), A desktop apparatus for studying interactions between microorganisms and small-
scale fluid motion, Hydrobiologia, 563, 431-443.

Warnaars, T. A., and M. Hondzo (2006), Small-scale fluid motion mediates growth and nutrient uptake rate of Selenastrum capricornutum, 
Freshwater Biology, 51, 999-1015.

Weiss, J., M. Hondzo, and M. Semmens (2006), Storm water detention ponds: Modeling heavy metal removal by plant species and 
sediments, Journal of Environmental Engineering, 132, 1034-1042.

Wong, M., and G. Parker (2006),  One-dimensional modeling of bed evolution of a gravel bed river subject to a cycled hydrograph, 
Journal of Geophysical Research, 111, doi:10.1029/2006JF000478.

Wong, M., and G. Parker (2006), Reanalysis and correction of bed-load relation of Meyer-Peter and Muller using their own database, 
Journal of Hydraulic Engineering, 132, 1159-1168.

Yu, B., A. Cantelli, J. Marr, C. Pirmez, C. O’Byrne, and G. Parker (2006), Experiments on self-channelized subaqueous fans emplaced 
by turbidity currents and dilute mudflows, Journal of Sedimentary Research, 76, 889-902.

Zea-Cabrera, E., Y. Iwasa, S. Levin, and I. Rodriguez-Iturbe (2006), Tragedy of the commons in plant water use, Water Resources 
Research, 42, doi:10.1029/2005WR004514.

2005:
*Caylor, K. K., S. Manfreda, and I. Rodriguez-Iturbe (2005), On the coupled geomorphological and ecohydrological organization of 

river basins, Advances in Water Resources, 28, 69-86.
Caylor, K. K., H. H. Shugart, and I. Rodriguez-Iturbe (2005), Tree canopy effects on simulated water stress in Southern African savannas, 

Ecosystems, 8, 17-32.
*Dodov, B., and E. Foufoula-Georgiou (2005), Fluvial processes and streamflow variability: interplay in the scale frequencey continuum 

and implications for scaling, Water Resources Research, 41, W05005, doi: 10.1029/2004 WR003408.
Dodov, B., and E. Foufoula-Georgiou (2005), Incorporating the spatio-temporal distribution of rainfall and basin geomorphology into 

nonlinear analyses of streamflow dynamics: Methodology development and a predictability study, Advances in Water Resources, 28, 
711-728.

Haider, Z., M. Hondzo, and F. Porté-Agel (2005), Advective velocity and energy dissipation rate in an oscillatory flow, Water Research, 
39, 2569-2578.

Hickson, T. A., B. A. Sheets, C. Paola, and M. Kelberer (2005), Experimental test of tectonic controls on three dimensional alluvial 
facies architecture, Journal of Sedimentary Research, 70, doi: 10.2110/jsr.2005.057.

*Hondzo, M., T. Feyaerts, R. Donovan, and B. O’Connor (2005), Universal scaling of dissolved oxygen distribution at the sediment-
water interface: A power law, Limnology and Oceanography, 50, 1667-1676.

Jerolmack, D. J., and D. Mohrig (2005),  Frozen dynamics of migrating bedforms, Geology, 33, 57-60.
Jerolmack, D. J., and D. Mohrig (2005), Interactions between bed forms: Topography, turbulence, and transport, Journal of Geophysical 

Research, 110, F02014, doi: 10.1029/2004F000126.
*Jerolmack, D. J., and D. Mohrig (2005), A unified model for subaqueous bedform dynamics, Water Resources Research, 41, W12421, 

doi: 10.1029/2005WR004329.
Leclair, S., and W. Arnott (2005),  Parallel lamination formed by high-density turbidity currents, Journal of Sedimentary Research, 75, 

1-5, doi:10.2110/jsr.2005.001.
*Paola, C., and V. R. Voller (2005), A generalized Exner equation for sediment mass balance, Journal of Geophysical Research, 110, 

doi: 10.1029/2004JF000274.
*Parker, G., and L. A. Perg (2005), Probabilistic formulation of conservation of cosmogenic nuclides: Effect of surface elevation 

fluctuations on approach to steady state, Earth Surface Processes and Landforms, 30, 1127-1144.
*Power, M. E., N.  Brozovic, C. Bode, and D. Zilberman (2005), Spatially explicit tools for understanding and sustaining inland water 

ecosystems, Frontiers in Ecology and the Environment, 3, 47-55.
Scanlon, T. M., K. K. Caylor, S. Manfreda, S. Levin, and I. Rodriguez-Iturbe (2005), Dynamic response of grass cover to rainfall 

variability: Implications for the function and persistence of savanna ecosystems, Advances in Water Resources, 28, 291-301.
Stock, J. D., D. R. Montgomery, B. R. Collins, W. E. Dietrich, and L. Sklar (2005), Field measurements of incision rates following 

bedrock exposure: Implications for process controls on the long profiles of valleys cut by rivers and debris flows, Geological Society 



132     Center-wide Outputs

National Center for Earth-surface Dynamics
Annual Report 2008

of America Bulletin, 117, 174-194.
Sun, T., and G. Parker (2005), Transportational cyclic steps created by flow over an erodible bed. Part 2, Theory and numerical simulation, 

Journal of Hydraulic Research, 43, 502-514.
Swenson, J. B., C. Paola, L. Pratson, V. R. Voller, and A. B. Murray (2005), Fluvial and marine controls on combined subaerial and 

subaqueous delta progradation: Morphodynamic modeling of compound-clinoform development, Journal of Geophysical Research, 
110, doi:10.1029/2004JF000265.

Taki, K., and G. Parker (2005), Transportational cyclic steps created by flow over an erodible bed. Part 1, Experiments, Journal of 
Hydraulic Research, 43, 488-501.

Vinuesa, J. F., and F. Porte-Agel (2005), A dynamic similarity subgrid model for chemical transformations in LES of the convective 
atmospheric boundary layer, Geophysical Research Letters, 32, doi: 03810.01029/03204GL021349.

Wright, S., and G. Parker (2005), Modeling downstream fining in sand-bed rivers, I: Formulation, Journal of Hydraulic Research, 43, 
612-619.

Wright, S., and G. Parker (2005), Modeling downstream fining in sand-bed rivers, II: Application, Journal of Hydraulic Research, 43, 
620-630.

2004:
Basu, S., V. Venugopal, E. Foufoula-Georgiou, F. Porté-Agel, and B. Dodov (2004), Synthetic turbulence, fractal interpolation and large-

eddy simulation, Physical Review E, 70, 026310.
Bergstedt, M., M. Hondzo, and J. B. Cotner (2004), Effects of small-scale fluid motion on bacterial growth and respiration, Freshwater 

Biology, 49, 28-40.
Cantelli, A., C. Paola, and G. Parker (2004), Experiments on upstream-migrating erosional narrowing and widening of an incisional 

channel caused by dam removal, Water Resources Research, 40, 12, W03304, doi:10.1029/2003WR002940.
Carper, M., and F. Porté-Agel (2004), The role of coherent structures and subfilter-scale dissipation rates of turbulence measured in the 

atmospheric surface layer, Journal of Turbulence, 5, 1-24, doi:10.1088/1468-5248/5/1/040.
Caylor, K. K., T. M. Scanlon, and I. Rodriguez-Iturbe (2004), Feasible optimality of vegetation patterns in river basins, Geophysical 

Research Letters, 31, L13502, doi: 10.1029/2004GL02060.
Daly, E., A. Porporato, and I. Rodriguez-Iturbe (2004), Coupled dynamics of photosynthesis, transpiration and soil water balance: I. 

Upscaling from hourly to daily level, Journal of Hydrometeorology, 5, 546-558.
Daly, E., A. Porporato, and I. Rodriguez-Iturbe (2004), Coupled dynamics of photosynthesis, transpiration and soil water balance: II. 

Stochastic analysis and ecohydrological significance, Journal of Hydrometeorology, 5, 559-566.
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.
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.
Hondzo, M., and Z. Haider (2004), Boundary mixing in a small stratified lake, Water Resources Research, 40, 1-12.
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.
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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.

Voller, V. R. (2004), A Monte Carlo scheme for tracking filling fronts, Journal of Computational Physics, 200, 399-411.
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, 3-15.
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.
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.
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, D19. 10.1029/2002/JD003025.

2002:
Hondzo, M., and H. Wang (2002), Effects of turbulence on growth and metabolism of periphyton in a laboratory flume, Water Resources 

Research, 38, 13.1-13.9.
BOOKS
2007:
Nichols, G., E. Williams, and C. Paola (Eds.) (2007), 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:
Hondzo, M., and N. Steinberger (in press), Dissolved oxygen transfer at the sediment-water interface, in Sedimentation Engineering, 

Manual 54: Theories, Measurements, Modeling, and Practice, edited by M. Garcia, American Society of Civil Engineers, Reston, 
VA.

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, edited.

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.
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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.

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.

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.
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2007:
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.

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.

Carper, M. A., and F. Porté-Agel (2006), A-priori laboratory study of subfilter-scale models for LES over heterogeneous land surfaces, 
paper presented at 17th Symposium on Boundary Layers and Turbulence of the American Meteorological Society, San Diego, CA.

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.

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 spring 2006 River Morphodynamics class (2006), Large scale river morphodynamics: Application to the 
Mississippi Delta, Proceedings, RiverFlow 2006 Conference, Lisbon, Portugal, September 6-8.

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.
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Porté-Agel, F., and J. F.Vinuesa (2006), Dynamic models for subgrid-scale transport and mixing of reactants in large-eddy simulations 
of atmospheric turbulent reacting flows, paper presented at 17th Symposium on Boundary Layers and Turbulence of the American 
Meteorological Society, San Diego, CA.

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.

Wilcock, P., and G. Parker (2006), Research, coordination, and open-source models to improve stream restoration practice, Proceedings, 
8th Federal Interagency Sedimentation Conference, Reno, NV.

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.

Awards and Honors
Recipient Award Name and Sponsor
Banfield, Jill Elected fellow, The Geochemical Society
Braudrick, Christian 2007 Horton Research Grant, American Geophysical Union
Chamorro, Leonardo Edward Silberman Fellowship (award), St. Anthony Falls Laboratory
Escauriaza, Cristian Alvin G. Anderson Award, St. Anthony Falls Laboratory
Foufoula-Georgiou, Efi Joseph T. and Rose S. Ling Chair in Environmental Engineering, University of Minnesota
Foufoula-Georgiou, Efi 2007 Hydrologic Sciences Award, American Geophysical Union
Foufoula-Georgiou, Efi Member, NSF Advisory Committee for Geosciences 
Foufoula-Georgiou, Efi Chair, board of directors, Consortium of Universities for the Advancement of Hydrologic Science
Foufoula-Georgiou, Efi Member, Board on Oceans & Atmosphere 2008 Executive Committee, 

National Association of State Universities and Land-Grant Colleges
Foufoula-Georgiou, Efi Member, advisory panel, EU Seventh Framework Programme (FP7)
Foufoula-Georgiou, Efi Member, board of trustees, The University Corporation for Atmospheric Research
Foufoula-Georgiou, Efi Honorary professor, Sichuan University, China
Gangodagamage, Chandana Tsai Travel Award, St. Anthony Falls Laboratory
Hobbs, Benjamin F. Fellow, Institute of Electrical and Electronics Engineers
Hobbs, Benjamin F. 2007 Best Publication Award, Energy (for J. Harrington, B. Hobbs, et al., 

Mathematical Programming Series B, 2005); Institute for Operations Research & 
Management; Science, Energy, Natural Resources, and Environment Section

Hobbs, Benjamin F. Member, editorial board of  Energy Economics
Hobbs, Benjamin F. Member, editorial board of  Journal of Energy Engineering, American Society of Civil Engineers
Hobbs, Benjamin F. Member, editorial board of Journal of Energy Markets
Hobbs, Benjamin F. Chair, Climate Change Task Force, The Johns Hopkins University
Hobbs, Benjamin F. Theodore M. & Kay W. Schad Professorship in Environmental 

Engineering, The Johns Hopkins University
Hondzo, Miki 2008 Samuel Arnold Greeley Award, American Society of Civil Engineers
Hondzo, Miki Board member, wireless sensors and observational networks in the Upper Mississippi River Basin
Hood, James STAR Fellowship, Environmental Protection Agency
Lightbody, Anne 2007 Early Career Fellowship Award, Consortium of Universities 

for the Advancement of Hydrologic Science
Mohrig, David Joseph C. Walter Jr. Excellence Award, Jackson School of Geosciences, University of Texas, Austin
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Recipient Award Name and Sponsor
Mohrig, David Distinguished Lecturer, MARGINS, Lamont-Doherty Earth Observatory, Columbia University
NCED (organizing committee of 
current and former postdocs and 
graduate students: D. Jerolmack, 
W. Kim, ALightbody, Cailin 
Huyck Orr, Jane Willenbring, 
Nikki Strong, Michal Tal, 
Matthew Wolinsky)

2008 Conference: Dynamic Interactions of Life and its Landscape, 
Meeting of Young Researchers in Earth Sciences (MYRES) III

Paola, Chris Member, board on the future of geomorphology, National Research Council
Parker, Gary M. Selim Yalin Lifetime Achievement Award, International 

Association of Hydraulic Engineering and Research
Porté-Agel, Fernando McKnight Presidential Fellow, University of Minnesota
Porté-Agel, Fernando Associate editor, Water Resources Research
Porté-Agel, Fernando Associate editor, Boundary-Layer Meteorology
Porté-Agel, Fernando Million dollar grant, Xcel Energy Renewable Development Fund
Power, Mary Fellow, American Academy of Arts and Sciences
Power, Mary Elected President-Elect, Ecological Society of America
Sotiropoulos, Fotis Member, board of directors of the Hydropower Research Foundation
Sotiropoulos, Fotis Million dollar grant, Xcel Energy Renewable Development Fund
Tsui, Martin Chris Lee Metals Award, Society of Environmental Toxicology and Chemistry
Twilley, Robert Leadership Council, Policy Council; America Wetland Foundation
Wilcock, Peter 2008 Hans Albert Einstein Award, American Society of Civil Engineers
Willenbring, Jane Alexander von Humboldt Foundation Fellowship, Alexander von Humboldt Foundation

Graduated Students
Student Name Advisor Degree and Year Placement
Ancalle, Javier Parker, Gary MS 2007 Resources engineer with URS 

Corporation in Herndon, VA
Chatanantavet, Phairot Parker, Gary PhD 2007 Consulting firm, San Francisco
Haydel, Robert Parker, Gary MS 2007 Water Resources Engineer II for Camp 

Dresser & Mckee, Inc. (CDM)
Martin, John Paola, Chris PhD 2007 Geologist, ExxonMobil
Qian, Qin Voller, Vaughan PhD 2008 Assistant Professor, Civil Engineering 

Department, Lamar University, Texas
Rowland, Joel Dietrich, William PhD 2007 Postdoc, Stanford University, Department of 

Geological and Environmental Sciences
Ruch (Bassman), Jen Hobbs, Benjamin MS 2007 ICF, Inc.  (energy consulting firm)
Shafran, Aric Flores, Nicholas PhD 2007 Assistant Professor, California Polytechnic 

State University, San Luis Obispo
Solís (Madigral), Helga Finlay, Jacques MS 2007 Natural Resources Management, 

Universidad Nacional, Costa Rica
Stoll, Rob Porté-Agel, Fernando PhD 2007 Assistant Professor, Department of Mechanical 

Engineering, University of Utah
Straub, Kyle Mohrig, David PhD 2007 Assistant Professor, Tulane University
Tal, Michal Paola, Chris PhD 2007 Postdoc, Institut de Physique 

du Globe, Paris, France
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General Outputs of Knowledge Transfer

Not Applicable

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: 155

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: 308

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
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
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

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
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
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

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
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
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

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 8
Number of institutional partners 46
Total leveraged support (less STC category) $8,337,167
Number of participants 155
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IX. Indirect/Other Impacts
Not applicable to this Center.
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X. Budget
This section has been deleted from the public version of the NCED Annual Report due to the confidential nature of the 
information contained therein.  Please contact David Olsen (olse0046@umn.edu) with any questions pertaining to this 
section of the report.
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Appendix A: 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 
sophisticated, 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 
environmental 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 
expressions 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 
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porosity and 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 
characteristics 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. 
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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.

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 
environmental 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 
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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.

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 dynamics. 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. 

1. 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. 

2. Subsurface Architecture (SA)

Implementation Approach: The Subsurface Architecture project applies NCED’s integrated, predictive approach to 
understanding 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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3. 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 transforming 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 
learners, 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.

5. Knowledge Transfer

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.

6. Diversity
Implementation 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. 
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 enrollments, 
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 
enhancements 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) 

In the above table, the two solid lines represent major breaks. The first is between the static and dynamic model. The second 
is between the dynamic model and the problem of implementation (model development and model use). The project identifier 
is shown in the first column (e.g., DW1) and the last column shows projects to which there are strong links.

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
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Project name Explanation Milestones Links
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. 

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) 



National Center for Earth-surface Dynamics
Annual Report 2008

Strategic and Implementation Plan     161

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 C: EAB Report and Director’s Response

Active Members

Richard P. Hooper, President and Executive Director, CUAHSI

Matthew Larsen, Chief Scientist for Hydrology, Water Resources Division, USGS

William Schulze, Professor, Applied Economics & Management, Cornell University

Roberta Johnson, Director of Education and Outreach, University Corp for Atmospheric Research (UCAR)

Rudy Slingerland (Chair), Professor, Department of Geosciences, Pennsylvania State University

Russell Stands-Over-Bull, Senior Geologic Advisor, Anadarko Petroleum Company  

Emeritus
Anthony Paul Murphy, Assistant Professor, Department of Education, College of St. Catherine
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N A T I O N A L  C E N T E R  F O R  E A R T H -
S U R FA C E  D Y N A M I C S  
R E P O R T  O F  T H E  E X T E R N A L  
A D V I S O R Y  B O A R D  
J A N U A R Y  2 0 0 8  

By Unanimous Agreement of the Board in Attendance: 

Rudy Slingerland, Penn State University (Chair) 
Richard P. Hooper, CUASHI 
Matthew C. Larsen, U. S. Geological Survey 
Russell Stands-Over-Bull, Anadarko Petroleum Company 
Anthony P. Murphy, College of St. Catherine 

PREFACE  

The NCED External Advisory Board (EAB) met on January 24th and 25th, 2008 at the 
University of Minnesota and St. Anthony Falls Laboratory, Minneapolis, MN “to provide 
guidance, advice, and oversight for all the Center's activities, consistent with its vision, 
goals, and objectives” (Cooperative Agreement NO. EAR-0120914).  This report 
constitutes the recommendations of the Committee to the NCED Director.  It is organized 
around six themes identified by NCED personnel and the EAB as important points for 
discussion.

PROCEEDINGS OF THE BOARD 

The findings and recommendations of this report are based on documents provided to the 
Board and on presentations by, and conversations with,  NCED management, principal 
investigators, staff, post-docs, and graduate students.  The meeting agenda is provided in 
Appendix I. 

FINDINGS AND RECOMMENDATIONS 

1) General Comment--.  The Board congratulates the NCED management, staff, and 
PIs for the successful renewal of their Center by NSF.  We also find that the new 
Strategic and Implementation Plan (Draft Revision 3, January 2008) provides a well 
crafted template for focusing research at the Center into the three societally relevant 
themes of Watersheds, Delta Restoration, and Stream Restoration, thereby addressing 
earlier EAB concerns on NCED identity and national impact.  The present 



National Center for Earth-surface Dynamics
Annual Report 2008

EAB Report and Director's Response     167

PAGE 2 OF 5 

management and project structure is both minimalist and integrative; we suggest that 
the PIs now focus on the science, rather than fine-tuning the management structure of 
NCED. This is the single most important action that will secure the legacy of NCED. 
Chris Paola is to be commended for his leadership during the first five years of 
NCED. We believe that he has a strong successor in Efi Foufoula.

2) Identity as a National Center--.  Earlier documents of the EAB and various NSF 
review committees expressed concern over the visibility and identity of the Center in 
the national theatre.  It is our opinion that these continue to be legitimate concerns, 
but they will abate as NCED research products come to fruition.  To help forge a 
stronger national identity, we offer some specific suggestions below under “Impact 
and Branding.”

3) Strengthening Connections Among the Research Integrated Projects--.  The 
reorganization of NCED research into Integrated Projects has already strengthened 
connections such that information now flows among the IP’s (e.g., through the 
weekly seminar series). The EAB does not believe further structural efforts are 
required.  We do suggest however, that NCED strongly consider adding one or more 
additional post-docs to work on synthesis topics, as the NCED PI’s are clearly at their 
limits with respect to current and planned work and are unable to work on synthesis 
efforts on their own.

4) NCED Research Impact and Branding--.  To make NCED’s research distinctive 
and visible we suggest a number of approaches:  1) dedicated journal volumes in the 
three IP areas (as for example, the upcoming March special issue of JGR Earth 
Surface on MARGINS S2S research in the Papua New Guinea focus site); 2) NCED-
sponsored sessions at national meetings with themes emphasizing NCED’s integrated 
research “trademark” (e.g., Ecogeomorphology at AGU); 3) wide distribution of well-
documented data and software tools through journals (e.g., (Computers and 
Geosciences) and the web (through CSDMS); 4) reprints of individual papers in an 
AGU monograph with a preface (or EOS article) describing how this interdisciplinary 
team approached the problem; and 5) a focus on changing policy, laws, and standard 
practices  (e.g., through short courses or white papers), with special attention given to 
the end user (customer) and what their needs are in light of the ongoing research 
efforts and application to real societal problems.

5) Strengthening Interactions with Applied Partners--.  The EAB thinks NCED can 
strengthen its interactions with its applied partners by knowledge transfer through 
NCED short courses that promote the “NCED method” of combining controlled 
experiments, modeling, and field observations.  In addition, and possibly linked, 
NCED should publish monographs or eBooks on Stream and Delta Restoration that 
emphasize best practices, including best science, software, and risk and uncertainty 
analyses. 

6) Broadening Social Science into the IPs--.  The EAB asked itself, “Does the current 
research on estimates of risk and uncertainty and benefit/costs actually inform 
decisions, and if not, what level of research is required to make it so?”  The EAB saw 
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several presentations on the socio-economics work in progress by NCED PIs. The 
linkages between this work and that of the physical scientist PIs was not clear to some 
EAB members. This is an area where stronger or clearer connections might be 
attempted.  There is potential for the social science component to have a significant 
contribution to the future of NCED as well as the branding, but this will require 
intentionally customizing research efforts to address the customer needs at a practical 
level.

7) The NCED Legacy--.  The EAB was asked to comment on possible approaches for 
maximizing NCED’s legacy.  It is our opinion that NCED’s legacy principally will be 
three fold: 1) the science it has done and the new approaches it has fostered in 
students and industry; 2) its unique niche in environmental education among Native 
Americans promoting a cultural stewardship of the land; and 3) its educational 
programs with Science Museum of Minnesota (SMM).   

In order to maximize these, NCED should document as widely and in as many 
different media as possible its new way to do science, emphasizing how and why it’s 
different.  It should infiltrate this new integrative approach and the underlying science 
into agency policy and industry standard operating practices.

If possible, its Native American environmental program should be continued through 
private foundations and alumni donations.  Consideration also should be given to 
expanding the recruitment of participants from a regional to a national level.  
Participation of more students at the graduate and faculty level could be enhanced by 
networking with other universities that have a high number of native Americans (e.g. 
Indigenous Earth Science Project at the Dept. of Earth & Atmos. Sciences, Purdue 
Univ. and the Tucumseh Project, both of which focus on native American students).  
Also, NCED’s distinctive contribution to the summer camps should be documented to 
serve as a template for other programs that want to provide similar experiences for 
other constituencies.  The relationships between NCED and SMM should be 
documented with explicit statements describing how they go beyond standard 
involvement. The SMM and NCED collaboration with the American Museum of 
Natural History water exhibition, “Water: H2O = Life” is an exciting and potentially 
effective means of communication with a broad audience.

The larger question of whether NCED should continue in some form beyond its 10-
year life as an NSF STC has no easy answer.  The EAB is of the opinion that there are 
only a few organizational models possible that will preserve the essence of the center 
as a unique national “brain-trust” in surface processes.  NCED might consider joining 
the University of Minnesota’s Institute on the Environment to maintain baseline 
funding, but then it risks becoming a regional or state-specific enterprise.  Possibly a 
more viable model is a non-profit, multi-university, virtual think-tank funded by 
agencies and industry and staffed by interested NCED researchers and post-docs who 
contract SAFL and other hydraulic labs for their experimental needs and CSDMS for 
their computational needs.  
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Director’s Response to the External Advisory Board report
The External Advisory Board (EAB) met January 24-25, 2008 at NCED headquarters, St Anthony Falls Laboratory. We 
very much appreciate the time, energy, and insight that the EAB has provided us in this year’s report. We should also put 
this response in context by pointing out that there has been quite a bit of flux in EAB membership this year, with several 
resignations due to changes in job or the press of other obligations. We are very aware from our own experience of the pressing 
demands on the time of our distinguished advisers, such as the members of our Board. We are working now on recruiting 
new members to replace those who have left, so next year the EAB will have several new members.

Our response is organized around the main substantive suggestions made by the EAB.

Identity, impact, and branding

In points (2) and (4) of this report, the EAB suggested a series of steps to increase and expand our impact and develop the 
NCED “brand”: 

(1) Journal special issues: We are putting the first of these together now, with a focus on applications of advanced 
mathematical methods to geomorphology. Papers will be submitted this summer. Then we will begin work on a 
broader special journal issue aimed at NCED’s approach to ecogeomorphology. This issue will be put together next 
year and will bring together much of NCED’s research over the past six years. 

(2) Meeting special sessions: We have done a number of these over our six-year history and will redouble our 
efforts this year. 

(3) Wide distribution of data and software: We take this suggestion to heart. We have recently completely 
revamped the data archives on the NCED website to make them more comprehensive and more accessible. We have 
a number of practical software tools for stream restoration already available on the website, and we have increased 
our commitment to free dissemination of data and software by distributing the first version of the Desktop Watershed 
(DW IP) implementation program (Ripple) to users across California. We have also begun distribution of the initial 
version of our delta land-building model; this model will soon be ready for distribution via the NCED website and 
through the Louisiana State University (LSU) Coastal Louisiana Ecosystem Assessment and Restoration (CLEAR) 
program as well. Finally, we have reached over 600 practitioners through our stream restoration and oil industry 
short courses. 

The EAB specifically suggested close liaison with the Community Surface Dynamics Modeling System (CSDMS) 
program for dissemination of software. We have worked closely with CSDMS leadership throughout development 
and launch of the program, and there are close leadership links between both organizations. However, this year we 
did not do as well as we should have at coordinating our modeling work with CSDMS. We will improve on this in 
the year to come. 

(4) Reprints of papers brought together in an AGU monograph with explanation of interdisciplinary research 
approach: We appreciate the spirit of this suggestion, but believe that the best way to demonstrate how we work 
will be through the two special journal issues we are working on now. 

(5) Focus on changing policy and practice: We are at work on this as we integrate social sciences across NCED’s 
research program. We have a number of documented successes in changing practice, especially within the Stream 
Restoration Integrated Project (SR IP). The enthusiasm that greeted the release of Desktop Watershed’s Ripple software 
across California, and strong initial demand from practitioners in landscape management, indicate that this project 
will have a major impact on landscape practice and policy as well. As it is adapted to agricultural landscapes in the 
Midwest by the SR group, the geographic scope of Ripple’s impact will broaden greatly. This will be accelerated by 
the involvement of NCED leadership in the University of Minnesota’s Institute on the Environment (IonE), which 
has identified land use and surface dynamics as one of its major research themes. Finally, we note that the entire 
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aim of the Subsurface Architecture – Mississippi River Delta project is to affect a dramatic change in policy and 
practice in coastal Louisiana by creating the largest engineered river diversion ever attempted. This will reverse the 
course of decades of land loss in the eighth largest delta in the world and fundamentally change the shape of the 
US Gulf Coast. The amount of money at stake is in the billions of dollars. Under the leadership of the NCED/LSU 
team, led by Principal Investigator Robert Twilley, and with active participation of our social science research group, 
we are deeply and continually involved in trying to shape policy while simultaneously developing the science and 
engineering basis for the effort. 

Strengthening connections among IPs by adding postdoctoral research associates

We were pleased that the EAB saw the strong connections among the Integrated Projects that we experience in NCED at our 
retreats, videoconferences, and exchanges among researchers and research groups. The suggestion to add more synthesis 
postdoctoral research associates is a good one, and we will implement it to the extent that funding permits. 

Strengthening partner interactions

The EAB recommended short courses and linked monographs and/or ebooks on restoration (landscapes, streams, deltas). 
These are excellent suggestions. We did fewer short courses this year than last year, but we expect that to increase again in 
the year to come. As landscape and delta ecogeomorphic models (e.g. Ripple and its descendents, and delta lobe models) are 
adapted for general distribution, they will be incorporated into short course offerings as well as distributed via our website 
and allied sites such as LSU CLEAR and CSDMS. 

Broadening social science and improving links to natural sciences

We take to heart the comment that the linkage between social and natural sciences was not clear to all members of the 
Board. Our new synthesis postdoctoral research associate, Melissa Kenney, joined us just before the EAB meeting and 
she has accelerated the growth of the connections since she started. Another major event that helped with broadening and 
strengthening the social-natural science connection was writing a major proposal to the National Science Foundation (NSF) 
Coupled Natural and Human systems (CNH) program this winter. The project, whose fate we do not yet know, is aimed at the 
Mississippi River Delta restoration. It would be hard to think of a problem in which strong two-way coupling between human 
and natural systems is more vivid or more important to major policy decisions (do we build river diversions, or put all our 
resources into dikes and levees?) than the one facing us now in coastal Louisiana. Regardless of the fate of the proposal, the 
process of creating it has brought the level of social science involvement in the Subsurface Architecture Integrated Project 
(SA IP) to an equal level to the SR IP. We are at work now on completing the integration with DW. The strong DW-SR link 
being forged via the Minnesota River project will be crucial to making this work effectively. 

NCED legacy

We very much appreciate the EAB’s thoughtful suggestions on the legacy of NCED. The Executive Committee has been 
at work on this for the past year, under the leadership of NCED Co-Director Efi Foufoula-Georgiou. We have incorporated 
many of the EAB suggestions into our evolving legacy plan, which is discussed in the Annual Report (Management section) 
as well as in the NCED Strategic and Implementation Plan (SIP). 
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APPENDIX I

 
NCED External Advisory Board Meeting 

January 24-25, 2008 
 

Wednesday, January 23, 2007 

ACCOMMODATIONS  Renaissance (The Depot) Hotel 
    225 South 3rd Avenue    

Minneapolis, MN  55401
  Phone:  612-375-1700 (reservation desk) 
  Website: www.thedepotminneapolis.com 

     
6:00  Icebreaker dinner at SAFL and Tour 
 
Thursday, January 24, 2007 

 
 
MEETING LOCATION Walter Library 
    117 Pleasant Street SE 
    Minneapolis, MN  55455 
  Website:
 http://www1.umn.edu/twincities/maps/WaLib/index.html 

 
     
7:15     Boarding van and travel from Hotel to Walter Library 

 (U of M van at 3rd Ave. hotel entrance)     
7:45    Breakfast 
8:00-9:00   NCED report on center’s progress (Paola) 
9:00-9:45   Subsurface Architecture (Mohrig, Parker, Twilley) 
9:45-10:30   Stream Restoration (Wilcock) 
10:30-11:15   Social Science (Hobbs, Flores) 
11:15-12:00   Desktop Watershed (Dietrich) 
12:00-1:00   Lunch 
1:00-2:00 Outdoor StreamLab (Lightbody) 
2:00-2:40   Education (Campbell) 
2:40-3:20   Diversity (Dalbotten) 
3:20-4:00   Knowledge Transfer (Marr) 
4:00-5:00   Legacy (Foufoula) 
5:00    Meeting adjourn 
6:00     Science Museum 
7:30    Dinner - Downtowner Woodfire Grill*         

Agenda for the January 24-25, 2008 EAB Meeting
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* Downtowner Woodfire Grill – 253 West 7th Street, St. Paul, MN  55102 
www.downtownerwoodfire.com/aboutus.htm 
Phone:  651-228-950 

Friday, January 25, 2007 

MEETING LOCATION National Center for Earth-surface Dynamics (NCED) 
    St. Anthony Falls Laboratory (SAFL) 
    2 Third Avenue SE 
    Minneapolis, MN  55414 
  Phone:  612-624-4606 
  Website: www.nced.umn.edu/ 
 
 
7:15    Boarding van and travel from Hotel to St. Anthony Falls 
Lab 
    (U of M van at 3rd Ave. hotel entrance boarding) 
7:45    Breakfast (SAFL auditorium) 
8:00 Meeting with NCED postdocs (211 conference room) 
8:30 Meet with PIs (211 conference room) 
9:00 Reflection of the Advisory Board (211 conference room) 
10:00 Feedback to PIs (211 conference room) 
11:00    Advisory Board report writing (with lunch at noon) 

(NOTE - 305 conference room) 
3:00    Meeting adjourned 
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Appendix D: Site Visit Report and Director’s Response

Fifth Annual Site Visit of the 
National Center for Earth-Surface Dynamics

June 12-14, 2007

Introduction and Overview
This report documents the findings of the fifth annual National Center for Earth Surface Dynamics (NCED) site visit, with 
particular emphasis on the progress of the Center during the past year (2006-2007, Yr 5).  The NCED was established as 
the first Science and Technology Center (STC) in Earth surface processes in 2002, and was awarded a five-year renewal in 
March, 2007. During much of 2006-2007, the Center was in the process of evaluation for funding renewal.   

The NSF site visit team consisted of seven external members, including Dorothy Merritts (Chair, Franklin and Marshall 
College), John Anderson (Rice University), Alan Covich (University of Georgia), Douglas Crawford-Brown (University of 
North Carolina-Chapel Hill), Thomas Henyey (University of Southern California), Jackie Huntoon (Michigan Technological 
University), and Bonnie Styles (Illinois State Museum). NSF was represented by H. Richard Lane, Michael Ellis, Thomas 
Baerwald, Joan Frye, and Doug James.

In agreement with the 2006 site visit report, this panel views NCED as a valuable national asset that has improved significantly 
during its existence. Furthermore, the panel is unanimous that the synergistic effect of an STC has been achieved at this 
site—i.e., the whole is much greater than the sum of its parts. The Center has assembled some of the best researchers from 
natural sciences, engineering, and social sciences. Under the leadership of Chris Paola and Co-director Efi Foufoula-Georgiou, 
the investigators and their partners are achieving their primary goal: to shape and practice an integrated, quantitative, predictive 
approach to investigating Earth surface processes and dynamics.  

As the NCED group assembled and added several new members during the past 5 years, a highly interactive, nation-wide 
network of researchers that functions well as a system has emerged, self-organized, focused and yet flexible, and appropriately 
adaptive. The Center group is thoughtfully responsive to suggestions for change, and has demonstrated successful strategies 
of adaptive management and operation in response to comments from previous site visit teams.

Through this five-year process of iterative growth and development, NCED scientists, engineers, and education experts have 
fostered and nurtured a synergistic, center-based hub of inter-related activities. It is clear from these activities, as well as 
from the specific accomplishments of NCED members, that they have forged a sustainable, scientifically powerful nucleus 
in which students, faculty, and others are able to do research, education, outreach, and knowledge transfer. This nucleus, as 
described by Chris Paola, is a “web of insight”. From the site visit team’s assessment, this web has expanded and become 
increasingly vigorous since NCED’s inception, particularly in the past year.

The second purpose of NCED is to act as a catalyst to transform management, restoration, and protection of ecosystems and 
resources in such a way that scientific understanding of Earth-surface processes and their dynamic interactions becomes central 
to management approaches. As NCED moves forward in the next 5 years, an important measure of its success and legacy will 
be its impact on the management and protection of streams and deltaic wetlands. This will be a critical issue for NCED to 
address in order to demonstrate its accomplishments and to persuade university administrators, potential funders, and others 
of the value of supporting NCED and its strategic multi-university partnerships beyond the duration of the NSF-supported 
STC. It is not sufficient for the scientific community merely to recognize that NCED played the role of catalyst. It is essential 
that NCED document and assess its role in the transformation in management approaches that they hope to accomplish.
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Notable Scientific Accomplishments
Through discussion between the site team and NCED, the following accomplishments were identified:

Extracted river networks from high-resolution topographic data • 
Evaluated the topographic signature of life• 
Constructed and tested the first generation of a land-building delta model • 
Identified the importance of tectonic steering of river and submarine channels• 
Identified the link between self organization of dynamic single channels and vegetation• 
Evaluated the feasibility of applying non-dimensional variables to prediction of ecological processes and • 
patterns
Extended hydraulic geometry relations to include dependence on scale• 
Predicted the hydraulic geometry of gravel bed rivers• 
Developed a moving-boundary method for predicting dynamics of shorelines and other major boundaries• 
Developed an interface method for predicting  bedform dynamics• 
Evaluated the feasibility of combining non-dimensional prediction of ecological state variables with scaling • 
geomorphic laws to upscale and predict biomass (to reach scale).
Determined the time scale for transition from channel-control to subsidence-control in depositional systems• 

On functioning as a Center
The panel is confident that NCED is functioning as a Center. To address this issue, we looked for four hallmarks of a Center 
– what makes it distinct from a group of people who happen to be co-located or receiving funds from a common pool.

1. A Center has a defining intellectual vision, including a set of problems it will tackle. NCED has defined such a 
vision and is choosing projects, faculty, staff and students based on that vision. NCED has focused on one aspect of 
the Earth: the ways in which water interacts with the landscape.

2. A Center is a funding mechanism through which resources are allocated in a way to enhance synergism and scientific 
progress. NCED is serving in this function, and has made significant progress during the past year. 

3. A Center is the nexus of an intellectual network. NCED is functioning quite well in this regard. There is a diverse 
group of people, from multiple institutions, who all appear to be participating actively in NCED. There is a strong 
system of communication and activities that bring people together regularly. 

4. A Center integrates a range of research, education and outreach activities. In this regard, NCED is functioning 
superbly. All of its activities focus on the central defining vision and work of the Center. Moreover, large labs, 
experiments and field stations are integrated by retreats, videoconferencing, and short courses taught by multiple 
PIs. Synthesis post-docs are paid half by the center and the other half has to be funded by the PIs and at least two PIs 
must contribute. This structure also works to integrate the various PIs. Finally, model development also is inherently 
integrative for the large and complex phenomena being address in NCED. 

Integrated Projects (IPs)

Desktop Watersheds (DW)

NCED scientists from multiple disciplines have made substantial strides in discovering and advancing the fundamental 
relations needed to predict landscape evolution and to model the coupling of ecosystem, landscape, and land-use dynamics.  
The over-arching integrative approach of DW is to combine modeling and analysis of high-resolution topographic data in 
order to develop and test hypotheses, and to focus field data collection.  This approach is proving to be highly successful in 
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understanding sediment transport, channel incision, and sediment routing processes.  Completion of a wireless monitoring 
network at Angelo Coast Range Reserve (ACRR) positions DW well to enhance analysis and modeling.  A major advance 
is completion of the Ripple model, which can be applied to stream habitat management issues.

Recommendation: There is a need to evaluate the generality and portability of the DW and its applications such as Ripple 
to other IPs and to other applications.

Subsurface Architecture (SA)

The primary objective of SA research is to better understand the evolution of deltas and wetlands, with focus on the Wax Lake 
Delta of Louisiana. Ultimately the results will be used to assess the manner in which alteration of sediment pathways of the 
Mississippi River drainage system will influence delta and wetland evolution.  In addition, the stated goal of using seismic 
data to map growth faults as they relate to long-term subsidence of the region is extremely important, given the significant 
disparity in current estimates of subsidence in the region.  It will be impossible to predict the long-term stability of the delta 
without this information. Future growth of the delta is likely to be influenced strongly by changes in the rate of relative sea 
level rise that occurs as the delta advances across growth faults.  

This project has considerable societal relevance. Given the different sea-level rise scenarios for the next century, the 
sustainability of the “new” Wax Lake Delta will be strongly dependent upon the balance between the rate of relative sea 
level rise (subsidence plus eustasy) and sediment supply.  Given the high rates of subsidence in south Louisiana, the region 
already is experiencing a rate of sea-level rise equal to that of the late Holocene and, according to some estimates may be 
entering an early Holocene rate of rise. This important role of sea-level is not emphasized in the current research plan, but 
the NCED group is uniquely poised to address the sustainability of the “new” Wax Lake Delta in the next century.    

This research calls for a combination of field work and physical modeling, as well as input from expertise in wetlands ecology.  
The addition of the Louisiana State University group provides the latter expertise, and was a good addition to the project.

This project clearly should have high visibility at a national level. The panel feels that the potential contribution of NCED 
to the future development and sustainability of river alteration projects will be vital to the success of such projects.  

Restoring the delta will be a monumental undertaking, but is the scientific understanding for this restoration sufficient? 
Knowledge of both sediment supply and relative sea level change are critical in the understanding of subsurface architecture 
and delta restoration. NCED is poised to contribute significantly to developing the scientific understanding needed to restore 
the delta, and the magnitude of restoration required.

Recommendations: The team should consider whether the name should now be changed for future reference, since the 
work now has a different focus from subsurface architecture. However, the panel does consider subsurface architecture to be 
important, and believes that the team will continue to make significant contributions toward our understanding of subsurface 
architecture.

Stream Restoration (SR)

SR research is focused on validation of predicted relationships based on the models and concepts being developed by the 
center’s DW IP and other projects. NCED’s knowledge transfer activities include innovative workshops dealing with impacts 
of dam removal on downstream channels and sediment transport as well as principles derived from laboratory and field 
studies of surface processes that provide a scientific basis for stream restoration. Managers of watersheds and policy makers 
have lacked a sufficient predictive basis for their efforts to reestablish natural ecological processes. Recent reviews have 
demonstrated that very large investments of public funds have failed to restore ecosystem functions because the designs often 
lacked fundamental understanding of the first principles of geomorphology and fluvial dynamics.  

The current range of activities is breaking new ground and providing an essential perspective needed to improve stream 
management and restoration. The decision support system being developed considers stakeholder preferences, values, and 
levels of uncertainty. This approach has the potential to integrate scientific principles and to inform decision makers.  The 
River Restoration Residency Program has attracted a large number of student participants and the evaluation of their learning 
experience is well developed. 
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This group is actively seeking new ways to integrate social sciences into NCED by considering the economic and sociological 
aspects of river management.  Research on economic valuation and definition of tradeoffs among alternative science-based 
management options has begun to consider how the results of NCED studies can be communicated and used effectively.  
These activities are in the early stages of development but have had some successes in engaging the public by presenting 
scientific results that are needed but not often understood or considered.

Recommendations: Opportunities for additional partnerships with related groups involved in stream restoration are numerous.  
The quality and proximity of the research being developed at the University of Minnesota-Duluth on related topics of riparian 
buffer zones and land-use dynamics would likely be an additional productive partnership.  Projects involving additional units 
on and off campus may also attract additional funding and private support.  These connections will be useful in sustaining 
the programs after NSF funding ends.  We recommend NCED consider targeting partners to maximize their impact. 

Post-restoration analysis is needed to validate the predicted dynamics of restored ecosystem processes.  Some selected case 
studies could be developed and followed in detail to use as a means of communicating the effectiveness of the concepts to 
a wider audience in the current newsletter and website.    

There is a need for formal and/or informal evaluations of the impacts resulting from the workshops.  

Knowledge Transfer

NCED considers knowledge transfer to be embedded within each IP rather than as a separate stand-alone component of the 
Center.  They argue that this approach improves the connectivity between the science and knowledge being transferred. Each 
of the three project leaders largely coordinates his/her knowledge transfer function. In addition, the current project leader of 
the Stream Restoration IP, Jeff Marr, has been given the additional title of Director of Knowledge Transfer.

NCED KT activities fall into two groups: 1) formal partner activities such as workshops, web portals, and short courses, 
and 2) research collaborations. The panel noted that NCED now has many opportunities for knowledge transfer (KT) within 
each of its IPs. Workshops and short courses that employ the use of a stream restoration toolbox and that describe modern 
research in stream channel dynamics have proven to be of particular interest to the restoration community. The panel also 
noted that the DW IP was beginning to reach out to NOAA fisheries, the California Regional Control Board, and the U.S. 
Forest Service with its research in the Angelo Reserve. In particular, DW has developed Version 1 of a linked bio-geo model 
(Ripple) for Coho population modeling in (Coast Range) watersheds. However, the panel felt that NCED has not yet taken 
the appropriate steps to quantify the impact of its KT program. 

Recommendation: Metrics and/or methods need to be devised to determine if the results of NCED and related research 
are being employed in current restoration projects or proposed for use in future projects. The panel suggests: 1) review and 
upgrade existing workshop evaluations, 2) track one or more stream restoration case studies, 3) develop formal partnerships/
alliances with one or more agencies or organizations engaged in restoration, and/or 4) solicit written statements from users 
documenting the use and value of NCED KT materials.

As NCED’s KT programs ramp up over the next few years, management may want to solicit participation of graduate students 
interested in developing thesis topics around the issue of KT. 

Education

Formal Education

PIs are to be commended for the quality of the graduate education experience that their students are enjoying. It is clear that the 
graduate students are excellent, that they are working on exciting topics, and that they understand that their education differs 
from traditional graduate education by focusing on cross-disciplinary linkages. The students’ interactions are contributing to 
the work of NCED. Their sharing of information via retreats and weekly meetings is helping the entire group to work across 
traditional disciplinary boundaries.

For the undergraduate level, the PIs need to be more involved in disseminating the outcomes of their research in a ready-
to-use format. The majority of college students, especially under-represented populations, begin their careers at two-year 
colleges. For this reason, community college faculty in particular could benefit from having access to results of research and 
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ready-to-use teaching materials that will engage students and help them prepare for careers at the cutting edge. The project 
team discussed the possibility of using the Science Education Research Center (SERC) at Carleton College as the primary 
vehicle for disseminating information for college faculty. 

The project team is doing an excellent job of reaching out to the K-12 level via teacher training and working directly with 
students. They discussed the fact that they may not do the same type of teacher institutes in the future as they have done in the 
past because they have identified better ways to interact with teachers and provide them sustained professional development. 
One suggestion for the future is to be sure to incorporate math into the K-12 materials because this Center is ideally suited 
to provide hands-on activities as well as theoretical (mathematical) descriptions of processes that all students can observe in 
their home regions. The Center’s work is strongly quantitative and it is important that students understand that geoscience is 
not a purely descriptive endeavor – particularly at the high-school level. Materials that integrate chemistry, physics, biology 
as well as mathematics would of course be ideal – but given the Center’s focus, simply incorporating math when possible 
would be an outstanding contribution in the education arena.  

Recommendations: We endorse the recommendation of using the Science Education Research Center (SERC) at Carleton 
College as the primary vehicle for disseminating information for college faculty. 

The education component should be treated as scholarly activities resulting in published research. Graduate students from 
evaluation/education disciplines have been employed in the past to assist with this and that may be an effective model. It is 
important for NCED’s legacy in the education arena that best practices be identified and information about those best practices 
be disseminated widely. Having some sort of publication record associated with NCED’s work will assist the education and 
diversity staff in obtaining funding and maintaining their activities after the NSF-funding period ends. 

The PIs should consider modifying their website so that each of the IP sections is linked to a section that highlights major 
findings (or research results). This will better demonstrate to all interested parties that NCED is making major strides in 
science and is transferring information to stakeholders. In addition, adding links to the IP pages for education materials or 
activities that are directly tied to that IP will demonstrate that education and research are fully linked. 

Informal Education

NCED is to be commended for their strong and mutually beneficial collaboration with the Science Museum of Minnesota.  
The panel was impressed with the Director of the Science Museum of Minnesota’s passionate commitment to the partnership, 
and feel that the partnership between the Museum and NCED provides a model for collaboration between a research center 
and a museum. This partnership has been the primary way that NCED has fulfilled its educational goal to bring Earth-surface 
dynamics to life for a broad spectrum of learners, specifically to the general public and K-12 teachers and students who visit 
the Museum. Through implementation of innovative programs and exhibitions at the Museum, the NCED’s educational goal 
has effectively been expanded beyond the stated goal of educating future leaders to increasing appreciation, understanding, 
and scientific literacy of the general public. The Big Back Yard outdoor park at the Science Museum of Minnesota engages 
public audiences in the discovery of river processes. 

Incorporation of at-risk high school students and NCED graduate students as docents in The Big Back Yard is excellent 
for mentoring both these individuals and the audience. The addition of the Science on a Sphere exhibit, which includes an 
NCED component, provides powerful visualizations of Earth’s surface, sediment thickness, river channel networks, and 
human impacts through construction of dams. In 2007, the Earthscapes Teacher Institutes helped teachers develop their 
understanding of NCED science content, but only reached 16 teachers. The reconfiguration of teacher involvement through 
the establishment of the Teacher Resource Center in the Science House proximal to the Big Back Yard is a good alternative.  
It has the potential to engage more teachers with its more flexible after-school hours and has the added benefit that teachers 
can check out materials for use in their class rooms.  

SMM’s development of the water exhibition with the American Museum of Natural History, which will travel nationally and 
internationally, is critical to the needed expansion of the audience and was facilitated through the collaboration with NCED. 
This exhibition integrates NCED content, including the NCED component for the Science on Sphere and an interactive 
exhibit that allows visitors to see the effects of removing a dam. 
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The partnership with the Science Museum of Minnesota also brings professional evaluation to the project, which allows 
demonstration of outcomes and successes.  The evaluations completed for these components should inform evaluations 
needed for NCED’S Knowledge Transfers initiative. 

The development of the water power park along the river at St. Anthony Falls Laboratory will also serve to share NCED 
research with general public. The planned flumes will provide strong visual experiences of channel behavior for visitors to 
the park. 

The partnership with Fond Du Lac College for the math and science camps also plays an important role in introducing 
students in grades 4-8, in this case Native American students, to Earth-surface dynamics.  Layering of science content with 
traditional Native American programming and retention of Native voice in the programs are important to their success. 
Retention of students in the program is good.  Many students participate in more than one camp and take other opportunities 
to participate in science enrichment. 

Recommendations: The educational and diversity directors should publish scholarly reports on their work to share best 
practices, successes, and outcomes.  There is also a need to develop longitudinal data to demonstrate the long-term impacts 
of the program.

The NCED web site needs to be strengthened to serve as a more powerful outreach medium. It would be beneficial to put more 
educational content on the web site. The web site is also the ideal medium to present current research and discoveries, which 
could also be linked to relevant educational resources. For example, the video clips of flume experiments and relevant models 
such as the Mississippi Basin Model developed by the Corps of Engineers could be added or linked to the web site. 

Diversity

The Panel commends the NCED for establishing a Diversity Initiative. NCED is doing an admirable job of increasing 
participation by underrepresented groups in NCED scientific disciplines.  There is diversity within the NCED staff and 
among participants in NCED educational programs.  The Faculty to Faculty Program is innovative and positive. The diversity 
focus on Native Americans is a strong element of the program. The Panel encourages the Executive Committee Member 
overseeing the Diversity Initiative to publish on approaches, best practices, and outcomes. We also encourage development 
of longitudinal studies to track minority participants. 

Recommendation: The diversity component should be treated as a scholarly activity resulting in published research.

Additional Recommendations

The panel recommends better and additional integration of social sciences into all NCED IPs. There appears to be good 
movement in this direction with respect to decision and economic analyses. However, there is a need to link the IPs to a 
richer array of social science perspectives. This should be done by identifying at least one senior social scientist with a strong 
grounding in theories of social processes as they relate to environmental processes. There is potential for additional funding 
to support such collaborations. 

The panel believes that the long-term stability of NCED, particularly as it is at centered at Minnesota, depends on making 
these NCED areas of study central to the emerging Institute on the Environment on campus. This campus, and many of the 
people at the other NCED partnering institutions, has a long history of scientific and engineering studies of water from a 
variety of perspectives (civil engineering, geophysics, etc). It represents a wonderful rallying point around which exciting 
interdisciplinary environmental study can be organized. This historical strength must be a foundation of the new Institute 
(and there are hints that it will be), and the support for its inclusion as a foundation must extend to the level of the Provost.   
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Director’s Response - 2007 July 9
On behalf of all of us in NCED, I would like to thank the site visit panel for a thorough, insightful, and constructive review. 
We continue working hard to improve NCED, with input from site visitors, our technical coordinators at NSF, and our External 
Advisory Board. 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 plenty of room for improvement, we are on the right track. The report includes a number 
of specific suggestions for further improvement. These issues are listed below in italics, followed by our responses.

As NCED moves forward in the next 5 years, an important measure of its success and legacy will be its impact on 1. 
the management and protection of streams and deltaic wetlands. It is essential that NCED document and assess 
its role in the transformation in management approaches that they hope to accomplish. 

We strongly agree that demonstrating and documenting our impact on management and practice is critical to NCED’s 
transition to long-term sustainability. We keep records of specific instances where our work has affected practice, 
including highlights such as adoption of NCED-developed methods in the US Army Corps of Engineers HEC-RAS 
modeling system, probably the most widely used practical tool for stream modeling in the US, application of v.1 of the 
Desktop Watersheds Ripple model to basins along the length of California, and the dramatic impact of our work in the 
oil industry attested to by a mail reviewer. We also expect that our work in the Mississippi Delta will have a major impact 
in influencing decisions about Delta restoration. We will work this year to develop more and better means of assessing 
the impact of our work on management and practice. 

There is a need to evaluate the generality and portability of the DW and its applications such as Ripple to other 2. 
IPs and to other applications.  

The site visit committee has highlighted an issue that applies not only to DW but to all of NCED research, and indeed to 
nearly all research in environmental science. It is an issue we have been thinking about since the inception of NCED. The 
most important point to make here is that, in environmental science generally, an approach to prediction will always be 
far more portable and generalizable than any specific predictive scheme. So the field sites we use are primarily intended 
as test beds to demonstrate the workability of our approach(es), not to provide some sort of universal calibration. To 
make our specific methods as general as possible, we push first principles (e.g. mass and momentum conservation) as 
far as we can – but it is simply not possible, in complex, biotically influenced systems, to predict the quantities we want 
using first principles alone.  Thus our predictive methods include carefully crafted empirical rules. In formulating these, 
we use engineering methods such as dimensionless numbers, to maximize generality. We also emphasize use of new 
high-resolution data sets (e.g. Lidar based topography) to account for site-specific details. Finally, we do all our work in an 
adaptive framework in which model formulation, testing, and modification are closely coupled. Again, though, we stress 
that our approach is what we claim is generalizable and portable – not (necessarily) the specific empirical details.

The team should consider whether the name [Subsurface Architecture] should now be changed for future reference, 3. 
since the work now has a different focus from subsurface architecture. However, the panel does consider subsurface 
architecture to be important, and believes that the team will continue to make significant contributions toward 
our understanding of subsurface architecture.

We considered changing the name of the Subsurface Architecture IP when we changed its focus in Year 5. While it is true 
that a name like “delta restoration” would be a simpler description of the main focus of the project, we decided to keep 
the original name for two reasons: (1) to emphasize the evolution of the delta restoration focus from the work that came 
before it on the long-term evolution of depositional systems, and more importantly (2) to emphasize what we consider to 
be the most unique and powerful feature of our approach to delta restoration, which is to combine study of modern deltas 
and numerical modeling with information extracted from the stratigraphic record, using the observational and analysis 
techniques developed for the study of subsurface architecture. In this context, it is worth noting that the methods we are 
working on for the “past is the key to the present” aspect of delta restoration are still highly applicable to subsurface 
prediction; indeed, it is the potential of those applications that keeps our connection with the oil industry – a vital source 
of data for the SA IP – thriving. So, while we are certainly willing to consider a name change, we think there are good 
reasons to keep the original name.
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Opportunities for additional partnerships with related groups involved in stream restoration are numerous.  The 4. 
quality and proximity of the research being developed at the University of Minnesota-Duluth on related topics 
of riparian buffer zones and land-use dynamics would likely be an additional productive partnership.  Projects 
involving additional units on and off campus may also attract additional funding and private support.  These 
connections will be useful in sustaining the programs after NSF funding ends.  We recommend NCED consider 
targeting partners to maximize their impact.  

Post-restoration analysis is needed to validate the predicted dynamics of restored ecosystem processes.  Some 
selected case studies could be developed and followed in detail to use as a means of communicating the effectiveness 
of the concepts to a wider audience in the current newsletter and website.     

There is a need for formal and/or informal evaluations of the impacts resulting from the workshops.  

We continue to expand our network of partnerships and collaborations in Stream Restoration. For example, the UMD 
connection mentioned above is developing already via the UMTC-UMD partnership in the University’s new Institute on 
the Environment (IonE). We take the committee’s point, though, and will work to strengthen our already good connection 
to UMD.  In addition, we will not let up in our continuing efforts to deepen and broaden our extensive partner network in 
Stream Restoration. We will also continue and improve our formal evaluation methods for workshops across NCED.

Metrics and/or methods need to be devised to determine if the results of NCED and related research are being 5. 
employed in current restoration projects or proposed for use in future projects. The panel suggests: 1) review and 
upgrade existing workshop evaluations, 2) track one or more stream restoration case studies, 3) develop formal 
partnerships/alliances with one or more agencies or organizations engaged in restoration, and/or 4) solicit written 
statements from users documenting the use and value of NCED KT materials. 

As NCED’s KT programs ramp up over the next few years, management may want to solicit participation of 
graduate students interested in developing thesis topics around the issue of KT.

We will work on improving our workshop metrics and continue efforts with the larger SR community to track SR case 
studies. This is in addition to the SR projects we are directly involved with ourselves, which we certainly intend to track. 
Regarding the third part of this recommendation; we have an extensive network including essentially every federal agency 
doing stream restoration, as well as numerous state agencies. We will look seriously at the possibility of partnering 
with one agency on a specific project to document the value of better science in improving stream restoration – our 
new project on the Minnesota River may serve well in this regard. In addition, we agree that we must do a better job of 
documenting how our KT materials are being used in these agencies. We will also take seriously the suggestion to seek 
out grad students interested in KT oriented thesis research.

The education component should be treated as scholarly activities resulting in published research. Graduate 6. 
students from evaluation/education disciplines have been employed in the past to assist with this and that may be 
an effective model. It is important for NCED’s legacy in the education arena that best practices be identified and 
information about those best practices be disseminated widely. Having some sort of publication record associated 
with NCED’s work will assist the education and diversity staff in obtaining funding and maintaining their activities 
after the NSF-funding period ends.  

The PIs should consider modifying their website so that each of the IP sections is linked to a section that highlights 
major findings (or research results). This will better demonstrate to all interested parties that NCED is making 
major strides in science and is transferring information to stakeholders. In addition, adding links to the IP pages 
for education materials or activities that are directly tied to that IP will demonstrate that education and research 
are fully linked.

There is no doubt that we at NCED view education as a scholarly activity, but the point that we have not published as 
much in education as we could is well taken, and we will work to improve in this regard. We would like to point out, 
however, that our education group has shown energetic leadership in presenting at national scholarly meetings (e.g. AGU, 
GSA, NSF Cutting Edge education workshops)  
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The educational and diversity directors should publish scholarly reports on their work to share best practices, 7. 
successes, and outcomes.  There is also a need to develop longitudinal data to demonstrate the long-term impacts 
of the program.

The NCED web site needs to be strengthened to serve as a more powerful outreach medium. It would be beneficial to put 
more educational content on the web site. The web site is also the ideal medium to present current research and discoveries, 
which could also be linked to relevant educational resources. For example, the video clips of flume experiments and 
relevant models such as the Mississippi Basin Model developed by the Corps of Engineers could be added or linked to 
the web site prioritization.

The first of these suggestions was largely addressed above; as part of our effort to improve our record of scholarly 
publications in education and diversity, we will consider seriously the idea of reports and/or web-based material on what 
we have learned about best practices. We are already tracking our Native American students longitudinally but will work 
to see if we can improve in this regard.

The diversity component should be treated as a scholarly activity resulting in published research.8. 

We agree, and as discussed above, will continue working to ensure that the scholarly aspects of our diversity work are 
reflected in appropriate publications. The diversity team already has one paper in the works, to be submitted later this 
year to the Journal of Native American Education. 

The panel recommends better and additional integration of social sciences into all NCED IPs. There appears to 9. 
be good movement in this direction with respect to decision and economic analyses. However, there is a need to 
link the IPs to a richer array of social science perspectives. This should be done by identifying at least one senior 
social scientist with a strong grounding in theories of social processes as they relate to environmental processes. 
There is potential for additional funding to support such collaborations. 

We are already at work on this recommendation, which was also made by the NSF Director’s Review Board report on 
NCED that we received last April. The problem is that we want to do this without stretching our valued social science 
team too thin. We are working with the team and our new postdoc (Melissa Kenney) to move rapidly into applying their 
expertise in decision making and valuation to the Mississippi Delta project, and will explore possibilities to apply similar 
methodologies to Desktop Watersheds later this year. In addition, as part of our effort to expand the PI and total support 
base for the delta work, we will be looking to expand our social science group so that Flores and Hobbs are not in the 
position of being asked to do so much that can’t focus effectively. 

The panel believes that the long-term stability of NCED, particularly as it is at centered at Minnesota, depends 10. 
on making these NCED areas of study central to the emerging Institute on the Environment on campus. This 
campus, and many of the people at the other NCED partnering institutions, has a long history of scientific and 
engineering studies of water from a variety of perspectives (civil engineering, geophysics, etc). It represents a 
wonderful rallying point around which exciting interdisciplinary environmental study can be organized. This 
historical strength must be a foundation of the new Institute (and there are hints that it will be), and the support 
for its inclusion as a foundation must extend to the level of the Provost.

We agree, and in this regard are pleased to report that NCED Director Paola is deeply involved in all aspects of setting 
the course for the new Institute on the Environment (IonE) via his participation in the Founding Fellows group. This 
group also includes researchers from the UM Water Resources program, so the water connection is well represented. 
The research themes for IonE include a specific focus on surface processes, including but not limited to water, and we 
are confident that the NCED-IonE connection will develop and thrive. 
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Appendix E: Program Evaluations

Big Back Yard Park Crew Summative Evaluation: Executive Summary
Prepared by Amy Grack Nelson, Science Musem of Minnesota

Overview
The Youth Science Center (YSC) Park Crew is an important asset to the Big Back Yard (BBY). The Park Crew provides 
visitors with hands-on activities that build on the Earth Systems Science topics presented in the BBY’s mini-golf course and 
accompanying exhibits. These activities include Watershed Walk, Macroinvertebrates, Fossils, and Elwha Dam. As part of 
the Park Crew, youth not only provide experiences for visitors in the BBY, they also visit schools to teach kids about Earth 
Science through hands-on activities. There are three overarching goals of the Park Crew. Youth will learn:

1. about earth surface processes, specifically water related processes and the role humans play in affecting the 
processes.

2. teaching skills so they can educate the public (museum guests and school outreach groups) about the processes 
described in goal one. 

3. about science, technology, engineering, and math (STEM) careers and get a chance to explore these career 
opportunities.

During the summer of 2007, a summative evaluation was carried out of the Park Crew program to measure the three goals. 
A mixed-methods design was used to gather evaluative data. The design included observations and interviews at both the 
beginning and end of the summer. A total of 11 youth (sophomore through seniors) were in the Park Crew in 2007 with 
seven new youth and four veterans, or returning youth. A few youth did not work the entire summer, resulting in the varying 
numbers of participants in the observations and interviews. 

Observations were collected in July when youth first started working in the BBY and again at the end of August. Two of 
the four activities, Watershed Walk and Macroinvertebrates, were observed. These two activities were chosen because of 
their different presentation styles. Watershed Walk is a demonstration with a predefined schedule. Macroinvertebrates is a 
free-choice activity where visitors lead their own exploration of the macroinvertebrates. Pre and post-observations for both 
activities were compared to examine changes in each youth’s ability to convey educational content and interact with visitors. 
Observations only focused on the experience of new youth due to budget constraints. A total of 16 pre-observations (5 youth) 
and 11 post-observations (4 youth) were gathered for Watershed Walk. Macroinvertebrates had a total of 15 pre-observations 
(5 youth) and 9 post-observations (3 youth). 

Youth were interviewed at both the beginning and end of the summer. Pre-interviews took place in June after youth were 
trained in the four Park Crew activities, but before they began working in the BBY. Pre-interviews asked youth about their 
overall Park Crew experience up until that point and what they wanted visitors to learn from each of the four activities. 
Post-interviews took place at the end of August during their last week working in the BBY. Post-interview questions focused 
on the overall impact of the Park Crew, youth’s experience working in the BBY, and their comfort level presenting the four 
activities. To help measure changes in knowledge, they were again asked what they wanted visitors to learn from each of the 
four activities. All 11 youth participated in pre-interviews, while only nine were available to participate in post-interviews. 

Key Findings 
Goal 1: Knowledge of Earth Surface Processes

The Park Crew’s first goal states, “Youth will learn about Earth surface processes, specifically water related processes and 
the role humans play in affecting the processes.” The evaluation was designed to focus on changes in youth’s knowledge 
from the beginning to the end of summer, under the assumption that teaching the BBY activities, finding answers to visitors’ 
questions, and going on field trips would increase youth’s knowledge of Earth surface processes. Overall, there was a limited 
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pre to post increase in the breadth and depth of content delivered for most activities, in fact for some topics there was a 
decrease. Topics may not have been covered due to youth’s lack of content knowledge or teaching skills (see Goal 2 below). 
Additionally, the limited change could be attributed to the fact that youth had just undergone training before the pre-interviews 
and observations and they did not receive any refresher trainings throughout the summer to help increase their knowledge 
and comfort level presenting the activities’ content. 

Goal 2: Teaching Skills

The Park Crew’s second goal states, “Youth will learn teaching skills so they can educate the public (museum guests and 
school outreach groups) about the processes described in goal one.” Teaching skills include more than just presenting the 
activity. As museum educators, youth interact with visitors in a variety of ways including:

• Greeting/acknowledging visitors when they walk by the activity 

• Inviting visitors to do the activity or come back later

• Presenting the activity

• Answering visitors’ questions about the activity 

• What to do when other visitor groups stop at the activity, especially if a demonstration is in process

• Wrapping up an activity 

A large part of leading the activities is being comfortable interacting with visitors at various stages in the staff-visitor encounter. 
As evident through observations, youth are not comfortable with the most basic levels of interactions, greeting visitors and 
inviting them to participate in the activity. However, this is a skill currently not taught to Park Crew youth, instead training 
focuses on presenting the activities. 

Even though youth are reluctant to interact with passing and stopping visitors, they enjoy teaching others. Youth’s favorite 
parts of the Park Crew are teaching elementary students and meeting BBY visitors. The Park Crew also affected youth’s 
views of teaching, with over half stating that the Park Crew had “a great deal” of influence in increasing their interest in 
teaching (highest rating on a 4-point scale). Visitors are also highly engaged in the youth-led activities, spending a median 
time of around eight minutes at both the Watershed Walk and Macroinvertebrates. 

Youth are able to clearly articulate what they would like visitors to learn from each activity, often aligning with the activities’ 
objectives. However, at times there is a disconnect between what youth hope visitors learn and what youth are actually teaching. 
For example, youth wanted visitors to learn why macroinvertebrates are important, but rarely discussed this with visitors. 
Youth are interested in teaching, so there is an opportunity to provide them with more support to become better educators by 
helping them understand what objectives are and how they can teach visitors to ensure those objectives are addressed. 

Youth are more comfortable presenting the information for the four BBY activities than they are answering visitors’ questions. 
There is currently no means for youth to discuss the questions as a team and the question cards don’t seem to be used by 
the youth. Youth desire more training so they can feel more comfortable both presenting the activities and responding to 
visitors’ questions. 

Goal 3: STEM Careers

The Park Crew’s third goal states, “Youth will learn about STEM careers and get a chance to explore these career opportunities.” 
Youth were provided with various opportunities to learn about STEM careers, especially during field trips to sites like the 
Wastewater Treatment Plant and the National Center for Earth-surface Dynamics (NCED) Lab. The Park Crew affected all 
youth’s awareness of Earth Science careers, with over half stating that their awareness increased “a great deal.” The Park Crew 
had less of an effect on increasing youth’s interest in these careers, with responses spread across the four ratings. However, 
five out of the nine youth stating that the Park Crew increased their interest in Earth Science careers “quite a bit” or a “great 
deal” is notable (highest ratings on a 4-point scale). 
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Appendix F: 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” data sets, 
data is generated outside of NCED but of interest to researchers in surface process science.

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 
educators 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. 

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. 
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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. 
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 
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Data was flown for the purposes of improving algorithms for LIDAR bare-earth processing and to be the basis of interdisciplinary 
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.

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. 
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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.

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 ACCR 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.
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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.

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.
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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 evolution 
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. 

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.
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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 flowcaused 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 
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).
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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]

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]
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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. 
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Appendix G: Virtual StreamLab

StreamLab Overview
The SAFL/NCED StreamLabs, which consist of the Indoor StreamLab (ISL), Outdoor StreamLab (OSL), and Virtual StreamLab 
(VSL), are a large, multidisciplinary, experimental effort to study reach-scale issues of sediment transport, geomorphology, 
and ecohydraulics under controlled laboratory conditions. The development of StreamLab is designed to meet the need 
for full-scale, high-resolution experiments of complex riverine processes using the latest in advanced technologies. Indoor 
StreamLab was established in 2005 and used in a series of experiments in 2006. The 3-m wide, 60-m-long SAFL Main 
Channel can recirculate large gravel particles and sand and is outfitted with equipment for high-precision laser topographic 
surveys of water surface and bed surface and other important data collection capabilities. The Outdoor StreamLab is described 
in detail in Appendix H. In summary, the OSL involves development of two outdoor field-scale river research facilities for 
exploring ecogeomorphological linkages in streams. 

The VSL involves computation infrastructures and personnel focused on developing numerical tools and models for free-
surface modeling of turbulence, sediment transport and fluid-sediment-biotic interactions. The VSL is 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. The VSL is research that cuts across all 
three NCED Integrated Projects. Table 1 summarized the various NCED research projects that link to the VSL initiative.

VSL Development
The Virtual StreamLab project is led by NCED PIs Fernando Porte-Agel and Fotis Sotiropoulos and includes Research 
Associates Joongcheol Paik and Mehran Parsheh, graduate students Iman Borazjani, Leonardo Chamorro, Christian Escauriaza, 
Seokkoo Kang, Feng Wan and SRIP Manager Jeff Marr. The model has three distinct modules: 1) the flow simulation module; 
2) the sediment transport modeling module; and 3) the flow/biota interaction module (Described in SRIP Project SR5). 

Turbulent flows past complex hydraulic structures: Computations and experiments

The current version of the VSL is based on the numerical method developed by Paik and Sotiropoulos (2005) and Paik et al. 
(2005). The method employs overset chimera grids to discretize arbitrarily complex, multi-connected domains and simulates 
turbulence using a coherent structure-resolving hybrid URANS/LES model—the so-called Detached-Eddy Simulation (DES) 
approach (Spalart et al., 1997). Our efforts focused on extending this model to simulate flows in open channels with complex 
hydraulic structures. To guide the development of the model and facilitate its validation we selected three turbulent flow test 
cases, each representing generic instream structure geometry, for which experimental data are available. We focused on cases 
for which experiments are available for Reynolds numbers relevant for stream restoration (SR) applications.

Project 
Number Project Title

DW4 Understand linkages among solutes, soil production and biota

DW6 Sediment routing; coarse sediment transport in shallow flow; fine sediment 
interaction with coarse bed

DW8 Upscaling transport laws and biotic processes

SA2 Behavior and deposition of cohesive sediment

SA3 Vegetation-sedimentation interaction in island & marsh development & 
maintenance

SA8 Upscaling short-term rates and small-scale geometries

SR3 Dynamics of mixed-size sediment 

SR4 Predictive relations for channel and floodplain geometry.  

SR5 Predictive relations for the effect of physical channel structure and disturbance 
regime on primary productivity, nutrient transport, and species recovery.

Table 1: Summary of linkages between VSL research and NCED research projects.
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The first case demonstrates the ability of the VSL to simulate 
turbulent horseshoe vortices forming at the junction between the 
bed and surface piercing structures, such as bridge pier. The specific 
geometry is an elliptically shaped wing mounted at a flat plate and 
the Reynolds number of the flow is Re = 1.25×105. Pioneering 
experiments for this case were reported by Devenport and Simpson 
(1990), which demonstrated for the first time that the turbulent 
horseshoe vortex system is dominated by organized, low frequency 
unsteadiness and exhibits bimodal velocity PDFs. Furthermore, 
the experiments also showed that the low frequency oscillations of 
the vortex are responsible for producing turbulence kinetic energy 
one order of magnitude higher than that produced via the classical 
mean shear mechanism inside the approach turbulent boundary 
layer. Up to date these experimental findings had neither been 
reproduced numerically nor explained. Our simulations, which 
were reported in Paik et al. (2007), were able for the first time to 
reproduce most of the key experimental findings with remarkable 
accuracy. The simulation results further showed that the bimodal 
dynamics and low frequency unsteadiness of the horseshoe vortex 
is due to a very complex vortex instability that originates between 
the outer turn of the vortex and the wall and is believed to be linked 
to local centrifugal instability of the flow (see Figure 1).

The second test case is the flow past two surface mounted 
square blocks. Detailed laboratory experiments for this test 
case were reported by Martinuzzi and Havel (2004) for Re = 
22,000. Calculations were carried out using different variants 
of the DES model as well as a URANS model to investigate the 
predictive capabilities of the various models. Comparisons with 
the measurements led to a number of important conclusions. It was 
shown that the URANS model is too diffusive for such complex 
flow, failing to capture important features of the mean flow and 
underestimating significantly the turbulence statistics in most 
regions of the flow. These important discrepancies notwithstanding, 
however, the URANS model did yield reasonable mean velocity 
fields suggesting that such models could be useful as tools for 
quick engineering computations when highly resolved turbulence 
simulations are not an option due to excessive computational costs. 
The results also showed that a recently proposed version of DES 
was able to resolve the rich dynamics of the coherent structures 
in this flow and yield mean flow fields and turbulence statistics in 
good agreement with the measurements. The results of this work 
are described in Paik et al. (2008).

Both of the previously described test cases were experiments 
carried out in wind tunnels and as such can not address important 
issues of open channel flows. We initiated a third experimental 
project at SAFL aimed at collecting measurements for validating 
the VSL for several representative SR flows. The first such flow 
is that induced by a long rectangular obstacle mounted on the 
side of the main channel (a model vane-like SR structure) on 

Figure 1: Instantaneous coherent structures at the leading edge region 
of a surface mounted wing showing the instability of the turbulent 
horseshoe vortex. Top: Basic vortex state; Bottom: Unstable state with 
hairpin vortices. The black arrow indicates the direction of the approach 
flow.

Figure 2: Flow past a model SR structure mounted on the side of the 
SAFL main channel. Top: Equilibrium bed in the experiment; Bottom: 
Calculated instantaneous coherent structures.
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a deformable bed. Both ADV and surface PIV were 
employed to document the complex dynamics of this 
flow. Emphasis was placed on obtaining time-resolved 
measurements to document the dynamics of coherent 
structures in various regions of the flow. To accomplish 
this we had to address a major challenge that plagues 
the ADV technique, namely the occurrence of spurious 
ambiguity spikes in the velocity records. We developed 
and validated a new post-processing technique that 
is capable of not only detecting and eliminating the 
ambiguity spikes but also reconstructing the time series 
in a manner that the spectral content of the actual record 
is accurately recovered (Parsheh et al., 2008a). This 
experiment sheds new light into the complexity of the 
flow in regions around SR structures which are known 
to be preferred by fish as potential habitat. The results of 
this work will be published in a journal paper (Parsheh 
et al., 2008b), and in a conference proceeding (Parsheh 
et al., 2008c). Preliminary calculations have already 
been carried out for this flow (see Figure 3). We are 
currently in the process of analyzing the results and 
comparing them with the experimental data.

Modeling sediment transport and scour

A Lagrangian and a Eulerian model of sediment 
transport were developed to study the initiation of 
motion and transport process by large-scale coherent 
structures and predict the evolution of scour produced 
by the horseshoe vortex system in the vicinity of a 
cylindrical pier, respectively. The Lagrangian model 
can simulate bed-load transport by unsteady coherent 
structures near the surface-mounted cylinder. The 
global transport of particles past the cylinder is studied 
by performing a statistical analysis of the flux, to reveal 
scale-invariance of the process and multifractality of particle transport as the overall effect of the flow around the pier (Figure 
4). To our knowledge this is the first time that important physical aspects of bed-load transport documented in experiments 
are reproduced computationally via a simple Lagrangian model.

The Eulerian erosion model is inspired by the success of the Lagrangian formulation. The sediment velocity is computed from 
the Lagrangian momentum equation for sediment particles formulated in the Eulerian framework. The model reproduces scour 
in non-equilibrium conditions, and allows quantitative analyses of the initial development of scour by providing complete 
information of the spatial distribution and time evolution of erosion and deposition in the vicinity of the pier. A remarkable 
process also captured by the model is the formation of bed forms along the legs of the horseshoe vortex, which have also 
been observed in clear-water scour experiments (Figure 4). The work summarized herein has been reported in a conference 
paper (Escauriaza and Sotiropoulos 2008). 

Simulating aquatic swimming

A computational algorithm was developed for simulating aquatic swimming of anatomically realistic fishes. 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 simulations confirmed previous experimental 
results and resolved conclusively a number of important issues of carangiform swimming that were the source of considerable 

Figure 3: Simulated bedload transport past a cylindrical pier. Left: Results from 
the Lagrangian model showing a snapshot of near-bed particles colored with particle 
velocity. Right: Results from the Eulerian model showing a snapshot of the deformed 
bed with complex bed-forms. 

Figure 4: Simulated instantaneous coherent vortices in the wake of a self-propelled 
mackerel.
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controversy and ongoing debate in the literature. The simulation results clarified the role of body undulations on the viscous 
and form components of the hydrodynamic drag force and also showed that the key parameter controlling the 3D structure of 
the wake is the Strouhal number (see Figure 4). The results of this work will appear in the Journal of Experimental Biology 
(Borajzani and Sotiropoulos 2008). The algorithm for simulating aquatic swimming was recently coupled with a fluid-structure 
interaction scheme and extended to simulate the motion of self-propelled virtual swimmers. 

Virtual StreamLab Plans
In the next year we plan to continue advancing the development of all aspects of the VSL. In addition we plan to put together 
and release the first version of the VSL code (VSL 1.0) and start the process of making it available to SR practitioners. Our 
specific plans are outlined below as follows.

Experiments for validating the VSL

We will continue the laboratory experiments aimed at collecting high-resolution, time-resolved data for turbulent flows past 
representative SR structures. In addition to the previously studied vane like structure, the following experiments are currently 
underway or planned for the coming year: 1) flow past a spherical boulder mounted on an erodible bed; 2) flow past a natural 
(3D) boulder on an erodible bed; and 3) flow past a large woody debris (LWD). The experiments will be carried out in indoor 
flumes at SAFL using surface PIV and time-resolved ADV measurements for various Reynolds and Froude numbers. The 
equilibrium bed forms will be scanned with SAFL’s laser scanner to map the bed bathymetry in sufficient detail for constructing 
computational meshes for the simulations and for validation of the scour prediction mode of the VSL.

In addition to the indoor laboratory experiments we will also carry out detailed experiments in the OSL. These experiments 
will be carried out as part of a new NCHRP project on the development of a design methodology for in-stream structures. 
The NCHRP project will provide access to a wealth of highly relevant experimental data that will be invaluable for guiding 
the development and validation of the OSL and will further leverage and augment NCED resources. The first experiments 
for this project are tentatively scheduled for summer 2009.

Experiments aimed at developing and refining the scour prediction module of the OSL will also be carried out as part of 
another recently funded project by NSF and ARO. This project focuses on the development of an advanced, physics-based 
computational methodology for simulating scour past bridge piers and other hydraulic structures. A total of $300K (from 
NSF) is the funding allocated to PI Sotiropoulos for developing the scour computational model. An additional $300K (from 
NSF and ARO) will be allocated to PI Panos Diplas at Virginia Tech to carry out grain-scale experiments aimed at developing 
a new model for linking initiation of motion criteria and the bedload transport flux with instantaneous hydrodynamic forces. 
In addition to these resources, the Coastal Hydraulics Laboratory of the Army Corp of Engineers Engineering Research and 
Development Center (ERDC) has committed an additional $200K to fund experiments at a unique experimental facility in 
Vicksburg, MS, which will allow scour experiments to be carried at unprecedentedly high Reynolds numbers (up to 106). 
All this work is highly relevant to VSL and will substantially augment NCED resources.

Validation and further development of turbulence models

The ongoing validation of the coherent structure resolving turbulence models currently incorporated in the VSL will continue. 
The previously described experiments for model SR structure flows will be used to guide the development of the turbulence 
model and facilitate their validation. There are two major issues that need to be addressed in this regard, namely the ability 
of the turbulence model to account for free-surface and roughness effects. Preliminary simulations for the side-vane test case 
(see Figure 4) have underscored the importance of free surface effects for the accurate prediction of the extent of recirculating 
flow regions around the structure. We are currently exploring approaches for modifying the length scale in the DES turbulence 
model to account for the damping of the vertical velocity fluctuations by the surface. Roughness effects can be accounted for 
in the present version of the DES model, which is based on the one-equation eddy-viscosity model of Spalart and Allmaras. 
We are also exploring the development of a two-equation DES model based on the k-epsilon model (epsilon is the rate of 
dissipation of the turbulence kinetic energy k per unit k) because the epsilon-equation is known to be better suited for modeling 
roughness effects. Another modeling refinement we will explore is the feasibility of using tuning-free subgrid-scale models 
recently developed for large-eddy simulations of high-Reynolds-number turbulent flows.
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To pursue this aspect of the project we will leverage resources from a new project sponsored by XCEL Energy focusing 
on the development of multi-scale computational models for simulating wind-turbine flows. Modeling advancements from 
this wind-turbine project will be readily incorporated in the VSL and tested in the context of SR flows using the available 
experimental data sets. 

In addition to the validation of the coherent structure-resolving turbulence models, the experiments will also be used to test 
the predictive capabilities of simpler, albeit more efficient, turbulence models, such as steady and unsteady RANS models. 
This step is of critical importance for making the VSL framework suitable for quick engineering calculations on desktop 
computers so that it can be used in a design mode by SR practitioners.

Development of VSL 1.0

The ultimate objective of the VSL project 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. 

The computer code will require as input the bathymetry of the empty stream along with data about the expected flow rates 
and estimates of small-scale roughness in the stream. The bathymetry data will be read by the grid-generation module of 
the VSL to generate a computational mesh for the stream. The user will then be able to virtually manipulate the stream 
by embedding the desired SR structures in various regions of the reach. The flow and sediment transport module of VSL 
will be used to simulate the flow patterns and erosion rates within the stream at the desired level of accuracy and modeling 
sophistication. For example, the user may select to run the model using a statistically stationary RANS turbulence model for 
quick turnaround time. Alternatively, if more detailed information about the coherent unsteadiness in the stream is required 
and longer computational times can be tolerated the user could run the model in hybrid URANS/LES mode. After the flow 
has been simulated the user will be able to analyze the results and decide to virtually re-arrange the SR structures or deploy 
different types of structures until the calculated flow patterns are judged to be appropriate for satisfying the SR objectives of 
the specific project. The VSL will also incorporate an aquatic habitat module which will allow the user to introduce virtual 
fish in various areas of the stream to explore the effects of site-specific turbulence on the energetics of fish swimming and 
the hydrodynamic forces and moments acting on the fish body. Such information coupled with biological data can be used 
to assess, at least in part, the ecological performance of a particular SR project.

The core numerical methodology of the VSL will be the curvilinear immersed boundary (CURVIB) method developed by Ge 
and Sotiropoulos (2007). The CURVIB method allows for the empty stream to be efficiently discretized with a boundary-fitted 
curvilinear mesh. Arbitrarily complex rigid or moving structures (vanes, boulders, tree trunks, swimming fish, etc.) will be 
embedded in the background curvilinear mesh and treated as immersed boundaries using the reconstruction interpolation ideas 
developed by Gilmanov and Sotiropoulos (2005). The method of Gilmanov and Sotiropoulos, however, will be modified for 
turbulent flows by using the law-of-the-wall to reconstruct boundary conditions for the velocity field at nodes in the immediate 
vicinity of the immersed boundary rather than the quadratic interpolation approach used for laminar flows. 

Our plan for the coming year is to develop the first version of the VSL computer code, VSL 1.0. In this first version of the 
software the following capabilities will be functional: 1) Discretization of complex streams with embedded arbitrarily complex 
rigid structures, such as vanes, boulders, tress, etc., using the CURVIB approach; 2) Steady RANS and URANS turbulence 
models; and 3) Deformable free-surface model. More advanced features of the VSL (coherent-structure resolving turbulence 
models, sediment transport and erosion models, and aquatic swimming models) will be incorporated in subsequent years 
when future versions of the code are released.

Development of the sediment transport model

Work will continue toward the development and validation of the sediment transport model in the context of the bridge scour 
work. Our objective for the coming year will be to test the predictive capabilities of the current version of the unsteady 
bed-load model by carrying out simulations for various flows for which experiments have been reported in the literature. The 
results of the experiments described above for SR flows will also be used for this purpose. This aspect of the project will be 
funded primarily by the previously discussed NSF/ARO project on bridge scour.
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Development of the aquatic swimming model

Work will continue to develop the fish swimming model. The existing tethered-fish model will be extended to simulate 
self-propelled virtual swimmers by incorporating a coupled fluid-structure interaction solution algorithm (see Borazjani et 
al., 2008). The model will treat the fish as a six-degree-of-freedom (6-DOF) body by solving equations for its three linear 
and angular acceleration components. Our vision is to ultimately utilize this 6-DOF model to simulate fish swimming within 
the virtual aquatic habitats simulated by the VSL to quantify ecologically important quantities such as swimming efficiency 
and power and various stability-affecting forces and moments acting on fish. Our specific goal for the next year is to apply 
the model to simulate for the first time self-propelled aquatic swimming in the turbulent wakes of simple obstacles, such as 
cylinders. 
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Appendix H: Outdoor StreamLab

StreamLabs Overview
The SAFL/NCED StreamLabs, which consist of the Indoor StreamLab (ISL), Outdoor StreamLab (OSL), and Virtual StreamLab 
(VSL), are a large, multidisciplinary, experimental effort to study reach-scale issues of sediment transport, geomorphology, and 
ecohydraulics under controlled laboratory conditions. Together, the StreamLabs are designed to meet the need for 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 SAFL Main Channel can recirculate large 
gravel particles and sand and is outfitted with equipment for high-precision laser topographic surveys of water surface and 
bed surface and other important data collection capabilities. The VSL is described in detail in Appendix G. In summary, the 
VSL involves investment of computation infrastructures and personnel focused on developing numerical tools and models 
for free-surface modeling of turbulence, sediment transport and fluid-sediment-biotic interactions. 

OSL Site Description
The Outdoor StreamLab (OSL, http://www.safl.umn.edu/OSL/) at St. Anthony Falls Laboratory (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 1). SAFL and NCED are both committed to developing the OSL into a 
unique stream and landscape restoration research facility for ecogeomorphic processes (Figure 2).

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. 

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 

Figure 1: 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 2: Artists’ sketch of the completed Outdoor StreamLab, 
including both experimental basins and requested instrumentation.
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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. 

OSL08 design goals
The summer of 2008 is an important validation year for the OSL. By 
addressing issues that are not well studied using existing combinations 
of laboratory, field, and numerical methods, the first round of sampling 
data generated within the Riparian Basin will demonstrate the importance 
of field-scale experimentation (Wilcock et al., 2008), will document 
the success of our ability to use the OSL, and will be used to motivate 
future work and funding. Planned research projects (see below) are all 
based around the establishment of a natural sand-bed single-threaded 
meandering channel within the OSL’s Riparian Basin and, by running 
in parallel, will demonstrate the facility’s unique ability to couple 
the measurements of physical, chemical, and biological parameters. 
In addition, projects have been selected to enable the determination 
of a full range of relevant parameters (including discharge and flow 

control, bed topography, channel flow characteristics, groundwater flow, water quality, unaided colonization of biofilm 
and invertebrate communities, vegetation establishment, primary productivity, and subsurface flow patterns) that will help 
determine the natural tendencies and capabilities of the OSL for future project design. Finally, all five projects focus at least 
in part on physical characteristics, thus increasing the chance of success even if unexpected difficulties arise during channel 
construction and ecological establishment. 

OSL08 Project Descriptions 
The following projects are planned in the OSL within 2008 and 2009. Additional compatible projects will also be developed 
to run in parallel. For example, proposals are currently being developed to examine the ecological and social science aspects 
of the in-stream structures installed as part of Project 6.

Project 1: ►  Using current knowledge of river channel processes to predict the equilibrium topography of a 
sand-bed channel within a floodplain (beginning in 2008).

Stream restoration projects often seek to improve physical properties and rehabilitate ecological processes of a channel; 
however, project designs are often based on limited scientific knowledge. In this project, focused on small sand-bed rivers, 
we seek to expand our fundamental knowledge of physical and ecological stream systems and develop applied knowledge 
and insights that will benefit stream restoration practice.  With the assistance of students in the Stream Restoration Certificate 
Program, we will design a sinuous sand-bed channel with a specified bank-full discharge, incorporating the best current 
knowledge of equilibrium channel properties. In the long term a river within an erodible flood plain will sculpt its banks to 
create dynamic equilibrium (that is, although any position along the channel may change, the channel’s mean properties will 
remain constant), but we will attempt to predict the eventual product by creating a channel that is expected to be as close to 
equilibrium as possible and then observing whether any changes occur as the stream evolves. Various methods of channel 
design will be compared, including stream restoration manuals and comparison to existing sand-bed streams. 

Figure 3: Performance test of OSL structural stability on 
April 23, 2008.  Work is currently underway to install the 
meandering channel necessary to support the five projects 
scheduled for 2008.
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Project 2 ► : Determination of the dominant control of cross-stream super-elevation within meander bends (2008)

The cross-stream water elevation profile within meander bends is typically sloped, so that the water elevation at the outer 
bank is elevated above that of the inner bank. This slope creates a helical secondary circulation cell, which moves flow 
across the river bed toward the inner bank and builds point bars at the inside of meander bends. It is typically assumed that 
cross-stream elevation is created by a centrifugal force that is balanced by a restoring pressure force. The cross-stream slope 
dh/dy predicted by this model has been shown to match field observations. However, this model relies on the assumption 
that the longitudinal velocity Ux follows the thalweg of the channel, yet observations have confirmed that this assumption is 
not appropriate for all stream systems. In those systems, Ux overshoots the thalweg and instead hugs the outer bank of the 
meander bend, resulting in flow piling up near the outer bank due to momentum. Prior work has shown that within gravity 
currents, predicting outer bank super-elevation using the centrifugal force alone massively underpredicts observations within 
density current systems, presumably because the relative friction force within those systems is much reduced over terrestrial 
streams.  

It is hypothesized that the centrifugal force balanced by a pressure restoring force controls water surface super-elevation and 
the development of secondary circulation within river bends when bed friction is the dominant term within the momentum 
equation, but longitudinal momentum balanced by a pressure restoring force dominates when bed friction is low. To test this 
hypothesis, under different discharge conditions horizontal velocity measurements will be obtained at various locations over 
depth along a transect parallel to the bend radius (approximately perpendicular to the channel thalweg).  

Project 3: ►  Determination of appropriate metrics for sediment-related total maximum daily loads (2008)

The most common cause of impaired rivers and streams in the United States is sediment pollution. High levels of suspended 
sediment reduce aquatic health both through direct physical mechanisms (interfering with the operation of fish gills and 
macroinvertebrate feeding, abrading benthic organisms, reducing hyporheic exchange, and smothering fish eggs) and indirectly 
by reducing light transmission, reducing habitat, and increasing turbidity. Many states, however, including Minnesota, 
determine lake and stream water quality based on turbidity alone.  In systems with spatial and temporal variability and 
thus weak correlation between turbidity and total suspended sediment, turbidity measurements may not provide adequate 
estimates of suspended sediment concentrations, indicating that alternative measurement techniques are needed. It is possible 
that stream habitat quality is being endangered by sediment pollution effects that are not captured by an analysis of water 
clarity alone. 

In this project, we ask the question of what is the most important short-term aspect of sediment pollution, with the goal of 
informing future total maximum daily load (TMDL) decisions. We will test the null hypothesis that turbidity is the most 
important factor by experimentally manipulating turbidity levels within an outdoor stream ecosystem and observing impacts 
of turbidity on physical metrics (embeddedness, permeability) and macroinvertebrates. We will introduce water with different 
compositions of suspended load (e.g., different proportions of fine sand, silt, mud, and different levels of organic matter and 
nutrients) but the same turbidity level, and compare the response of a small urban stream ecosystem. Trials will be performed 
under high-flow conditions, which often accompany high turbidity levels and typically exert substantial stress on aquatic 
ecosystems. If turbidity is the most important variable, then all load compositions should elicit a similar change in physical 
parameters and the biological index between upstream and downstream segments. If different load compositions elicit different 
responses, then we will investigate whether other physical parameters correlate well with the observed level of biological 
response. Results will indicate whether turbidity (i.e., NTU level) most closely correlates with benthic habitat quality, or 
whether another metric or combination of metrics (e.g., suspended sediment concentration, transparency, net sedimentation, 
or embeddedness) provides a better understanding of the effect on benthic habitat. These results are needed by federal and 
state agencies to modify their TMDL program and to better protect the water quality of America’s rivers and streams. 

Project 4: Residence times and ecological implications of multi-scale three-dimensional geomorphology-driven  ►
surface water-ground water connections (2008)

Rivers and aquifers are three-dimensionally connected at multiple scales, and fluid flux between surface water and ground 
water mediates important naturally occurring biogeochemical and ecological processes. Exchange of fluids, solutes, and 
energy across the coupled systems are typically driven by geomorphic variability of the land surface. However, past studies 
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have focused on two-dimensional exchange in flumes or horizontal flowpaths along river banks. Considering the importance 
of reactions occurring along such flowpaths, a three-dimensional (3D) understanding of hydrologic connections is the critical 
next step towards a quantitative holistic understanding of the fluvial landscape.  Researchers will design, install, and monitor 
a 3D network of near-stream and in-stream piezometers.  A high-resolution network, nested within a coarser grid, will be 
placed along a prominent point bar.  Piezometers will be used to characterize hyporheic water flow and to determine the 
change and variability in nutrient concentrations over the first season of flow within the OSL. In addition, surface water and 
benthic community samples will be obtained upstream and downstream in the channel. The end products of this study will be 
a high-resolution water-table and groundwater flowpath map for the OSL and an understanding of the development of nutrient 
processing potential and heterogeneity within the benthic and subsurface communities.  These components will advance the 
long-term goal of understanding and predicting the feedbacks between surface geomorphology, subsurface residence times, 
microbial community dynamics, and nutrient processing. 

Project 5: ►  Prediction of water residence time and sedimentation within patches of aquatic vegetation (2008)
The presence of aquatic vegetation in river channels results in an increase in flow resistance and a reduction in conveyance 
capacity, so that for many years vegetation has been removed from channels to accelerate the passage of peak flows. However, 
aquatic macrophytes can have a positive influence on water quality by removing nutrients and producing oxygen in stagnant 
regions, and some researchers now advocate replanting and ecologically-based management of channel vegetation. In fact, by 
enhancing water quality, creating ecologically productive riparian zones, improving in-stream habitat, and stabilizing banks, 
aquatic vegetation plays a crucial role in four out of the top five most commonly stated goals for river restoration in the United 
States. Determining how riparian vegetation influences the structure and function of the fluvial ecosystem, with the goal of 
manipulating this relationship for ecological benefit, requires an understanding of flow, transport, and sedimentation within 
and adjacent to patches of vegetation. The goals of this project are to validate models that predict the residence time and 
turbulence levels of a patch of aquatic vegetation under field conditions and to extend these models to predict sedimentation 
potential as a function of canopy morphology. 
It is hypothesized that the size and stem density of aquatic vegetation patches determines turbulence levels within the vegetation 
and the lateral and vertical exchange of dissolved solutes and sediment between the vegetation and the free stream. Patch-scale 
measurements of velocity, turbulence, tracer retention, and sedimentation will be compared to simultaneous reach-scale tracer 
studies. The change in surveyed bed height between the beginning and end of the experiment will indicate the total amount 
of fine sediment that has been extracted from the flow by the vegetation.

Project 6: Development of design methods for in-stream flow control structures (beginning in 2009) ►
Efforts to stabilize and restore streams and rivers across the nation have grown dramatically in the last fifteen years. Despite 
the large investment, however, it is estimated that at least 50% of stream restoration projects fail. The lack of engineering 
standards for stream restoration techniques is underscored in the design and installation of shallow, in-stream, low-flow 
structures. Structures such as J-hooks direct flow away from the banks, dissipate flow energy, protect stream banks and 
transportation infrastructure from erosion and scour, create aquatic habitat, and increase habitat diversity. However, the 
complexity of flows around in-stream structures makes it difficult to obtain much needed design criteria from any single 
research approach. 
This project couples 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. In addition to performing a comprehensive review of the 
literature, we will tap the combined experience of transportation and natural resource departments to describe and evaluate 
existing low-flow structure applications and failure modes.  These results will be used to develop physical investigations at 
three scales. Laboratory measurements within a 3-ft.-wide flume will be used to obtain detailed local flow and scour patterns 
around structures. To examine the performance and stability of in-stream structures within a sinuous channel, an extensive 
measurement campaign at intermediate scales will be undertaken within SAFL’s newly developed Outdoor StreamLab. 
Particular attention will be paid to installation, monitoring, and maintenance of structures. 
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 
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be verified against measurements of changes in bed and bank topography obtained from several existing field installations 
of in-stream structures. The goal of the Virtual StreamLab investigations will be to determine, for a particular stream, what 
site-specific stream properties (e.g., curvature, slope, bed and bank material, channel morphology, etc.) must be measured, 
what structure is most appropriate, how it should be installed, how it should be monitored and maintained, and at what flow 
rate it will likely fail. These results will be combined into comprehensive quantitative engineering guidelines.

Project 7: Cultural sustainability of stream corridor restoration for nutrient removal (proposed; would begin in 2010) ►
Efforts to address regional water quality problems through non-point source reductions intersect the growing popularity of 
stream restoration projects. These efforts put increasing emphasis on the use of stream corridor restoration for the purposes of 
nutrient removal and improving water quality. Such projects are typically expensive, but their effectiveness is largely unknown. 
Stream corridor alterations for nutrient processing typically involve features – wet soils, prolonged standing water, dense or 
“messy” vegetation – that can face public opposition over issues of aesthetics and safety. Because water quality, aesthetic, 
and safety objectives may conflict, an effective evaluation of tradeoffs must be informed by a predictive understanding of 
ecosystem function within a framework that engages and interacts with public preference. 

A three-part approach is proposed combining an experimental study of nutrient uptake and retention, a survey-based 
investigation of public acceptance of restoration alternatives, and an environmental systems model that integrates the 
physical, biogeochemical, and social processes in a decision-support framework. The proposed research asks whether 
different alternatives for wet floodplain riparian corridors can provide acceptable nutrient processing services within a 
culturally sustainable palette of landscape pattern and ecosystem composition. Our approach integrates experimental research 
to answer fundamental questions related to nutrient removal in degraded and restored urban riparian zones with analyses 
of public perceptions of these key components of human dominated landscapes. The OSL component of the work uses 
replicated mesocosms with exceptional control over both biotic and geomorphic properties as well as water flux. The public 
survey research will addresses whether effective designs for nutrient processing can find public acceptance – an essential 
component for sustainable restoration actions. An image-based web survey of urban residents will be conducted to measure 
their perception and acceptance of different vegetation and soil moisture options in the context of landscape alternatives 
and ecosystem goals. To achieve an integrated understanding of the effectiveness and social acceptability of stream corridor 
restoration for reducing nutrient loading, a systems approach will be used to capture the biogeochemical and social components 
in a realistic, quantitative, and interpretable framework. Nutrient removal and public acceptance associated with a range of 
soil moisture, vegetation, and landscape design alternatives will be evaluated to identify efficient combinations, to describe 
tradeoffs between acceptability metrics, cost, and nutrient removal, and to assess cost-effectiveness of restoration relative to 
alternative nutrient management measures. 

OSL08 Collaboration 
The NCED visitors program is contributing to OSL08 to support the inclusion of outside researchers in Projects 1, 4, and 5. 
The visitors, respectively, bring the following key expertise to these projects:

Marty Melchior, Inter-Fluve, Inc. Marty Melchior is the Regional Director for Inter-Fluve, a nationally renowned river 
restoration design firm that has been doing stream and river assessment and restoration work for over 25 years. An avowed 
expert in the practice of stream restoration, he has designed and built stream restoration projects around the country. Mr. 
Melchior will bring the state of the art to OSL channel design and will also be able to translate results into practice.

Dr. Bayani Cardenas, University of Texas, Austin. Dr. Cardenas’ research primarily deals with the interactions of groundwater 
with surface water. His research addresses fundamental questions on how fluids (and other entities it transports such as 
chemical and thermal energy) move across and within groundwater and surface water reservoirs. The Cardenas Lab has the 
field experience necessary to measure groundwater flowpaths within the OSL and has developed computational models that 
will be used to interpret the data.

Dr. Heidi Nepf, Massachusetts Institute of Technology. The Nepf Environmental Fluid Mechanics Laboratory at MIT is at the 
forefront of research in vegetated flow dynamics.  Recent and ongoing projects have examined flow and transport associated 
with vegetation patches within a laboratory flume and have led to hypotheses related to flow and dissolved scalar transport 
suitable for testing within the OSL. 
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Appendix I: ACRR Infrastructure

Executive Summary
In 2006, NCED invested resources in constructing a wireless network to support a sensor observatory at one of our primary 
field sites, the Angelo Coast Range Reserve (ACRR).  This network is now completed and fully operational.  All buildings 
on the reserve now have wi-fi internet access at speeds up to 11 mbps.  Previously we had a satellite Internet connection 
only at the Science Center, and it topped out under 64 kbps.  As one of the first field sites to design a large-scale, wireless 
research network, we took the advice of our colleagues, the Center for Embedded Network Sensing (CENS)—an NSF STC, 
and the NSF-funded High Performance Wireless Research and Education Network (HPWREN), and the experience of the 
commercial telecommunications industry, and created a multi-tiered packet radio network. To get around the exceptionally 
rugged forested terrain, we used trees as radio towers. This allowed us to install the entire network for under $150,000. We are 
now slowly growing this infrastructure into an environmental observatory. The environmental observatory concept matches 
well with the NCED Desktop Watershed effort to understand process dynamics in a spatially explicit manner. In addition 
to attaching existing monitoring equipment to the network, we have attracted the Keck HydroWatch project to the reserve. 
They attached over 50 sensors and are planning more. With this influx of use, we have entered into a multi-organization 
collaboration to develop the necessary cyber infrastructure to handle the sensor data. 

Environmental Sensor Observatory Concept
Definition: “An environmental observatory is a set of instruments that are spatially distributed where the combination of 
multiple instruments in space-time provides information that would be impossible to get with a single instrument.” 

This concept was created in 1992 in the astronomy field. Large individual telescopes are incredibly expensive and sometimes 
not well suited to certain observations (near Earth asteroids for example). So, just as the Internet was gaining steam, a group 
of astronomers created the Space Physics & Aeronomy Research Collaboratory (SPARC), which links dozens of small 
observatories across the globe.  

Most of the field sciences suffer from a high ratio of person hours of work to data received. Before sensor networks, most 
environmental data were collected from local, small areas or were collected infrequently. Often it is impractical to get 
statistically meaningful datasets. Sensor networks allow data to be collected both at high frequency and over large spatial 
extents (Figure 1). 

The environmental observatory idea was adapted to terrestrial and oceanic 
uses. While many observatories are not wireless, the availability of 
wireless is driving the interest in this as a major research frontier. Currently 
wireless technology is going through a time of rapid change similar to the 
computer revolution during the 1990’s.  Size, range, power requirements, 
and network topology capabilities are all transforming on a month-to-
month basis. It has now become practical to place extensive networks 
of sensors into the environment. 

For NCED, the environmental observatory complements our efforts in 
the Desktop Watershed IP.  The Desktop Watershed concept emphasizes 
approaching field work in a spatially explicit manner. It links high resolution 
mapping directly to field research. The purpose of the observatory is to 
overcome, through spatially distributed sensors, the time-space limitations 
and tradeoffs inherent in field work. This makes it an essential component 
of Desktop Watershed. It may be noted that our Desktop Watershed IP 
subprojects are split into two sections: a static, spatially explicit component 
and a dynamic, i.e., time-varying, spatially explicit component. The 
environmental observatory is a key player in achieving our goal of 
understanding and modeling dynamic landscape scale processes.

Figure 1: Results from analysis of 52 papers randomly chosen 
from the journal Ecology in 2003 and 2004. Twenty-five 
papers contained information on both spatial extent and 
frequency of sampling (open stars). Stars overlapping the 
y-axis indicate one-time sampling (modified from Porter et al., 
BioScience, 2005).
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Angelo Coast Range Reserve Setting
The Angelo Coast Range Reserve, 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, nearly 
parallel to the Pacific coastline, for most of its length. Recent 
studies suggest that the river’s downsteam reach may be uplifting 
as much as ten times faster than the headwaters area near the 
reserve. Continued uplift and incision by the Eel River and its 
tributaries created the steep topography. These terraces create the 
only level land in an otherwise rugged terrain of narrow ridges 
and steep valleys. Surrounding slopes may exceed 50 percent. 
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 are greywacke sandstones and mudstones of the 
Franciscan Complex, with derivative soils from the Josephine 
and Hugo series.

The region has a Mediterranean climate, having heavy rains in 
the winter (October-April) then summer drought with no rain. 
Annual precipitation is 80 inches (203 cm). Being one of the few 
undammed rivers in California, the Eel River floods during the rainy season (>120 cubic meters per second).  Five km of the 
South Fork of the Eel River, and the entire watersheds of three of its perennial tributaries, are contained in the Reserve. One 
of these, the Elder Creek watershed, is considered 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 
continued as part of the UCNRS. Meteorological and stream runoff monitoring data, including a 36 year record from Elder Creek 
as a USGS Benchmark Station, is available. There are over 25 years of research on 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 iincludes a $1.2M Environmental Science Center, gifted by the Goldman Fund, andthat was 
completed in 2002. The cEnvironmental Science Center complex includes laboratory, computer, library, and meeting spaces 
that have been used for several workshops and multi-university scientific collaborations. 

ANWI Network Design
The Angelo Network Wireless Infrastructure (ANWI) is the basis for the Environmental Observatory.  Unlike continental scale 
observatories, where an entire field station may be a node in the network, or the Neptune project, which is stretched along a 
single fiber optic cable, our observatory is a self-contained local-scale observatory set in a topographically challenging area. 
Hence a wireless network is the fundamental component to any high resolution monitoring.

In 2005, we partnered with several established groups (CENS, HPWREN, ROADnet) who had already developed wireless 
networks. They helped out with radio technology choices and basic design structure. From there we had to adapt. ACRR 
has several features that make it unusually difficult for a wireless network. It is very rugged, consisting entirely of small 
steep valleys. It is mostly forested, with redwoods and Douglas firs reaching 70 meters in height and canopies of over 40 
meters. Finally, Cahto Peak, our point of presence to the Internet, is at 1,290 meters (4,231 feet) and is snow covered during 
the winter. The abundance of vegetation proves to be difficult, since the most common wireless frequency is 2.4 ghz, which 
cannot transmit through damp vegetation. 

Figure 1: Angelo Network Wireless Infrastructure
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ANWI is patterned after commercial telecommunication network structures. It is a multi-tiered, dendritic network with 
a high-speed backbone (often referred to in the telecommunications world as the “backhaul”) and variable speed uplink 
sites that attach various locations around the reserve onto the network. At the time of design, mesh networking (i.e., self 
configuring, self routing networks) only existed in research labs. However, we partnered with essorDr. David Culler’s UCB 
computer science group (at the time he was affiliated with Intel Labs, Berkeley), which does wireless mote research. So, in 
some locations we use mesh-networked motes to provide continuous coverage over a small area. 

For the backbone, we chose to use the trees themselves as towers, ingaffixing both solar panels and radios to the trees.  This 
approach saved us considerable money, since steel towers are very expensive to construct in remote areas: The entire system 
cost less than $150,000 and was constructed by two individuals (Reserve Steward, Peter Steel, and NCED DW project 
manager, Colin Bode).

The radios used for the backbone are WiLan (now Eion Inc.) VIP110-24 point-to-multipoint packet radios using the proprietary 
VINES protocol instead of the ISO standards 802.11 or 802.14.  The VIP110-24 radios have Ethernet connectors, so it is 
possible to attach any kind of Ethernet ready computer, data logger, or a different brand of radio, to them. This increases 
the flexibility of the system and allows us to use different types of radios for the final uplink connection, depending on the 
need of the user and the current state of the technology. However, one of the downsides of the VIP110-24 radio is its power 
requirements. It uses 5 watts and has no “sleep” mode. This forced us to install much larger solar installations than we would 
have otherwise considered. There is a growing awareness of the “rural market” in wireless radio manufacturers and some 
development of 900 mhz radios, non-line-of-sight radios for forested areas, and greater power efficiency. We are keeping a 
close eye on developments, but so far the focus remains on AC powered urban/suburban infrastructure.  New opportunities 
may open up after 2009, when radios operating in the newly relicensed 700 mhz frequency start to come to market. 

Research
The ANWI project was undertaken not simply to provide email 
or web access.  This project was to provide the platform for an 
environmental observatory. We have placed the field station’s 
weather station online and will be adding three more weather 
stations to the network, including one on Cahto Peak.  We have 
placed the South Fork Eel River stilling well gage and temperature 
sensors online as well. These can be found at the reserve webpage 
(http://angelo.berkeley.edu). The USFS has turbidity monitors at 
the stilling well and on Elder Creek. We are in discussions with 
them on how to get both onto the network and expect that to be 
accomplished by September 2008. 

Since late 2005, we have had a robotic webcam attached to the 
network. Not only has this been an opportunity for visitors to 
take a peak at the reserve, it has been taking daily pictures at six 
locations for two water-years now. These pictures have informed 
our investigation into the algal life-cycle and have led to this year’s 
push to get weekly images at six locations thought to be potential 
algal “hotspots” due to morphology, nutrient flux, and sunlight. 

The Keck HydroWatch project chose to locate its research site 
within the reserve based on the availability of our network to any 
location in the reserve.  The HydroWatch project has intensively 
sensored a tiny catchment (100 m x 400m), placing seven wells, 
twelve soil moisture sensors, three rain gages, and thirty wireless 
motes with microclimate sensors within the catchment. We have 
rigged five trees for solar power and have an uplink node to our 
backbone network. We are now working to connect all the sensors 
onto the network. 

Figure 2: Extreme Computing: Collin Bode configuring a radio while 
hanging 140 feet up a redwood.  
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Cyberinfrastructure
The HydroWatch project created a data flood and a data management problem. As a result, NCED has entered into a four-party 
partner group to develop a sensor observatory cyberinfrastructure. ACRR is a UC Berkeley Field Station and is under the 
administration of the Berkeley Natural History Museum Consortium (BNHM). BNHM sees this data flood as an emerging 
challenge for all of their field stations and has provided three months of programmer time to help us develop a solution.  
One of NCED’s sister institutions, the NSF-funded Consortium of Universities for the Advancement of Hydrologic Science 
Inc (CUAHSI), has been developing the Hydrologic Information System (HIS), which is intended as cyberinfrastructure for 
sampled and sensed water data.  Through a series of discussions, the head of the CUAHSI-HIS project, David Maidment 
(U. Texas), lead data architect, David Tarboten (U. Utah), and Corrina Gries (ASU) have agreed to provide expert assistance 
to the BNHM developer, Ginger Ogle, to adapt their system to work as a sensor cyberinfrastructure for our field site, the 
ACRR.  This in turn will use the Keck project as its first round of sensors to include in the system. 

CUAHSI has developed the Observations Data Model (ODM), which while aimed at hydrologic data, is fairly generalizable 
for any streaming observations. By necessity, CUAHSI picked a particular technology platform so they could make progress 
on implementation. They chose a Microsoft SQL server for a database and use the Microsoft.NET framework for development 
of Web 2.0 services. For mapping, they have adopted ESRI’s ArcIMS Internet mapping server.  Many of the participating 
institutions in CUAHSI, and other groups interested in adopting their ODM, do not have standing licenses or staff with 
expertise in these technologies.  NCED and UC Berkeley Field stations are examples of this. So we are porting the ODM 
into MySQL, a free, open source database, ,and will be investigating perl, php, or java to implement the Web 2.0 SOAP calls.  
This will provide platform independence and lower financial barriers to adoption for the ODM.  This may also benefit the 
Critical Zone Observatories, who are also in discussion with CUAHSI to coordinate cyberinfrastructure efforts. 

Sensor observatories provide near real-time streaming data, and the management and maintenance of the network and the 
equipment are tightly coupled with the retrieval and distribution of the data. Because of these unique issues, this is a separate, 
complementary effort from NCED’s data archive, which is for storage and retrieval of static data. 

Lessons Learned at the Angelo Coast Range Reserve 
The experience of designing and implementing the wireless 
network at the Angelo Reserve (attaching sensors and dealing 
with data retrieval, correction, and storage) has taught us a number 
of lessons. First, and foremost, power supply is always a problem. 
Unless you are working in a desert or an urban setting, you will face 
situations where power is the limiting factor.  While this is rapidly 
changing, most packet radios are not designed for power efficiency. 
They tend to use power in the watt range, while data loggers and 
other field equipment use power in the milliwatt range. Solar 
power hardware is very expensive and requires direct sunlight. If 
even a small fraction of a panel is covered by shade, 80% of the 
power generation of the panel is lost.  This fact alone caused the 
wireless motes we were using for microclimate monitoring to die 
within a month of deployment.  The forest subcanopy has no direct 
sunlight. However, the motes we use have since been redesigned 
so that the solar panels they use run at low power in parallel, 
which increases their efficiency in shade. These panels, though, do 
not provide enough voltage for more power hungry applications. 
For most of our equipment, we were forced to place our panels 
at treetop (45-65 meters above the ground). This increases both 
cost and difficulty of maintenance.

Figure 3: Rivendell, the Keck HydroWatch project field site.  This is 
near the mouth of the Elder Creek watershed within the ACRR.  Each 
color represents a different sensor type.
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A second issue, which became clear in our discussions with other organizations working on environmental observatory 
concepts, is that many organizations want an environmental observatory. However, few organizations have a clear idea of 
what an environmental observatory is—h aving many instruments does not create an environmental observatory.  It is only 
when the devices, paired in time, provide synthetic information not possible with individual sensors, that an environmental 
observatory is created. It is important to understand the spatial scale at which a system becomes an environmental observatory. 
Individual field stations can be nodes within a national sensor observatory (e.g., NWIS, CZO, WATERS). The scale of 
operation will also determine whether you can use a homogenous network, as CENS does, or must adopt a more complex, 
multi-tiered network as we did. When it comes to design, “completeness” is not necessarily a virtue. Instead, design for future 
modification and flexibility. The act of observatory creation changes the science questions and changes the design. These 
networks are research in and of themselves. Therefore, they must be built simply but with future espansion in mind.

Reliability is a final issue that must be addressed. The reason environmental monitoring is so valuable is that it allows us to 
retrieve data from locations that are hard to reach with regularity. Radios, data loggers, sensors, and solar power equipment 
are very expensive. Shaky networks, or unreliable components, can render an entire season wasted. We deliberately overbuilt 
our power systems with this concern in mind. We had had reports from other groups of unreliable equipment and chose to 
purchase slightly older, established radio technology (VIP110-24) and large, more expensive solar equipment; and we saved 
money by using trees as towers.  We calculated battery load to survive without sun for five days mid-winter and panel size to 
recharge fully with just four hours of sunlight. This “overbuild” has so far proven worthwhile. Until this winter, we had 98% 
uptime. However, tTwo nodes in the network have not gone down since they were installed over a year ago. This winter our 
antenna on Cahto Peak was ripped off the tower in 137 mph winds. Enough snow fell on the peak that our Internet Service 
Provider had to use a snowcat to reach the peak, after waiting a month for the snow to subside, and then replace the antenna 
. This revealed a weakness in the VIP110-24 radio design: when the “root” or “parent” radio, i.e., the radio that connects 
the network to the Internet, fails, all the “child” radios “go quiet”, too. In otherwords, the entire network shuts itself down, 
even though the equipment itself is fine. This situation creates a fragility in the system. We replaced the antenna with a much 
bigger, reinforced antenna, but remain concerned about this design flaw. ,We hope that technology will soon develop a radio 
suitable for the backbone —one with fully meshed networking; that development currently hold the most promise for keeping 
NCED’s ACRR observatory online “24/7.”
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Appendix J: Partner Meetings, Short Courses, and Working Groups
Complexity in Geomorphology 
Levine Science Research Center, Duke University, Durham, NC
October 5-7, 2007

Conference Objectives

In 1966 four geomorphologists and physical geographers at the Sate University of New York (SUNY) - Binghamton 
began organizing weekly "brown-bag lunches" and discussing informally about their common interests: geomorphology 
and water.  As the discussions became more focused over the next few years, and with the addition of Marie Morisawa to 
SUNY - Binghamton in 1970, the group put on the first Binghamton Geomorphology Symposium, focusing specifically on 
Environmental Geomorphology. These co-conspirators were dismayed at the increasing specialization and compartmentalization 
that had occurred in the science had become interdisciplinary. Because many problems in environmental science transcend 
traditional science and cut across scientific disciplines, they viewed the geomorphologist, as the surviving generalist in 
earth science, as being particularly capable to interact in emerging environmental issues. Thus, they began the Binghamton 
Symposium, stating that "This Symposium is the first in what will be an annual symposia series in geomorphology," which 
has been the case for over three decades.

Agenda: Complexity in Geomorphology
Time Activity Presenters
Wednesday, October 3, 2007: Optional Field Trip
13:00-14:00 Shuttle buses leave from Bookwood Inn, Nicholas School (LSRC) and 

RDU airport and travel to Duke Marine Lab, Beaufort, NC
18:00-18:30 Arrive at Marine Lab and check into dorm rooms or hotel room
18:30-20:00 Reception and Dinner at Marine Lab
20:00-21:00 Presentation
Thursday, October 4, 2007: Optional Field Trip
7:30-8:30 Breakfast in Marine Lab Dining Hall
8:30-14:00 Excursion to an undeveloped barrier island and Cape Lookout

Lunch on the boat or on Cape Lookout
14:00-18:00 Leave Duke Marine Lab

Travel to Durham. Arrive at Brookwood Inn or Nicholas School (LSRC)
Friday, October 5, 2007: Introduction
18:00-21:00 Symposium Begins - Registration and Icebreaker

Hall of Science, Levine Science Research Center (LSRC), West Campus, 
Duke University

Saturday, October 6, 2007: Presentations, Discussion & Posters
7:30-8:30 Registration and Continental Breakfast
8:30-10:30 Welcome & Introductions Bill Chameides, Mike Ellis

Fractal behavior in space and time in a simplified model of fluvial 
landform evolution

Jon Pelletier

Dynamics of coupled human-landscape systems Dylan McNamara
Dynamics of eco-geomorphic patterns in tidal environments Stephano Lanzoni

10:30-11:15 Morning Break & Posters
11:15-12:30 Scaling in river corridor widths depicts organization in valley morphology Efi Foufoula-Georgiou
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Agenda: Complexity in Geomorphology
Time Activity Presenters

Complexity, self-organization and variation in behaviour in meandering 
rivers

Janet Hooke

Discussion
12:30-13:45 Lunch
13:45-15:30 Complex systems in aeolian geomorphology Andreas Baas

Quantifying fluvial non linearity and finding self organized criticality? 
Insights from simulations of river basin evolution

Tom Coulthard

Patterns in the sand: From forcing templates to self-organization Giovanni Coco
Discussion

15:30-16:15 Afternoon Break & Posters
16:15-17:45 Autogenic dynamics and fossilized complexity in depositional systems Chris Paola
17:45-19:00 Happy Hour & Posters
19:00-22:00 Symposium Banquet - LSRC Dining Hall

The future of geomorphology as seen from the stone age Peter Haff 
Sunday, October 7, 2007: Presentations, Discussion & Posters
8:00-9:00 Continental Breakfast & Posters
9:00-10:30 Perfection and complexity in the lower Brazos River Jonathan Phillips

Simulating the development of Martian highland landscapes through the 
interaction of impact cratering, fluvial erosion, and variable hydrologic 
forcing

Alan Howard

Discussion
10:30-11:00 Break & Posters
11:00-12:30 Geomorphological limits to self-organization of alpine forest-tundra 

econtone vegetation
Yu Zeng

Self-organized complexity in geomorphology: Observations and models Donald Turcotte
Discussion

12:30-12:45 Closing Comments

Stochastic Transport and Emergent Scaling in Earth-Surface Processes 
Tahoe Center for Environmental Research, Incline Village, NV 
November 4-7, 2007

Conference Objectives

Many of the classical differential equations used to describe physical phenomena arise as the scaling limits of stochastic 
models. These models use probability theory to predict the outcome of physical processes that contain random elements.  
If the random components of a physical process are characterized by frequent extreme events and best fit by a power-law 
distribution, then classical stochastic theory does not apply. The inclusion of heavy-tailed distributions in a stochastic model 
requires a generalization of the limit theorems used to obtain long time governing distributions. Similarly, equations governing 
scaling limits of heavy-tailed stochastic processes are a generalization of classical PDEs  they include fractional derivatives. 
These non-integer order derivatives acting on equation parameters, are useful tools for treating seemingly scale-dependent 
physical processes. For example, fractional advection-dispersion equations have been used to model super- and sub-diffusive 
contaminant transport in both aquifers and rivers. In these applications, the scale dependence of dispersivity was eliminated 
because fractional derivatives can scale the dispersion coefficient appropriately.
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Power-laws and scaling are frequently observed in Earth surface morphology suggesting that heavy-tailed stochastic models 
and fractional PDEs may be powerful tools for describing processes and transport laws that take place on the Earth’s surface 
from the hillslope to the whole river network. We propose to create a working group to explore ideas, in research and 
applications, in the area of stochastic transport and emergent scaling in earth-surface processes. By convening experts in 
Earth-surface processes and mathematicians and scientists who have successfully applied heavy-tailed stochastic theory and 
fractional differential equations in other disciplines, we will identify: 

Geomorphic and hydrologic transport laws to which existing heavy-tailed stochastic theories and fractional • 
calculus tools can be immediately applied 

Outstanding theory required for the development of novel scale-invariant models for Earth surface processes  • 

Agenda: Stochastic Transport and Emergent Scaling in Earth-surface Processes
Time Activity Presenters
Sunday, November 4, 2007: Welcome and Introduction of Participants
17:00 Working Dinner, Welcome and Introduction of Participants, Introductory 

Talks
Landscape evolution models and challenges in formulating earth-surface Gregory Tucker, Nathan Bradley
Heavy tailed stochastic processes and fractional advection dispersion 
equations in hydrogeology 

David Benson

Monday, November 5, 2007: Presentations
7:30 Breakfast
8:45 Introduction to applications of heavy tailed stochastic processes talks
9:00 Linking surface topography, subsurface structure, and solute transport in 

rivers
Aaron Pakman

9:15 Operator-stable densities and solute transport in fractured media Matt Reeves
9:30 Fractional reproduction-dispersal equations and heavy tail dispersal 

kernels
Boris Baeumer

9:45 Extreme value models for processes with heavy-tailed interarrivals Rina Schumer
10:00 Break 
10:30 Closure relations for hillslope subsurface flow response:  Roles of internal 

heterogeneity, boundary conditions and climate
Siva Sivapalan

10:45 Emergence of binary tree networks and their inevitable self-similar 
topology

Praveen Kumar

11:00 Efi Foufoula
11:15 Thresholds and heavy tails in sediment-transporting systems Douglas Jerolmack
11:30 Kim Hill
12:00 Lunch and Cruise on UC Davis Research Vessel
14:00-17:00 Fractional Calculus and heavy tailed stochastic processes
19:00 Dinner
Tuesday, November 6, 2007: Presentations and Discussion
7:30 Breakfast
8:30 Intermittent motion and sediment transport -- experimental and theoretical 

insight
Christopher Ancey

9:00 A review of some outstanding problems in mountain geomorphology and 
their possible treatment with fractional calculus and similar tools

Colin Stark

9:15 A Fokker-Planck model of bedload transport and morphodynamics Mark Schmeeckle
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Agenda: Stochastic Transport and Emergent Scaling in Earth-surface Processes
Time Activity Presenters
9:30 A universal field euation for dispersion: turbulence, porous media, nano-

films and microbial dynamics
John Cushman

9:45 Discussion of breakout groups
10:00 Breakout Session 1
12:00 Lunch  
14:00-17:00 Fractional Calculus and heavy tailed stochastic processes
19:00 Dinner
Wednesday, November 7, 2007: Breakout Groups
7:30 Breakfast
8:30 Review breakout group 1
9:00 Breakout group 2
11:00 Wrap Up
11:30 Lunch

Workshop on Morphodynamic Processes in Large Lowland Rivers
Santa Fe, Argentina 
November 12-16, 2007

Conference Objectives

Main Topics - Hydraulics, morphology and morphodynamics, aquatic ecology with reference to large alluvial systems:

Sediment transport.  Bedforms mechanics with special reference to bars formation• 

Morphology and flow structure of the main channel with special reference to nodal units in braided rivers. • 

Morphodynamics of alluvial plains (lakes formation, interactions of lakes with the main channel and distributary • 
systems, inland deltas).

Ecohydraulics• 

Dynamics of floodplain lakes• 

Ecology of large rivers• 

Agenda: Workshop on Morphodynamic Processes in Large Lowland Rivers
Time Activity
Monday, November 12, 2008: Presentations
9:00-11:00 Inaugural ceremony, Talk in commemoration of 30th Anniversary of Hydraulic Fluvial Studies in FICH, 

Introductory Presentation
11:00-12:00 Trip from Santa Fe to Cayasta
12:00-12:30 Accommodation in Cayasta Cabins
12:30-14:00 Lunch
14:00-16:00 Presentations
16:00-16:20 Break
16:20-18:00 Presentations
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Agenda: Workshop on Morphodynamic Processes in Large Lowland Rivers
Time Activity
18:00 Social Event and Dinner
Tuesday, November 13, 2008:Presentations & Field Work
8:00-10:00 Presentations
10:00-10:20 Break
10:20-12:30 Presentations
12:30-14:00 Lunch
14:00-18:00 Field work at sites to be selected along the alluvial plain of Parana River
18:00 Social Event and Dinner
Wednesday, November 14, 2008: Presentations & Field Work
8:00-10:00 Presentations
10:00-10:20 Break
10:20-12:30 Presentations
12:30-14:00 Lunch
14:00-18:00 Field work at sites to be selected along the alluvial plain of Parana River
18:00 Social Event and Dinner
Thursday, November 15, 2008: Field Work
7:50 Return to Sante Fe
8:00-18:00 Field Work in Parana River
18:00 Dinner
Friday, November 16, 2008: Presentations
8:00-10:00 Presentations
10:00-10:20 Break
10:20-12:30 Presentations
12:30-14:00 Lunch
14:00-15:00 Presentations
15:00-15:30 Break
15:30-17:00 Roundtable Discussion
17:00-18:00 Closing Ceremony

Stream Research Workshop
St. Anthony Falls Laboratory, University of Minnesota, Minneapolis, MN 
December 7, 2007

Conference Objectives

The St. Anthony Falls Laboratory (SAFL) and the National Center for Earth-surface Dynamics (NCED) are happy to 
announce that the construction of the first research basin of our new Outdoor StreamLab, located on Hennepin Island.  This 
facility offers an unprecedented opportunity for long-term research on important topics in Minnesota streams and rivers.
The St. Anthony Falls Laboratory (SAFL) and the National Center for Earth-surface Dynamics (NCED) are happy to 
announce that the construction of the first research basin of our new Outdoor StreamLab, located on Hennepin Island.  This 
facility offers an unprecedented opportunity for long-term research on important topics in Minnesota streams and rivers.                                                                                                         
This workshop will begin the conversation about the potential use of this and other SAFL facilities.  Representatives from 
local agencies and organizations were invited for a day of discussion exploring how the University of Minnesota (UMN), 
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SAFL, and NCED can help solve Minnesota’s problems related to stream restoration, stream bioengineering, and watershed 
management. The focus of the day will be on sharing our current vision for stream restoration research and on discussing 
the following three questions: 1)  What are the biggest knowledge gaps facing stream restoration in Minnesota; 2)  What are 
areas where the expertise and facilities of UMN/SAFL/NCED could help?; and 3)  What particular projects would benefit 
from additional understanding through research?

Agenda: Stochastic Transport and Emergent Scaling in Earth-surface Processes
Time Activity Presenters
Friday, December 7, 2007
7:30 Full SAFL Tour Patrick Belmont, Cailin Orr
8:00 Coffee and Nametags
8:15 Welcome to SAFL and brief introduction of everyone in audience Fotis Sotiropoulos
8:30 Overview of SAFL/NCED resources and streamlabs

*Introduction to SAFL (20 minutes)
*Introduction to NCED (10 minutes)
*Ecological Fluid Dynamics Laboratory (EcoLab) (10 minutes)
*Indoor StreamLab (10 minutes)
*Virtual StreamLab (10 minutes)

Fotis Sotiropoulos, Chris Paola, 
Miki Hondzo, Cailin Orr

9:30 OSL capabilities, plans, and funding Anne Lightbody
10:00 Break and opportunity to go visit OSL
10:30 Brief (5-minute) presentations/thoughts from guests on problems facing 

stream restoration in MN and how SAFL can help
12:00 Lunch
12:45 Small group facilitated discussions

*What are the biggest knowledge gaps facing stream restoration in 
Minnesota and the nation? Are there problems with water quality? Bank 
stability? Erosion? Fish habitat? Project monitoring?
*What specific projects do you suggest for the OSL?
*Where or how can you envision us funding these projects?
*What are local partner sites and projects that could serve as reference 
reaches or benchmarks for the OSL, or that could be monitored by UMN 
researchers in addition to work in OSL?
*What stream restoration training gaps exist? How could SAFL. NCED, 
and the OSL assist with these?

Karen Campbell, Miki Hondzo, 
Fotis Sotiropoulos, Karen Gran, 
Efi Foufoula, Omid  Mohseni

14:30 Break (while participants start evaluations and facilitators compare notes
15:00 Large group discussion: conclusions and plans for follow-up Chris Paola
16:30 End of workshop (and collect evaluations) Anne Lightbody
16:30 Facilitators compare Notes Jeff Marr, Karen Campbell, 

Karen Gran, Miki Hondzo, Fotis 
Sotiropoulos, Efi Foufoula-
Georgiou, Anne Lightbody

16:30 Full SAFL Tour Patrick Belmont, Cailin Orr
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Fourth meeting of the NCED working group on the Mathematics of 
Geomorphic-Dynamics - Doolin, Ireland - March 19-21, 2008

Conference Objectives

This was the fourth meeting of the NCED working group on the mathematics of geomorphic-dynamics.  The first two 
workshops, solely sponsored by NCED, took place at MIT in the summers of 2004 and 2005.  The third workshop, located 
in the English Lake District, took place in the summer of 2007 and was sponsored by the British Engineering and Physical 
Science Research Council (EPSRC).  This fourth version of the workshop, held in Doolin on the west coast of Ireland, was 
co-sponsored by NCED and the EPSRC. The central purpose of the current workshop was to develop mathematical and 
numeriacal models for describing the growth of river deltas.  This was viewed as an essential ingredient in metting the NCED 
SIP projects related to the restoration of the Mississippi Delta.
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Appendix K: Activity Tables

NCED-wide Activity Tables

Meeting:  NCED PI Retreat
Led by: Jeff Marr and Karen Campbell
Location, Date(s): Durant Hotel, Berkeley, CA   December 16-19, 2007

Attendee Name, Affiliation Affiliation, Position in NCED
1. Jill Banfield University of California, Berkeley, PI
2. Patrick Belmont University of Minnesota, postdoctoral research associate
3. Collin Bode University of California, Berkeley, Staff
4. Jim Buttles University of Texas, Staff
5. Karen Campbell University of Minnesota, Education Director
6. Diana Dalbotten University of Minnesota, Diversity Director
7. Bill Dietrich University of California, Berkeley, PI
8. Jacques Finlay University of Minnesota, PI
9. Efi Foufoula University of Minnesota, PI and Co-Director
10. Wally Fulweiler University of Louisiana, postdoctoral research associate
11. Kimberly Hill University of Minnesota, Faculty
12. Ben Hobbs Johns Hopkins University, PI
13. Guerry Holm University of Louisiana, postdoctoral research associate
14. Miki Hondzo University of Minnesota, PI
15. Wonsuck Kim University of Illinois, postdoctoral research associate
16. Melissa Kenney Johns Hopkins University, postdoctoral research associate
17. Anne Lightbody University of Minnesota, staff
18. Jeff Marr University of Minnesota, Knowledge Transfer Director
19. David Mohrig University of Texas, PI
20. David Olsen University of Minnesota, staff
21. Cailin Orr University of Minnesota, postdoctoral research associate
22. Chris Paola University of Minnesota, PI, Director
23. Gary Parker University of Illinois, PI
24. Deb Pierzina University of Minnesota, staff
25. Mary Power University of California, Berkeley, PI
26. Fotis Sotiropoulos University of Minnesota, PI
27. Kyle Straub University of Minnesota, postdoctoral research associate
28. Rochelle Storfer University of Minnesota, Deputy Director of Administration
29. Robert Twilley University of Louisiana, PI
30. Vaughan Voller University of Minnesota, PI
31. Peter Wilcock Johns Hopkins University, PI
32. Greg Wilkerson University of Illinois, PI
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Meeting:  External Advisory Board
Led by: Chris Paola, Efi Foufoula
Location, Date(s): SAFL, January 24-25, 2008

Attendee Name Affiliation
1. Richard Hooper CUAHSI
2. Matthew Larsen USGS
3. Rudy Slingerland Pennsylvania State University
4. Russell Stands Over Bull Anadarko Petroleum Company
5. Bill Dietrich University of California, Berkeley, PI
6. Nicholas Flores University of Colorado, PI
7. Ben Hobbs Johns Hopkins University, PI
8. David Mohrig University of Texas, PI
9. Gary Parker University of Illinois, PI
10. Robert Twilley University of Louisiana, PI
11. Peter Wilcock Johns Hopkins University, PI
12. Efi Foufoula University of Minnesota, PI
13. Chris Paola University of Minnesota, PI
14. Patrick Hamilton Science Museum of MN, PI
15. Diana Dalbotten University of Minnesota, Director
16. Karen Campbell University of Minnesota, Director
17. Jeff Marr University of Minnesota, Director
18. Rochelle Storfer University of Minnesota, Director
19. David Olsen University of Minnesota, staff
20. Charles Nguyen University of Minnesota, staff
21. Deb Pierzina University of Minnesota, staff

Education Tables

NCED Videoconferenced Seminars
Date Presenter, Affiliation Presentation Title
May 1, 2007 Nikki Strong – UMN NCED Post 

Doc
Climate, Land Use, and the Rise and Fall of Powerful Sub-Saharan 
African Societies

May 8, 2007 Peter Wilcock -JHU 
NCED PI

Reach-Averaged Approaches for Routing Sediment Through Channels

May 15, 2007 Robert Twilley –LSU
NCED PI

Coastal Restoration Science and Engineering: A Systems Ecology 
Perspective

September 25, 
2007 

Mark B. Green - UMN 
NCED PhD candidate

Nonparametric scatter plot analysis of normalized data: Detecting 
characteristic hydrological and biogeochemical signals

October 2, 2007 Brandon McElroy, UTA
NCED graduate student

What we did this summer: a dendrogeomorphic tour of Fox Creek

October 9, 2007 Doug Jerolmack, University of 
Pennsylvania (NCED alum)  and 
Wonsuck Kim, UIUC, NCED Post 
Doc

The Pulse of Calm Deltas 

October 16, 2007 Matt Wolinsky, UMN NCED Post 
Doc

Delta Allometry 
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NCED Videoconferenced Seminars
Date Presenter, Affiliation Presentation Title
October 23, 2007 Mary Power, UCB, NCED PI Algal mats and insect emergence in rivers under Mediterranean 

climates: Towards photogrammetric surveillance
October 30, 2007 Anne Lightbody, UMN, research 

associate
Measuring and modeling flow through spatially heterogeneous 
vegetation (plus a discussion of the outdoor streamlab being built at 
SAFL)

November 6, 
2007

Gary Parker, UIUC, NCED PI,  
and Yasayuki Shimizu Hokkaido 
University, Sapporo, Japan 

Toward a physically based model of channel migration in meandering 
streams 

November 13, 
2007

Patrick Belmont, UMN, NCED 
postdoctoral research associate

Sediment dynamics in the agricultural Le Sueur River watershed, 
southern Minnesota: An integrated assessment of sediment sources, 
transport and storage for the purpose of better policy and management.

November 20, 
2007

Kyle Straub, UMN, NCED 
postdoctoral research associate

Quantifying the morphology and growth of levees in aggrading 
submarine channels

November 27, 
2007

Greg Shaffer, UMN, graduate student Roughness Transitions, Turbulence Statistics, and Particle Entrainment 
in a Gravel Bed Flume

December 4, 
2007

Cailin Orr, UMN NCED postdoctoral 
research associate

Variability in hyporheic exchange and biogeochemical activity: 
implications for reach-scale nutrient retention.

January 29, 2008 Elizabeth (Libby) Barnes - University 
of Reading, UK (former NCED 
intern) (IREP)

Blocking Anticyclone Climatology: a new index applied to all 4 seasons 

February 5, 2008 Peter Nelson, UCB, NCED graduate 
student (IREP)

Pesto and morphodynamics: my summer in Italy 

February 12, 
2008

Karelyn Cruz, UCB, NCED graduate 
student

How do the abundance and seasonality of rainfall influence soil 
microorganisms and carbon and nitrogen pools belowground?

February 19, 
2008

Karen Campbell, UMN, NCED 
Education Director, Jeff Marr, UMN, 
NCED Knowledge Transfer Director, 
and Chuck Podolak, JHU, NCED 
graduate student

Marmot Dam 

March 4, 2008 Robert R. Twilley, LSU, NCED PI Science, Engineering and Policy to Reduce Risks in Coastal 
Landscapes: Unintended Consequences and Unnatural Hazards

March 25, 2008 Cristian Escauriaza, UMN, NCED 
graduate student

Near-bed Sediment Transport and Scour by Coherent Structures in the 
Turbulent Flow past a Surface-mounted Cylinder 
-

April 1, 2008 Leslie Hsu, UCB, NCED graduate 
student

Debris flow erosion in a large rotating flume 

April 8, 2008 Vaughan Voller, UMN, NCED PI Doolin Deltas and Clare Channels 

April 15, 2008 Sara Johnson, UMN, NCED graduate 
student (IREP)

Changing scales: from SAFL’s main channel to a French Bathtub 
 

April 22, 2008 Amy Hansen, UMN, NCED graduate 
student (IREP)

Mass transfer in canopy flow: an investigation of the effect of hydrozoan 
colonization on Giant Kelp. 
-

April 29, 2008 Dylan McNamara - Duke University 
Division of Earth and Ocean 
Sciences, Nicolas School of the 
Environment and Earth Science

Emergence in coupled human-landscape interactions: combined 
numerical and agent-based models for barrier island resorts and flood 
disaster and response in New Orleans. 
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NCED Seminars, given as part of SAFL Wednesday Seminar Series
Date Presenter, Affiliation Presentation Title
Sept. 19, 2007 Dr. Sung-Uk Choi, Professor, School of Civil & 

Environmental Engineering, Yonsei
University, Seoul, Korea

Reynolds stress modeling of turbulent open-channel 
flows

Sept. 26, 2007 Mark Stone, Assistant Professor, Desert Research 
Institute (DRI), Las Vegas, Nevada

Ecological models to support management and design

Oct. 3, 2007 Dr. Murugesu Sivapalan, Professor, Departments of 
Geography & Civil and Environ
mental Engineering, University of Illinois at Urbana-
Champaign

Predictions in watershed hydrology: Perspectives on 
the State of the Art and pathways
forward

Oct. 24, 2007 Dr. David R. Montgomery, Professor, Dept. of Earth 
& Space Sciences, University of
Washington, Seattle

Dirt: The erosion of civilizations

Oct. 31, 2007 Dr. Aris Georgakakos, Professor, Civil and 
Environmental
Engineering, Georgia Institute of Technology

Decision support for water resources planning and 
management under uncertainty

Nov. 14, 2007 Dr. Michael K. Stenstrom, Professor, Civil & 
Environmental Engineering, University
of California, Los Angeles

Using predictive models to support TMDL 
implementation and compliance

Nov. 28, 2007 Dr. Kurt Fienberg, Postdoctoral research 
associatetoral Associate, SAFL

The multiscale variability and inhomogeneity of 
clouds and rainfall: The implications
for remote sensing

Jan. 23,  2008 Chris Ellis, Sr. Research Associate and
Jim Mullin, Sr. Engineer
SAFL

The ‘Magic Cart’ and other new measurement gadgets 
at SAFL

Jan. 30, 2008 Kyle Straub, NCED Postdoctoral research 
associatetoral Associate 
St. Anthony Falls Laboratory

How fast and how thick: Constraining turbidity 
current flow properties from submarine channel 
morphology

Feb. 6, 2008 Dr. Gil Bohrer, John & Elaine French Fellow 
Harvard University Center for the Environment 
Cambridge, MA

Large-eddy simulations of forest-canopy micro-
scale structural heterogeneity and its effects on the 
atmospheric boundary layer

Feb. 20, 2008 Dr. Jim Best, Threet Professor of Geology 
Departments of Geology and Geography and Ven Te 
Chow Hydrosystems Lab University of Illinois at 
Urbana-Champaign

Bedforms in watery environments: Time for a dirty 
story? 

March 5, 2008 Dr. Peter Troch, Professor 
Hydrology and Water Resources 
University of Arizona, Tucson

Landscape controls on catchment-water residence 
time

March 12, 2008 Dr. Stefano Lanzoni, Professor 
Civil & Environmental Engineering 
University of Padua, Italy

Long term behaviour of meandering channels

April 2, 2008 Benoit Spinewine, PhD  
Postdoctoral research associatetoral researcher  
Dept. of Civil & Env. Engineering  
University of Illinois at Urbana-Champaign

Water and sediments: Which one is moving the other? 
A study on submarine channels and bedforms created 
by turbidity currents transporting a combination of 
suspended load and bed load

April 9, 2008 Dr. Erin Kraal, Research Scientist 
Geosciences 
Virginia Tech, Blacksburg, VA

Martian stepped deltas record a rapid release of water
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NCED Seminars, given as part of SAFL Wednesday Seminar Series
Date Presenter, Affiliation Presentation Title
April 16, 2008 Dr. Peter Snyder, Assistant Professor 

Dept. of Soil, Water and Climate 
Dept. of Forest Resources 
University of Minnesota

The atmospheric response to climate-driven Arctic 
terrestrial ecosystem changes

Internal Education Activities

Graduate Education
Intended Audience NCED Graduate students
Date Location Led by Attendees
Activity Description
Ongoing SAFL Paola, Parker NCED Stratigraphic Partners
NCED SRES student Craig Hill and NCED postdoctoral research associate Kyle Straub organize short courses and Annual Meeting 
and conduct experiments for NCED Stratigraphic Partners.
ongoing St. Paul, MN Hamilton Kate Rosok
NCED ESTREAM teachers Rosok serves as Graduate Museum Assistants in the BBY, developing field trips and  activities for YSC 
Park Crew youth docents.
Ongoing all sites Storfer all NCED
NCED graduate students present and participate in weekly videoconferences.
ongoing Minneapolis Hondzo, Neuhauser, Finlay, 

Perg
Ted Fuller, Amy Hanson, Mike Morris, Joey Ried, Becky 
Stark

Three cohorts of students continue in IGERT program. Various NCED PIs lecture in intro class.  Five IGERT students are also 
NCED graduate students.
ongoing SAFL, UCB, UIUC Campbell Amy Hanson, Peter Nelson, Sara Johnson, Bandon 

McElroy, Libby Barnes
NCED students complete IREP international travel/research; report to NCED through video conferences.  Campbell prepares final 
report to be included in STC-wide report to NSF
Ongoing various Voller, Paola, Gran SRES students
Second cohort of students admitted to Stream Restoration Science and Engineering certificate program; capstone experience taught 
for first time, Voller heads up efforts to grow certificate into a master’s program
May  2006 St. Paul, MN Paola NCED graduate students
NCED graduate students attend 2007 NCED site visit, prepare and present posters, plan and participate in a 1-day students only field 
trip to a site used in the SRES program, led by NCED postdoctoral research associate Karen Gran.
Summer 2007 ACRR Various
Several NCED graduate students conduct research at ACRR.
December 2007 San Francisco Various AGU attendees
NCED students present posters,  assist in staffing  NCED/SAHRA Exhibit floor booth at fall AGU, attend Gilbert Club conference 
immediately following AGU.  Gilbert Club meeting organized and run by Dietrich, Hsu and other NCED UCB graduate students.
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External Education Activities

E-STREAM
Intended Audience Middle to High School Earth Science teachers (in service or pre-service)
Date Location Led by Attendees
Activity Description
April-Aug, 
2007

SAFL 
UMN

Campbell Kate Poulter Rosok

Rosok serves as a Graduate Assistants, developing and testing ESTREAM activities.  Rosok also assists in development and 
delivery of NCED Education and Diversity programs such as Fond du Lac camp.  In summer 2007, Rosok serves as Graduate 
Museum Assistant at SMM
April 2008 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.

Water: H20=Life
Intended Audience Public
Date Location Led by Attendees
Activity Description
April-Oct 
2007

SMM, Hamilton Campbell, Morin, Paola, Partner Gordon Grant, SAHRA Education and 
Knowledge Transfer Directors

All work intensively with “Water” combined SMM/American Museum of Natural History team to develop new, internationally 
traveling exhibit on Water.  
October, 2007 Manhattan, New 

York
Hamilton Campbell, Paola, SAHRA Knowledge Transfer Director Woodard, and Grant 

Attend Press – Preview and pre-opening celebration for “Water”.
January, 2008 Manhattan, New 

York
Hamilton, 
Campbell

Pellerin, Dalbotten, youth from Fond du Lac

Fond du Lac youth travel to NYC to view “Water” and meet with exhibit developers
ongoing SMM Hamilton Campbell, Morin

Remedial evaluations of “Water” used in planning for improvements and enhancements as SMM prepares to host “Water” in early 
2009.

Future Earth Initiative
Intended Audience Public
Date Location Led by Attendees
June 2007 SMM/SAFL Hamilton, 

Campbell
Morin

“Future Earth Initiative” proposal (exhibit and programming on the Anthropocene) involving six STCs, submitted to NSF.
Fall 2007 SMM Hamilton Campbell, SMM staff

Review questions received from NSF for FEI, discussed by SMM staff, Campbell and Morin, answers submitted to NSF.
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Science Museum of Minnesota Big Back Yard
Intended Audience General public, teachers and students 
Date Location Led by Attendees
Activity Description
May 2007 St. Paul, MN Hamilton SMM visitors
BBY opens for 4th season.
June-Aug 2007 SMM and environs Rosok Earthscapes YSC Park Crew
NCED GMA Rosok designs and delivers training and field trips for 2007 Park Crew, Campbell assists in field trips.
Winter 2008 SMM Thomas, Campbell Minnesota teachers and students

SMM develops, makes available BBY fieldtrip guide for teachers
Winter 2008 SMM Campbell, Grack-Nelson SMM/NCED staff
SMM Evaluator Amy Grack-Nelson completes evaluation of BBY Park Crew; Schrieber begins using with Crew to improve 
program
ongoing SMM Hamilton, Campbell, others SMM visitors

Groundwater Plaza developed and installed in BBY; some parts exhibits incorporated in Water: H20=Life
May 2007 and 
November 2007

SMM Campbell SMM staff, volunteers and youth 

Campbell twice invited to give Saturday lecture to this group on the geological and social history of the Upper Mississippi River.

Earthscapes School Contact Program (River Restoration Residency)
Intended Audience Middle-to-high school Earth-science students
Date Location Led by Attendees
Activity Description
June 2007 SAFL and SMM Campbell Staff of Utah Museum of Natural History
Utah Museum staff visit Minnesota to get exhibit ideas for exhibit on Bear River.  Decide to purchase a RRR model.
Sept 2007 Utah Sandland Utah Museum staff and volunteers
Utah museum contracts with SMM for a 2 day training session from Sandland on use of RRR model
February 2008 SMM SMM staff Twin Cities area school district science 

coordinators
All 18 RRR models used in new SMM workshop on teaching science within a cultural context.
Spring 2008 SMM Hamilton, Campbell
Hamilton and Campbell work with Headwaters Science Center in Bemidji, MN to construct 8 more RRR models to be used at HSC 
with the public and with workshops, including SMM’s TRIBES program for teachers in Native-American (Ojibwe) serving schools.
ongoing SMM Thomas Minnesota students
RRR “graduates’ to a fee-based program, continues to be a popular request from schools.
ongoing Minnesota Campbell Undergraduates and K12 students
Individual RRR models or sets used in  science outreach days, seminars or undergraduate classes from Macalester., College of St. 
Catherine, University of Minnesota, University of Wisconsin-Eau Claire, University of Wisconsin-River Falls.
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River on the Road  (public interactive exhibits about rivers)
Intended Audience Public
Date Location Led by Attendees
Activity Description
April 2007 SAFL Marr/Campbell Gersch, Grant
Contract signed between Portland General Electric (dam owner) and SAFL/NCED to construct physical model of Marmot Dam for 
documentary film and ongoing research.
May-June 2007 SAFL Marr/Campbell Gersh, Grant, Sara Johnson, Nick Olson, Craig Hill
Film crew shoots footage of model removal of Marmot Dam
July 2007 Oregon Marr/Campbell Grant, OMSI
Marr and Campbell travel to Oregon to meet with Oregon Museum of Science and Industry about possible collaboration on 
materials around Marmot Dam removal, visit dam site, meet with PGE staff, view related projects in Oregon
ongoing SAFL/Oregon various
Marmot Dam project grows beyond “River on the Road” to include NCED PIs, graduate students, summer interns
October 2007 Oregon various
Marmot cofferdam fails, as planned, extensive video coverage obtained, filmmaker finishes docuementary, begins marketing it
February 2008 Oregon various
Oregon Public TV airs segment on Marmot, including footage of NCED model.
ongoing SAFL and New 

Orleans
Campbell/Marr/Johnson Grant

NCED postdoctoral research associates and alums obtain grant to host MYRES 3: Dyanamic interactions of Life and its Landscape 
in New Orleans.  NCED staff and Grant begin planning and prototyping Earthscapes Expo to accompany MYRES meeting.  This 
outdoor exhibit builds on our experiences at the Smithsonian Folklife Festival in 2005, with the Elwha and Marmot dam removals 
and with our tabletop delta architecture model, to involve MYRS participants in hands-on experiments at a variety of scales, 
demonstrating the linkages between theoretical and applied research and formal and informal education. The exhibit will also be 
open to the public.

Individual Education Activities
Intended Audience Wider education formal and informal community of learners
Date Location Led by Attendees
Activity Description
ongoing California Banfield High school students, Oakland,CA
Collaboration with two science educators: Kevin Cuff and Herb Their  to develop a program to involve high school and after 
school students in ongoing scientific research with the expectation that participation in research (specifically the excitement of 
scientific discovery) will inspire participants to pursue careers in science.  The focus of the program is in the area of environmental 
microbiology and is designed to demonstrate how DNA sequence data can be used to uncover details of the makeup of natural 
microbial consortia and establish their relatedness and ecosystem function. One component is designed to reveal systematic 
relationships among DNA sequences from different lineages with the explicit goal of demonstrating the footprints of the 
evolutionary process.
Summer 2007 Colorado Flores Brent Bushnell
Mentor to Brent Bushnell in the McNair Post Baccalaureate Achievement Program at the University of Colorado.  The McNair 
program targets first generation college students and provides research opportunities for them to explore research careers.  Brent 
developed a research project that investigated the link between the No Child Left Behind Act and school districts’ choices of 
minimum age in kindergarten enrollment.
Summer 2007 NCAR Flores Nicole Ngo
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Individual Education Activities
Intended Audience Wider education formal and informal community of learners
Date Location Led by Attendees
Activity Description
Flores served as a mentor in the NCAR program Significant Opportunities in Atmospheric Research and Science (SOARS).  My 
protégé for summer 2007 was Nicole Ngo.  This program targets minority students and encourages them to attend graduate school.  
Flores worked with Nicole to develop a research project analyzing potential household demand for carbon offsets as a means 
of reducing household greenhouse gas emissions.   Nicole is currently enrolled in the Public Policy Ph.D. program at Columbia 
University.  
2007/8 JHU Hobbs JHU graduate students
Hobbs developed and taught a graduate course on ecosystem management models (JHU Dept. of Geography & Environmental 
Engineering 570.496) which drew, in part, upon the materials developed as a result of my involvement in the SR IP.  
Summer 2007 SAFL Paola Undergraduate interns (see also Diversity)
Supervised summer minority intern Antoinette Abeyta, now committed to graduate school with Paola.
February, 2008 Boston Paola, Twilley, Mohrig, 

Parker
AAAS meeting attendees and press

Presented AAAS session and press conference on Mississippi Delta restoration, 2008 that resulted in two publications.
2007 Minnesota Paola public
Public lectures to Kiwanis Club and Minnesota Women’s Club.
ongoing various NSF
Campbell appointed to organizing committee for NSF-funded Earth Science Literacy Initiative—a community wide effort to 
develop a set of “big ideas” for Earth Science to complement similar efforts in Oceans, Atmospheres and Climate.
20 August 2007 Biloxi, Mississippi. Twilley Louisiana Board of Regents
Post Katrina-Rita Higher Education Forum; Luncheon Speaker
June 3-10, 2007. Little Rock, 

Arkansas
Twilley

Katrina Impacts in New Orleans. Global Change Education Program Orientation. University of Arkansas, Little Rock
July 9-12, 2007 Cambridge, MD Twilley
 Storm Surge and Wetland Loss. COSEE-MA Conference.  Ocean Observing Systems in the Classroom.. University of Maryland, 
Center for Environmental Science, Horn Point Laboratory.
8 May 2007 New Orleans, LA. Twilley
National Environmental Partnership Summit, Plenary Address, ‘Ecosystem Restoration: Environmental and Social Constraints’
February 7, 2007. New Orleans, 

Louisiana
Twilley

Wetlands Loss and Restoration: Priorities and Possibilities. Philanthropy Roundtable. Gulf Coast Environmental Restoration.  The 
Ritz-Carlton Hotel. 
March 20, 2007.  LSU, Baton 

Rouge.
Twilley

Risks to Coastal Wetlands from Rising Sea Levels.  3rd Presidents Forum, Meeting Coastal Challenges – Global Climate Change: 
The Status of the Science and Implications for Coastal Louisiana.  
March 2007 Baton Rouge, LA Twilley
Challenges of Restoring Coastal Louisiana.  Saturday Science Lecture to High School science students, 
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Knowledge Transfer Activities

Meeting:  NCED Mini-Workshop on Comminution
Led by: Gary Parker and Vaughan Voller
Location, Date(s): Illini Union, University of Illinois   August 10, 2007

Attendee Name Affiliation
1. Gary Parker NCED University of Illinois
2. Vaughan Voller NCED University of Minnesota
3. Greg Wilkerson NCED University of Illinois
4. Phairot Chatanantavet NCED Minnesota graduate student
5. Esther Eke Illinois graduate student
6. Leonard Sklar NCED affiliate, San Francisco State University

Workshop On Morphodynamic Processes In Large Lowland Rivers
Location, Date(s): November 12-16, 2007. Santa Fe, Argentina

Attendee Name Affiliation or country
1. Kevin Oberg US Geological Survey
2. Jim Best University of Illinois, Urbana-Champaign
3. Mary Power NCED
4. Bill Dietrich NCED
5. Chris Paola NCED
6. Marcelo García University of Illinois, Urbana-Champaign
7. Gary Parker NCED
8. Voller NCED
9. Chris Ellis NCED
10. John Nestler US Army Corps of Engineers
11. Dan Parsons United Kingdom
12. Ray Kostachuk Canada
13. Jose Luis Lopez Venezuela
14. Marco Falcon Venezuela
15. Oscar Sarmiento Venezuela
16. Aldo Tamburrino Chile
17. Susana Vinzon Brazil
18. Jaime Ordoñez Colombia
19. Yarko Niño Chile
20. Edgardo Latrubesse Argentina
21. Daniel Farias Argentina
22. Carlos M. Garcia  Argentina
23. Angel Menendez Argentina
24. Oscar Orfeo Argentina
25. Pedro Basile Argentina
26. Pablo Sapalletti Argentina
27. Mario Amsler Argentina
28. Carlos Ramonell Argentina
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Workshop On Morphodynamic Processes In Large Lowland Rivers
Location, Date(s): November 12-16, 2007. Santa Fe, Argentina

Attendee Name Affiliation or country
29. Jose Huespe Argentina
30. Hugo Prendes Argentina
31. Mario Schreider Argentina
32. Graciela Scacchi Argentina
33. Franco Felipe Argentina
34. Alfredo Trento Argentina
35. Carlos Vionnet Argentina
36. Ines Ezcurra Argentina
37. Aldo Paira Argentina
38. Edmundo Drago Argentina
39. Carlos Ramonell Argentina
40. Jose Huespe Argentina
41. Hugo Prendes Argentina
42. Mario Schreider Argentina
43. Graciela Scacchi Argentina
44. Alfredo Trento Argentina
45. Carlos Vionnet Argentina
46. Ines Ezcurra Argentina
47. Aldo Paira Argentina
48. Edmundo Drago Argentina
49. Marcela Reynares Argentina
50. Ricardo Szupiany Argentina
51. Aylen Carrasco Argentina
52. Martín Blettler Argentina

38th Annual Binghamton Geomorphology Symposium
Location, Date(s): Duke University, Durham, NC , October 5-7, 2007

Attendee Name Affiliation 
1. Andreas Baas Department of Geography, King’s College London, London, UK
2. Giovanni Coco National Institute of Water and Atmospheric Research Ltd., Hamilton, New Zealand
3. Tom Coulthard Department of Geography, University of Hull, Hull, UK
4. Efi Foufoula-Georgiou Department of Civil Engineering, University of Minnesota, Minneapolis, MN, USA
5. Peter Haff Nicholas School of the Environment and Earth Sciences, Duke University, Durham, NC, USA
6. Janet Hooke Department of Geography, University of Portsmouth, Portsmouth, UK
7. Alan Howard Department of Environmental Sciences, University of Virginia, Charlottesville, VA, USA
8. George Malanson Department of Geography, University of Iowa, Iowa City, IA, USA
9. Chris Paola Dept. of Geology and Geophysics, University of Minnesota, Minneapolis, MN, USA
10. Jon Pelletier Department of Geosciences, University of Arizona, Tucson, AZ, USA
11. Jonathan Phillips Department of Geography, University of Kentucky, Louisville, KY, USA
12. Andrea Rinaldo Dept. of Civil and Environmental Engineering, Princeton University, Princeton, NJ, USA
13. Don Turcotte Department of Geology, UC-Davis, Davis, CA, USA
14. Brad Werner Complex Systems Laboratory, UC-San Diego, La Jolla, CA, USA
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Meeting:  Stochastic Transport and Emergent Scaling in Earth-surface Processes
Led by: Efi Foufoula and Rina Schumar
Location, Date(s): Tahoe Center for Environmental Reseach  November 4-7, 2007

Attendee Name Affiliation 
1. Efi Foufoula University of Minnesota
2. Rina Schumer Desert Research Institute, Nevada
3. Christophe Ancey Ecole Polytechnique Federale de Lausanne, Switzerland
4. Boris Baeumer University of Otago, New Zealand
5. David Benson Colorado School of Mines
6. Nate Bradley University of Colorado, Boulder
7. Dong Chen Desert Research Institute
8. John Cushman Purdue University
9. Vamsi Ganti University of Minnesota
10. Cairan Harman University of Illinois, Urbana/Champaign
11. Kimberly Hill University of Minnesota
12. Doug Jerolmack University of Pennsylvania
13. Praveen Kumar University of Illinois
14. Satish Mantha University of Illinois, Urbana/Champaign
15. Mark Meerschaert Michigan State University
16. Ralf Metzler Technical University of Munich
17. Aaron Packman Northwestern University
18. Paola Passalacqua University of Minnesota
19. Matt Reeves Desert Research Institute, Nevada
20. Martin Rentschler EPF Lausanne
21. Mark Schmeeckle Arizona State University
22. Siva Sivapalan University of Illinois
23. Colin Stark Columbia University
24. Greg Tucker University of Colorado
25. Zhang Yong Desert Research Institute

Outdoor StreamLab Workshop
Led by: Anne Lightbody and Jeff Marr
Location, Date(s): SAFL                                 December 7, 2007

Attendee Name , Affiliation Position
1. Bill Hunt USDA
2. Pete Cooper USDA
3. Dave Wiggins National Park Services
4. Rebecca Soileau US Army Corps of Engineers
5. Randy Kolka USDA
6. Marty Rye USDA
7. Kate Hanson National Park Services
8. Randy Thoreson National Park Services
9. Pam Thiel US Fish and Wildlife Service
10. Luther Aadland MN DNR
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Outdoor StreamLab Workshop
Led by: Anne Lightbody and Jeff Marr
Location, Date(s): SAFL                                 December 7, 2007

Attendee Name , Affiliation Position
11. Ian Chisolm MN DNR
12. Kevin Zythkovicz MN DNR
13. Don Pereira MN DNR
14. Brian Nerbonne MN DNR
15. Jason Moeckel MN DNR
16. David Wright MN DNR
17. Lee Pfannmuller MN DNR
18. Ron Pyor MN DNR
19. Larry Gunderson MN Pollution Control Agency
20. Joe Magner MN Pollution Control Agency
21. Chuck Regan MN Pollution Control Agency
22. Pat Baskfield MN Pollution Control Agency
23. Tim Larson MN Pollution Control Agency
24. Gregory Johnson MN Pollution Control Agency
25. Bruce Wilson University of Minnesota
26. Bob Megard University of Minnesota
27. John Nieber University of Minnesota
28. John Chapman University of Minnesota
29. Robert Sterner University of Minnesota
30. Karen Gran University of Minnesota
31. Ray Newman UMN Water Resource Center
32. Carrie Jennings MN Geological Survey
33. Jeff Delin USGS
34. Tim Cowdery USGS
35. Faith Fitzpatrick USGS
36. Lan Tornes USGS
37. Jeff Stoner USGS
38. Dwayne Stenlund MnDOT
39. Sue Lodahl MnDOT
40. Pat Hamilton Science Museum of Minnesota
41. Doug Snyder Mississippi Watershed Management Organization
42. Daniel Engstrom St. Croix Watershed Research Station
43. Lucinda Johnson NRRI
44. Rich Axler NRRI
45. Val Brady NRRI
46. Cathy Larson Metropolitan Council
47. Karen Jensen Metropolitan Council
48. Erik Mohring Board of Water and Soil Resources
49. Mark Nelson MN Erosion Control Association
50. Susan Thornton Legislative-Citizen Commission on MN Resources
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Outdoor StreamLab Workshop
Led by: Anne Lightbody and Jeff Marr
Location, Date(s): SAFL                                 December 7, 2007

Attendee Name , Affiliation Position
51. Beth Kellested Cannon River Watershed Partnership
52. Bill Bartodziej Ramsey-Washington Metro Watershed District
53. Mike Isensee Dakota County Soil and Water Conservation District
54. Udai Singh Minnehaha Watershed District
55. Mike Wyatt Minnehaha Watershed District
56. Kevin Bilgalke Nine Mile Creek Watershed District
57. Maria Perez Rice Creek Watershed District
58. Greg Berg Stearns County
59. Leo Holm Bonestroo
60. Marty Melchior Interfluve
61. Nick Nelson Interfluve
62. Tom McDonald Barr Engineering
63. Peter MacDonagh Kestrel Designs
64. John Thene Wenck & Associates
65. Jay Michels EOR
66. Kim Chapman Applied Ecological Services

NCED Visitor Program
Intended Audience Researchers, Partners
Date Location Led by Attendees
Activity Description
Ongoing SAFL Marr Lightbody, all PIs
In Year 6, plans were made to use NCED’s new Outdoor Stream Lab as the location for another collaborative Visitor Program, 
patterned on StreamLab 06.  Visitor teams to begin working in summer ’08 were identified and work on the outdoor channel was 
largely completed in preparation for their Year 7 visits
ongoing various Marr StreamLab ’06 participants
Data from this collaborative experiment were organized in preparation for being made available in NCED’s data repository.  A short 
paper on StreamLab ’06 was published in EOS.

2007 Shallow-Water Short Course for ConocoPhillips

Led by: ConocoPhillips Affiliated: Al Shultz, John Suter, Michael Hofmann 
NCED Affiliated: Craig Hill, Chris Paola

Location, Date(s): May 14-16, 2007
18 attendees

2007 Shallow-Water Short Course for ExxonMobil Students

Led by:
ExxonMobil: Penny Patterson, Ben Sheets (NCED alum), and John Martin (NCED PhD student 
interning at EM) 
NCED Affiliated: Craig Hill, Chris Paola

Location, Date(s): SAFL, May 2-4, 2007
 10 attendees
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2007 Deep-Water Short Course for ExxonMobil Students

Led by: ExxonMobil: Ben Sheets (NCED alum)  
NCED Affiliated: Gary Parker

Location, Date(s): University of Illinois, August 6-8, 2007
 14 attendees

Digital Visualization 
Intended Audience Educators, Researchers, Partners
Date Location Led by Attendees
Activity Description
Ongoing Morin McGraw-Hill, other authors
Co-author and art director for undergraduate textbook, “Exploring Geology”.  This textbook is undergoing review for second edition   
Plans underway for 4 related textbooks.
Ongoing Minneapolis Morin Kent Kirkby, undergraduates
Ongoing study of effectiveness of 3D visualization in undergraduate instruction.
Ongoing St. Paul Morin Hamilton
PI and visualization director for Water: H2O=Life  traveling exhibit.
Ongoing Washington, D.C. AGU
Member, AGU IT Committee

Ongoing U.S. Morin Undergraduates
Morin, as NAGT Distinguished Lecturers, brings NCED visualization and research to Western Michigan University, DePauw 
University,  and Indiana University.
Ongoing Boston, MA Morin

Prepared new 3D map, “The East” for distribution at National Science Teachers Association annual meeting
Ongoing Minneapolis, 

MN
Morin/Campbell

Morin and Campbell awarded NSF grant to establish AGIC:  Antarctic Geospatial Data Center, to provide worldwide access to 
digital geospatial data in support of both operations and research in Antarctica.

Website and Data Repository
Intended Audience NCED internal and external community
Date Location Led by Attendees
Activity Description
ongoing Minneapolis Campbell, Nguyen
NCED’s internal collection of photos migrated to password-protected web-based image gallery for use in talks, papers by NCED 
members.  Additional photos made publicly available in NCED’s image gallery.
ongoing Minneapolis John Gray Nguyen, Campbell, Marr
On going development of BRIC (Bedload Research International Cooperative) website
Spring 2007 Minneapolis Nguyen, Marr
NCED implements technology to allow live streaming and interactive discussion of PRRSUM monthly meetings
2007-8 Minneapolis Nguyen, Campbell Morin, Marr, Bode
NCED implements new data repository solution, making all NCED data currently available for public release easily accessible and 
downloadable.
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Individual Knowledge Transfer Activities
Intended Audience Wider research community and practitioners in industry, consulting, agencies and non-profits
Date Location Led by Attendees
Activity Description
March 24 – 25, 
2008

Denver, CO Parker Employees of Bureau of Reclamation

River Processes Short Course—6 lectures

Diversity Program Activities Table

Date Location Led by Attendees

Activity Description
Academic Year 2007-08 FDLTCC Pellerin Ileana Henry
Undergraduate student Ileana Henry (Native American) is supported by NCED USIP program to do research project at the Fond du 
Lac Tribal College.
2007/08 FDLTCC Wold Anna Wagman, Sharon O’Leary
NCED PI Andrew Wold supervises two undergraduate students (Native American) on independent research.  These students now 
transfer to four-year program at St. Cloud State University.
2007 U of MN TC Dalbotten/Campbell faculty and staff at U of MN Institute of 

Technology
Campbell and Dalbotten lead meetings of Institute of Technology Committee on Outreach and Diversity to meet bi-monthly and 
facilitate collaboration on activities.
May 2007 Forestry Center, Cloquet, 

Minnesota
Pellerin and Greensky 5 teachers,  2 elders,  partner scientists 4

A two-day “teacher” camp for teachers in the gidakiimanaaniwigamig program to receive training on science content for science 
camps for the next year. 
May 2007 University of Louisiana, 

Lafayette
Dalbotten Emad Habib

As part of Faculty-to-Faculty program, Prof. Emad Habib, Dept of Civil Engineering, University of Louisiana, Lafayette, visits, 
tours and meets with faculty at NCED and gives a seminar in order to explore potential for collaboration with NCED.

May 2007 FDLTCC Dalbotten Aurelia DeNasha
gidakiimanaaniwigamig student Aurelia DeNasha completes her high school diploma and AA degree at FDLTCC as a MN post-
secondary educational opportunity (PSEO) student.  
Summer 2007 U of MN TC Wilcock, Podoluk 5 undergraduates
NCED Undergraduate Summer Internship Program, first Team Marmot organized, 5 students spend 3 weeks in Oregon to study the 
pre-conditions of the Marmot Dam removal on the Sandy River.
Summer 2007 U of MN TC Porte-Agel and Stefan Angel Santiago
NCED PI Porté-Agel and and affiliated researcher Heinz Stefan supervises Angel Santiago, here for his third summer internship 
with NCED..
Summer 2007 U of MN TC Hill 7 undergraduate students
Diversity Director Dalbotten collaborates with Kimberly Hill to help recruit and advise undergraduate students at SAFL for her REU 
on Complex Materials.
Summer 2007 U of MN TC Porte-Angel and 

Stefan
NCED PI Porté-Agel and and affiliated researcher Heinz Stefan supervises Angel Santiago, here for his third summer internship 
with NCED.
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Date Location Led by Attendees

Activity Description
Summer 2007 SAFL Dalbotten, Hill USIP interns, other summer interns at SAFL

Dalbotten and Hill lead weekly research meetings and end-of-summer poster session for NCED undergraduates and other 
undergraduates doing research during Summer 2007 at the St. Anthony Falls Laboratory.
April to August, 2007 SMM Rosok, USIP interns, BBY YSC participants

Kate Rosok, NCED ESTREAM teacher, works with students in the SMM BBY to prepare them for outreach to local schools and 
park programs..
Summer 2007 SAFL Paola 1 undergraduate from REU on Complex 

Materials
Chris Paola advises undergraduate student Antoinette Abeyta on research as part of the REU on Complex Materials.
Summer 2007 UIUC Parker 2 graduate students from underrepresented 

backgrounds.
2 graduate students advised by Gary Parker (Robert Haydel, former NCED summer intern) and Javier Ancalle, graduate with M.S. 
degree and begin working for consulting firms in Louisiana (Haydel) and Puerto Rico (Ancalle).

Summer 2007 SAFL Dalbotten Judy Haschenburger

As part of the Faculty-to-Faculty Program, NCED provides summer support for an undergraduate to work with Prof. Judy 
Haschenburger, University of Texas, San Antonio.  The student visits and tours NCED and participates in the end-of-summer all-
SAFL poster presentation.
June 2007 Fond du Lac Tribal and 

Community College, 
Cloquet, Mn

Pellerin and Greensky 48 students; 8 teachers, 2 pre-service teacher,12 
partner scientist, 10 mentors, and 3 elders

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. 
June 2007 FDLTCC Dalbotten 5 summer interns
NCED’s Team Marmot summer interns visit the gidakiimanaaniwigamig Summer Camp and prepare a barbecue for students and 
them lead students in an evening of science activities.
June 2007 Lake Superior Dalbotten, Hill 11 SAFL summer interns
Interns from NCED’s summer internship program and Hill’s REU on Complex Materials have a joint field trip to Lake Superior to 
learn do tests on water quality of the lake.

July 2007 SMM Dalbotten Division of Indian Works summer participants 
(K-6)

Students in the summer program for the Division of Indian Works visit the Big Backyard at the Science Museum of Minnesota and 
are hosted by the YSB BBY Park Crew.
July 2007 SAFL Dalbotten 10 students from LSAMP program, 10 SAFL 

summer interns
Students in the Northstar LSAMP program tour SAFL and have lunch meeting with undergraduates in the Undergraduate Summer 
Internship Program and other undergrad researchers.
August 2007 U of MN TC Pellerin  

NCED gidakiimanaaniwigamig program director Pellerin becomes coordinator of FDLTCC/Uof MN partnership for the Minnesota 
Northstar LSAMP.

Sept 2007 Aiken, MN Dalbotten Greensky

Evaluation meeting for gidakiimanaaniwigamig program to discuss plan to incorporate AAAS science literacy standards into 
evaluation plan for gidakiimanaaniwigamig.
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Date Location Led by Attendees

Activity Description
August 2007 St. Paul, MN Dalbotten/ Pellerin/ 

Greensky/ Schreiber
8 students and their chaperones

Students from NCED’s gidakiimanaaniwigamig program and the Youth Science Center’s Park Crew present NCED’s dam removal 
model to visitors to the Minnesota State Fair in the University of Minnesota building.  Thousands of visitors throughout the day 
have the model demonstrated to them by the students.
September 2007 FDLTCC Dalbotten/Pellerin Five gidaa high-school students.

Five NCED gidakiimanaaniwigamig participants begin taking courses as undergraduates at the Fond du Lac Tribal and Community 
College.
October 2007 Kansas City, MO Dalbotten Dalbotten and other STC education and 

diversity representatives
Dalbotten and other STC diversity and education representatives led a session at the Society for the Advancement of Chicanos and 
Native Americans in Science (SACNAS) National Conference entitled “New Approaches, Techniques and Tools for Understanding 
the Environment.  The STC’s also shared a booth for recruiting undergraduate and graduate schools in the SACNAS Research Fair.
Oct 2007-Spring 2008 SAFL Dalbotten Assefa Melesse

As part of the Faculty-to-Faculty Program, Assefa Melesse proposes a collaborative research project with NCED’s Le Sueur Project 
and arranges to bring graduate and undergraduate students to Minnesota in Summer 2008 and 2009.

Nov 2007 Forestry Center, Cloquet, 
Mn

Pellerin and Greensky 42 students, 6 teachers, 2 pre-service teachers, 
2 elders and 8 mentors

A three day experiential science experience for area students, groundwater purity. Abstract math thinking, journaling, and public 
presentation of their research.

November 2007 Washington, DC, New 
York, NY

Dalbotten/Pellerin/ 
Greensky

5 students in SMM H2O=Life program

Pellerin, Dalbotten, and Greensky lead 5 students who are participating in the H2O=Life exhibit on an expedition to the National 
Science Foundation and National Academy of Science in Washington to meet with 6 NSF program directors and scientists at the 
National Academy to discuss their research on water.  Students then visited New York to see the opening of the exhibit at the 
American Museum of Natural History.  NSF NCED advisor Rich Lane invites students to a reception at his home.
Nov 2007 Phoenix, AZ Dalbotten/ Pellerin/ 

Greensky
AISES National Meeting

Meeting at the 2007 National Meeting of the American Indian Science and Engineering Society for local planning committee to 
bring NAISEF science fair to Minnesota in 2009.

December 2008 Univ of MN, Duluth Dalbotten Dalbotten, Pellerin, Olsen, Greensky, Paul 
Treur (UMD)

Meeting to discuss possibility of utilizing Univ of Minnesota’s ePortfolio technology for the gidakiimanaaniwigamig program.
January-February 2008 Cloquet, MN Burger/ Pellerin 26 students from gidakiimanaaniwig and local 

schools
Students from the gidakiimanaaniwigamig program and other students from the local area form a FIRST robot team with support 
from Center for Compact and Efficient Fluid Power and compete in the state FIRST robot competition.
February, 2008 Forestry Center, Cloquet, 

MN
Dalbotten, Burger 12 AISES undergraduate students from U of 

MN, Duluth, U of MN TC, FDLTCC, St. Cloud 
State Univ.

Minnesota Native American undergraduate students interested in STEM careers who are members of AISES chapters at Minnesota 
colleges and universities meet to form the giwed’anang (Northstar) AISES Alliance under the direction of Dalbotten and Burger.  
This will bring together all of the AISES chapters in the state and help these students to participate in the Northstar LSAMP.
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Date Location Led by Attendees

Activity Description
February 2008 Fond du Lac Tribal and 

Community College
Pellerin 65 students; area middle schools and teachers;  

various NCED staff and other scientists and 
community leaders served as judges;

The Fourth Annual Regional Science Fair sponsored by the Fond du lac Tribal and Community College, 16 projects were selected to 
attend the National American Indian Science and Engineering Fair.
February 2008 Forestry Center, Cloquet, 

Minnesota
Pellerin and Greensky 42 students;  2 mentors,  1 pre-service teacher,  

5 teachers,  2 elders,  partner scientists 1, 2 
grad students 

A three day seasonal experiential science educational experience where underrepresented students in grades 4-8 explore science in 
their local area.  Theme was ice and snow.  Students were visited by graduate and undergraduate Native American students from the 
NSF STC Center for the Remote Sensing of Ice Sheets; and the director of the Center for Compact and Efficient Fluid Power led 
the students in a science activity where they built catapults.  Minnesota’s Poetry-Out-Loud program visited the camp and signed up 
several NCED students for the Poetry-Out-Loud competition.    
March 2008 U of MN, TC Burger, Dalbotten

Development of 7 Elements of Academic preparation for use in gidakiimanaaniwigamig camps.

March 2008 St. Paul, MN Dalbotten Larry Copes, Institute for Studies in 
Mathematics Education

Meeting with director of the Institute for Studies in Mathematics Education to discuss possibility of developing web-based 
mathematics activities for gidakiimanaaniwigamig camp.

March 2008 Albuquerque,  New Mexico Dalbotten/Pellerin 16 students, 2 teachers,

Students in gidakiimanaaniwigamig program attend the NAISEF science and engineering fair sponsored by the American Indian 
Science and Engineering Society (AISES) and win medals and awards including two Grand Award winners who will represent 
AISES and NCED at the Intel International Science Fair this May.
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Appendix L: Media Publicity Materials
1. Meeting of Young Researchers in Earth Sciences “Dynamic Interactions of Life and its Landscape” workshop 
(2007)

2. Portland General Electric website “How the river will remove the coffer dam and sediment: the predicted scenario” 
(2007)

3. American Museum of Natural History website Water: H2O=Life (2007)

4. NCED images and NCED Education Director Karen Campbell interview “Models” (2007)

5. Science “Comment on ‘Wetland Sedimentation from Hurricanes Katrina and Rita’ ” (April 2007)

6. The Rake “Powered by Falls” video tour of St. Anthony Falls Laboratory (May 2007)

7. The Rake “Moving Water and Earth” (May 2007)

8. Exploring Geology textbook (June 2007)

9. KQED public television “Landslide Detectives” (July 2007) 

10. Profiles in Team Science (July 2007)

11. Time magazine “The Threatening Storm” (August 2007)

12. Fortune magazine “The next energy crisis” (August 2007)

13. St. Paul Pioneer Press “Bridge joins history of disaster on river stretch” (September 2007)

14. University of Minnesota campus events “ ‘Where does the water actually go?: The Mississippi River is a 
Connected Bio-physical System’ A talk with Chris Paola on the River as an Ecosystem” (October 2007)

15. USDA Forest Service Stream Notes newsletter “Initial Recommendations from the International Bedload-
Surrogate Monitoring Workshop, Minneapolis, Minnesota, 11-14 April 2007” (October 2007)

16. Nature “The liquid of life” (November 2007)

17. The New York Times “The Blue Planet’s Lifeblood: A Finite Flow” (November 2007)

18. The Associated Press “New show at Museum of Natural History looks at world of water” (November 2007)

19. International Sediment Initiative Newsletter “Synopsis of Outcomes from the International Bedload-Surrogate 
Monitoring Workshop (USA, April 11-14, 2007)” (December 2007)

20. Oregon Public Broadcasting, Oregon Field Guide “Marmot Dam Removed” (2008)

21. Flyer for “Partnership for River Restoration and Science in the Upper Midwest” (2008)

22. EOS “The Need for Full-Scale Experiments in River Science” (January 2008)

23. The Minnesota Daily “U names first environmental engineering chairwoman” (January 2008)

24. UMNnews “Ando-Giikendaasowin: Native American Math and Science Summer Camp” (February 2008)

25. NewScientist Environment “New Mississippi delta would limit hurricane damage” (February 2008)

26. Findings: The Science Magazine News Blog “A Grand Diversion in Louisiana” (February 2008)

27. The Colbert Report (Comedy Central) “Water is Life” (March 2008)

28. Cover of the Journal of Sedimentary Research (March/April 2008)
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Meeting of Young Researchers in Earth Sciences
“Dynamic Interactions of Life and its Landscape” workshop (2007)

http://www.myres.org/myres03/
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Portland General Electric website 
“How the river will remove the coffer dam and sediment: the predicted scenario” (2007)

NCED participated in a Marmot Dam study summer 2007. Footage in this video is from that study, which was conducted at 
the St. Anthony Falls Laboratory.

Copyright © 2007. Portland General Electric. All rights reserved.
http://www.marmotdam.com/video7_files/marmot_sediment_removal.html
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Header

Copyright © 2007. Portland General Electric. All rights reserved.
http://www.marmotdam.com/video7_files/marmot_sediment_removal.htmlhttp://www.amnh.org/exhibitions/water/

American Museum of Natural History website 
Water: H2O=Life (2007) 

The American Museum of Natural History and the Science Museum of Minnesota (SMM) co-organized the  
Water: H20=Life exhibition, with SMM receiving content development support from NCED during the exhibition’s 
creation.
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 NCED images and NCED Education Director Karen Campbell interview “Models” (2007) 
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Science
“Comment on ‘Wetland Sedimentation from Hurricanes Katrina and Rita’ ” (April 2007) 
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The Rake 
“Powered by Falls” video tour of St. Anthony Falls Laboratory (May 2007) 

Copyright © 2002-2008 Rake Publishing, Inc.
http://www.rakemag.com/multimedia/video/powered_falls
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The Rake 
“Moving Water and Earth” (May 2007) 

It’s easy to overlook the homely laboratory that sits right in the middle of the Mississippi River. But inside, an international 
cadre of engineers, biologists, hydrologists, and other scientists are using the waterway to solve ecological problems across 
the globe.

When Father Louis Hennepin first saw the great falls of the Mississippi in 1680, he was on furlough from a prolonged 
captivity at Mille Lacs Lake. The Flemish cleric and his Dakota escorts portaged downstream along the east bank on what 
is now Main Street in Minneapolis, then beheld the cataract he would later document to be forty or fifty feet high. This 
figure was exaggerated (though somewhat prescient), but empirical accuracy was never a missionary priority, and Hennepin 
ventured only to tally souls. The cataract was called Minirara by his guides in honor of the water’s playful descent, close 
phonetic kin to the nearby “laughing waters” memorialized by Longfellow. But unlike the classic bridal veil at Minnehaha 
Creek, here a great flood spilled over ledges across a half-mile of river, spouting and tumbling through fields of broken 
limestone, producing a thunder that drew the ear from miles away. The dutiful Hennepin divested the site of its evocative 
animism, and christened the falls for Anthony of Padua, the patron saint of lost things.

Not until Zebulon Pike’s 1805 expedition was the only waterfall on the Mississippi technically surveyed at just over sixteen 
feet, about as high as an upended canoe. This natural wonder quickly became a scenic refuge for southern tourists escaping 
the summer heat. But money men were also scheming along the riverbanks, seeing only industrial power uncapitalized, 
and by 1870 the falls had been completely harnessed by the young city’s industrial pioneers. They had no notion that their 
seizure of the river’s power also halted a geologic process in its final moments.

The St. Anthony Falls of the seventeenth century—splendid, romantic, and terrible as they were to Dakota and Franciscan 
alike—were the faint echo of their cataclysmic origins just downstream from St. Paul. A dozen millennia ago, a surge of ice-
age runoff first flooded over and eroded the stubborn Platteville limestone to create a cataract just as impressive as today’s 
Niagara Falls (another natural wonder first documented by Father Hennepin). Absent the ambitions and interventions of 
Minneapolis millers, the river would by now have eroded to the last reach of the Platteville limestone twelve miles from its 
start, and our legendary falls would have dissolved into a series of rapids through the underlying sandstone.

Even the newest residents of condominia overlooking this site should recognize St. Anthony Falls’ major components: 
the central spillway, or apron; the millpond fronting St. Anthony Main, which once powered a large share of the city’s 
industry but now generates a thread of the electricity we consume; and the boondoggle Upper St. Anthony Falls lock on the 
downtown side.

There’s a fourth component, however, that has for decades gone virtually unnoticed: The St. Anthony Falls Laboratory, a 
bastion of water-power research embedded in the middle of the river on Hennepin Island. Rampant nature created these 
falls, but engineers have preserved them, and so it is most fitting that the last significant use of the Falls of St. Anthony is a 
playground for engineers.

May 29, 2007
June 2007 Issue
Michael Nordskog [2]
photo by Jon Lurie
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By the time Lorenz Straub, a native of Kansas City, came to the University of Minnesota in 1930, the university had been 
pondering for decades a laboratory that would use the power of the falls to model natural processes. Civil engineering had 
begun to come into its own in America, and Straub was among the last generation who would need to travel to Europe to best 
learn the bedrock principles of this science. He returned from his studies in Germany excited to create engineering solutions 
to such tragedies as the Mississippi flood of 1927, which displaced 700,000 people in southern states, a disaster comparable 
in scope and impact to the aftermath of Hurricane Katrina.

Despite the Great Depression, Straub took on a host of bureaucracies and got the lab built, aided by two considerable 
benefactors. The city of Minneapolis contributed a riverfront site along with the rights to five mill powers of energy, or 
roughly one percent of the Mississippi’s average flow. (One mill power is the equivalent of 375 horsepower, or the energy 
generated by a flow of sixty-five cubic feet of water per second.) And the ditch-diggers’ brigade of the New Deal, the Works 
Progress Administration, provided the labor to excavate such a site; blasting was impossible, because the bedrock also held 
in place a nearby sensitive hydroelectric plant. The thirty thousand cubic yards of stone that occupied a future spacious 
laboratory had to be removed manually, a project that would have taken a single laborer 250 years. (University engineers 
seem to have a preference for difficult burrows: the Civil Engineering building on the Minneapolis campus extends nine 
stories beneath Pillsbury Drive.)

Straub himself designed the facility, boring and probing the limestone just ahead of the workers, and several essential 
design changes resulted in hefty cost increases. But his patient and detailed assessment stood in stark contrast to the cowboy 
engineering of the previous century, a spirit that nearly destroyed the falls.

During the 1860s, a prosperous Yankee named William Eastman acquired the southern end of Nicollet Island, several 
hundred yards upstream from the falls, and the real estate came with a share in the water power on the St. Anthony bank. In 
1868, when the existing mills rebuffed his demand for direct access to the falls, he proposed a tunnel beneath the river that 
would run from the base of the falls and bore several blocks upstream to his Nicollet Island site.

But Eastman’s engineers had not assessed the bedrock beneath Nicollet Island; had they done so, they would have learned 
that the stout ledge of Platteville limestone on which the mills downstream sat quickly tapered to a brittle wafer above a 
porous sandstone substrate. That’s why the Falls of St. Anthony—absent the dams, millponds, headraces, tunnels, aprons 
and tailraces of nineteenth-century industry—were destined to disappear. And that is why, a year after the project started 
and the ambitious six-by-six-foot tunnel was nearly complete, the river suddenly plunged through the roof of the tunnel, 
spouted out of the downstream end of Hennepin Island, and sluiced away the foundations of several buildings. By nightfall 
the city was in full fret that the falls were doomed, and for months ad hoc gangs threw everything they could find into the 
whirlpool, including massive cribs of Rum River pine sunk with rock, which the river swallowed like so many birds’ nests. 
The temporary solution was to build coffer dams around the gape and divert the river from Eastman’s irresistible shortcut. 
A few days after the breach, the Minneapolis Tribune understated that Eastman was “dispraised if not denounced” by his 
fellow citizens.

It took almost a decade to secure the falls with the expertise of the Army Corps of Engineers, led by Civil War hero General 
G. Kemble Warren. The corps’ solution was a subterranean concrete dike moored forty feet deep into the sandstone and 
spanning 1,850 feet from bank to bank. This time the requisite boring did not bring catastrophe, and the sturdy dike can still 
be inspected via a four-foot underground tunnel. The Army Corps’ participation in the debacle was justified with a far-flung 
premise: that the Mississippi above St. Paul, a toothy and perilous course attempted only by the most desperate riverboat 
pilots, would one day be tamed by engineers and become part of the nation’s legally designated navigable waterways.

The early mission of the St. Anthony Falls Laboratory served that goal—to master rivers through impedance and control—
and one of the first projects for which Straub secured funding was a scale model of a system of locks that would allow barges 
to travel above the falls that ran through his lab’s basement. Completed in 1963, the Upper St. Anthony Falls lock was the 
final link in that project, the highest of the thirty-two locks on the river, opening onto a nine-foot navigable channel that 
extends upstream just beyond the Lowry Avenue Bridge.

Overcoming the falls for navigation allowed for importation of many barrels of Washington, D.C. pork, but that was the 
end of meaningful commerce associated with the lock: One is most likely to see this magnificent device operate for passage 
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of tour boats or various personal expressions of gas-burning masculinity. In a perfect inversion of the original justification 
for its construction—to foster commerce—the Corps now defends the lock’s existence based on its relief of congestion on 
local highways, because gravel transported by barge would otherwise be carried on trucks. Long after the downtown mills 
have disappeared, the St. Anthony Falls Laboratory remains a thriving concern, a solid, homely building recently adorned 
with bright banners to announce its presence to the public. The new director, in a reversal of Straub’s expatriate thirst for 
knowledge of fluid mechanics, arrived from Greece via the University of Iowa and Georgia Tech. “I received congratulatory 
emails from colleagues all over the world—New Zealand, Australia, Japan, Europe—when I announced that I would take 
the job here,” said Fotis Sotiropoulos, who accepted the directorship last year. He likes to point out that the lab’s reputation 
in the international scientific community stands in stark contrast to its anonymity here in the Twin Cities.

Besides building grand models exploring how rivers could be mastered and contained with locks and dams, the lab has 
been long involved in such pedestrian pursuits as standardization; staff measure, for instance, the rate of flow through a 
specific culvert design—not exactly the sort of work that seizes the imagination. But recently the lab’s scope has broadened 
to consider questions of sustainability. One of Sotiropoulos’ interests—exploring new ways to create electricity from tidal 
power—is an example. He envisions “windmills under water” moored at the bottom of New York’s East River, which 
could help make the city the world’s first green-powered metropolis. It’s a long hope, to energize this most profligate 
country’s largest city with the power of nature, but the thought of exporting engineering expertise generated by the Falls 
of St. Anthony—a brilliant post-industrial use of flow—would have greatly pleased the man who was the first and longest 
custodian of that power source.

Hydroelectricity was not on the mind of William De La Barre when he arrived in Minneapolis in the late 1870s, though 
the first hydroelectric plant in the country opened here a few years later. De La Barre was dispatched to the Mill City as an 
air-filtration salesman after the massive explosion of a flour mill owned by Cadwallader Washburn triggered a chain reaction 
that leveled most of the city’s milling capacity. Impressed by the enterprising young Austrian immigrant, Washburn engaged 
him to help rebuild and improve his enterprise. De La Barre could not have lucked into a better patron than Washburn, who 
would eventually control the rights to nearly every ounce of flow that passed over the falls.

Water power has two components: flow and head. The Mississippi’s flow is high when spring snowmelt swells the river, and 
generally dwindles toward an annual nadir in the early months of winter; production of flour and lumber in Minneapolis, 
fueled by flow, would slow correspondingly. But De La Barre spotted an obvious means of improvement: The mills were 
underutilizing head, the distance that the water falls before moving turbines. If Father Hennepin, first beholding the falls, 
was contemplating the vertical distance from the point where water first spilled over the limestone ledge to the relative 
calm after the river resolved its way through the field of boulders below, his seemingly exaggerated fifty-foot estimate was 
spot-on. De La Barre persuaded Washburn to redesign the canal that brought the river to his mills, and each turbine was set 
deeper into the underlying sandstone; new tailraces (the channels that bring diverted water back to the river) also relocated 
the outflow farther downstream. The result: The power supply to the Minneapolis mills was ingeniously doubled, and the 
milling season was extended.

De La Barre worked vigorously well into his eighties, and his tenure as the city’s water czar lasted until the 1930s. Convinced 
that “only eternal vigilance would keep the falls in existence,” he countered the competition from coal-generated steam 
power, which had begun to satisfy a growing municipal demand for electricity and allowed the mills to wean themselves 
from the mechanical power of the river. De La Barre successfully advocated for a series of headwaters reservoirs—Leech, 
Winnebigoshish, and Pokegama—that would store water to mitigate the river’s seasonal impotence, and this adaptation 
converted the falls into a steady source of hydroelectric power. The turbines of St. Anthony Falls, once used to pulverize 
wheat and saw logs into lumber, now spawned electricity giant Northern States Power, today’s Xcel Energy.

Next door to the steady thrum of hydroelectric generators, Lorenz Straub’s lab served grand engineering and hydraulics 
experiments around the world, making possible the mastery of its great river systems. Now that the huge ecological and 
social costs of such projects have become clear, the wisdom of such mastery is no longer presumed, and the lab has 
adapted and grown. “The lab is a unique institution because of its interdisciplinary flexibility, bringing together engineers, 
geoscientists, and biologists,” said Sotiropoulos, explaining how the rigors and narrow focus of hydraulic science have 
given way to the complexities of earth science. Recently, the lab was chosen by the National Science Foundation to host the 
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National Center for Earth-surface Dynamics, a clearinghouse for data relevant to tectonicians, volcanists, and riparian wits 
worldwide. NCED was created to provide a better understanding of the many processes shaping the surface of the Earth, and 
in contrast to the long line of civil engineers who have run the lab, the head of NCED is a geologist, Chris Paola.

Paola is not the sort of geologist who, hammer in hand, scrutinizes ancient ledges of bedrock like the limestone slabs that jut 
into the basement of the lab. Most often using computer models, he seeks to understand the ancient legacies of sedimentary 
processes. But computer modeling has its limitations, and Paola and his former colleague Gary Parker, a civil engineer, 
envisioned a contraption that would reproduce, in scale, the infinitesimally slow processes of geomorphology.

No one had ever built such a device before. To carry out their scheme, Paola and Parker asked an engineer at the lab, Chris 
Ellis, to build a basin in the laboratory that could replicate an undulating bedrock layer; on its surface, eons’ worth of stream 
sediment would deposit a facsimile of the layer cake that is our ancient Earth. Ellis, smart enough to see the steepness of the 
trail ahead, ran the concept by a longtime friend, Jim Mullin, a man with mechanical experience but no formal training. The 
lab, an egalitarian outpost of the University, has the institutional smarts to recognize that such puzzles are sometimes best 
resolved by chemistry and collaboration, and Mullin, a pure mechanical mind without a degree, was given a salary. “His 
involvement made the experiment work,” says Paola. “He’s the best designer I’ve ever met.” Ellis and Mullin schemed, 
pondered, failed, stepped back; finally, from all their bolting and welding a functioning model came into existence.

The product is a large dynamic sandbox that the lab has playfully dubbed Jurassic Tank, and its first results drew the 
attention of Scientific American. The name is appropriate insofar as that geological period, along with the Cretaceous, 
sowed the seeds of most of the earth’s petroleum reserves, and subsurface geologists like Paola have often found willing 
patrons in the boardrooms of oil companies. (The Platteville limestone that outcrops into the basement of the lab, Ordovician 
in origin, predates the Jurassic by over two hundred million years.) While it resembles any industrial bulwark ever built in 
the vicinity of St. Anthony Falls, the Jurassic Tank turns the Mississippi’s flow into an agent of information—and in so doing 
once again forestalls the falls’ decay.

As suggested by the geologic history of St. Anthony Falls, some of the earth’s most dynamic surfaces lie along and beneath 
rivers, and part of NCED’s mission is river restoration; one example is the removal of dams in the American West, such 
as the Glen Canyon Dam on the Colorado River, silted to the chin and soon to be obsolete. Other river restoration projects 
will soon help create a much more visible presence for the lab: outdoor experiments will be installed on the dry spillways 
next to the lab and meander in plain sight of joggers and tourists on the Stone Arch Bridge. (The spillways were designed to 
relieve flow at flood stage but have never proved necessary.) “People in the city are unaware that there is an institution with 
a tremendous international reputation right in their midst,” says Sotiropoulos. “This is an opportunity for us to expand our 
laboratory and reveal it to the community.”

Entering its seventieth year, the St. Anthony Falls Laboratory seems fit to endure, but the ground beneath it is only as good 
as its latest fix. Apparently, the Army Corps never completed its repair of the falls in the 1870s after the collapse of the 
Eastman tunnel. According to David Wiggins, who runs the National Park Service’s Mississippi River Visitor Center in St. 
Paul, Corps engineers suggested a second subterranean dike upstream where the limestone ends, but the work was never 
funded. So it is not inconceivable that parts of the falls will someday succumb to the river. In fact, this happened as recently 
as 1987, when the river rushed into the sandstone beneath the hydroelectric plant at the lower dam, just downstream from 
the Stone Arch Bridge, and collapsed parts of its floor and roof. This time, engineers commanding a fleet of trucks plugged 
the forty-by-six-foot gap within a day. But heroes wearing pocket protectors notwithstanding, the river just keeps rolling 
along.

Copyright © 2002-2008 Rake Publishing, Inc.
http://www.rakemag.com/print/4216
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Exploring Geology textbook ( June 2007) 

Paul Morin, NCED Visualization, coauthored this inquiry-based geology textbook. 

Copyright © 1996-2008, Amazon.com, Inc. or its affiliates
http://www.amazon.com/Exploring-Geology-Stephen-Reynolds/dp/007325651X/ref=pd_bbs_sr_1?ie=UTF8&s=books&qid=1209574179&sr=8-1
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KQED public television 
“Landslide Detectives” ( July 2007) 

NCED PI Bill Dietrich participated in this PBS special that focused on the hazards of landslides in the San Francisco Bay 
area.

Copyright © 1994-2008 KQED All Rights Reserved.
http://www.kqed.org/quest/television/view/435
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Profiles in Team Science ( July 2007) 
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 Time magazine 
“The Threatening Storm” (August 2007)

NCED PI Robert Twilley was interviewed for this article.

The most important thing to remember about the drowning of New Orleans is that it wasn’t a natural disaster. It was a man-
made disaster, created by lousy engineering, misplaced priorities and pork-barrel politics. Katrina was not the Category 5 
killer the Big Easy had always feared; it was a Category 3 storm that missed New Orleans, where it was at worst a weak 2. 
The city’s defenses should have withstood its surges, and if they had we never would have seen the squalor in the Superdome, 
the desperation on the rooftops, the shocking tableau of the Mardi Gras city underwater for weeks. We never would have 
heard the comment “Heckuva job, Brownie.” The Federal Emergency Management Agency (fema) was the scapegoat, but 
the real culprit was the U.S. Army Corps of Engineers, which bungled the levees that formed the city’s man-made defenses 
and ravaged the wetlands that once formed its natural defenses. Americans were outraged by the government’s response, but 
they still haven’t come to grips with the government’s responsibility for the catastrophe.

They should. Two years after Katrina, the effort to protect coastal Louisiana from storms and restore its vanishing wetlands 
has become one of the biggest government extravaganzas since the moon mission—and the Army Corps is running the 
show, with more money and power than ever. Many of the same coastal scientists and engineers who sounded alarms about 
the vulnerability of New Orleans long before Katrina are warning that the Army Corps is poised to repeat its mistakes—and 
extend them along the entire Louisiana coast. If you liked Katrina, they say, you’ll love what’s coming next.

Before Katrina, the Corps was spending more in Louisiana than in any other state, but much of it was going to wasteful 
and destructive pork instead of protection for New Orleans; one Corps project actually intensified Katrina’s surge. After 
Katrina, a series of investigations ripped the Corps for building flimsy floodwalls in soggy soils, based on wildly flawed 
analyses—and shoddy engineering was only one way the Corps betrayed New Orleans. But while fema director Michael 
Brown’s resignation made front-page news, Corps commander Carl Strock’s resignation hardly made the papers. By the 
time Strock admitted his agency’s “catastrophic failure” eight months after the storm, the U.S. had moved on.

As the disaster’s Aug. 29 anniversary approaches, there will be plenty of talk about the future of New Orleans—-how to 
rebuild; bring home the diaspora; and deal with crises like housing, crime and education. But in the long run, recovery plans 
won’t matter much if investors, insurers and homesick evacuees can’t trust the Corps to prevent the city from drowning 
again. “Katrina wasn’t even close to the Big One,” says Louisiana State University (lsu) hurricane researcher Ivor van 
Heerden, author of the Katrina memoir The Storm. “We better start getting ready.”

Today, Corps leaders are rebuilding New Orleans levees, but they say it will still take four more years and billions of dollars 
more just to protect the city from a 100-year storm, the protection they were required to provide before Katrina. That’s still 
paltry compared with Amsterdam’s 10,000-year-storm protection. But Corps officials have also committed to restoring the 
surge-softening marshes, cypress swamps and barrier islands that are disappearing at a rate of a football field nearly every 
half-hour. They say they now understand that the survival of New Orleans depends on a sustainable coast. “This is not the 
Corps of old,” says Karen Durham-Aguilera, director of the agency’s Task Force Hope. “The world has changed, and the 
Corps is changing too.”

But for all the talk about restoring wetlands, almost every dime of the $7 billion the Corps has received since Katrina is 
going to traditional engineering: huge structures designed to control rather than preserve nature. And its latest plan seeks 
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to extend those structures along the entire coast, calling for such massive levees across so much of the state that scientists 
call it the Great Wall of Louisiana. The Corps says it’s just an idea, but Congress is about to authorize the first stretch of 
the wall—a $900 million, 72-mile (116 km) levee for isolated bayou towns like Chauvin, Dulac and Montegut. “Nothing 
has changed,” says G. Edward Dickey, a former Corps chief of planning. “It’s the same engineering mentality, except now 
they’ll build the levees even bigger.”

Bigger levees aren’t all bad. New Orleans desperately needs them; one local slogan is, “Make Levees, Not War.” But New 
Orleans needs its eroding wetlands just as desperately; another local slogan is, “Fix the Coast, or We Are Toast!” To prevent 
another disaster, the construction addicts of the Corps, their enablers in Congress and the U.S.’s cockamamie approach to 
water resources will all have to change. The Great Wall concept sounds a lot like the mistakes of the past.

Killing the Coast

New Orleans wasn’t always a city in a bowl. The French founded it in 1718 on high ground along the Mississippi, a “natural 
levee” of sediment deposited by the river. That’s why tourists in the French Quarter stayed dry during Katrina. And that’s 
how all of south Louisiana was built—by the Mississippi River mutinying its banks and rambling around its floodplain like 
an unruly teenager, dropping mud around its delta and creating roughly 4.5 million acres (1.8 million hectares) of wetlands 
between New Orleans and the Gulf. So while the French built an earthen levee 1 mile long and 3 ft. high (1.6 km long, 1 
m high) to block the river’s annual tantrums, they didn’t bother trying to block the occasional hurricanes that swept up the 
Gulf. “They didn’t need hurricane levees,” says Kerry St. Pe, a marine biologist whose ancestors arrived in 1760. “They had 
wetlands to protect them.” New Orleans wasn’t on the coast, and hurricanes wilt over land.

Now the Gulf has advanced some 20 miles (32 km) inland, thanks in large part to the Army Corps. The Corps started 
as a Revolutionary War regiment, fortifying Bunker Hill, but it evolved into an all-purpose engineering unit, eventually 
overseeing local flood control on the Mississippi. The Corps ordered communities to imprison the river in a narrow channel 
with a strict “levees only” policy, rejecting calls to give the river room to spread out. So levees rose, and the Corps repeatedly 
declared the river floodproof. But the constrained river also rose, and its jailbreaks repeatedly proved the Corps wrong. In 
the epic flood of 1927, crevasses shredded the entire valley and nearly destroyed New Orleans.

Congress rewarded this failure by allowing the Corps to seize control of the entire river and its tributaries, an unprecedented 
Big Government project that foreshadowed the New Deal and established the Corps as the U.S.’s manipulator of water 
and manhandler of nature. It built dams, floodways, revetments and pumped-up levees throughout the Mississippi basin, 
caging the beast in its channel, safeguarding riverfront cities, creating a reliable web of liquid highways. But by walling off 
the river, trapping its sediments behind giant dams and armoring its erosive banks with concrete, the Corps inadvertently 
choked off the land-building process. The straitjacketed river now carries less than half its original sediment load down to 
Louisiana. So there’s little new land-building material to offset the natural erosion of the coast, much less the unnatural 
rising of the sea fueled by global warming.

The result is that New Orleans is sinking, and about 30% of the coast’s wetlands have slipped into the Gulf, jutting Louisiana’s 
chin even further into the path of Mother Nature’s fist, endangering the U.S.’s largest offshore oil and gas fields, a lucrative 
seafood industry, a busy network of ports and about 2 million people. If Mexico had seized all that land, we’d be at war. lsu 
hydraulic engineer Hassan Mashriqui says just 100 yds. (91 m) of cypress trees can reduce wave energy 95%; he has seen 
a similar phenomenon with mangroves in his native Bangladesh. Katrina and then Hurricane Rita confirmed that marshes 
knock down surges as well. “Basically, we found that none of the levees that failed were protected by wetlands or trees,” 
Mashriqui says.

Oil and gas canals have accelerated the land losses. But so have Corps navigation canals, especially the notorious Mississippi 
River Gulf Outlet, a shipping shortcut to the Port of New Orleans that was a larger dirt-moving project than the Panama 
Canal when it opened in 1965. The canal never carried many ships, but it has carried plenty of saltwater into freshwater 
marshes and cypress forests, killing nearly 100 sq. mi. (259 sq km) of wetlands. Shortly before Katrina, Mashriqui called 
it a “critical and fundamental flaw” in New Orleans’ defenses; after Katrina, his modeling found that the outlet boosted 
Katrina’s surge 2 ft. (0.6 m) and increased its velocity 10-fold, overwhelming St. Bernard Parish and the Lower Ninth Ward. 
“This was a disaster created by the Corps,” Mashriqui says.
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A Tragedy of Priorities

New Orleans still might have fended off Katrina if its levees hadn’t played matador defense. After Hurricane Betsy pummeled 
New Orleans in 1965, Congress assigned the Corps to protect the city from a 100-year storm. The agency’s first mistake 
was calculating that 100-year event as a modest Category 3 hurricane, even though Betsy had been a 4, and the National 
Weather Service later proposed a more severe 4. The Corps then made such egregious engineering errors that it wasn’t 
even ready for a smaller storm. For example, its levees sagged as much as 5 ft. (1.5 m) lower than their design because the 
Corps miscalculated sea level and then failed to adjust for subsidence. Some were built in soils with the stability of oatmeal. 
“These were inexcusable, lethal mistakes,” says University of California, Berkeley, engineering professor Robert Bea, 
who led a post-Katrina investigation for the National Science Foundation. The Corps also built most of its levees around 
swampland, a conscious effort to promote the development of low-lying subdivisions like New Orleans East. That no longer 
seemed like such a good idea after New Orleans East went underwater during Katrina. “That should be the first lesson: build 
levees around people, not around wetlands,” says Paul Harrison of Environmental Defense.

The basic problem is that protecting New Orleans from deadly storms was never anyone’s top priority. That’s why the city’s 
main hurricane project was 37 years behind schedule when Katrina hit. Louisiana’s congressional delegation steered Corps 
funds toward boondoggles that had nothing to do with flood protection, like a $2 billion effort to channelize the Red River 
for barges that never materialized. Stingy local officials actually helped scuttle a Corps plan to build pumps and floodgates 
along Lake Pontchartrain, a plan that could have prevented much of Katrina’s flooding. “We can beat ourselves up about 
the past—or we can use the past to do business differently in the future,” says Corps Colonel Jeffrey Bedey, who is now 
overseeing construction of, yes, huge pumps and floodgates along Lake Pontchartrain. “I don’t just mean we the Corps. I 
mean we the country.”

Corps leaders often say their projects simply reflect the will of the nation; when the U.S. wanted them to ransack the 
landscape with dams and dredges, they saluted and obeyed. But it’s also true that the Corps helps shape that will. In 
recent years the Government Accountability Office, the National Academies of Science and the Pentagon inspector general 
have documented the agency’s bias toward approving projects that keep its 35,000 employees busy and its congressional 
paymasters happy. In 2000 its leaders were caught cooking an economic analysis to justify a $1 billion upper Mississippi 
River lock project and launching a secret Program Growth Initiative to lard their budget with make-work. In New Orleans, 
the Corps endorsed a $750 million lock on the Industrial Canal even though its economists considered it a waste of money; 
the agency justified it by citing increasing use, even though use was decreasing.

Pam Dashiell, a community activist in the Lower Ninth Ward, fought for years against the Gulf Outlet and the Industrial Canal 
lock, lobbying Corps officials and Louisiana politicians to focus on safety instead. But both projects were on the wish list of 
the port, the city’s most powerful interest. Dashiell remembers the hostility of Congressmen like Democrat William Jefferson, 
now indicted on corruption charges, and Republican David Vitter, now embroiled in a prostitution scandal. “They said I was an 
obstructionist,” she says. “I was like, �Where are your priorities?’” Her working-class Holy Cross neighborhood had one of 
the highest elevations in New Orleans, but it was nearly wiped out by the surge that blasted up the Gulf Outlet and tore through 
floodwalls along the Industrial Canal—just a stone’s throw from the white-elephant lock project.

For the U.S.’s water-resources system, these haphazard priorities are a feature, not a bug. The Corps is funded almost 
exclusively by earmarks, individual slices of pork requested by individual Congressmen. Since F.D.R., Presidents have 
routinely tried to rein in the agency, with little success. After the Program Growth scandal, the Clinton Administration 
issued a gentle reminder that Corps generals are supposed to report to their superiors in the Pentagon chain of command but 
speedily retracted it following a venomous outcry from their real superiors on Capitol Hill. President Bush keeps proposing 
zero funding for most of the Corps projects that taxpayer and environmental groups hate, but Congress continues to fund 
them anyway.

So the U.S. has no water-resources policy, just a ready-to-build water-resources agency whose agenda is dictated by an 
annual funding free-for-all among its 535 bosses. It’s a classic example of Washington’s iron triangle: commercial interests 
lobby the Corps and their Congressmen for projects that supply the Corps with work and political cover and help the 
Congressmen steer jobs and money to constituents and contributors. “It’s a sinister system,” says American Water Resources 
Association president Gerry Galloway, a former Army brigadier general who is now a visiting scholar at the Corps. “Water 
is a national-security issue, but we treat it like the Wild West. The big guns get the money.”



National Center for Earth-surface Dynamics
Annual Report 2008

Publicity     257

Katrina didn’t change that system. Louisiana Senators Vitter and Mary Landrieu promptly proposed a bloated quarter-
trillion-dollar Louisiana reconstruction bill, drafted by lobbyists for oil, shipping and other corporate interests. The request 
included $40 billion for the Corps—10 times the agency’s budget for the rest of the nation—including nonreconstruction 
projects like the Industrial Canal lock and a New Iberia port deepening that had flunked the Corps’ cost-benefit tests. It 
also included pre-Katrina coastal levee schemes, with names like Morganza-to-the-Gulf and Donaldsonville-to-the-Gulf to 
suggest their grandiose sweep. The bill stalled after it was widely mocked as legislative looting, but it sent the message that 
pre-Katrina priorities were still in effect. Vitter kept pushing a measure to help timber companies harvest cypress swamps. 
Landrieu tucked language into emergency bills ordering the Corps to redo its New Iberia analysis and fast-tracking the 
Industrial Canal lock. “Katrina was just a perfect excuse to pull the old pork off the shelf in the name of otherwise-we-
drown,” says Tulane law professor Oliver Houck, the sage of Louisiana environmentalism. “And away we go: another 
Louisiana hayride.”

The Path Forward

The hayride has not yet left the barn. Since Katrina, the Corps has focused on repairing and improving its New Orleans 
defenses: rebuilding or strengthening 220 miles of the city’s 350 miles of levees (about 350 km of New Orleans’ 560-km 
levee system), installing gigantic pumps and gates along the lake and releasing block-by-block maps to publicize lingering 
flood risks. Some engineers believe the new levees are still too short and weak—”They’re a frigging disgrace,” U.C. 
Berkeley’s Bea says—and the new pumps repeatedly malfunctioned during testing. But the Corps is about to unveil its 
plan for 100-year protection, with a rumored price tag of $15 billion, and the agency says that by 2011 the city will be safe 
from “severe storms,” though not from storms as severe as Katrina. The Corps has even proposed to close the Gulf Outlet, a 
stunning turnaround after 40 years. “We’re being much, much more conservative,” says Thomas Podany, a Corps manager 
in New Orleans.

The real controversies involve a separate study of Category 5 protection and restoration for the entire Louisiana coast. The 
initial plans floated by the Corps and its state partners proposed a Maginot Line of towering new levees that evoke the “levees 
only” policy that failed on the Mississippi River, this time seeking to confine the Gulf. Water needs to go somewhere, and 
the agency’s own modeling suggested that Donaldsonville-to-the-Gulf would not only cut off vast swaths of wetlands but 
also double storm surges in some areas by piling up water and concentrating its fury. “They’re talking about chopping an 
estuary in half,” says John Lopez, a former Corps geologist who is now the Lake Pontchartrain Basin Foundation’s director 
of coastal sustainability. “Even for the Corps, that’s extreme.”

Morganza-to-the-Gulf is less extreme but imminent; it’s part of a $20 billion national package of Corps projects nearing 
congressional approval. The Corps has proposed to use “leaky levees” to allow tidal exchange, but many scientists predict 
the structures will still wall off marshes, providing a false sense of security to vulnerable towns while increasing their 
vulnerability. lsu’s Van Heerden calls it “absolutely screwy, the exact opposite of what we need.” Many scientists argue 
that it’s dangerous and unrealistic to commit billions of dollars to protect middle-of-nowhere fishing towns, when the Corps 
has a $58 billion backlog of unfinished projects, and cities like New York and Miami are largely exposed to the sea. They 
want the Corps to focus on fixing the coast and protecting denser communities while helping families in small coastal towns 
elevate homes or move to higher ground. “I’m afraid that once we say yes, we’re giving clearance to levees all across the 
state,” says lsu ecologist Robert Twilley, who’s leading Louisiana’s science-review team. “My great fear is that we’re going 
to cut off the coast with barriers, just like we did to the river. I’d hate for that to be my legacy.”

Even Morganza’s most ardent defenders say coastal levees can have dire coastal consequences. But they don’t want to do 
nothing for people in harm’s way. “I sit up at night and ask myself, Why the hell do you want to spend $1 billion on another 
levee?” says Jerome Zeringue, a biologist who runs the local levee district. “But if we don’t protect Dulac, there won’t be 
a Dulac.”

In Shrimpers Row in tiny Dulac, a sign says water on road ahead—not a flashing sign, a permanent sign. Ivy Pierre has 
fished these bayous since he was a kid. He says the biggest change over his 78 years is that he walks up a ladder instead of 
down a ladder to climb into his boat. “We’re sinking!” he says. Katrina was the fifth time his house has flooded, but home 
is a powerful place. “They call it Dulac,” he says with a grin, “because we Du what we Lac!”
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Dulac is ground zero in an age-old coastal debate: Defend or retreat? It’s worth noting that the people of Dulac didn’t 
move into harm’s way. Harm moved into their way when the coast collapsed around them. But levees can create perverse 
incentives; Pierre wanted to elevate his house until he heard the Feds might protect it for him. Pierre also understands that 
Dulac might be doomed, or at least a bit remote for American taxpayers to protect for more than $10 million a mile, and he 
might be willing to move to higher ground for the right offer. “Retreat is not an American thing,” Houck says. “We need a 
better word for it, because the concept is inexorable.”

Corps managers say they’re open to non-structural approaches to reducing flood risk. They also say they might adjust their 
levee paths to avoid damaging the coast. But expectations are hardening. “Morganza is considered egregious in the scientific 
community, but there’s not a lot of enthusiasm down there for changing the alignment,” says Randy Hanchey, who left the 
Corps after 37 years to oversee coastal projects for Louisiana. “The politics are very tricky.”

Levees are still seen as instant local relief, even though Morganza is supposed to be a 16-year project and would probably 
take much longer. Restoration is often cast as a more general solution, even though scientists expect the Gulf to advance to 
the New Orleans suburbs within a decade. So political pressure and engineering instincts tend to favor a futile effort to wall 
ourselves off from nature. But Katrina and Rita wiped out 217 sq. mi. (562 sq km) of wetlands in a single month. And even 
Bush has acknowledged that without the coast, Louisiana is toast.

The good news is that scientists believe they know how to save it. They want the Corps to let go of the river in strategic 
areas so it can get back to work building land, even if that requires rearranging navigation at the mouth of the Mississippi. 
They want to fill in oil and gas canals, constrict the Gulf Outlet and start pumping sediment back into ridges and barrier 
islands. The Corps developed $14 billion worth of Louisiana restoration plans before Katrina, but Bush scaled them back 
to $2 billion. Now the scientists want to think even bigger about the entire ecosystem, even the sediments trapped behind 
dams 1,000 miles upstream (about 1,600 km). And they don’t want to have to think about new to-the-Gulfs schemes that 
could further degrade the coast.

Can the system adapt? The Corps has announced “12 actions for change,” but it’s hard to find outsiders who believe that it 
has moved beyond its “teach Mother Nature a lesson” roots. It’s still not a Corps of ecologists. And its projects are still a 
popular form of political swag for its enablers on Capitol Hill. The $20 billion Corps package also includes some modest 
reforms that would require more review of the agency’s projects and mitigation of their environmental damage. But the 
Senate overwhelmingly rejected an effort to require the prioritization of Corps projects according to national need. And on 
Wednesday, the Bush Administration threatened to veto the “unaffordable” bill. Lieut. General Robert Van Antwerp, the 
new Corps commander, would like to see an independent commission recommending water projects outside the political 
process, like the one that advises military-base closures. But if New Orleans has to wait for an independent commission, it’s 
probably time to invest in scuba gear. “We’ve got to break the cycle,” Twilley says. “We’ve got to stop the political hacking. 
If we really want to go to the moon, we ought to go.” The scientists make the task sound simple: build New Orleans 500-year 
protection and restore its natural protection. Have the courage to cause inconvenience and economic harm to some in the 
name of protecting all. After all, Katrina was harmful too. Moving 30 million tons of debris was pretty inconvenient. And 
the next Katrina is a question of when, not if.

Since Katrina, New Orleans has lost more than one-third of its population, and only two of St. Bernard Parish’s 26 child-care 
centers have reopened. In the Lower Ninth Ward, floodwalls have been rebuilt and reinforced, but behind them stand blocks 
full of overgrown lots, where the remains of a gas meter or front step here or there provide the only evidence of the houses 
and lives washed away. “I look at this, and I think of the shortsighted people who crippled a great city,” Dashiell says. She 
knows that city needs better hospitals and more jobs. But first, better levees and more wetlands. Otherwise, it’s going to 
need an obituary.

Copyright © 2008 Times Inc. All rights reserved.
http://www.time.com/time/specials/2007/article/0,28804,1646611_1646683_1648904,00.html
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Fortune magazine 
“The next energy crisis” (August 2007)

NCED PI Robert Twilley was interviewed for this article.

The next energy crisis
More than a quarter of America's oil flows through southern Louisiana. Too bad the land is slowly sinking into the sea.
FORTUNE Magazine
By Nicholas Varchaver, Fortune senior writer
August 10 2007: 11:29 AM EDT

Fortune Magazine -- Port Fourchon feels like the edge of the world. As you drive south on Louisiana Highway 1 through 
Bayou Lafourche, open marshes seem to stretch endlessly until you reach this spot, 60 miles below New Orleans. There, the 
marsh once known as trembling prairie meets the Gulf of Mexico.

This is an oil-services installation. And though its existence is unknown to most Americans, it is vital to them. Without Port 
Fourchon and its fleet of vessels bringing food, supplies, equipment, and reinforcements to platforms in the gulf, the U.S. 
would lose access to nearly a fifth of all the oil and gas it uses.

Port Fourchon is also home to pipelines, miles and miles of them. There are the feeders from the Louisiana Offshore Oil 
Port, which accommodates the massive tankers that deliver 11 percent of the nation's foreign oil. There are conduits that 
supply two of the nation's strategic petroleum-reserve facilities.

There are countless more for companies such as Shell (Charts), Chevron (Charts, Fortune 500), and BP (Charts). All told, the 
pipelines at Fourchon connect to half of the refining capacity in this country. And they're a key stem in a broader branching 
of pipelines in southern Louisiana, which combine to transport 27 percent of America's oil and 30 percent of its natural 
gas.

If the port seems like a mirage on the edge of the marsh, that may be because its permanence is anything but assured. The 
port sits in a region that, although it escaped the most cataclysmic destruction of Katrina and Rita, is being ravaged by two 
slow-moving but equally ruinous phenomena: erosion and the sinking of the land.

Some 25 square miles of Louisiana have been collapsing into the gulf each year for three-quarters of a century. A total of 
1,900 square miles, roughly the area of Delaware, disappeared between the 1930s and 2005, and another 217 square miles 
were pulverized into liquid by Katrina and Rita. And that land loss, says Ted Falgout, who has run Port Fourchon for 28 
years, poses a growing threat not only to the people who live here but also to the U.S. energy supply.

"We're on a train wreck here," says Falgout. "We have not designed the energy infrastructure - or any infrastructure - [to 
handle land loss]."

The problem afflicts all of southern Louisiana. As land turns to water, it is exposing thousands of miles of oil and gas 
pipelines that were built underground and were not designed to withstand water or waves.

"There are places where a pipeline that was laid in marsh, well protected, is now in five or six feet of water - in an open bay 
that is subject to a vessel coming across and hitting it," says Falgout. "That's the thing that [oil companies] are spending their 
money on right now. It's so huge that they're just putting out fires."

Most energy and pipeline companies seem loath to discuss the issue, but there are signs of anxiety.

"The pipeline companies are very - I don't want to say nervous - they're very concerned," says Clifford Smith, chairman of T. 
Baker Smith, an engineering firm that has been designing and servicing pipelines in Louisiana since 1913. "We're constantly 
doing what we call as-builts" - inspections of existing pipelines - "and remedial work," he says. "Accidents are happening 
because of the changes in topography. It's a big thing."
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One of the few oil companies willing to talk describes land loss as a chronic challenge, but not an imminent crisis.

"It's a real concern," says Melody Meyer, a vice president who heads Chevron's Gulf of Mexico operations. "But we've 
always been able to manage it."

At least one oil executive views the threat in more dire terms. In 2004, Ed Landgraf, environmental coordinator for Shell 
Pipeline, sounded the alarm in congressional testimony. He characterized the destruction of land as "alarming" and called it 
a "national problem with serious national implications."

As he put it, "Much of [southern Louisiana's] infrastructure is at risk as the coastline continues to disappear." His conclusion: 
"National energy security can be maintained only if Louisiana's coast is restored and preserved."

Landgraf uttered those words a year before Katrina. Since then, the risk has increased "exponentially," according to Robert 
Twilley, a professor of coastal science who heads Louisiana State University's Gulf Restoration Initiative. Rita and Katrina 
knocked out gulf platforms and refineries and sent gasoline prices soaring, but the land-based pipelines largely survived.

Now, though, Twilley says the ongoing loss of terrain means there will be even less margin of safety - for New Orleans, for 
southern Louisiana, and for the pipelines - the next time a hurricane blows through. The good news, if you can call it that, 
is that the destruction wrought by Katrina has raised awareness of coastal erosion.

Louisianans understand that the very marshes that are being destroyed help shield them from hurricanes. But it's not clear if 
the message has penetrated Washington. And that raises the inevitable question: Will it take another Katrina to impel a major 
effort to protect the Louisiana coast?

One man takes on the gulf

Ted Falgout might appear to be an unlikely candidate to run an oil support facility: He was trained as a fisheries biologist. 
But in Louisiana that isn't such a strange mixture. Now 56, he grew up on Bayou Lafourche, where his family has lived 
since the Acadians - better known as Cajuns - settled there in the 1800s. His father was a fisherman, a trapper, and an oilfield 
worker.

Like his dad, Falgout has kept a foot in both worlds: In addition to running the port, he co-owns an alligator farm. Port 
Fourchon has enjoyed huge success under Falgout's leadership. His operation, a state commission, consists of 1,200 acres 
rented to a wide variety of companies that service rigs and platforms in the gulf. The port has helicopter pads and an airport, 
and each plot comes with access to a slip so that each tenant's boat can make their way into the gulf.

When Falgout started, the port had two tenants. Now it has more than 250, including oil majors such as BP, Chevron, 
ConocoPhillips (Charts, Fortune 500), and Shell and giant services companies such as Schlumberger (Charts), Baker Hughes 
(Charts, Fortune 500), and Halliburton (Charts, Fortune 500).

Meanwhile, Falgout has spent years trying to raise awareness of land loss, repeatedly testifying before Congress about the 
threat to Louisiana's coast. As he does that, he has been preparing for the day, perhaps only ten years away, when his facility 
is no longer on the mainland.

"We can sustain Port Fourchon as an island on the edge of the Gulf of Mexico," he says.

More than a decade ago Falgout sank barges filled with rocks off Fourchon's south coast to temper erosion and storm surges. 
Now he's building a forested ridge on the north of the port to protect it from surges there. And he's been leading a campaign 
to raise Highway 1, which accommodates about 1,200 trucks a day, onto stilts so that it can operate even when the land on 
which it now sits ceases to exist.

Oil companies, too, are grappling with the coastal forces, though it's hard to discern because pipelines are mostly out of sight 
under the bayou muck. As I'm skippered in a boat up and down Fourchon's bayous on a sweltering July day, the most common 
evidence of the infrastructure are signs that dot the edge of the water: warning: do not anchor or dredge. oil pipeline.

But inside a bayou called Belle Pass, you can see one oil company tackling an erosion problem. A Chevron barge with two 
cranes on it floats there, in the process of replacing 11 miles of pipe. On the barge, workers are welding sections of ten-inch 
pipe that will be lowered into the water. Later, water jets will force it down into a 48-inch-deep trench, after which it will 
be covered with the mud.
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The new pipe is a replacement for a 1960s-vintage predecessor, says Becky Roberts, president of Chevron Pipeline, which 
owns or operates 2,500 miles of pipelines in southern Louisiana. The old pipe "had become exposed over time," she says. 
"We knew we needed to do something different. And we chose to take on more expense and move that line to an area that 
would cause the least disruption [to the coast] and would give the most protection for the pipeline in the future."

The replacement process is laborious, made even more so on the previous day when company workers stumbled across two 
non-Chevron pipelines that weren't marked on their maps.

"I'm going to treat them as if they're hot [until proven otherwise]," explains Joe Adams, a contract engineer on the barge. 
(By "hot" he means full of oil or gas.)

So work stops, and the Chevron team has to wait for surveyors to see whether the pipelines are actually transporting 
something - and if so, who owns them.

"It's going to be a spaghetti factory out there," says Adams of the tangle of pipelines he expects to encounter. "Spaghetti 
bowl" is a phrase often used to describe the energy infrastructure in, variously, southern Louisiana, the gulf, and Texas. The 
system is a gigantic jumble that evolved without much overall planning. Some oil companies meticulously mapped as they 
built; others didn't.

As a result, says John Snead of the Louisiana Geological Survey, "nobody knows exactly how many pipelines there are in 
any part of the state." His best estimate is 14,000 miles of "transmission lines" in Louisiana. That leaves out, for example, 
small "flow lines" - say, a four-inch pipe running from an individual oil well to a collection facility.

In recent years the state of Louisiana has embarked on the grueling process of improving its infrastructure maps. People 
trudge through marshes looking for so-called witness posts, aboveground markers for pipelines. After one such study, notes 
Roland Guidry, Louisiana's oil-spill coordinator, "some of the companies were flabbergasted that their pipelines were over 
a quarter of a mile off from where they thought."

Oil lines and the environment

Louisiana's pipelines may not always be easy to locate, but their environmental impact is well understood. Along with 
levees and shipping channels, the pipelines - or rather the canals dug to lay them in the marsh - cause erosion and land loss. 
In its natural condition the Mississippi River fed the terrain along its banks with regular floods that replenished the land's 
sediment. But after hundreds of years of levee building on the river, its sustaining silt pours out into the bottom of the Gulf 
of Mexico. In effect, the land in southern Louisiana has been starved and is slowly sinking, even as sea levels rise because 
of climate change. Meanwhile, endless channels and canals have been carved out of the marshes for shipping and for oil 
and gas wells and facilities. Those canals eat away at the marshes and allow damaging incursions of salt water, which can 
kill freshwater vegetation.

"All this was marsh when I was a kid," says Allen Moreau, 41. "My grandaddy could walk across it." Moreau, who runs 
a charter fishing boat, is piloting up a bayou in Venice, La., on another 95-degree July day. The area he is describing as 
formerly solid land is open water. Also on the boat is George Pivach, general counsel for the Venice Port Complex, a smaller 
version of Port Fourchon in Plaquemines Parish. As we float further south, Pivach points to two parallel rows of rocks 
extending several hundred feet. He explains that they marked where one of the bayous joined the gulf. Two decades later the 
bayou is gone, and the lines are stranded a mile out in the gulf like a landing strip in an aqueous desert.

Every so often Pivach calls my attention to a "well jacket," a protective apparatus for an oil well. The wells, he says, were 
constructed on solid land, but now they are their own little islands. The flow lines that take oil from the wells to bigger 
collection facilities periodically poke out of the water. They were originally built underground, Pivach explains, so the oil 
companies didn't erect signs to warn passing boats of the protruding pipes.

Since Katrina, awareness of land loss has crested and created a sense of purpose in Louisiana. The state legislature this 
spring passed a master plan to restore the coast. And after Governor Kathleen Blanco sued the U.S. Department of the 
Interior last year, the federal government agreed, for the first time, to give the state 38 percent of the royalties it collects for 
oil drilling in newly developed areas of the gulf. That may amount to $500 million a year.
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There's still a long way to go. The state plan will cost an estimated $50 billion over 30 to 40 years. That $500 million in 
annual royalties could go a long way to funding it, but the money won't fully kick in for another decade. The biggest aid 
would come from new federal funding, and so far not much is happening there. Even if Washington does come through with 
serious funding, many Louisianans fear that the lion's share will go to the levees - some of which, as noted, are part of the 
problem.

Mississippi river levees, shipping channels, and oil and gas canals cause land loss. So how do you reverse that loss unless 
you plan to get rid of some levees - which would expose people to floods - or close down shipping channels or oil canals? 
The state's master plan shows a laudable willingness to make some of those brutal choices, but many Louisianans wonder 
whether the feds will go that far.

"This is a life-or-death situation, okay?" says Sidney Coffee, Blanco's chief advisor on coastal issues and chair of the 
Louisiana Coastal Protection and Restoration Authority.

"We're beyond urgent down here in what we're dealing with," she says, "and we'll never get from here to there if we keep 
the same process that we have right now, the same federal process."

You can detect a strain of resentment in Louisiana these days. The refrain goes like this: We sacrificed our environment 
to give the country oil - and now the country doesn't want to help us protect the land that allows it to flow. Not everyone 
buys this increasingly common interpretation of events. (Skeptics recall the decades in which 50 percent of the state's tax 
revenues came from oil companies.

As longtime environmentalist and Tulane law professor Oliver Houck wrote last year, "Today we tell Congress that we 
'sacrificed' ourselves for the national good. Never has there been such a willing, complicit sacrifice. We made a bundle of 
money, wasted most of it, and blackballed anyone who questioned what it was doing to the Louisiana coast.") But it's clear 
that others are not going to volunteer to replace Louisiana.

"The last time I checked," says Falgout, "there was nobody waiting in line to take Louisiana's place in servicing the energy 
industry. Okay? Certainly not California and Florida. The environmental impacts to moving somewhere else would be huge. 
And in this country, it just ain't going to happen."

It will be hard to restore the coast without industry support. Most oil companies say they endorse coastal restoration; many 
even write checks to America's Wetlands, a foundation that is raising awareness of the issue. But the companies have not 
taken a public role in, say, lobbying Congress. (For now, the prevailing industry view is to address the issue pipeline by 
pipeline. As Chevron's Roberts puts it, "We're used to operating in difficult environments.")

Once you have the energy people actively involved, then you have to bring in the shipping and fishing industries, the 
developers, and, not least, the whole morass of various government entities. It's a daunting challenge, notes Mark Davis, a 
thoughtful senior research fellow at Tulane who used to run the Coalition to Restore Coastal Louisiana.

But for all the obstacles, Davis has some hope: The country has taken on daunting challenges before, he says - the Interstate 
Highway System and even past projects on the Mississippi.

"The scale of action we're talking about is not unprecedented," he says. "But it took a sense of national purpose. Not federal 
purpose. That's the key thing here. That's why people should care about what happens here. It's not because you have to 
love Cajun food or you love pulling some oil company's fat out of the fire. It's because, quite frankly, the country has a lot 
at stake here." Top of page

Video: Photojournalist Stanley Greene and Fortune senior writer Adam Lashinsky document the progress in New Orleans.

Where's the relief money? Billions have been spent to rebuild New Orleans. But not enough is reaching the local economy. 
Here's why.

Copyright © 2008 2008 Cable News Network. A Time Warner Company. All Rights Reserved.
http://money.cnn.com/2007/08/02/magazines/fortune/no_energycrisis.fortune/index.htm
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St. Paul Pioneer Press 
“Bridge joins history of disaster on river stretch” (September 2007) 

BRIDGEJOINS RIVER'S HISTORYOFDISASTER- GEOLOGY OF ST. ANTHONY 
FALLS AREA CAUSED PAST CALAMITIES; IS IT LINKED TO I-35W COLLAPSE?
St. Paul Pioneer Press (MN) - September 16, 2007

Author: JASON HOPPIN ; Pioneer Press

The news spread as fast on that day in 1869 as it did on Aug. 1. There'd been a disaster near St. Anthony Falls.

Rushing water had broken through a thin layer of limestone beneath the Mississippi River, seeping into a tunnel being 
excavated for a mill. What was a half-mile-long, 6-foot-by-6-foot underground channel was now up to 90 feet wide, creating 
a yawning whirlpool. The collapse of St. Anthony Falls -- a crucial engine of the young state of Minnesota's economy 
-- appeared imminent.

Average citizens rushed to the scene to help. A witness described it:

"Proprietors of stores hastened to the falls, taking their clerks with them; bakers deserted their ovens, lumbermen were 
ordered from the mills, barbers left their customers unshorn; mechanics dropped their tools, lawyers shut up their books or 
stopped pleading in the courts, physicians abandoned their offices."

The Mississippi River area near St. Anthony Falls has a history of disaster, and the Interstate 35W bridge collapse added to 
the legend. The question is, are all these events somehow related?

PONDERING CONNECTIONS

Charlie Leekley was 10 minutes away from being underneath the I-35W bridge when it fell. He was waiting to navigate the 
Minneapolis Queen riverboat and its 48 passengers into the Lower St. Anthony Falls Lock and Dam, and when the bridge 
went down he issued his first mayday call in 18 years of piloting boats.

"It was 500 feet in front of me when it collapsed," Leekley said. "I had probably the best view of the whole thing."

After reflecting on that day, he thought about another part of his job -- giving passengers a history lesson on the St. Anthony 
Falls area. He thought about the 1869 tunnel collapse. He thought about the time in 1987 when a Northern States Power 
hydroelectric station fell into the river just north of the bridge. And he thought about the I-35W bridge's north pier, which 
now leans forward at a pronounced angle.

"The pier on that bridge is right next to one of the most volatile areas on the whole Mississippi River," Leekley said.

TRAGEDY ... AND GEOLOGY

Volatile doesn't begin to describe it. Disasters near St. Anthony Falls aren't unusual -- they're the norm.

In 1859, the Christmas Avenue and 20th Avenue bridges collapsed. The following year, the Bridge Square Fire destroyed 
18 buildings near the river.

The Eastman Tunnel washed out in 1869, and the next year, some sawmills and a dam were engulfed in flames. In 1878, the 
Washburn "A" Mill exploded, and in 1880 another tunnel collapsed.

In 1881, four flour mills burned, and in 1883 the Great East Side Fire, the biggest fire in Minneapolis history, burned Nicollet 
Island and parts of Northeast.

The list goes on, up to and including the 1987 hydro station collapse.

But when Leekley says "volatile," he means the river itself. And to understand why the river there might be dangerous, you 
need to go back 12,000 years.



264     Publicity

National Center for Earth-surface Dynamics
Annual Report 2008

Once upon a time, there was a 175-foot waterfall near present-day downtown St. Paul, believed to be wider and taller than 
Niagara Falls. Over the years, the sandstone beneath the falls would erode, the limestone cap would break, and the falls 
would recede upriver.

When the falls reached the confluence of the Minnesota and Mississippi rivers, they split, and present day St. Anthony Falls 
was born. The falls moved quickly in geologic terms, at a rate of about 4 feet a year. When Father Louis Hennepin saw the 
falls in 1680, he estimated them to be 60 feet tall. By the early 19th century, estimates were 16 to 20 feet tall.

While the Eastman Tunnel collapse was the most spectacular disaster in the river itself, it wasn't the only one. The U.S. 
Army Corps of Engineers later discovered that the limestone cap ended barely 1,000 feet above the falls. Once they reached 
that point, the falls would dissolve into rapids, and the burgeoning Minneapolis mill industry would lose its source of 
hydropower.

"St. Anthony Falls was one tick of the geologic clock from extinction," said John Anfinson, a historian with the National 
Park Service.

Engineers took dramatic steps to save the falls, from placing an apron over them (which can be seen today), to building a 
36-foot-high wall that spans the river above the falls. You can't see the wall, but it's still there -- it was built underneath the 
limestone riverbed to support the limestone and stave off erosion problems.

But that didn't stop the disasters. In 1987, the NSP hydro station, on the river's east bank just north of the I-35W bridge, 
collapsed.

The hydro plant fell for the same reason St. Anthony Falls marched so quickly upriver -- the water washed away the 
sandstone underneath the station. It was another testament to the volatility of the river, and just how fragile the riverbed and 
its banks could be.

"This is a place where dramatic things happen," said Karen Campbell, education director for the National Center for Earth-
surface Dynamics, a National Science Foundation-funded program at the University of Minnesota's St. Anthony Falls 
Laboratory.

Leekley believes there are other reasons to suspect the river, including the 8 million gallons of water that are released every 
time a lock is used. But did it have anything to do with the I-35W bridge collapse?

"The likelihood that (geology) has anything to do with the bridge is, in my opinion, nil," Campbell said.

But Leekley looks at the southern pier, which is completely out of the water and withstood the twisting collapse of the 
southern part of the main bridge span, seemingly without being moved.

And he looks at the north span, along the riverbank, and how it now tilts out over the rushing water.

"I gotta think that it must have something to do with it," he said.

Jason Hoppin can be reached at jhoppin@pioneerpress.com or 651-292-1892.

http://docs.newsbank.com/openurl?ctx_ver=z39.88-2004&rft_id=info:sid/iw.newsbank.com:NewsBank:PIPB&rft_val_format=info:ofi/
fmt:kev:mtx:ctx&rft_dat=11BBDB81C8E25A60&svc_dat=InfoWeb:aggregated5&req_dat=0D0CB57F7B6B6F80
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University of Minnesota campus events 
“ ‘Where does the water actually go?: The Mississippi River is a Connected Bio-physical 
System’ A talk with Chris Paola on the River as an Ecosystem” (October 2007) 
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"Where does the Water Actually Go?: The Mississippi River is a 
Connected Bio-physical System": A talk with Chris Paola on the 
River as an Ecosystem

Sponsored By:Institute for Advanced Study
Additional Sponsors:College of Design

Institute on the Environment
Series: Telling River Stories: The I-35W Bridge, the Mississippi River, and Rebuilding Community 
Connections

Cost: 
Free! 

Contact: 
Pat Nunnally, 612 624-3739 
pdn

Tuesday, October 23, 2007 5:00
PM

Room 100 
Rapson Hall
Minneapolis Campus

Chris Paola is a Professor of Earth Sciences, Geology 
and Geophysics and a principal investigator at the 
National Center for Earth-Surface Dynamics at the 
University of Minnesota. This event is also sponsored by 
the Telling River Stories collaborative, the Department 
of Urban Studies, the Water Resources Center and the 
Metropolitan Studies Consortium. 
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USDA Forest Service Stream Notes newsletter 
“Initial Recommendations from the International Bedload-Surrogate Monitoring 
Workshop, Minneapolis, Minnesota, 11-14 April 2007” (October 2007)

The International Bedload-Surrogate Monitoring 
Workshop (www.nced.umn.edu/BRIC_2007), 
organized by the Bedload Research International 
Cooperative (BRIC)(Gray and others, 2007; Gray 
and others, in press; www.bedloadresearch.org) on 
11-14 April 2007, in Minneapolis, Minnesota, was 
held to: 

a. determine the extent to which available 
bedload-surrogate technologies have 
progressed toward potential operational 
applications based on calibrations under 
laboratory and field conditions, 

b. further the development and verification of 
novel bedload-surrogate technologies and 
methodologies toward their routine 
application in large-scale monitoring 
programs, and 

c. identify needs related to international 
standards on bedload-data collection, storage, 
and dissemination protocols. 

About 50 geomorphologists, sedimentologists, 
hydraulic engineers, hydrologists, and others with 
expertise and (or) interest in bedload monitoring 
representing nine countries convened at the St. 
Anthony Falls Laboratory (www.safl.umn.edu).  
Others from around the world participated via live 
webstream on 11-13 April 2007. Archived videos 
may be viewed at (www.nced.umn.edu/BRIC_Ar
chived_Streams.html). 

Outcomes from the workshop include proceedings 
to be released by 2008 with at least 24 peer-
reviewed papers primarily addressing issues of 
calibration of bedload-surrogate technologies and 
state of the art bedload-surrogate monitoring. The 
proceedings will include the principal workshop 
recommendations; identification of compelling 
bedload-surrogate technologies and related issues 
in data acquisition; recommendations of methods to 
bring selected technologies to fruition; and 
identification of other issues and needs germane to 

the international bedload-research community. 

The workshop was predicated on recognition of the 
research community’s long-standing inability to 
resolve a variety of difficulties in measuring and 
monitoring bedload discharge (transport), 
particularly in gravel and mixed gravel-sand 
bedded rivers. Direct bedload measurements, 
particularly during medium and high flows when 
most bedload occurs, tend to be time-consuming, 
expensive, and potentially hazardous. Indirect or 
surrogate technologies developed largely over the 
last decade have been used at a number of research 
sites around the world and show considerable 
promise for providing relatively dense, robust, and 
quantifiably reliable bedload datasets. However, 
information on the relative performance, scope of 
applicability and ultimate efficacy of selected 
technologies for use in monitoring programs is 
needed, as is identifying methods for bringing the 
most promising and tractable of the technologies to 
fruition. Three principal recommendations 
emanated from the workshop: 

1. summarize the status of progress in bedload-
surrogate technologies, 

2. provide access to bedload and ancillary data 
worldwide, and  

3. form and implement a BRIC benchmark 
network. 

Workshop Recommendations 
Summarize the Status of Progress in Bedload-
Surrogate Technologies  

A primary thrust of the workshop was to compile 
and evaluate information on bedload-surrogate 
technologies and to identify those that show the 
most promise for monitoring bedload as part of 
operational programs in a quantifiably reliable way. 
Papers presented at the workshop will be published 
in a U.S. Geological Survey Scientific 
Investigations Report, on a range of technologies, 
most of which were based on active- or passive-

Initial Recommendations from the International 
Bedload-Surrogate Monitoring Workshop, 
Minneapolis, Minnesota, 11-14 April 2007  

By Jonathan B. Laronne, Jeffrey G.D. Marr, and John R. Gray 
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hydroacoustic techniques. Surrogate technologies 
based on magnetic and impact sensing are presently 
less developed for use in the near future.  

Active Hydroacoustics: This technology focuses on 
stationary deployment of an acoustic Doppler 
current profiler (ADCP) in sand-bed systems (fig. 
1). The net downstream movement of near-bed 
sediments causes a bottom-referenced ADCP to 
incorrectly infer that the device is moving in the 
upstream direction. Hence, for ADCP flow 
measurements, a “moving-bed correction” is 
required (Mueller and Wagner, 2006). The 
“moving-bed correction” is being used to infer 
bedload transport in conjunction with bedload 
measurements, such as in a flume with a slot-
sampler or portable bedload samplers. 

Passive Hydroacoustics: This technology uses 
hydrophones or geophones to measure the intensity 
of natural sounds emitted in gravel-bed channels 
during runoff. The sound intensity is related to 
bedload-transport rates, and has been demonstrated 
in field (fig. 2) and flume studies. Geophones 
resting on the bed and consisting of a pipe or 
impact plate (e.g., Rickenmann and McArdell, 
2007) and hydrophones deployed within the water 
near the bed have been tested. Geophones have 
been satisfactorily calibrated either in the lab 
(plates) or also in a natural channel (within a pipe 
set perpendicular to flow). 

A review of papers based on the workshop 
presentations indicates that: 

Acoustic-monitoring techniques are 
considerably more advanced and potentially 
more robust than available magnetic, radar and 
impact bedload-monitoring techniques. 

Some of the surrogate techniques tested and 
calibrated in the laboratory and field have 
yielded encouraging results. 

The mostly off-the-shelf components that 
constitute many surrogate-monitoring 
instruments are in many cases quite affordable; 
however, costs associated with data analysis, 
presently substantial with respect to time and 
expertise requirements, will remain so until the 
analytical techniques are refined and captured 
as protocols. 

Provide Access to Bedload and Ancillary Data 
Worldwide  

The desire for access to a broad spectrum of 
bedload data from around the world was 
unanimous among workshop participants. 
Anticipated limitations in resources seem to 
preclude development, population, and 
maintenance of a central database. An alternate 
approach to bedload-data access was described: 

Form an ad hoc committee to define the 
objectives and approach toward accessing 
bedload and ancillary data worldwide. Identify 
potential partners in this effort, such as the 
National Center for Earth-surface Dynamics 
(www.nced.umn.edu/). 

Figure 1. Active-type acoustic-bedload monitoring 
apparatus over a sand bed in the drained Main 
Flume, St. Anthony Falls Laboratory, Minneapolis, 
Minnesota, February, 2006. A:  Acoustic-Doppler 
current profiler; B: Near-field flow-velocity sensor; 
C: Submersible lights  (photo courtesy of Colin 
Rennie and Rauf Ramooz, University of Ottawa). 
Downstream view. 

Figure 2. Passive-type acoustic-bedload monitoring 
in the Uonogawa River, Japan, 2006.  A: Pipe 
geophone; B: Reid-type (formerly referred to as a 
Birkbeck-type) slot sampler.  Downstream view. 
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Locate and post on-line static (historical) 
bedload and ancillary databases that do not 
require refreshment and maintenance. 

 Identify and access dynamic databases with 
bedload and ancillary data worldwide, such as 
the U.S. Geological Survey’s National Water 
Information System (www.waterdata.usgs.gov
/nwis).  Provide metadata on each database, 
including protocols by which the data were 
collected and analyzed. 

Develop sequential query language or other 
script-type language that can extract data on 
request from the static and dynamic databases. 

Enable access, or provide information to access 
a suite of bedload and ancillary databases 
through the Bedload Research International 
Cooperative website (www.bedloadresearch.
org) free-of-charge. 

This concept has been articulated in some detail by 
Gray and Osterkamp (2007). Organizations 
expressing interest in this general concept include 
the National Center for Earth-surface Dynamics
(www.nced.umn.edu/) and the World Association 
for Sedimentation and Erosion Research 
(www.waser.cn/). A questionnaire designed to 
identify useful, quality-assured databases will be 
developed and distributed in the near future.   

Form and Implement a BRIC Benchmark 
Network  

A number of bedload researchers have developed 
novel techniques for intermittently or continuously 
monitoring bedload transport. However, some lack 
the capacity or access to appropriate facilities to 
compare their techniques to “ground truth.” 
Ironically, there are a large number of sites – both 
controlled, such as laboratory flumes equipped with 
sediment-measuring devices; and uncontrolled, 
such as Reid-type (formerly termed Birkbeck) slot 
samplers set in natural channels and operational 
during runoff – where reliable bedload-transport 
rates can be derived. 

Recognizing this fundamental need and the 
availability of a number of facilities capable of 
providing bedload-transport ground truth, the 
workshop attendees were unanimous in their 
recommendation for the BRIC to develop a 
Bedload Benchmark Network. Such a network 
would consist of sites that: 

a. possess the facilities and capabilities that 
enable reliable computations of bedload 
transport, 

b. agree to join and collaborate as part of the 
BRIC Benchmark Network, and 

c. are coordinated by a BRIC-organized 
committee to help researchers in the selection 
of an appropriate bedload-research venue. 

At least 20 such venues have already been 
identified as potential BRIC Benchmark Network 
research sites (Gray and others, in press). 
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Nature 
“The liquid of life” (November 2007) 

The American Museum of Natural History and the Science Museum of Minnesota (SMM) co-organized the  
Water: H20=Life exhibition, with SMM receiving content development support from NCED during the exhibition’s creation.
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The New York Times 
“The Blue Planet’s Lifeblood: A Finite Flow” (November 2007) 

The American Museum of Natural History and the Science Museum of Minnesota (SMM) co-organized the Water: 
H20=Life exhibition, with SMM receiving content development support from NCED during the exhibition’s creation.

November 2, 2007
Exhibition Review | 'Water: H2O = Life'
The Blue Planet’s Lifeblood: A Finite Flow
By EDWARD ROTHSTEIN

It is impossible to enter “Water: H2O = Life,” the exhibition opening tomorrow at the American Museum of Natural History, 
and not feel excitement at its possibilities. You walk into darkened space where a tumbling aqua-lighted waterfall seems to 
descend from the ceiling; letters projected on its turbulent surface spell “water” in multiple languages.

This is affecting and clever because the seeming cascade really is formed of water in its vaporous state. And you cannot 
pass through that curtain of mist without taking some notice of water’s extraordinary qualities: Like few other substances on 
earth, the show points out, water can exist as a solid, liquid and gas at everyday temperatures and pressures.

By the projected words you are also quickly made aware of water’s power to flow beyond national boundaries. The exhibition 
— created by Eleanor Sterling, director of the Center for Biodiversity and Conservation at the museum, in conjunction with 
the Science Museum of Minnesota and other science museums — is also meant to have a global reach. It will travel to South 
America, Asia, Australia and other locations in North America. Its objects include a meteorite from Australia (containing 
15 percent water), live Southeast Asian mudskippers (fish that carry water in their bodies as they slither onto land) , a pipe 
fragment from Mexico used to irrigate fields some 1,500 years ago, and a display devoted to the environmental impact of the 
Three Gorges Dam in China, the world’s largest concrete structure. And given the exhibition’s concerns with environmental 
education, there is also much here that will attract younger visitors, who may not always be prepared for immersion into the 
watery realm of environmental debate.

But the exhibition also inspires considerable frustration. It presents a free-flowing flood of data and has an overly insistent 
and predictable message. That message is, admittedly, a virtuous one, because water, the exhibition points out, is not a 
renewable resource. What exists on earth now is the only water we will ever have, and less than 1 percent of it is available 
for human use. In 27 countries, most in Asia and Africa, convenient water is unavailable to half the population; meanwhile 
many rivers there are polluted with sludge, and even the Ganges, the sacred river of India, harbors harmful waste.

Problems of access, purity and misuse have been aggravated, the exhibition suggests, by the very innovations meant to 
ameliorate them. During the last 50 years 47,000 large dams have been built around the world, supplying 20 percent of the 
world’s electric power. But dams disrupt wildlife, block migration routes and displace human communities. In addition, the 
show says, “most irrigation dams deliver less water and are less profitable than expected.”

Industrial activity has caused other ecological disasters. A stark room contains models of tufa towers — unearthly pillars of 
limestone — left exposed at Mono Lake in California, after water was diverted to Los Angeles in the 1940s. A children’s 
game suggests that the melting of Arctic ice from global warming is making life hazardous for polar bears. And aquatic 
animals, we’re told, “make up about 60 percent of all endangered species in the U.S.”

Industrialized society (particularly in the United States) bears the brunt of the blame. How much water is used daily per 
capita, for example, in different countries? A display shows that 151 gallons a person per day are used in the United States for 
“domestic and municipal use,” 31 gallons are used in Britain and just 3 in Ethiopia. Then, a game-show-like quiz on video 
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screens asks which beverage takes the most water to produce, including water used to grow and process the plants: coffee, 
orange juice or tea? The answer: coffee, one cup of which contains 74 gallons of “virtual water.” Cattle farmers are even 
more water-profligate because of all the grain used as feed: 600 gallons of water are poured into the average hamburger.

But if modern society creates problems, don’t count on technology to solve them. Consider desalination, which makes 
seawater potable. Though its “environmental costs,” such as “marine organisms sucked into intake pipes,” are difficult to 
quantify, the exhibition says, they “may be serious.”

“What Can We Do?” asks one panel. The only people who seem to be living in aquatic harmony here are nonindustrialized 
cultures: a diorama of the Tonle Sap, a lake and river system in Cambodia, shows homes floating atop pontoons on a 
freshwater lake; inhabitants celebrate the water and its plentiful harvest of fish.

The premodern becomes the model. Instead of dams, the exhibition suggests using wind, solar and tidal power. If desalination 
is necessary, reduce damages, the exhibition says, by using wind power, as is done in Perth, Australia. At the exhibition’s 
end, video touch screens give advice for environmental fixes around the house: Don’t pour cooking oil down the drain. 
Replace old water-wasting toilets.

All of this may seem to come out of an environmental commonplace book, offering a familiar mainstream vision. But had 
the exhibition looked at its subject more closely, it might have broadened environmental understanding rather than simply 
followed current doctrines.

First of all, comparing water use is more complicated than just adding up daily gallons per person. At the exhibition water 
is being treated as the absolute measure of value, the main factor used to assess activities. But this makes for skewed 
comparisons. United States residents may waste some of those 151 gallons a day, but “domestic and municipal use” covers 
a lot of ground, including commerce and invention. It would be surprising if “domestic and municipal use” were even 
remotely comparable in an undeveloped country.

And do wind, water and solar power really have the pastoral qualities they take on here, so only their virtues are recognized 
and not their costs, while technologies like desalination receive short shrift? The mining and manufacturing required to 
create, say, solar panels, surely demand substantial resources; and the quantities of power required mean more research is 
needed for large-scale use.

There is almost a romanticizing of the premodern here, which makes solutions seem much simpler than they really are — a 
bit like the working model of a PlayPump shown here, which pumps water as a wheel is spun. In sub-Saharan Africa about 
700 of these turning wheels have been installed as manual merry-go-rounds: Children play, and water pumps. Neat. But if 
they are an answer, it is only to small-scale problems.

What about Western modernity and technology? Are they culprits, as the exhibition so often implies? Sometimes, surely, 
but there are also unmentioned examples of premodern activities that have altered environments with as much finality as a 
modern dam. Some historians have suggested that misuse of irrigation systems by ancient Southwestern American Indians 
salinized the soil, turning it barren. Failures to rotate crops or excessive clearing of trees may have altered the terrain of the 
ancient Near East. Meanwhile today’s technologically advanced societies are so hyperconscious of environmental effects 
that their enterprises have the potential to become the most efficient and least damaging.

Many of the exhibition’s implicit assumptions allow little room for such considerations. The usual suspects are lined up 
and familiar prescriptions offered, as if a morality tale were being recounted. Other forms of environmental villainy and 
accomplishment are not fully acknowledged. The notorious draining of the Aral Sea in southwest Asia, for example, is called 
an “irrigation story” caused by farmers growing water-hungry cotton in the middle of the desert. Unmentioned is that the 
problem began in the Stalin era by Soviet demands for cotton. Tyranny rather than foolhardy farmers created the disaster.

Stranger still is the recounting of the ecological catastrophe that ravaged almost 8,000 square miles of marshland in Iraq. 
The exhibition says Iraqi troops poisoned the marshland and diverted its water supply “during the Gulf War of 1991.” But 
actually the destruction occurred after that war, when Saddam Hussein brutally crushed a Shiite rebellion. Marsh reclamation 
began after 2003, we are told, “when Iraqi president Saddam Hussein’s regime collapsed,” a curiously passive description 
that fails to recognize what happened or credit the forces that made reclamation possible.
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Given the international reach of this exhibition and its potential influence, such errors and omissions are troubling. By 
stripping these events of context, the exhibition also makes it seem as if environmental issues existed apart from history. 
Unfortunately, these and other weaknesses make it too easy to dismiss valid environmental concerns.

I left the exhibition in a strange state, both enlightened about water and the creatures who dwell within it, but rebelling 
against the rigid conceptual shape into which it has been poured. I ended up caring about water a lot, but convinced of a lot 
less.

“Water: H2O = Life” opens tomorrow and runs through May 26 at the American Museum of Natural History, Central Park 
West and 79th Street; amnh.org; (212) 769-5100 or (212) 769-5200. Timed tickets are $22; $16.50 for students and 60+; 
and $13 for 12 and younger.

Copyright © 2007 The New York Times Company
http://www.nytimes.com/2007/11/02/arts/design/02wate.html?_r=1&pagewanted=print&oref=slogin
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The Associated Press
“New show at Museum of Natural History looks at a world of water” (November 2007) 

The American Museum of Natural History and the Science Museum of Minnesota (SMM) co-organized the  
Water: H20=Life exhibition, with SMM receiving content development support from NCED during the exhibition’s 
creation.

New show at Museum of Natural History looks at world of water 
Written by Deepti Hajela, THE ASSOCIATED PRESS   
Thursday, 01 November 2007

NEW YORK - Water falls slowly, drop by drop onto a surface below. Plink. Plink. Plink.

Elsewhere, a lever is lifted on a display model to demonstrate what happens when a dam is opened, water rushing forth to 
carry away and reshape the sediment below. A sculpture in another room displays water in all its states - solid, liquid and 
vapour - while a giant sphere representing the Earth shows where water is distributed around the world.

A new exhibit at the American Museum of Natural History is all about this most precious resource, its impact on the earth's 
environment, its impact on human beings, how it is used (wisely and not so wisely) and what can be done to ensure that 
supplies do not dangerously dwindle.

"Water: H2O" runs through May 26. The museum organized the show in collaboration with institutions around the country 
and world, from Minnesota to California to Brazil to Australia to Singapore, and it will go on an extensive world tour after 
finishing its run in New York.

The purpose of the exhibit is to convey some key messages, said Eleanor Sterling, curator and director of the museum's 
Center for Biodiversity and Conservation.

Among those messages: that water is the basis of life on Earth; that it has been integral in shaping the geography of the 
planet and plays a major role in its climate; that our use of it affects others; that it is a limited resource. Even though the 
planet is covered with water, only three per cent is freshwater and of that, most is locked away in glaciers or underground, 
leaving a tiny fraction for an increasing world population to use.

"We will never have any more than we have now," Sterling said, but consumption continues to rise. In some areas, conflicts 
over limited water resources have already happened, something that will only continue if people don't become better 
stewards.

"There's no question, water may increasingly be the resource that people are fighting over," she said.

And not just in other countries. Alabama, Florida and Georgia have been arguing over water rights for years, a clash that is 
only intensifying now amid a chronic Southern drought that is putting water supplies, agriculture and commercial fisheries 
at risk. Projections have at least 36 states facing water shortages within five years.

While the water-related troubles around the United States and the world are a "tragedy," Sterling said, they make the exhibit 
even more timely and hopefully will spur even more interest in the public.

"It gives it more of a sense of urgency," she said. "It may help to serve as a wake-up call to try to address these problems in 
a systematic way before they become too much more of a crisis."
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Museum President Ellen Futter agreed, saying, "It's in all the headlines and I think people might really be ready to listen 
and that's very important."

The show was a couple of years in the planning, with part of it being a survey to determine what people knew about water 
(not much) and what they wanted to find out.

The exhibit has several different sections. One part shows how plant and animal life has adapted to differing levels of 
water availability, while another section takes visitors through a mock canyon to show how water can carve the face of our 
geography. Another section shows how civilizations have used water, from irrigation to dams, and an interactive screen tests 
viewers' knowledge of how much water goes into making products such as coffee or a T-shirt.

Parts of the exhibit show how people try to deal with living in areas that have an abundance of water, and those places 
that have a severe shortage, as well as some of the steps being taken to give people more access to water. The last section, 
which will change content based on where the exhibit is, shows ways people can become better water stewards in their daily 
lives.

"We want people to walk away with a sense of purpose and a sense of hope," Sterling said.

After New York, the show will be seen in Singapore; San Diego; St. Paul, Minn.; Chicago; Cleveland; Canberra, Australia; 
and Toronto. Having so many international partners shows that the issue of water is one that should be of concern to people 
everywhere, not just one part of the globe, Futter said.

"Water is an issue that's beyond boundaries," she said. "We all have to work together on this."

http://www.princegeorgecitizen.com/20071101102325/wire/entertainment/new-show-at-museum-of-natural-history-looks-at-world-of-water.html
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International Sediment Initiative Newsletter “Synopsis of Outcomes from the International 
Bedload-Surrogate Monitoring Workshop (USA, April 11-14, 2007)” (December 2007)

5
papers at the same time, underlined the need for further 
research to make these methods applicable in different 
physical and socio-economical settings.  

Ecological Engineering: The Conference has called 
attention to the increasing importance of ecological 
engineering in dealing efficiently with erosion phenomena 
and control. The substance and definition of the notion of 
ecological engineering would merit further attention, for 
more efficient dealings with watershed management. 

FIELD TRIP 

Surroundings of Valjevo town in western Serbia; 
Afforestation of the erosion area; Dam “Rovni“ in 
construction; River engineering structures on the Kolubara 
river. 

 
Further information about the Conference can be 

obtained at the website:  
http://www.sfb.bg.ac.yu/erosion2007, or by direct contacts 
with the organizers: Prof. Dr. Stanimir Kostadinov 
(kost@EUnet.yu) and Prof. Dr. Nada Dragovi  
(nadad@verat.net ) 

 

 
Yellow River Initiative---Declaration of the 3rd 
International Yellow River Forum 

During October 15-19, 2007, experts, scholars and 
representatives from over 60 countries and regions 
gathered together in Dongying at the Yellow River Delta to 
attend the 3rd International Yellow River Forum.  

Facing huge problems of the rivers in the world, which 
makes us worry too much, considering from perspective of 
society, environment, economy, history, science and ethic, 
on the basis of deep discussion on economic and social 
development of river basin and maintaining the healthy life 
of rivers, we recognized these same problems inspired the 
adoption of “Yellow River Initiative-Declaration of the 3rd 
International Yellow River Forum ” as below by delegates 
coming from all over the world.  

We recognized:   

 River has life. River is a continuous, intact and clean life 
system. It is the continuous and recycling life system that 

creates colorful and magnificent natural scenery, and 
nourishes the ecosystem and human being. Human being 
has no any excuse and right to ruin the life of rivers.  

 River nurtures great civilization of human being. 
Civilization starts from the side of rivers. Nations grows on 
the bank of rivers. Culture and emotion, history and reality 
accumulate, settle, fluctuate and mingle here. Human being 
and rivers live mutually-dependent. Therefore, the 
relationship between human being and rivers should change 
from opposition into harmony. Rivers should be considered 
as a life body. Human being’s consciousness of respecting 
rivers should be raised. A threshold line should be set down 
for stop blindly outstretching of human activities.  

 Rivers should greatly support gigantic ecosystem and 
economic development. The prerequisite is they should be 
healthy rivers. It is an obligatory mission of present 
generation to set up a vision of life value of rivers, respect 
rivers  right of keeping continuous, integrate and clean, 
and maintain the healthy life of rivers.  

It is right time to call for action. We should shoulder the 
following responsibilities and duties:  

 Recognizing the significance of rivers to human being 
and publicizing it ardently, cherishing rivers  life like 
ourselves, devoting to river protection consciously, and 
promoting the maintenance of healthy life of rivers;  

 Acting well as a representative for rivers, carrying out 
training, development and management of rivers in a 
scientific way, optimizing water allocation, integrating and 
harmonizing development of economy, ecology and 
environment development in river basin, balancing the 
relationship of stakeholders, and promoting the 
development of society;  

 Jointly forging the platform for international river 
management exchange, carrying out exchange, 
dissemination, and cooperation on river basin management 
experiences and technology, awarding contributors with 
outstanding performance, promoting the maintenance of 
healthy life of rivers with an effective mechanism;  

 Appealing governments, international societies and 
people from all sectors of the world to make concerted 
efforts, take active action hand in hand, strive for the 
protection and the great rejuvenation of the rivers-the cradle 
of human civilization!  

 Wish the rivers for both nature and human society in the 
planet flushing forever!   (Source: YRCC) 

  
 

Synopsis of Outcomes from the International 
Bedload-Surrogate Monitoring Workshop 
(USA, April 11-14, 2007) 

The International Bedload Surrogates Monitoring 
Workshop1, organized by the Bedload Research 
International Cooperative (BRIC) on April 11-14, 2007, in 
Minneapolis, Minnesota, USA, was held to: a. determine the 
extent to which available bedload-surrogate technologies 
have progressed to wise usage based on calibration under 
laboratory and field conditions; b. further the development 
and verification of novel bedload-surrogate technologies 
and methodologies toward their routine application in large-
scale monitoring programs; and c. identify needs related to 
international standards on bedload data-collection,-storage, 
and -dissemination protocols.   

About 50 geomorphologists, sedimentologists, hydraulic 
engineers, hydrologists, and others with expertise and (or) 
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interest in bedload monitoring representing nine countries 
convened at the St. Anthony Falls Laboratory5.  Others from 
around the world participated via live webstream on April 
11-13, which was archived for perpetuity. 

Outcomes from the workshop include proceedings to be 
released by 2008 with at least 25 peer-reviewed papers 
primarily dealing with issues of calibration of bedload-
surrogate technologies and state of the art bedload-
surrogate monitoring. It will also include the principal 
workshop recommendations; identification of compelling 
bedload-surrogate technologies and related issues in data 
acquisition; recommendations of methods to bring selected 
technologies to fruition; and identification of other issues 
and needs germane to the international bedload-research 
community. 

The workshop was predicated on recognition of the 
research community’s long-standing inability to resolve a 
variety of difficulties in measuring and monitoring bedload 
discharge (transport), particularly in gravel and mixed 
gravel-sand bedded rivers. Direct bedload measurements, 
particularly during medium and high flows when most 
bedload occurs, tend to be time-consuming, expensive, and 
potentially hazardous. Indirect or surrogate technologies 
developed largely over the last decade and used at a 
number of research sites around the world show 
considerable promise toward providing relatively dense, 
robust, and quantifiably reliable bedload datasets. However, 
information on the relative performance, scope of 
applicability and ultimate efficacy of selected technologies 
for use in monitoring programs is needed, as is identifying 
methods for bringing the most promising and tractable of the 
technologies to fruition. 

Three principal recommendations emanated from the 
workshop: 

1. Provide Access to Bedload and Ancillary Data 
Worldwide:  The desire for access to a broad spectrum of 
bedload data from around the world was unanimous among 
workshop participants. Anticipated limitations in resources 
seem to preclude development, population, and 
maintenance of a central database. An alternate approach 
to bedload-data access was described as follows: a. Form 
an ad hoc committee to define the objectives and approach 
toward accessing bedload and ancillary data worldwide. 
Identify potential partners in this effort, such as the National 
Center for Earth-surface Dynamics. b. Locate and post on-
line static (historical) bedload and ancillary databases that 
do not require refreshment and maintenance. c. Identify and 
access dynamic databases with bedload and ancillary data 
worldwide, such as the U.S. Geological Survey’s National 
Water Information System. Provide metadata on each 
database, including protocols by which the data were 
collected and analyzed. d. Develop sequential query 
language or other script-type language that can extract data 
on request from the static and dynamic databases. e.
Enable access or make available information related to 
access to the suite of bedload and ancillary databases 
through the Bedload Research International Cooperative 
home page free-of-charge. 

This concept has been articulated in some detail by 
Gray and Osterkamp (2007). Collaborators that have 
expressed some level of interest include the National Center 
for Earth-surface Dynamics and the World Association for 
Sedimentation and Erosion Research. 

2. Develop and Implement a BRIC Benchmark 
Network:  A number of bedload researchers have 
developed novel techniques for intermittently or 
continuously monitoring bedload transport. However, some 
lack the capacity or access to appropriate facilities to 
compare their techniques to “ground truth.” Ironically, there 
are a large number of sites – both controlled, such as 
laboratory flumes equipped with sediment-measuring 
devices; and uncontrolled, such as Reid-type (formerly 
termed Birkbeck) slot samplers set in natural channels and 
operational during runoff – where reliable bedload-transport 
rates can be derived. 

Recognizing this fundamental need and the availability 
of a number of facilities capable of providing bedload-
transport ground truth, the workshop attendees were 
unanimous in their recommendation for the BRIC to develop 
a Bedload Benchmark Network. Such a network would 
consist of sites and facilities that: a. possess the facilities 
and capabilities that enable reliable computations of 
bedload transport; b. agree to join and collaborate as part of 
the BRIC Benchmark Network; and c. is coordinated by a 
BRIC-organized committee to help researchers in the 
selection of an appropriate bedload-research venue. 

At least 20 such venues have already been identified as 
potential BRIC Benchmark Network research sites. 

3. Summarize the Status of Progress in Bedload-
Surrogate Technologies:  A primary thrust of the workshop 
was to compile and evaluate information on bedload-
surrogate technologies and to identify those that show the 
most promise for monitoring bedload as part of operational 
programs in a quantifiably reliable way. Papers presented at 
the workshop will be published in a USGS Scientific 
Investigations Report, on a wide range of technologies, 
most of which were based on active or passive 
hydroacoustic techniques. Surrogate technologies based on 
magnetic and impact sensing are presently less developed 
for use in the near future. The hydroacoustic technologies 
are summarized below: 

Active Hydroacoustics: This technology focused on 
stationary deployment of an acoustic Doppler Current 
Profiler (ADCP) in sand-bed systems. The net downstream 
movement of near-bed sediments causes a bottom-
referenced ADCP to incorrectly infer that the device is 
moving in the upstream direction. Hence, for ADCP flow 
measurements, a “moving-bed correction” is required 
(Mueller and Wagner, 2006). The “moving-bed correction” is 
being used to infer bedload transport in conjunction with 
bedload measurements, such as in a flume with a slot-
sampler, or otherwise using a portable bedload sampler. 

Passive Hydroacoustics: This technology uses 
hydrophones or geophones to measure the intensity of 
natural sounds emitted in gravel-bed channels during runoff. 
The sound intensity is related to bedload-transport rates, 
and has been shown to be the case in a field and a flume 
study. Geophones resting on the bed and consisting of a 
pipe or impact plate and hydrophones deployed within the 
water near the bed have been tested. Geophones have 
been satisfactorily calibrated either in the lab (plates) or also 
in Nature (pipe). 

(John R. Gray, Jonathan B. Laronne and Jeffrey G.D. 
Marr) 
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Oregon Public Broadcasting
Oregon Field Guide “Marmot Dam Removed” (2008) 

NCED participated in a Marmot Dam study summer 2007. Footage in this video is from that study, which was conducted at 
the St. Anthony Falls Laboratory.

Copyright © 2008, Oregon Public Broadcasting
http://www.opb.org/programs/ofg/episodes/view/1910
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Flyer for “Partnership for River Restoration and Science in the Upper Midwest” (2008)

ANNOUNCEMENT: 
 

Partnership for River Restoration and Science in the Upper Midwest 
 
 
Partnership Description 
River research and restoration in the Upper Midwest is an area of intense activity involving federal and 
local agencies, watershed managers, consultants, researchers, and educators. There is a clear demand for 
discussion, knowledge exchange, and collaboration between these entities, including two-way exchanges 
between research and practice as well as interagency communication. To address this need, the National 
Center for Earth-surface Dynamics (NCED) and the St. Anthony Falls Laboratory (SAFL) are organizing 
a Partnership for River Restoration and Science in the Upper Midwest (PRRSUM, pronounced “prism”).  
 
Goals for the Partnership 
PRRSUM will provide a regular, open forum for knowledge exchange within the stream and river 
restoration community within the Upper Midwest. 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. 
 Lay the groundwork for a more formal professional restoration group within the Upper Midwest. 

 
Monthly Forum 
The group will meet from 4:00 to 5:30 pm on the 2nd Tuesday of every month at the St. Anthony Falls 
Laboratory to discuss topics related to Upper Midwest research, training, and practice in river restoration. 
The meeting will include a presentation that will generate discussion on a selected restoration topic; time 
will also be available for informal networking and “pop-up” discussions of other topics.  We are exploring 
the possibility of providing an interactive web stream in the future. Some presenter slots are still open for 
this year; please contact partnership organizers with suggestions for topics and discussion leaders. For 
direction to SAFL, visit www.safl.umn.edu/aboutus/directionsmap.html.  
 
Website 
Please visit www.nced.umn.edu/prrsum to learn more about PRRSUM, to become a member (free), and 
to access relevant restoration information.  
 
Organizers 
Jeff Marr and Anne Lightbody 
National Center for Earth-surface Dynamics, St. Anthony Falls Laboratory, University of Minnesota 
Email: prrsum@umn.edu; Phone: (612) 624-3931 
 
Spring 2008 Meeting Topics  

 February 12: Risk and Reward in Upper Midwest Stream Restoration  
 March 11: Sediment dynamics in agricultural watersheds 
 April 15: Restoration design for nutrient uptake and water quality improvements 
 May 13: Dam removal in the Upper Midwest: Motivations, science, and design  
 June 10: Design methods for in-stream structures: Available techniques and research needs  
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EOS “The Need for Full-Scale Experiments in River Science” ( January 2008)
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The Minnesota Daily 
“U names first environmental engineering chairwoman” ( January 2008)

NCED Codirector Efi Foufoula-Georgiou received this honor.

January 22, 2008

U names first environmental engineering chairwoman
The position was established with a $2 million grant from an alumna.
By Betsy Graca

When Efi Foufoula-Georgiou was 13 years old and growing up in Greece, she was moved to the boys high school after 
expressing an interest in engineering.

On her first day of math class, her teacher asked her what she was doing there.

The teacher's early skepticism faded after Foufoula-Georgiou won him over with her skills and dedication.

Now, she has been named the first holder of the recently established environmental engineering chair at the University.

"The message is that knowledge, not gender, makes the difference," she said. "Show what you're worth."

University alumna Rose Ling established the position with a $2 million gift in the name of her late husband, Joseph.

Steven Crouch, dean of the Institute of Technology, said the Ling family has been extremely generous and supportive of the 
University for many years.

The family previously funded a professorship and a graduate fellowship in civil engineering.

Both Joseph and Rose Ling graduated from the University, and Joseph went on to be a leader in civil engineering.

He worked with 3M and established the Pollution Prevention Pays program.

"Joe Ling was a personal friend of mine and a mentor of sorts," Crouch said. "He was very successful and well-liked in his 
field."

Foufoula-Georgiou said she is extremely grateful to the Ling family and looks forward to meeting them soon.

She said the funding will be used to leverage interdisciplinary research that focuses on the environment.

Federal agencies cannot keep up with the funding of environmental issues, she said. Private and corporate funding will have 
to play a major role in addressing solutions.

Crouch said one of the reasons he appointed Foufoula-Georgiou to the position was because of her broad scope of research 
and her potential to create synergy across the University.

Foufoula-Georgiou moved to the United States in 1980 to pursue her Ph.D. in environmental engineering at the University 
of Florida.

She found herself in Minnesota in 1989 researching hydrology, eco-geomorphology, mathematics and environmental 
engineering.
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Her office is located in the somewhat-hidden St. Anthony Falls Laboratory, surrounded by the Mississippi River and the 
45-foot falls.

Foufoula-Georgiou said the laboratory, where she once served as the director, is a very exciting place surrounded by a great 
environment.

She wouldn't have stayed in Minnesota so long if she didn't enjoy the University and its research so much, she said.

"Support from faculty makes the winters warmer," Foufoula-Georgiou said. "(The University) has a lot of potential to do 
something great nationally and internationally."

Maia Homstad, science writer for the St. Anthony Falls Laboratory, said Foufoula-Georgiou is always full of new ideas.

"She's very energetic and fun to work with," Homstad said. "She's perfect (to hold the chair)."

Foufoula-Georgiou said as an immigrant from Greece - like the Lings are immigrants from China - she understands the 
importance of giving back to a new culture as the Lings have.

 

Copyright © 2008 The Minnesota Daily
http://www.mndaily.com/articles/2008/01/22/72165069
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UMNnews 
“Ando-Giikendaasowin: Native American Math and Science Summer Camp” (February 2008)

http://www1.umn.edu/umnnews/Feature_Stories/Summer_fun_for_youth.html
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NewScientist Environment 
“New Mississippi delta would limit hurricane damage” (February 2008)

This article also appears online: Civil Engineering Bulletin and FreeRepublic.com.

New Mississippi delta would limit hurricane damage
13:20 18 February 2008
NewScientist.com news service
Phil McKenna

Diverting parts of the Mississippi would create up to 1000 square 
kilometres of new wetlands between New Orleans, Louisiana and 
the Gulf of Mexico, forming a vital storm surge buffer against 
hurricanes, researchers say. The formation of new delta lands could 
also help stem ongoing coastal erosion without disrupting important 
shipping traffic.

"The scientific and engineering barriers are easily overcome," says 
Gary Parker, a geologist and engineer at the University of Illinois in 
Urbana-Champaign, who developed the plan with colleagues. "The 
big issue is political will".

Details of the scheme were unveiled on Sunday at the annual meeting 
of the American Association for the Advancement of Science in 
Boston, US.

Breaching the levee

The proposed diversion would cut breaches into a levee some 150 km south of New Orleans, Louisiana, and 30 km above 
where the river empties into the Gulf of Mexico. With the diversions in place, flooding would cause the river to empty into 
shallow saltwater bays on either side of the river, releasing sediment-rich water to produce new deltas.

"You keep the sediment within the coastal boundary current that keeps it running along the shoreline, whereas now it gets 
ejected into the Gulf," adds Robert Twilley, of Louisiana State University in Baton Rouge, who worked with Parker on the 
project.

A similar plan, presented to the state of Louisiana and the Army Corps of Engineers in 2005, before Hurricane Katrina 
flooded much of New Orleans, never gained political support. "It was too bold, too aggressive, and too expensive," Twilley 
says.

Geological modelling

But researchers have since worked out how to model the effect of diversions in greater detail, providing better evidence that 
such an ambitious plan would be successful. Parker and Twilley used a model featuring a detailed picture of the amount of 
sediment coming down river, the volume of floodwater and the topography of the areas the sediment would fill.

Assumptions about the amount of new delta land that would appear were based partly on an analysis of the nearby Wax Lake 
Delta, which began forming in 1974 after flooding.

The proposed diversion would create up to 1000 square 
kilometres of new delta by 2100
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The team ran simulations factoring in varying rates of soil subsidence (1 millimetre to 10 mm) and rising sea level (2 mm to 
4 mm per year). Depending on these variables, they estimate that between 700 and 1000 square km of new land would form 
over 100 years. Land is already being lost to coastal erosion in the state two to three times as quickly.

Twilley says the new delta land would provide significant storm surge protection – more than can be achieved through levies 
alone – for New Orleans.

Shipping not affected

But a major stumbling block for any plan to alter the Mississippi's flow is the potential disruption caused to shipping between 
the Gulf and New Orleans – one of the world's busiest ports. The proposed diversion would mainly take water during times 
of flood, leaving the river's shipping lanes untouched when they are needed most.

"This is achievable even given that navigation is the number one priority," Twilley says. The researchers plan to present their 
findings to members of Louisiana's state legislature in the coming weeks.

"The state has to say this is what we want to move forward and I feel confident they will do that," Twilley adds. "This is not 
cheap, but we have done bigger engineering projects in this country before."

© Copyright Reed Business Information Ltd.
http://environment.newscientist.com/article/dn13340-new-mississippi-delta-would-limit-hurricane-damage.html
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Findings: The Science Magazine News Blog 
“A Grand Diversion in Louisiana” (February 2008)

Copyright © 2008 American Association for the Advancement of Science. All Rights Reserved.
http://blogs.sciencemag.org/newsblog/2008/02/a-grand-diversi.html
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The Colbert Report (Comedy Central) 
“Water is Life” (March 2008)

The American Museum of Natural History and the Science Museum of Minnesota (SMM) co-organized the Water: 
H20=Life exhibition, with SMM receiving content development support from NCED during the exhibition’s creation.

Copyright © 1995-2008 Comedy Central. All rights Reserved
http://www.comedycentral.com/colbertreport/videos.jhtml?videoId=164483
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Cover of the Journal of Sedimentary Research (March/April 2008)

Cover Caption for JSR April 2008 Issue: Experimental channels flow over an extensional relay zone. The geometry of 
the system is simplified in the experiment with two adjacent normal fault segments linked by an overlapping relay zone. 
Channels are attracted to flow around the uplifted footwalls (top-left and bottom-right) and toward the subsidence maximum 
at a hanging wall, bottom-left). This experiment took place in 2005 in the Experimental EarthScape (XES) basin at the St. 
Anthony Falls Laboratory, University of Minnesota, Minneapolis, Minnesota, U.S.A. See Mullin and Ellis, March issue.

The experiment ties in with the Subsurface Architecture Integrated project, and the XES basin is partly funded by NCED.
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Newsletter Newsletter

April 2007 eNews May 2007 eNews

"Rebuilding after Katrina" 
public lecture
May 16, 2007
Institute of Technology
Coffman Memorial Union
University of Minnesota
Minneapolis, MN

NCED Graduate Student 
Retreat
June 10-14, 2007
St. Anthony Falls Laboratory
Minneapolis, MN

NCED Site Visit
June 13-14, 2007
St. Anthony Falls Laboratory
Minneapolis, MN

Post-Site Visit PI Discussions
June 15, 2007
St. Anthony Falls Laboratory
Minneapolis, MN

New PI
Fotis Sotiropoulos, Director of the 
St. Anthony Falls Laboratory 
(SAFL), wil l join NCED as a 
principal investigator (PI) beginning 
August 1, 2007.

New NCED Graduates
During the spring 2007 semester, 
Wonsuck Kim received his PhD in 
geology (advisors Chris Paola and 
Vaughan Voller) and Feng Wan 
received his MS in civil engineering 
(advisor Fernando Porté-Agel).

Congratulations Michal
Michal Tal wil l begin work in 
October 2007 (through July 2008) 
as a postdoctoral research associate 
at the Institut de Physique du Globe 
de Paris doing work on the transfer 
dynamics of wood in rivers with 
researcher François Métivier. To see 
what other NCED alumni are busy 
doing, visit the NCED Alumni:
Where are they now? webpage.

Website: www.nced.umn.edu 
Email: info@nced.umn.edu 

2 Third Ave SE 
Minneapolis, MN 55414 
T - (612) 624-4606 
F - (612) 624-0066 

To opt out of future mailings, 
please e-mail the list manager. 

BEDLOAD SURROGATES MONITORING WORKSHOP 
DISCUSSES NEW TECHNOLOGIES
The Bedload Research International Cooperative (BRIC), together with 
Ben-Gurion University of the Negev, the US Geological Survey, SAFL, and 
NCED, organized and convened the International Bedload Surrogates 
Monitoring (IBSM) Workshop at SAFL in early April 2007. This three-day 
workshop involved participation of nearly 45 international experts on 
issues of bedload monitoring and technology development. While further 
development is needed in most cases, the following technologies were 
identified as having potential for safe and continuous monitoring of 
bedload in rivers: discrete-impact sensing devices with passive acoustic 
sensors, hydroacoustic sensors, active acoustics devices, 
electromagnetic devices, and tracer methods. The IBSM Workshop, which 
was broadcast live over the Internet, involved presentations and 
discussions on all of these technologies.

USING RADIO FREQUENCY IDENTIFICATION TO 
DOCUMENT GRAVEL TRANSPORT
NCED PI Peter Wilcock, NCED Postdoctoral Research Associate Nancy
Brown, NCED Stream Restoration Project Manager Jeff Marr, and Junior 
Scientist Craig Hill conducted a set of experiments in SAFL's Main 
Channel (flume) using radio frequency identification (RFID) gravels to 
document the motion of gravel particles in the runs. Two 1-hour runs were 
conducted in the flume, with degradation in the upstream flume and 
deposition in the downstream half of the flume. RFID rocks were placed at 
two lines in the upstream third of the flume during these runs. Similarly, a 
set of three, 1-hour runs were conducted in the flume in which sediment 
was eroded at the downstream half of the flume and deposited at the 
upstream half of the flume. Sixty percent of the rocks used in these five
runs were recovered using a handheld wand that detects RFID. The 
results of these experiments showed that, despite electronic interference 
in the flume environment, handheld equipment can be used to locate 
transported gravel in an indoor flume. In addition, these flume 
experiments constitute a documented set of runs that can provide a 
standard of comparison for numerical models of aggradation and 
degradation.

Lef t: The main channel at SAFL during an alternate bar run. Center: Each y ellow grav el v isible 
in the photo contains an RFID. Right: Connecting RFID antennas to the electronic control box. 
A tuning box is in the f oreground.

NAKED SCIENCE
On April 19, the National Geographic Channel televised "Naked Science: 
Dino Meteor." NCED Director Chris Paola, NCED Postdoctoral Research 
Associate Doug Jerolmack, and Junior Scientist Craig Hill all participated 
in demonstrations that appeared in the documentary. Click here to watch
excerpts from the program.

LE SUEUR RIVER PROJECT
NCED PI Lesley Perg will be working with NCED PIs Peter Wilcock (JHU) 
and Gary Parker (UIUC), former NCED graduate student J. Wesley Lauer 
(PI for this project and assistant professor at Seattle University), Carrie E.
Jennings (Minnesota Geological Survey), and Adjunct Assistant Professor 
Karen Gran (UMD) on a proposal entitled, "An Integrated Sediment Budget 
for the Le Sueur River Basin." This proposal is funded from March 2007 to 
June 2009 by the Minnesota Pollution Control Agency.

Appendix M: Knowledge Transfer Publications

Year 6 Newsletters
Past and present issues of the eNews are available at http://www.nced.umn.edu/NCED_E-News.
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Newsletter NewsletterJune 2007 eNews July 2007 eNews
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Newsletter NewsletterAugust 2007 eNews September 2007 eNews
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Newsletter NewsletterOctober 2007 eNews November 2007 eNews
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Newsletter NewsletterDecember 2007 eNews January 2008 eNews
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Newsletter NewsletterMarch 2008 eNewsFebruary 2008 eNews
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The Stream Restoration Networker Summer/Fall 2007

(1)(1)

Summer/Fall

Regional Perspectives of Stream 
Restoration: Motivations and  
Approaches 
by Jeff Marr
Stream Restoration Project Manager
National Center for Earth-surface Dynamics
How should we, as practitioners, trainers, 
and researchers, define the practice of 
stream restoration in the US? Is it reasonable 
to think about the practice of stream 
restoration in broad geographic terms? Or, 
should the practice of stream restoration 
be regionalized? The United States has 
a broad range of climate, landscape, and 
environmental assets that result in a broad 
range of motivations and approaches to 
stream management. In this issue of the 
Stream Restoration Networker, we explore 
the “regionality” of our nation’s streams 
and the stream restoration that takes place 
in those regions.  

To begin, we selected five regions on 
which to focus this discussion: the Pacific 
Northwest, the Southwest, the Upper 

Midwest, the Northeast, and the Southeast. 
We then invited perspectives from five 
experienced stream restoration scientist/
engineers on restoration activities and 
issues within their regions. Specifically, 
we asked these scientist/engineers to 
address the following four theme areas: 
describe your region’s geography and the 
sociology surrounding stream restoration, 
describe the major motivations for stream 
restoration, describe the major stream 
restoration challenges in your region, and 
provide your thoughts regarding stream 
restoration practice in your region and the 
nation—what needs to be improved? Each 
of our authors has practical experience 
with stream restoration projects as well as 
experience with more formal river research 
and training. 

In this issue...
Regional Perspectives of Stream 
Restoration: Motivations and  
Approaches........................................1

Regional Perspectives of Stream 
Restoration—the Pacific Northwest....2-3

Marmot Dam Removal and NCED....3

Stream Restoration in the Semiarid 
Southwest............................................4-5

Issues, Examples, and Suggested 
Philosophy for River Restoration in  
the Upper Midwest..............................6-7

Northeastern Stream Restoration.........8-9

Stream Restoration in the  
Southeastern US: Historical 
Perspectives, Motivations, and 
Approaches........................................10-12

Conclusion and Summary..................13

Map of the United 
States. Regions 
displayed are 
approximate. 

Summer/Fall 2007 Stream Restoration Networker
Past and present issues of the Networker are available for download at http://www.nced.umn.edu/Stream_Newsletter.
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The Stream Restoration Networker Summer/Fall 2007

(2)

Regional Perspectives of Stream  
Restoration—the Pacific Northwest
by Derek B. Booth, PhD
Stillwater Sciences and University of Washington
The Pacific Northwest encompasses a 
grand diversity of landscapes that span 
the humid, glaciated lowlands of Puget 
Sound to the high mountain ranges of the 
Cascades to the arid plateaus of eastern 
Washington and Oregon. This region 
offers no easy generalities. Altitudes range 
from sea level to more than 2,000 m, and 
precipitation varies from under 100 to 
more than 6,000 mm per year; human-
modified watercourses include small urban 
drainages, the Columbia River (4th largest 
in the continental United States), and 
everything in between.

Because of this diversity, there is no 
singular “regional perspective” on stream 
restoration. This short article, therefore, 
only focuses on one of the environments 
found here: the Puget Sound lowlands of 
western Washington. This area holds the 
largest cities of the Pacific Northwest and 
the greatest population density, and so 
both the need for and awareness of stream 
restoration are very high.

Rivers and streams in this region flow 
across a rolling landscape sculpted by the 
passage of the last continental ice sheet 
16,000 years ago. Major rivers originate 
from the Cascade Range and traverse the 
lowland in broad valleys at gradients of 
up to about one-half percent. Most, but 
not all, of these major rivers are regulated 
near their emergence from the Cascade 
rangefront for water supply, flood control, 
power generation, or all three.

Lowland streams are numerous and drain 
every corner of the once-forested, and 
now rapidly urbanizing, terrain. Ranging 
in drainage area from less than 1 to 
as much as 200 km2, most flow down 
gradients of 0.5 to about 2 percent and 
almost never encounter bedrock. Coarse, 
glacially prepared sediment is abundant 
and encourages the formation of gravel-
bedded pool-riffle channels favored for the 

spawning and rearing of the region’s many 
species of anadromous salmonids. Rainfall 
is gentle but ubiquitous throughout all but 
the summer months of most years; annual 
rainfall accumulations are about 1,000–
1,500 mm at intensities that rarely exceed 
a few mm per hour.

Regional activity in “stream restoration” 
is very high because of regulatory drivers 
and general public interest. The federal 
Endangered Species Act presently covers 
several species of salmonids; other state 
and local regulations and programs provide 
varying levels of impetus for restoration. 
Public attention results both from the 
widespread desire for “healthy watersheds” 
and from the rapid changes to streams. 
These rapid changes are imposed by recent 
urban development, which has resulted in 
flooding, bank erosion, and reduced fish 
runs that are readily visible to all.

Stream restoration practices in this 
environment reflect a common enigma: 
the underlying cause of degradation is 
watershed alteration, which in the Pacific 
Northwest is most commonly expressed 
by changes to the physical stream channel 

and to biological communities. Treating 
symptoms instead of causes, however, 
becomes the primary thrust of “restoration.” 
Alterations to watershed hydrology 
and water chemistry, the most common 
drivers of downstream degradation, are 
rarely addressed in any but the most 
cursory fashion. This region, thus, invests 
heavily but narrowly in symptomatic 

fixes—bioengineered bank armoring, 
placement of large woody debris, and 
resculpting of channel reaches into 
“preferred” sequences of bedforms 
and habitat units. Replanting of the 
riparian corridor is a common adjunct 
to in-channel work, as is the removal 
of barriers to fish migration.

The Pacific Northwest faces two 
fundamental barriers to effective stream 
restoration. The first is physical—
landscape-scale changes to land cover and 
land use are the primary drivers of instream 
degradation, and they impose a tremendous 
variety of stressors on stream conditions. 
Most of these stressors cannot be managed 
by instream measures, and so even well-

Longfellow Creek in Seattle, 
Washington, reflects the in-channel 

focus of most “restoration projects” 
in this region: new in-channel debris 
and riparian vegetation provide only 
partial correction for the watershed-

wide generation of high flows and 
urban contaminants.

East Fork Issaquah Creek in Issaquah, 
Washington, displaying the human 
encroachment, invasive riparian vegetation, 
and morphologic simplification that typifies 
urban stream channels in this region.



296     Knowledge Transfer Publications

National Center for Earth-surface Dynamics
Annual Report 2008

The Stream Restoration Networker Summer/Fall 2007

(3)

Pacific Northwest (continued)
manicured, “restored” channels continue to 
host only impaired biological communities 

with reduced fish runs. Watershed processes 
that sustain instream attributes of sediment 
sizes, wood loadings, and bank stability 
are not commensurately restored as well, 
and so whatever improvements have been 
achieved tend to degrade over time.

The second barrier to effective restoration 
is social. Funding is overwhelmingly 
oriented towards “building stuff,” be it a 
reconstructed channel, an armored bank, 
a log jam, or a daylighted reach. These 
structures are symptomatic palliatives, 
not genuine restorative actions, but as 
long as public perception and ill-informed 

Marmot Dam Removal and NCED
A documentary crew visited St. Anthony Falls Laboratory (SAFL) in June to shoot 
footage of a model study located in the basement of the lab. This model study represented 
potential geomorphic responses of the Sandy River to the removal of the Marmot Dam. 
The Marmot Dam, previously located on the Sandy River near Portland, OR, was a 
58-foot-high structure that impounded approximately 900,000 cubic yards of deltaic 
sediment upstream. Once the dam is completely removed, the river will once again be 
able to distribute the deltaic sediment downstream. 

As part of the dam removal project, SAFL and the National Center for Earth-surface 
Dynamics (NCED) are working with Stream Restoration Community Partner Gordon 
Grant (US Department of Agriculture Forest Service) and dam owner Portland General 
Electric (PGE) to model and monitor the response of the river to dam removal. With data 
from earlier studies (including one study by Stream Restoration Community Partner Stillwater Sciences) and a recent LIDAR (light 
detection and ranging) survey, a SAFL/NCED team led by NCED Stream Restoration Project Manager Jeff Marr designed and built 
a 35-foot physical model of the river above and below the dam. During summer 2007, Grant, NCED Principal Investigator (PI) Peter 
Wilcock from John Hopkins University (JHU), and NCED graduate student Chuck Podolak (JHU) completed detailed preremoval 
facies mapping of current sediment storage downstream from the dam. They were assisted by a team of NCED summer undergraduate 
interns from around the US. These interns began their summer running experiments in the Marmot Dam model and finished by 
completing mapping and sediment characterization of the downstream reach of the river most likely to be first impacted by sediment 
redistribution. NCED hopes to continue to study the effects of Marmot Dam removal with similar sediment monitoring campaigns in 
future summers—this project represents a wonderful opportunity for long-term data gathering to learn more about how a river digests 
sediment following dam removal. Combined with modeling work, to be completed by Podolak, NCED foresees field-site data and 
modeling data to contribute to an understanding of what happens when a dam comes down.

     Nick Olson, Jeff Marr, and Gordon Grant 
     narrate a coffer dam breach for the film 
     crew.

by goals achieved. Until the highest level 
of management and funding in our region 
can embrace the rigor imposed by rational 
goal-setting, can understand the watershed 
process, and can offer true monitoring and 
adaptive management, sustainable stream 
restoration is unlikely to occur.

technical guidance drive these decisions, 
little advance will be possible.

More effective 
solutions can also 
be found across the 
region. They are 
emerging where 
broadly- t ra ined 
professionals, who 
eschew a strictly 
in-channel focus, 

are instead creating whole programs for 
the landscape-scale rehabilitation of land 
cover and watershed hydrology. These 
approaches are being advanced, not by 
narrowly-focused practitioners of particular 
techniques or methodologies, but by those 
who recognize ecological- and socially-
supported endpoints and can recognize 
the hydrological, chemical, and biological 
conditions needed to reach those objectives. 
These professionals, however, also need the 
support of enlightened funding agencies 
at the state and federal levels, which 
too often measure “success” in terms of 
projects built and dollars spent rather than 

“Funding is overwhelmingly oriented towards 
‘building stuff,’ be it a reconstructed channel, an 
armored bank, a log jam, or a daylighted reach. 
These structures are symptomatic palliatives, not 
genuine restorative actions... .”

The Stream Restoration Networker 
welcomes your ideas and sugges-
tions. In particular, please let us 
know about the stream restoration 
projects or cutting edge research 
with which you are involved. We 
would love to share this informa-
tion with the stream restoration 
community. Email the editor.
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Stream Restoration in the Semiarid Southwest
by Mary Nichols, PhD
USDA-Agricultural Research Service 

Douglas Green, PhD 
Arizona State University 
Healthy riparian systems are of great 
concern across the US, but in the semiarid 
Southwest, water scarcity and increasing 
population pressures heighten awareness 
of the deteriorated state of many of the 
region’s riparian resources. Mitigating 
both historic and current land use impacts 
on riparian ecosystems, channel beds and 
banks, surface water flow, and water quality 
have motivated many stream restoration 
projects. However, the success or failure 
of stream restoration in the Southwest is 
complicated by several regional 
characteristics, including 1) 
historic and evolving land uses, 
2) spatially variable watershed 
and climate characteristics, 
and 3) a flash flood hydrologic 
regime.

During the last century, 
mining and agriculture were 
dominant land uses throughout 
the Southwest. Recent rapid 
population growth and 
development have created 
a high demand for water as 
well as for sand and gravel, 
which are often mined from 
stream channels, floodplains, 
and terraces. Currently, 
copper mining is expanding in 
response to high prices on the 
global copper market. Mining, 
agriculture, and development, 
as well as other land uses, 
continue to affect both water 
quantity and quality. Several 
southwestern waterways exceed 
Environmental Protection 
Agency (EPA) standards for 
minerals, metals, and chemicals. 
Many stream channels have been 
physically altered through bank 
stabilization, straightening, and 

ground water pumping. Where pumping 
has lowered water tables, conversion of 
perennial to ephemeral stream flow has 
caused significant mortality of riparian 
vegetation. In many cases, restoring channel 
reaches that are physically disconnected 
from former groundwater contact may not 
be possible.

Efforts to restore channel riparian areas 
are substantially enhanced by restoring or 
maintaining the watershed as a whole. The 

Southwest can generally be described by 
its “basin and range” topography. From a 
distance, much of the landscape is dominated 
by high mountain ranges separated by 
broad, flat plains that can appear relatively 
homogeneous. However, throughout the 
basin and range region, interior watersheds 
in close proximity can be very different 
from each other in terms of their physical 
and ecosystem characteristics. Individual 
watersheds are more aptly described in 
terms of their unique physiographic features 

and biotic communities, 
including highly variable 
soils, underlying geology, 
upland and riparian vegetation, 
and climate. This variability 
creates difficulty in developing 
universal restoration designs.

Annual precipitation patterns, 
and longer term periods of 
above and below average 
precipitation, directly affect 
riparian restoration efforts. 
Precipitation in many areas 
of the Southwest occurs in 
winter and summer with very 
little occurring in the spring 
and fall. Winter precipitation 
is derived from large, Pacific 
frontal storms that deliver 
low intensity precipitation 
across broad regions. In 
contrast, late summer and 
early fall or “monsoon season” 
precipitation results from 
convective thunderstorms that 
can deliver localized, intense 
rain events. These rain events 
can cause high velocity flash 
floods. This annual bimodal 
pattern of precipitation creates 
significant challenges for 
establishing riparian vegetation, 

San Pedro River, Arizona: Monsoon flash floods pose a 
distinct regional challenge for stream channel design in 
the southwestern United States.
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which can be further exacerbated by multi-
year periods of drought or floods. 

Flows in Southwest streams and rivers are 
highly variable. Variations in timing and 
magnitude are driven by both watershed 
and climate factors, and flooding can result 
from both late summer/early fall and winter 
precipitation. Although winter storms are 
characteristically low intensity, they can 
have very long durations and can saturate 
the soil. Shallow soils with limited water 
holding capacity, characteristic of 
many southwestern watersheds, 
partition much precipitation 
to overland flow and runoff. 
Historically, many watersheds 
in the Southwest were subject to 
annual flooding and inundation 
of low lying flood plains. In 
the absence of sufficient vegetation on 
watershed uplands, high velocity flows can 
cause surface erosion as well as channel 
scour and downcutting. Intense “monsoon 
season” precipitation rates can rapidly 
exceed infiltration capacity and cause flash 
flooding. Flash flooding is problematic due 
to extreme hydraulic stresses that often 
lead to failure of vegetation and in-channel 
structures. During periods of drought, 
many designers place vegetation close 
to, or within, the conveyance channel to 
maximize potential access to moisture and 
to minimize vegetation mortality. A return 
to normal precipitation and associated flash 
flows can cause substantial damage to such 
projects. 

There are two major challenges to stream 
restoration in the Southwest: using stream 
restoration practices from other regions and 
determining project success or failure based 
on varying monitoring protocols. First, 
many of the conceptual underpinnings used 
in the design of stream restoration projects 
have been derived from regions outside 
the Southwest. For example, restoration 
projects often rely on accurate identification 
of the bankfull discharge to derive design 
parameters for flow control structures 
as well as for vegetation. Because of the 
high flow variability, bankfull features 
may not be appropriate design features. 
Successful restoration, therefore, requires 

developing alternative means, specific to 
arid Southwest streams, for deriving project 
design parameters. Efforts to create specific 
channel forms may not result in restored 
geomorphic processes, especially in flash-
flood dominated hydrologic regimes. 
Questions surrounding the appropriateness 
of bankfull discharge as a basis for design 
also imply that practitioners use extreme 
caution when applying designs from other 
regions to channels in the Southwest.  

The second challenge to stream restoration 
involves an objective determination of 
project success or failure. This process is 
severely hindered by the variety of different 
monitoring protocols in use. However, 
one of the keys to stream restoration is 
an objective determination of whether the 
project has met stated goals or objectives. 
An objective evaluation of each project 
will provide data on methods that worked 
or failed and will be a valuable contribution 
to assist future project design.  Currently, 
different riparian monitoring protocols are 
used by each federal agency. Even within 
a single agency, such as the US Forest 
Service, monitoring protocols can differ 
between national forests. Varying protocols 
makes comparison of restoration projects 
difficult and hampers efforts to create design 
parameters specific to the Southwest.  

Education, coordination between agencies, 
and realistic expectations can improve the 
potential for successful stream restoration 
outcomes. Many managers come from 
regions outside the Southwest or are not well 
informed on the unique fluvial processes 
that characterize southwestern stream 
systems. As a consequence, these managers 
often enter into design and installation of 
restoration projects with an incomplete 
conceptual model or a conceptual model 
that does not apply to the region. This type 
of situation leads to improper siting and 

installation of structures and vegetation, 
resulting in projects that do not meet 
objectives.     

Coordination within and between agencies 
is critical to maximizing effectiveness of 
limited resources and to improving the 
chances of success in any stream restoration 
project. The expected retirement of many 
key agency personnel, many of whom have 
significant institutional and experiential 
knowledge, will further increase the need 

for careful cooperation among agencies 
when planning and implementing 
restoration projects.  

Expectations for stream restoration 
must be realistic. Commonly, 
managers and the general public 
approach a restoration project with 
unrealistic expectations. These 

unrealistic expectations often include 
anticipated recovery rates of vegetation 
as well as size and frequency of flows. 
An individual’s expectations are derived 
from experience, and this experience is 
frequently gained in places other that 
the arid Southwest. Transfers of agency 
personnel, and the large influx of residents 
from outside the region, have contributed 
to a lack of realistic expectations. 
Even if expectations are supported by 
an understanding of local hydrology, 
vegetation, and fluvial processes, alteration 
of the historic relationship between surface 
and groundwater may dictate which 
former ecosystem state can be successfully 
supported and restored. Education is a vital 
component to bring expectations in line 
with system potential.    

Throughout the southwestern US, water 
supply will remain a dominant concern 
against a backdrop of increasing land use 
pressures. Successful riparian restorations 
will be those that are developed to ensure 
that the hydrologic, geomorphic, and 
biotic processes are enhanced such that 
the resulting channel form can be naturally 
sustained.

“Successful restoration ... requires developing 
alternative means, specific to arid Southwest 
streams, for deriving project design 
parameters.”

Southwest (continued)
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Issues, Examples, and Suggested Philosophy for 
River Restoration in the Upper Midwest
by Luther Aadland, PhD
Minnesota Department of Natural Resources

Rivers in the Upper Midwest have been 
altered in a variety of ways, and much of 
the damage has resulted from our river 
management approach and philosophy. For 
about a century, “channel improvement”  
(a.k.a.  dredge and straighten) was a mission 
taken on by just about every government 
agency in the country. From the late 1800s 
to about 1960, approximately a third of 
Minnesota’s streams, or some 27,000 miles, 
were straightened and dredged. Other 
midwestern states followed a similar track, 
and throughout the Corn Belt it is difficult 
to find a first order stream that isn’t a legal 
ditch. 

As a result of this “channel improvement,” 
thousands of miles of Midwest streams 
need restoration. Straightened and 
dredged streams can be remeandered by 
diverting them into historic channels or by 
excavating meandering channels based on 
relatively unaltered reaches. For example, 
a previously ditched four-mile reach of 
the Whitewater River in Southeastern 
Minnesota was restored in 1998-1999 using 
three miles of historic channel and a mile 
of excavated channel. Monitoring of the 
site before and after restoration indicates a 
much more stable channel and has shown a 
dramatic response of the fish community.

In addition to channel restoration, dam 
removal is also a growing issue in the 
Midwest, and across the country, due to 

the number of dams that have exceeded 
their design life. One of the challenges of 
dam removal includes dealing with large 
volumes of accumulated sediments in the 
reservoir. We have addressed this challenge 
through channel reconstruction and the use 
of fieldstone riffles for grade control. In 
Appleton, Minnesota, about 2,500 ft of new 
channel was excavated and eight riffles were 
built as a means of restoring the channel. 
The riffles raised the grade and protected 
the bed. Since then, the river’s gravel 

bedload has covered much of the streambed 
and overlaid some of the riffles. Pools 
downstream of the riffles have deepened 
to as much as 10 ft. Channel catfish and 
other riverine species returned upstream 
and to the former reservoir following dam 
removal. A quality walleye fishery is now 
present in the former reservoir where carp 
and bullheads had dominated prior to the 

dam removal.

In other cases, where existing uses prevent 
dam removal, dam modification is an 
alternative. Rapids were frequent sites for 
dam construction and many Midwest towns 
named for these rapids (eg, Fergus Falls, 
Cedar Rapids, and Wisconsin Rapids) are 
now dam sites. These rapids were critical 
spawning habitats for lake sturgeon and 
many other species. Conversion of low-
head dams to rapids restores fish and canoe 
passage, eliminates dangerous hydraulics, 

and provides spawning 
habitat for lake sturgeon 
and other species; many 
low-head dams submerge 
at bankfull flow and do 
not exhibit some of the 
adverse effects of higher 
dams. In Minnesota, state 
and federal agencies, 
local government, and 
grass roots groups have 
reconnected the Red 

River of the 
North and its 
t r i b u t a r i e s 
through dam 
removal and 
c o n v e r s i o n 
of low-head 
dams to 
rapids. At least 
25 dams have 
been removed 
or modified in 

the basin, and many of the critical spawning 
areas have been reconnected. Dam removal 
on the Red Lake and Wild Rice Rivers 
brought a return of a number of fish species 
including sauger, channel catfish, and other 
native species extirpated from the points 
upstream of the dams. Concurrent efforts 
to re-establish lake sturgeon, extirpated 
from the entire Red River Basin due to 
overfishing and dam construction, depend 

Above: Photo of the Appleton 
Reservoir following dam 
removal and channel 
restoration. The dam was 
located at the left side of the 
photo. Right: Man-made 
rapids on the Red Lake River 
in Crookston, Minnesota, were 
designed to restore fish and 
canoe passage, improve safety, 
and provide aquatic habitat.

A restored reach of the previously 
straightened Whitewater River. 
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on reconnecting critical habitat in the 
basin. 

So, with the understanding that river 
restoration is necessary due to human 
activity (watershed/land use change, 
channel alteration, and dam construction), 
how do we make good stream restoration 
decisions that result in positive outcomes, 
such as the three examples above? First, we 
need to understand that rivers are complex 
and made up of subsystems interacting 
with each other. We need to assess a river’s 
hydrology, fluvial geomorphology, biology, 
water quality, and connectivity before 
offering river restoration solutions. Since 
river subsystems interact, altering one of 
these subsystems can affect the others. 
We’ve changed watersheds and land use 
through timber harvest and agriculture, 
altered channels directly and indirectly, and 
fragmented rivers through dam construction 
and road crossings. Each of these changes 
has caused cascading effects on each of the 
five components listed above. 

Second, we need to use appropriate 
natural templates for design. While our 
understanding of fluvial and ecological 
processes has grown, there is much that we 
do not know. Even sophisticated hydraulic 
and sediment transport models can be 
simplistic, especially when they are not 
calibrated to real data. Biological processes 
are even more complex. While models are 
useful, they should not replace empirical 
data. Pristine streams have become a very 
rare commodity in the Midwest, and yet 
stable reference reaches can still be found. 
If a reach is handling its watershed’s 
sediment and runoff, yet is remaining stable 
and providing quality habitat, it is a good 
indication that it has appropriate geometry. 

Third, river restorations should restore 
process. If we reconstruct a channel’s form, 
but lock it in place with overuse of rock, 
we eliminate the channel and floodplain 
forming process. This riprap will ultimately 
cause problems and eliminate the resilience 
of the channel, its ability to respond to 
change, and like numerous riprap projects, 
may actually accelerate downstream 
erosion. If we restore the channel forming 

Midwest (continued)
process, habitat will be created by this 
process rather than require installation and 
maintenance. 

Fourth, river restorations should not 
require maintenance or manipulation. If 
they do, it indicates a missing process 
or function that requires our input. For 
example, wetland restorations that require 
gate manipulation of water levels to initiate 
growth of vegetation may be missing the 
water fluctuations that occur seasonally 
in natural wetlands. Wide outlet weirs 
create this unnatural water level stability. 
On the other hand, temporary measures 
may be needed until natural processes 
take over. For instance, structures such as 
root wad revetments for bank stabilization 
are a means of buying time until riparian 
vegetation and living root take over the job 
of stabilizing banks and providing habitat. 
River restoration, therefore, becomes a 
delicate balance in protecting a site long 
enough for natural processes to take over 
while not permanently replacing them.

To conclude, river degradation has 
generally resulted from three main 
categories of human activity: changes in 
watershed/land use, altering channels, 
and fragmentation caused by dams and 
culverts. While changes in watershed/land 
use are, in many cases, the most important 
of these issues, they are also the most 
difficult to repair and depend on numerous 
land owners, public policy, and other 
issues that can’t normally be addressed by 
a single project. As our understanding of 
river systems increases, the science of river 
restoration is likely to evolve. However, 
the underlying philosophy of our approach 
is equally important to the likelihood of 
river restoration success. River restorations 
should not look like “restorations,” and 
ideally should be indiscernible from 
natural features. Ultimately, a perfect river 
restoration should show no sign of human 
involvement.

Resources on the 
web: www.stream-

restoration.net
Calendar: Upcoming events, 
workshops, and training related 
to stream restoration.

Toolbox: A stream restoration 
toolbox—the latest NCED  
research in usable form!

Training: A catalog of available 
certificate programs, short  
courses, and manuals.

Restoration in Action: Informa-
tion on various restoration  
projects throughout the US, 
eg, the Trinity River, the Provo 
River, and the Marmot Dam.

Research: Stream restoration 
research at NCED.
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Northeastern Stream Restoration
by James G. MacBroom, PE 
Milone & MacBroom, Inc and Yale University
The northeastern region of the United States 
has a humid, moderate temperature climate 
with generous year-round precipitation 
ranging from 35 to 55 inches per year. As a 
result, streams tend to have perennial flow 
and modest sediment loads. The northern 
part of this region (New England and New 
York) is covered with dense glacial till soils 
on upland areas with stratified drift outwash 
soils in the valley bottoms. Pennsylvania 
and Maryland have the Appalachian 
plateau and classic “ridge and valley” 
terrain with long, linear valleys underlain 
by sedimentary rock. Low, gradient, sandy 
coastal plains extend from New York City 
through New Jersey.

Many of the streams and rivers in the 
Northeast have a long history of human 
alteration and disturbance. Beginning in 
the 1700s, some rivers in lumbering regions 
were modified to facilitate logging drives 
or dammed to provide water at sawmills. 
In upland areas, many (and perhaps most) 
rivers were dammed to provide mechanical 
water power for sawmills, gristmills, and 
manufacturing. Thousands of small mill 
dams blocked fish passage, inundated 
habitat, and trapped natural sediment and 
waste products. 

Many communities developed along rivers 
and around the mills in areas that were 
flood prone. During the 20th century, many 
rivers were straightened, dredged, widened, 
smoothed, or diked for flood control, which 
inadvertently caused ecological losses. 
Suburban growth since 1950 has converted 
much of the landscape in all but the most 
remote areas. In urbanized areas, many 
streams have been canalized for flood 
control or land reclamation. Straight rivers 
with artificial boundaries (retaining walls, 
riprap) are quite common. Nevertheless, 
urban flooding continues due to increased 
surface runoff, loss of wetlands, and 
floodplain encroachment.

The industrialization of the Northeast, 
along with concentrated populations, also 
led to water pollution that created health 

hazards and decimated aquatic life. Since 
the 1960s, water quality has significantly 
improved with help from the Water 
Pollution Control and Clean Water Acts, 
especially with recent emphasis on control 
of nonpoint pollutants: section 404 of the 
Clean Water Act regulates discharges and 
discourages classic canalization while 
encouraging the restoration and mitigation 
of our streams and rivers.

Improved water quality has increased the 
potential to support aquatic species and 
allows people to once again enjoy river 
recreation. As a result, there is substantial 
public interest in also improving river 
habitat. The entire northeastern region, 
including the noncoastal states of Vermont 
and Pennsylvania, has aggressive programs 
to restore rivers historically used by 
migratory anadromous fish. Specific 
species include Atlantic salmon in Maine 
and along the Connecticut River, American 
shad on many of the medium- to large-
sized rivers, Blueback herring, alewife, 
and smelt. In Maine, the primary river 
management emphasis is on restoring and 
expanding Atlantic salmon populations. 
Planning is in progress on removing several 
hydroelectric dams in the Penobscot River 
basin that block 
fish passage 
and that have 
s u b m e r g e d 
historic habitat. 
Related stream 
p a s s a g e 
activities besides dam removal include 
installing bypass channels (or ramps) 
and fishways. Consideration is also given 
to water quality improvements, water 
temperature, substrate, and spawning sites.

Stream restoration efforts are also 
underway to mitigate the impact of prior 
river canalization projects, to provide 
habitat improvements, including riparian 
plantings, and to build recreational 
facilities along river corridors. Restoration 
measures include removing concrete walls, 

providing appropriate macro bed forms 
(pools and riffles), providing narrower low 
flow channels, and controlling nonpoint 
pollutants. Several communities are in 
the process of “daylighting” streams that 
were previously enclosed in underground, 
urban conduits that, essentially, destroyed 
all natural channel forms and processes. 
Daylighted streams must be created 
from scratch, which means facing new 
hydrologic and transport challenges that 
impact channel slope, plan form, and cross 
section needs.

Additional reasons for stream restoration 
in the Northeast include fish passage at 
road culverts, sediment control, and dam 
removal. Fish passage at road culverts is 
a significant issue along smaller, perennial 
streams. Massachusetts has led the way 
in conducting stakeholder meetings and 
expert sessions to develop protocols for 
field inspections, assessments, and problem 
solving. To reduce sediment load into its 
upstate reservoir system, New York City has 
an aggressive stream restoration program 
using riparian land management and 
“natural channel design.” Finally, with the 
removal of abandoned, obsolete, and unsafe 
dams comes a critical issue: the stability 

and management of the new channels that 
cross the former impoundments and the 
potential progressive or retrogressive (head 
cut) erosion of impounded sediments, some 
of which may be contaminated. Typical 
channel options include allowing self 
formation, dredging a new channel across 
the former pool using predicted regime 
dimensions, creating an armored threshold 
channel to prevent erosion, or removing 
all sediments. The downstream impact 
of potential sediment releases has to be 

“The entire northeastern region, including the 
noncoastal states of Vermont and Pennsylvania, 
has aggressive programs to restore rivers 
historically used by migratory anadromous fish.”
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considered, as well as passage of aquatic 
species through the breach area.

The Northeast had several major floods 
in recent years that dramatically altered 
selected channels and floodplains, 
highlighting the need for comprehensive 
geomorphic investigations. A May 2006 
event with a return frequency of 100 
years caused extensive property and 
ecological damage in New Hampshire and 
Massachusetts. It caused the avulsion of 
the Suncook River, carving a new channel 
east of its former alignment. Contributing 
factors were a colonial era dam that raised 
normal and flood stages to near bankfull 
levels plus large scale excavation of 
floodplain and terrace gravel deposits, 
which allowed over bank flows to carve a 
new channel. 

Similarly, extensive flood damage occurred 
in the Catskill Mountains of New York 
causing bank erosion, bedload transport, and 
dam failures in October 2004, April 2005, 
and April 2007. Channel avulsion occurred 
at both the Saw Kill Creek alluvial fan and 
Moodna Creek, and floods damaged some 
restoration projects. Steep mountain streams 
in narrow valleys, with longitudinal slopes 
over one percent, are prone to rapid erosion 
and high bedload transport coupled with 
downstream deposition on lower gradient 
floodplains. Rigid boundary designs are 
not ecologically appropriate, and neither is 
reliance on small bankfull flood discharges 
or reference reach design methods. Active 
mountain rivers call for sediment mass 
balance analysis, landslide awareness, 
and conservation of floodplain corridors 
for future sediment storage and channel 
migration instead of just for insurance 
purposes. Stream restoration should enable 
natural processes rather than constrain 
them with stability.

The northeastern region is also plagued 
by fine-grain sediments that are found 
at former glacial lakes and impounded 
at old dams. These sediments are often 
cohesive with densities that increase with 
depth. Fine-grain sediments in urban and 
industrial areas are often contaminated with 
heavy metals or chemical wastes. There 

is limited data on the in situ properties of 
cohesive sediments, and their stability and 
transport rates are not fully understood. 
Many channels in glaciated areas have 
steep banks of vegetated dense till with 
loose granular beds of sand or gravel. The 
banks tend to be stronger than the beds, 
confounding simple stability analysis with 
pebble counts and equilibrium concepts.

In addition to the technical challenges 
for northeastern stream restoration that 
involve the above two extremes  (steep 
mountain channels  and impounded, fine-
grain cohesive  sediments), there  are 
administrative challenges as well. The 
region does not have consistent or uniform 
protocols for planning and designing 
restoration projects. Pre- and poststream 
monitoring is erratic despite its value. 
Predesign monitoring (testing water quality, 
benthic species, 

and sediment quality) is not unusual in order 
to support regulatory permit applications. 
However, post-construction monitoring 
is unusual, seldom documented for peer 
review, and tends to be expensive. Some 
northeastern states, particularly highway 
departments and municipalities, still rely 
on rigid boundary design. Few agencies 
advocate use of multiple “tool box” design 
procedures. Other environmental agencies 
favor use of reference reaches and hydraulic 
geometry curves with few designers 
using modern analytical techniques. 
The proliferation of desktop computers, 
improved algorithms for sediment stability 

and transport, plus advances in applied 
hydrology, now provide powerful analytical 
tools to supplement, verify, or replace 
earlier hydraulic geometry equations and 
uniform steady state assumptions. 

Natural systems are not static. In coastal 
areas of the Northeast, there have been 
significant increases in mean sea level 
during the past century. This trend is 
expected to continue. Rising sea level 
will alter the base level of river estuaries 
and drown coastal creeks and wetlands. 
At the same time, National Oceanic & 
Atmospheric Administration data indicates 
that some states have increasing mean annual 
precipitation. US Geological Survey data 
indicates increased stream flow. The latter 
can be expected to cause increased bank and 
bed erosion that will threaten infrastructure 
and ecological communities. Watershed 

land use in the heavily populated  Northeast 
continues to change from forest to fields to 
factories, and in some cases, back to forest 
again. Watershed dynamics are reflected 
in unstable streams and ecosystems. In 
summary, our restoration projects need to 
be based upon the watershed’s geologic 
history as well as recent human impacts 
on water and sediment processes. Physical 
processes need to complement biological 
processes. We need to place more 
emphasis on predicting future hydrology 
and geomorphic trends with less emphasis 
on empirical reference reaches that are a 
product of past hydrology.

Northeast (continued)

Restored 
channel along 

Yokom Brook in 
Massachusetts 

where a low 
dam was 

removed in 
2006.
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Stream Restoration in the Southeastern US:  
Historical Perspectives, Motivations, and  
Approaches

The southeastern US extends from 
Washington, DC, and the Chesapeake Bay 
along the mid-Atlantic coast to New Orleans 
on the Gulf Coast. Due to vast differences 
in geology and climate across the region, 
this article focuses on the region along the 
southeastern Atlantic. This area has three 
common major landforms: the Appalachian 
Mountains or Appalachians (Appalachian 
Plateau, Valley and Ridge, and Blue Ridge 
provinces), the Piedmont Plateau, and 
the Atlantic Coastal Plain. From the US 
perspective, the Southeast is relatively 
old, both geologically and historically. 
The Appalachians consist of well-
weathered sedimentary and igneous rocks, 
with densely forested hills, and gravel-,  
cobble-, or bedrock channels with cohesive 
streambanks and thick riparian vegetation. 
The Piedmont has gently rolling topography, 
deeply weathered igneous and metamorphic 
bedrock, and a thick layer of saprolite (2-20 
m; 6-65 ft). Piedmont streambed sediment 
ranges from cohesive muds to gravel, with 
some channels incised to bedrock. Bounded 
by the fall line (on which Interstate 95 was 
built) to the west, and the Atlantic Ocean to 
the east, the Atlantic Coastal Plain consists 
of sedimentary rocks deposited in the Late 
Cretaceous to Holocene period and exhibits 
a terraced landscape, the result of sea 
level changes over millions of years. Low 
gradient, high sinuosity, sandy streams 
with extensive floodplain swamps are 
ubiquitous. Across the Southeast, “natural” 
erosion rates (both hillslope and channel) 
are generally low.

European settlement in the Southeast began 
400 years ago with the establishment of 

Jamestown, Virginia. As documented by 
Trimble1, European agricultural practices 
were ill-suited for the southeastern climate, 
resulting in widespread deforestation, 

hillslope erosion, and land abandonment. 
A significant consequence of the extensive 
erosion during this time is the presence of 
“legacy soil” deposits within the floodplains 

of most streams. These predominately silt 
deposits range from 0.5 to 3 m (1.5 to 10 ft), 
with the deepest deposits upstream of relic 
mill dams. Prior to the early 1900s, many 

mid-Atlant ic 
streams were 
harnessed and 
c o n t r o l l e d 
within mill 
races and ponds. 
To maintain 
an adequate 
hydraulic head, 
dams were 
built across the 
stream channel, 
and the stream 
was diverted 
through a 
c o n s t r u c t e d 
race to power 
the mill water 
wheel. Streams 
were frequently 
moved from 
their original 
c h a n n e l 
location to 
p o s i t i o n s 
c o n v e n i e n t 
for the milling 
o p e r a t i o n s 2 . 
As the mills 
and associated 
infrastructure 

have deteriorated (and in many cases 
disappeared), these fine-grained sediment 
deposits are available for future entrainment 
and transport. The influence of these 
mills complicates stream sediment source 

by Tess Wynn, PhD
Virginia Tech

Judy Okay, PhD
Virginia Department of  
Forestry

Greg Jennings, PhD
North Carolina State  
University

An undated map of the Blacksburg, Virginia, area showing three mills 
within a few miles of each other on Toms Creek.
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analysis and restoration efforts.

The Southeast is “water-rich,” with average 
annual precipitation ranging from 900 
mm (35 in) along the eastern edge of the 
Appalachians to over 1,500 mm (60 in) in 
the southern Appalachians and Gulf Coast. 
Multiple days of gentle rain are common in 
the winter due to large frontal systems, while 
intense summer thunderstorms, hurricanes, 
and nor’easters can produce hundreds of 
mm of precipitation over periods of a few 
days or even hours. Summers are hot and 
humid, and winters are generally mild.

Current land use in the Southeast consists 
of forests that are often fragmented, 
extensive and rapidly growing urban 
areas primarily within the Atlantic 
Coastal Plain and Piedmont, row-crop 
agriculture predominately in the Coastal 
Plain, and timber and livestock production 
(beef, dairy, swine, poultry) throughout. 
Channelization, livestock access, riparian 
forest removal, point source discharges, 
and urbanization are the primary causes of 
stream impairment in the region.  

The Southeast is home to several large 
estuaries of national significance, 
including the Chesapeake Bay, the Tar-
Pamlico Sound, and Albemarle Sound. 
Sedimentation, high nutrient loads, 
extensive algae blooms, and wetlands loss 
have caused declines in water quality and 
fisheries within the region. While not as 
dramatic as Northwest salmon, the region is 
home to several anadromous fish, including 
alewife (Alosa pseudoharengus), American 
shad (Alosa sapidissima), and blueblack 
herring (Alosa aestivalis), whose migration 
has been limited by dams throughout 
the region. Abandoned dams, therefore, 
are removed to restore anadromous fish 
access to historic spawning areas. Habitat 
restoration, particularly for threatened and 
endangered aquatic species, is another 
motivation for stream restoration.

Most stream restoration work within 
the Southeast is conducted by private 
consulting firms and state transportation 
departments, resulting from state and 
federal regulations requiring compensatory 
mitigation of unavoidable impacts to 

Southeast (continued)
streams, primarily due to new construction. 
In Virginia, compensatory mitigation is 
required to offset impacts to more than 91.5 
linear m (300 ft) of stream channel. The 
extent of required mitigation is based on the 
severity of the impacts, the quality of the 
impacted stream, and the level of proposed 
mitigation; current requirements are 
outlined in the recently 
developed Unified 
Stream Methodology 
(http://www.deq.state.
va.us/wetlands/mitigate.
html). An alternative 
to conducting stream 
restoration is to pay into 
a fee-in-lieu system. In 
Virginia, the Virginia 
Aquatic Resources Trust 
Fund is managed by The 
Nature Conservancy 
(TNC), based on a 
Memorandum of 
Understanding (MOU) 
with the Norfolk District 
of the Corps of Engineers 
(http://www.deq.state.va.us/wetlands/pdf/
TrustFundApproval2007.pdf). Mitigation 
funds are distributed based on aquatic 
resource goals established by TNC for 
Virginia watersheds. A recent development 
in Virginia is stream restoration mitigation 
banking. Stream restoration credits are sold 
per linear foot and currently cost $400-600 
per linear foot ($1,312-1,968 per linear 
meter). In North Carolina, the mitigation 
program is similar to Virginia’s program 
and is managed by the North Carolina 
Ecosystem Enhancement Program or 
NCEEP (http://www.nceep.net), an agency 
of the North Carolina Department of 
Environment and Natural Resources. The 
NCEEP provides guidance, funding, and 
oversight for compensatory mitigation 
projects for impacts to streams, wetlands, 
and riparian buffers.

In addition, within the Chesapeake Bay 
watershed, the “Bay states” (Virginia, 
Maryland, Pennsylvania, and the District of 
Columbia) have pledged to restore forested 
riparian buffers along 10,000 miles of 
streams by 2010 and along 70% of the 
stream miles within the Bay watershed. The 

primary goals of the forested buffers are 
nutrient reduction, habitat restoration, and 
streambank stabilization. With this pledge 
to restore forested buffers, state and local 
agencies, along with private landowners, 
have conducted widespread riparian 
plantings and bank stabilization. Stream 
restoration on agricultural land generally 

occurs as a result of US Department of 
Agriculture (USDA) cost-share programs 
and typically consists of livestock exclusion 
from the stream channel, installation of 
an alternate watering source, streambank 
stabilization, and the establishment of 
a woody riparian buffer. Restoration on 
agricultural land is typically motivated 
by Total Maximum Daily Load (TMDL) 
management plans or landowner desire 
to reduce streambank erosion. Where 
streams are affected by extreme floods, 
stream restoration in the form of channel 
reconfiguration and bank stabilization is 
conducted by the USDA Natural Resources 
Conservation Service (NRCS) based on 
authority and funding from the Watershed 
Protection and Flood Prevention Act (PL-
566).

In urban watersheds, small streams 
downcut and widen in response to 
increased runoff frequency, volume, and 
peak flow rate and decreased supplies 
of bedload material. Therefore, urban 
stream restoration (primarily streambank 
stabilization) is frequently undertaken by 
local public works departments to protect 

Stream restoration construction demonstration on the 
Davidson River in North Carolina.
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urban infrastructure, such as roads, bridges, 
pipelines, and buildings. Additional 
motivations for urban stream restoration 
include habitat improvement and riparian 
buffer establishment. However, local and 
state agencies approach stream restoration 
projects with limited funding, limited 
trained personnel, and objectives shaped 
by the overall agency mission. A practical 
methodology for urban stream restoration 
design is a significant need in the Southeast. 
Because many urban streams are still 
undergoing adjustment, reference reaches 
for use in form-based design are lacking. 
The majority of research and empirical 
design techniques have focused on rural 
watersheds. Additionally, due to the 
flashy nature of urban streams, the life of 
bioengineered projects is highly dependent 
on the establishment of good vegetative 
cover in a short period of time. Limited 
monitoring of urban stream restoration 
projects is being conducted using bank pins 
and cross-sectional data to assess project 
stability and longevity.

The form of stream restoration design 
practiced within the Southeast is primarily 
based on empirical methods, using 
reference reaches and regional hydraulic 
geometry relationships. Currently, this 
approach is constrained by a lack of 
regional relationships and sound reference 
reach data. Appropriate, stable reference 
reaches are difficult to locate, particularly 
for urban stream systems. Recent research 
and professional experience have also 

shown that the Rosgen classification 
system may not correctly classify many 
pool-riffle streams in the Southeast3. There 
is increasing interest in process-based 
design approaches as government agencies 
and consulting firms gain understanding 
of the need for better engineering of 
complex stream restoration projects. A 
hydraulic model, most commonly based 
on the Hydrologic Engineering Centers 
River Analysis System or HEC-RAS, 
is often developed for large projects or 
where required by floodplain regulations. 
However, the lack of a practical, process-
based design methodology remains a major 
impediment to the application of process-
based design. Typically, sediment transport 
data collection and analyses are limited due 
to cost and time constraints. 

Regional demand for professionals trained 
in fluvial geomorphology and stream 
restoration is extreme and competition for 
staff is high, particularly for those people 
who have taken courses developed by 
David Rosgen of Wildland Hydrology. 
University programs related to stream 
restoration are available at Johns Hopkins 
University, Virginia Tech, North Carolina 
State University, and the University of 
North Carolina. In Virginia, the Virginia 
Stream Alliance, formed by governor 
executive order in 2005, was established to 
promote collaboration between government 
agencies, private firms, and nonprofit 
organizations to promote and improve 
stream restoration within the state. One 

goal of the Alliance is to provide training 
throughout the state. A technical workshop 
was held in fall 2006, with additional 
workshops planned for fall 2007.

Finally, project monitoring has only 
recently been required on stream 
restoration projects. In Virginia, the 
Department of Environmental Quality 
requires monitoring for five years following 
project completion. Project success is 
generally evaluated based on vegetation 
success, achievement of a “Low” Bank 
Erosion Hazard Index (BEHI) score and 
a “Good” Pfankuch score, and limited 
change in the design dimension, pattern, 
and profile geometry.  In North Carolina, 
a minimum of five years of monitoring is 
required before full mitigation credit is 
approved, with similar success criteria to 
Virginia. Additional monitoring of water 
quality and macroinvertebrate community 
improvements has been implemented on 
several projects over the past five years. 
Results to date are mixed, with the general 
consensus that several years are required 
to document improvements. External 
factors such as stormwater, wastewater, 
and upstream sediment sources must be 
addressed, in addition to local stream 
restoration projects, to improve water 
quality and habitat4.

1. Trimble, S.W.  Man-Induced Soil 
Erosion on the Southern Piedmont, 1700-
1970. Iowa: Soil Conservation Society of 
America, 1974.

2. Okay, J.A.  1998.  “Case Study: Difficult 
Run Riparian Project.” Virginia Department 
of Forestry. http://www.dof.virginia.gov/
rfb/rfb-diff-run-study.shtml.

3. Piercy, C., T. Wynn, and C. Hession.  2006. 
“Evaluating a Stream Classification System 
in the Mid-Atlantic US Using Discriminant 
and Cluster Analysis.” American Water 
Resources Association Annual Conference, 
Baltimore, MD, November 6-9, 2006.

4. Tullos, D.D., D.L. Penrose, and G.D. 
Jennings. Development and application 
of a bioindicator for benthic habitat 
enhancement in the North Carolina 
Piedmont. Ecological Engineering 27, no. 
3 (2006): 228-241.

Urban stream 
restoration to create 
a new meandering 
channel and 
forested floodplain 
on Rocky Branch 
in Raleigh, North 
Carolina.

Southeast (continued)
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We hope that this issue of the Stream 
Restoration Networker has shed light on 
the rich diversity of issues that motivate 
and guide stream restoration in this country. 
Restoration is occurring in river systems 
that cover the spectrum of gradients, 
bed material types, bank types, physical 
processes, biochemical processes, and 
ecology. The particular conditions facing 
restoration designers range from flashy, 
ephemeral Southwest streams to low-
gradient, straightened perennial Midwest 
streams. It includes restoration to improve 

To Conclude....

Common River Restoration Issues—Summary
•There is a need for more substantial education and training opportunities in stream 
restoration that go beyond short courses. Training should address local knowledge needs 
and approaches that involve geomorphic, hydraulic, and ecologic skill sets. 

•There is a need for better coordination between educators, researchers, consultants, 
and agencies involved in stream restoration to make the best use of limited resources: 
coordination of research and training programs; open-access to tools and models; and 
unification of expectations for what is achievable through a stream restoration project.

•Stream restoration requires an approach that addresses the physical, biochemical, and 
ecological interactions in a river, and these interactions are often specific to the local 
environment. The stream restoration profession, along with funding agencies, need to 
move from an emphasis on small-scale installation of in-stream structures as a means of 
restoration towards larger programs of watershed rehabilitation that better account for the 
sources of degradation in systems.

•Most streams continue to adjust to altered water and sediment supply, such that simple 
reference-reach templates cannot be reasonably established. Stream restoration needs to 
move ahead toward prediction of channel response to future hydrologic, geomorphic, 
and ecologic conditions.
•All regions can benefit from stream restoration project monitoring. Well-monitored 
restoration projects can serve as demonstration projects to aid in future design. There is 
also a need for regionally-specific protocols that evaluate project success or failure.

•Although watershed conditions change from region to region, the need to place a 
restoration project in a regional context remains; the complex adjustments of stream 
composition and configuration must be forecast and then incorporated into stream 
restoration design.
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habitat for anadromous fish in gravel-bedded 
melt-water streams as well as for warm 
water fish species in urban and rural sand-
bedded rivers. Clearly, stream restoration 
practitioners in the US must consider the 
regional variability of our river systems 
along with the motivational issues driving 
restoration. As the profession of stream 
restoration continues to mature, it will be 
important to adopt training and education 
systems, to explore research areas, and to 
develop design approaches that recognize 
this rich variability.

Our next issue of the Stream Restoration Networker will explore stream restoration 
education and training in the US. How do practitioners acquire training in stream 
restoration? Do current education and training methods meet the needs of this growing 
and diverse field? Who or what determines, across the stream restoration profession, the 
appropriateness or quality of the education and training?

The Stream Restoration Networker welcomes your feedback. Please direct all newsletter 
correspondence to editor@streamrestoration.net. The opinions expressed in this newsletter 
reflect those of the authors and may not necessarily represent the opinion of the National 
Center for Earth-surface Dynamics. 
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Appendix O: Graduate Student Theses

2008:

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.

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.

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.

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.

Tal, M. (2007), 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.

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.
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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.

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.
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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.

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 P: International Research Experience Program
International Research Experience Program
Final Report:  May 1, 2008
Evidence of Program Outcomes
The purpose of this final report is to document the impact of the funded International Research Experience Program within the 
Science and Technology Center (STC); between the Center and its international partners and; between the Center and other STCs. 
1. Original objectives and intended outcomes of the project.

NCED’s center-wide 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. In concert with our integrative 
research efforts, we strive to bring our methods and results to students, the public, and practitioners in agencies and industry. 
Global environmental problems associated with land and water resources management include stream restoration; climatic 
impacts on aquatic environments; preservation of the integrity of our watersheds; and exploration of natural resources including 
water, oil, and hydrocarbons.  The theory and practice of solving these environmental problems differ considerably across 
continents and countries.  Therefore, NCED’s International Research Experience Program (NCED-IREP) sought to:

Foster international collaboration on Earth-surface dynamics in countries with comparable economic and • 
technological developments to the United States, but different cultural and political settings;

Facilitate exchange of research ideas and preparation of the next generation of scientists and engineers to confront • 
global water and land resource issues;

Foster awareness of diverse landscape environments that require a specialized scientific study, diverse cultures • 
and approaches to restoration, decision-making and policy setting, resource allocation, and exploration standards 
and

Establish a formal footing to serve as the basis for longer term U.S.- International program on Earth-surface • 
dynamics.

To this end, we selected mentors for international collaboration who: 

Have core research closely related to the scope of NCED;• 

Are internationally renowned leaders in our field ;• 

Operate field sites or laboratory facilities that do not have U.S. analogues;• 

Possess prior collaboration with NCED PIs;• 

Have comparable technological developments to the U.S.; and • 

Whose research areas experience a variety of large-scale human impacts. • 
Finally, the outcome goals for NCED-IREP student participants were:

Students will experience a research opportunity that could not be accomplished at their home institution;• 

Students will develop a greater understanding and appreciation for international research;• 

NCED will develop closer international ties with institutions that have already shown interest in collaboration;  • 
and

Results of NCED research will be more broadly disseminated to the international community.• 
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Achievements that resulted from this program in terms of research and student training   
NCED students gained a wide variety of new skills, depending on the disciplinary backgrounds and level of education they 
brought to the experience.  In most cases, the international host’s focus was sufficiently different from that of the student’s 
U.S. advisor that the student learned at new vocabulary and new analytical methods.  Many learned a specific software 
package or protocol, such as GIS or MATLAB or the use of new field or laboratory devices and materials.  While not all were 
methods foreign to US research, in most cases they were techniques not used in the student’s U.S. lab. Because NCED places 
a heavy emphasis on experimental and numerical work, many of the students greatly broadened their base of field experience, 
as some effort was made in the placements to achieve this effect.  Even those students who had prior field experience were 
impressed by seeing a process with which they were familiar in a new field context (e.g. extreme debris flows in Switzerland 
in comparison to much smaller scale flows in California).  

All the students felt that they had forged lasting new collegial contacts and a deeper appreciation of both similarities and 
differences in approaches to research, internationally.  The students who traveled to Europe and New Zealand consistently 
reported a more relaxed work environment overseas than in the U.S. (in terms of hours spent working) and specifically noted 
that a pattern of group breaks for meals or tea at first appeared inefficient but actually led to more effective communication 
within their host group than they find in the U.S. Several noted specific differences in the graduate education system, 
infrastructure and student lifestyle.  The student who traveled to a less developed part of the world reported gaining a new 
appreciation for the sophisticated technology available to him in U.S. research as compared with that available overseas.  
Even in European countries, some of the U.S. students noted more difficulty getting access to equipment than is true in the 
U.S..  Finally, while we work hard at NCED to give our students a center-wide experience--encouraging and funding visits 
between labs within our coast-to-coast center and at our joint field sites--it is very clear that our students continued to grow, 
through the IREP experience, in their appreciation of the fact that there can be many ways to approach a research question

Partnerships established for the project
Eight partnerships were established.  Each was headed by an NCED graduate student who was partnered with an international 
mentor through the recommendation of the student’s NCED faculty advisor.  In five cases, the graduate student was accompanied 
by an undergraduate assistant for a portion of the trip; the undergrads were either at an NCED institution or had been involved 
in an NCED summer internship.  Of the thirteen total participants, three are from underrepresented minorities and seven are 
women.  All are U.S. citizens.  

Student: Elizabeth Barnes

Current: University of Washington PhD candidate in Atmospheric Sciences, 
advisor Dennis Hartmann.

NCED role: former NCED summer intern, advisor: NCED PI Efi Foufoula-
Giorgio.

International mentor: Dr. Julia Slingo Department of Meteorology, 
University of Reading, UK.

Research topic: Blocking anticyclone Climatology:  a New Index Applied 
to all 4 Seasons

Research results abstract: Blocking anticyclones are large-scale stationary systems that `block’ the normal circulation of 
westerly flow. These phenomena can persist for weeks causing extreme weather ranging from droughts and floods to record-
high and -low temperatures. A new index for identifying blocking events is applied to all four seasons of the European Centre 
for Medium-Range Weather Forecasts’ ERA40 re-analysis (1958-2006) to show a peak of events over the East Atlantic and 
a smaller peak in the East Pacific. Analysis is also done on the global circulation model runs with various CO2 forcings and 
International Panel on Climate Change (IPCC) scenarios. The anticorrelation of wintertime blocking frequency with the 
North Atlantic Oscillation is also discussed. 
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Student: Amy Hansen

Current: University of Minnesota PhD candidate in Civil Engineering.

NCED role: advisee of NCED PI Miki Hondzo.

International mentor: Catriona L. Hurd, University of Otago-Botany 
Department, Dunedin, New Zealand.  

Assistant: Jordan Theissen, Lawrence University, Appleton, WI. Jordan is 
an alum of NCED’s summer program for students from underrepresented 
communities.

Research topic: Mass transfer in canopy flow

Research results abstract: 

Hydrozoan colonies on giant kelp form a sparse canopy that modifies boundary layer characteristics and mass transfer 
dynamics at the kelp blade surface. This has important implications for kelp nutrient uptake, waste removal, and suitability of 
the blade as a microbial habitat. Controlled lab experiments were conducted in a recirculating flume on individual, bare and 
colonized kelp blades, under conditions of varying Reynolds number and colony density. Lab measurements included profiles 
of oxygen concentrations and velocity distributions. Field velocity was also measured within the kelp bed. Dimensionless 
canopy density (ad) values were 0.011 or less.  Concentration boundary layer thickness (CBLT) was calculated using similarity 
groupings and a hyperbolic tangent fit. Results indicate that CBLT depends significantly on colonization but not on average 
bulk velocity. An attempt to describe the thickness variation based on  fundamental governing equations is proposed.

Student:  Robert Haydel

Current: consulting engineer, New Orleans, Louisiana

NCED role: alum of NCED’s summer program for students from 
underrepresented communities.  Master’s in Civil Engineering, University 
of Illinois, Urbana-Champaign, Graduate advisee NCED PI Gary Parker.

International mentor: Mario Amsler, Facultad de Ingeniería y Ciencias 
Hídricas (FICH), Departamento de Hidráulica, Universidad Nacional Del 
Litoral, Santa Fe - Argentina

Research topic: Morphology and flow structure downstream: Two bar-
confluences in a large river

Research results abstract: Channel bars and islands in braided rivers are interconnected with zones where confluences, 
constriction and expansion of flow occur.  Most commonly reported studies aimed primarily in analyzing the nature of the 
flow and morphology at confluences, are studied within small natural streams, laboratory channels, or through numerical 
simulations with limited depths, widths, and concordant or discordant beds.  In general, the width of the channel (W) is slightly 
larger or equal to the depth (D).  Essentially, because lack of proper instrumentation, the time consumed by measurements, 
and the costs involved, the study of confluences at large scales are fairly rare.  This study deals with the morphologic and 
flow structure (primary and secondary currents) characteristics recorded at two different asymmetrical bar-confluences of the 
Parana River, Argentina where W>>D.  Two confluence areas were surveyed on June 7, 2006 (Rosario Confluence-C2) and 
June 13, 2006 (San Martin confluence-C1) with an echo sounder, which provided detailed charts of the riverbed bathymetry.  
The 3-D velocity field was obtained with a Sontek Acoustic Doppler Profiler (ADP) sampling at 1000 kHz along five cross 
sections properly arranged along the confluences. 
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Student:  Leslie Hsu

Current: University of California, Berkeley PhD candidate in Geology

NCED role: advisee of, NCED PI William Dietrich

International mentor: Brian McArdell, Brian McArdell, Eidg. 
Forschungsanstalt für Wald, Schnee und Landschaft WSL, Switzerland

Assistant: Roman Dibiase, University of California, Berkeley 
undergraduate

Research topic: Debris Flows in the laboratory and the field: Channel erosion 
in the Illgraben torrent, Switzerland

Research results abstract: Natural debris flows are infrequent and evasive, except at the Illgraben torrent, where they 
occur after almost every heavy summer thunderstorm. To study the erosive capability of bouldery debris flows, we installed 
natural bedrock slabs along the channel bed and documented wear patterns and rates by successive flows. Two debris flows 
occurred in 2006 over our marble and granite rock samples, gouging elongate grooves several centimeters long and causing 
centimeter-scale impact marks. These marks, as well as the accompanying video, demonstrate that both sliding and impact 
wear are significant at the base of these debris flows. We use these observations to guide our experimental focus in the 
4-meter rotating drum.

Student:  Sara Johnson

Current: University of Minnesota, M.S. candidate in Civil Engineering, 
student in NCED’s Stream Restoration Engineering and Science certificate 
program and St. Anthony Falls Laboratory junior scientist.

NCED role: advisee of NCED PI Gary Parker

International mentor: Francois Metivier, Laboratoire Saint Maur, Institut 
de Physique du Globe de Paris

Assistant: Danielle Trice, former University of Minnesota undergraduate in 
Civil Engineering and employee of St. Anthony Falls Laboratory, NCED’s 
headquarters

Research topic: French laboratory methods for investigating density current morphodynamics

Research results abstract: I traveled to France in June 2007 for a short research visit with Francois Metivier and his group 
at the Institut de Physique du Globe de Paris under the NCED International Research Experience Program.  The purpose 
of my visit was to become immersed in the French research system and gain a broader perspective on work being done on 
density current morphodynamics with the hope of enhancing the work I am doing here in Minnesota.  Additionally, since I 
work closely with physical model setups and visiting researchers at St. Anthony Falls Laboratory, I was looking forward to 
observing their approaches to modeling as well as experiencing a research visit from the visitor’s perspective. 

Danielle Trice and I performed a set of experiments at the Laboratoire Saint Maur in the outskirts of Paris.  We used 
plastic sediments of very low density to create erosional submarine channels under saline currents of various densities.  We 
experimented with controls on the morphology of these channels and collected data which has undergone only preliminary 
analysis to date.
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Student:  Brandon McElroy

Current: University of Texas, Austin, PhD candidate in Geology

NCED role: advisee of  NCED PI David Mohrig

International mentor: Astrid Blom, Delft University of Technology , Faculty 
of Civil Engineering & Geosciences, Environmental Fluid Mechanics Section, 
Delft, The Netherlands.  (Blom was also an NCED visitor in 2004.)

Research topic: Different approaches to analyzing statistical properties of 
sandy river beds

Research results abstract: With the advent of the ability to collect 
abundant, high resolution, acoustically derived bed topography 

comes the necessity to develop robust, computationally objective methods for assessing the character and evolution 
of sandy bedforms.  We present a set of measures to summarize the following attributes for a train of bedforms: 
characteristic height, characteristic length, characteristic velocity, and characteristic deformation.  While height 
and length are static geometric descriptors that can be generated with a single bed field realization, velocity and 
deformation are dynamic aspects of the system that require multiple realizations of the bed field.  Using data collected from 
the North Loup River, Nebraska, USA and from flume experiments in Delft, the Netherlands, we demonstrate how these 
four properties of a bedform field can be defined by the roughness function and cross-correlation associated with the active 
topography.  These measures can be used to compare the states and behaviors of river bottoms across scales.

Student:  Peter Nelson  

Current: University of California, Berkeley, PhD candidate in Geology

NCED role: advisee of  NCED PI William Dietrich

International mentor: Giovanni Seminara, Professor of Fluid Mechanics 
and Department Head, Department of Civil, Environmental and Architectural 
Engineering, University of Genova, Genova, Italy

Assistant: Joel Schiengross, former University of California 
undergraduate

Research topic: Peter’s goal was to become acquainted with the Italian 
morphodynamic research community, begin to understand the theoretical techniques they use and apply them to his own 
research.

Research results abstract: I spent three months in the summer of 2007 working with Giovanni Seminara and his group at 
the University of Genoa (Italy) thanks to funding from the NCED International Graduate Research Fellowship Program. 
The major goals of my visit were to become acquainted with the Italian morphodynamic research community and to begin 
to understand the theoretical techniques they use and apply them to my own research. In my talk I describe two ongoing 
research projects that I began while in Italy. The first project uses perturbation theory to determine conditions under which 
bedload sheets (migrating patches of sorted sediment) can form, and the possible extension of previous work into three 
dimensions. The second project is a theoretical framework to predict the evolution of the cross sectional shape of a bedrock 
channel, where we use elements of the saltation-abrasion model to erode the channel while maintaining the so-called ‘tools’ 
and ‘cover’ effects of variable sediment supply. Finally, I discuss my participation in some fieldwork on the Cecina River in 
Tuscany and the research behind it, which is being led by Massimo Rinaldi, Steve Darby, and Luca Solari.
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Student:  Michal Tal

Current: post doctoral fellow with Francois Metivier, Laboratoire Saint 
Maur, Institut de Physique du Globe de Paris

NCED role: PhD, Geology, University of Minnesota, 2007, advisor NCED 
PI and Director, Chris Paola

International mentor: Murray Hicks, NIWA: National Institute of Water & 
Atmospheric Research Limited, Chirstchurch, New Zealand

Assistant: Edith Moreno, graduate student, University of California, Santa 
Barbara, alum of NCED’s summer program for students from underrepresented 
communities.

Research topic: Untangling the management practices of New Zealand’s Canterbury rivers

Research results abstract: My advisor Chris Paola and I have been collaborating with Dr. Murray Hicks from the National 
Institute of Water and Atmospheric Research (NIWA) in Christchurch, New Zealand because of our common interest in the 
dynamics of riparian vegetation and braided rivers and how these dynamics differ between regulated and natural systems. 
While I have been making pink braided rivers and growing alfalfa sprouts at the St. Anthony Falls Lab, Murray has been 
working in the braided rivers of his Canterbury backyard and we’ve had an ongoing exchange of information. I have had 
two opportunities to work with Murray in New Zealand; first in 2002 and a second time this past fall sponsored by the NSF 
STC – International Research Experience Program. During this last visit we focused on learning about the management 
practices and philosophies behind these practices around the Canterbury region. We traveled to meet with river engineers 
and field managers at several regional and district councils. Our main goal was to get their insights and appreciation for the 
time-scales of vegetation establishment and its relation to an effective discharge as well as how they manage the vegetation. 
The meetings highlighted that river management with respect to vegetation is not rigorous and at this point is more ‘by 
the seat of the pants’. Through our discussions we learned how most of New Zealand’s braided rivers were changed when 
European settlement began and realized that although many rivers still have natural flow regimes today, they are in fact more 
managed than we thought. The management of vegetation in the Canterbury rivers is two-fold: vegetation is installed for 
edge protection (willow planting) and vegetation is cleared from bars and islands to maintain a clear and open fairway of a 
given design width. Therefore, the situation is such that vegetation is both removed and encouraged. 

Program benefits as reported by faculty mentors

Impact of program on individual student

Each of the mentors who provided substantive feedback emphasized that the NCED visiting student gained new skills (often 
in numerical methods for data analysis).  In most cases, mentors reported that the student experienced a process at full scale 
in a field setting that they had previously studied primarily experimentally.  Michal Tal, in her trip to a New Zealand federal 
research lab, had a unique experience among the NCED students, in that she learned, with her mentor, the practices used and 
challenges faced by river managers attempting to address real river management issues.  This was very enriching for Tal, as 
she was writing her dissertation at the time and thinking critically about how the research presented in the dissertation can 
be applied beyond laboratory and theoretical field studies. McArdell, WSL-Switzerland mentor, reports that the IREP  led 
to an improvement in his group’s field site that will likely contribute excellent data for a continued collaboration that NCED 
student Leslie Hsu can work on during a post-doc or her first professional postition.  Most mentors reported a general benefit 
to the NCED student in terms of broadening the student’s scientific perspective by working with new peers and, in some 
cases, attending large scientific meetings outside the U.S.

Impact of program on mentor’s research lab

All the mentors affirm in some way the words of one who says, “Having a student visiting makes the topics worked on and 
atmosphere dynamic. Student’s focus was a little bit different from group’s main focus…, which is good for student and 
group.”   Two of the mentors report substantial expanded interest in their own research group in collaborating with NCED, 
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as well as real advances in their own work as a direct result of the visits.  Murray Hicks, NIWA-New Zealand, traveled 
to Minnesota for Tal’s defense, giving Tal’s entire committee exposure to Hicks’ perspective and strengthening his ties to 
these researchers. Hicks is currently seeking a post-doctoral student, funded from New Zealand sources, to continue the 
work begun under the IREP, and he prepared an internal report for NIWA as a result of the IREP work with river managers.  
Four presentations were given by Hicks and Tal to local authority river engineering groups in New Zealand, raising NIWA’s 
visibility with these groups. Hicks and Tal continue to collaborate on papers during her post-doctoral experience in France, 
which focuses on European river management issues. 

Brian McArdell, WSL, Switzerland, has plans to expand his group’s experimental perspective by obtaining funding to work 
in NCED’s experimental debris flow erosion  facility at the University of California, Berkeley.  In addition, McArdell reports 
two reciprocal benefits:  the NCED IREP visit enhances WSL’s current administrative emphasis on international work, and 
Leslie Hsu’s advisor, NCED PI William Dietrich, has agreed to serve on the committee of one of McArdell’s WSL students.  
Finally, McArdell reports that his group’s a long-standing goal to make their Swiss field observation station open to the 
nternational research community has become more acheivable as a result of improvements made and exposure gained during 
to the IREP program.

Other outcomes from mentor’s perspective

The NCED IREP mentors primarily mention anticipated future papers and continued collaboration.   One mentor served as 
a reference for post-doctoral applications by the NCED IREP student; another reports development during the visit of a new 
research idea  he would like to pursue further with the NCED visitor to his lab.  A third mentor believes that the NCED IREP 
visit  “contributed a dose of “reality” to an important research topic that generally relies on proxy data or coarse estimates 
of event magnitude, frequency, and intensity”, i.e. a significant contribution to the field of study was achieved.  Particularly 
in the case of the Hicks-Tal experience and the Hsu-McArdell experience, the students appear to have gained a second, 
international, doctoral advisor whose connection to them is akin to that of their primary NCED PI advisor. 

Like the students, all NCED IREP mentors expressed great satisfaction with the program, emphasizing in particular the 
minimal amount of administration expected of them (clearly a relief).  In many cases, either student or mentor or both 
characterized an eight week visit as “too short” and expressed an interest in return visits.  This is particularly interesting to 
note as we initially had difficulty convincing our graduate students to leave home and research responsibilities in the U.S. 
for “such a long” period of time!

Outcomes that resulted from this project

On-going collaborations between the Center and its international partners

While all students report some level of ongoing collaboration, the most notable of these to date include a sustained relationship 
between NCED and Brian McArdell of WSL, Switzerland, to study debris flows in the field and in the laboratory, using 
NCED-developed laboratory methods.  In addition, several NCED PIs and post docs traveled to Santa Fe, Argentina to 
participate in a morphodynamics working group hosted by IREP international mentor, Mario Amsler.  While our relationship 
with Amsler is long-standing, the IREP visit helped to raise the profile of that collaboration across NCED.  Finally, one 
international mentor, Murray Hicks of NIWA, New Zealand, became a member of his NCED student’s thesis committee and 
was able to join us in the States for her defense.  The collaborations between Tal (now graduated from NCED) and Hicks 
and NCED and Hicks are certain to continue as Tal’s NCED IREP projects specifically focused on a major legacy theme 
for NCED: exchange of ideas between research and practice in stream restoration.  Finally, Tal is currently engaged in 
post-doctoral research with another of NCED-IREP’s international mentors, Francois Metivier, who will also host NCED’s 
current director, Michal’s PhD advisor, for an upcoming sabbatical visit, thus our collaboration with Metivier has grown 
significantly as a result of the IREP.
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Publications; research papers; book chapters etc.
Elizabeth Barnes reports she will first author a paper with mentor Julia Slingo sometime in 2008.  Barnes is a first year 
graduate student but already authored an important paper with her NCED undergraduate internship advisor, so the IREP 
experience is helping her maintain this publishing record.

Leslie Hsu: Hsu, L., W.E., Dietrich, L.S. Sklar, and B.W. McArdell, 2006,Field and laboratory observations of 
bedrock erosion by granular flow, Eos Trans. AGU,87(5), Fall Meet. Suppl. Abstract H53D-0658. (poster)

Brandon McElroy has plans to publish his work in a special issue of JGR-Earth Surface whose exact publication date is still 
being negotiated.  He presented some of the work as:

McElroy, B and D. Mohrig, Determining Characteristic Scales for the Dynamics and Geometry of Sandy 
Bedforms, Marine Sandwave and River Dune Dynamics III, Leeds, UK, April 1-2, 2008.  This will be 
included in a proceedings volume.

Peter Nelson anticipates at least two papers from his work in summer 2008 and has presented a poster at 2007 Fall Meeting, 
American Geophysical Union:

Nelson, P., G. Seminara, 2007, Sediment Supply and the Prediction of Bedrock Channel Cross Section Evolution, 
Eos Trans. AGU, 88(52), Fall Meet. Suppl., Abstract H44B-04 (poster).

Michal Tal has a paper in progress with her mentor Hicks on the importance of competing time-scales in the self-organization 
of rivers and vegetation.  She has also published: 

Hicks, D.M., Duncan, M.J., Lane, S.N., Tal, M., Westaway, R., 2008, Contemporary morphological change in 
braided gravel-bed rivers: new developments from field and laboratory studies, with particular reference 
to the influence of riparian vegetation, in Gravel Bed Rivers 6; From Process Understanding to River 
Restoration, Eds. H. Habersack, H. Piegay, and M. Rinaldi, Elsevier, pp. 557 – 586.

Presentations, workshops, meetings, video-conference or other events 

Seven of NCED’s eight IREP graduate students have given NCED-wide video-conferences, which are also archived online 
for future viewing.  Abstracts for those video conferences are provided in item 3.of this report (above).  In every case, the 
students also presented to their own research group, or their group attended the video conference, which includes time for 
questions. 

Brandon McElroy, the student who has not yet reported via video-conference, has given several presentations of his research 
already, despite having just returned to the U.S. in mid-March 2008. These include: at the Marine Sandwave and River Dune 
conference in Leeds, UK, April 1, 2008, the University of Texas, University of Twente, Netherlands, University of Delft, 
Netherlands, and the Hydrographic Service of the Netherlands Navy.

Proposals or joint funding requests; ongoing research partnerships or other bi-lateral activities

Leslie Hsu’s work with McArdell has led to a long-term field and laboratory based collaboration.  McArdell’s lab has submitted 
some proposals to work in the NCED’s large experimental debris flow facilities at University of California Berkeley.  Hsu 
has received a Geological Society of America student grant (2007 award) to continue her research as well as additional 
funding from the Swiss Federal Institute of Forest, Snow, and Landscape Research (WSL), her host laboratory, to improve 
and enhance the initial erosion samples. 

Impacts of the international program on NCED
Earth science is an inherently international discipline.  Surface-process research, in particular, relies heavily on local datasets, 
in contrast to the global-scale remotely-sensed data more often used for ocean, atmosphere and deep Earth research.  This 
local focus means there is an even greater need for international collaboration.  For this reason, NCED has, from its inception, 
had a Visitor Program; many of our visitors are from outside the U.S.  While our visitors are technically faculty-level, it is 
usually their graduate students who visit our facilities for extended research stays. The IREP essentially became a mirror to 
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that program, a wonderful means by which to create truly two-way relationships.  NCED IREP student Sara Johnson, who 
in her employment with NCED works closely with our visitors, emphasizes in her IREP report how eye-opening it was to 
be “on the other side” of the visitor experience.  About half of our mentors had been visitors to an NCED facility in the 
past, so they especially appreciated the reciprocity this program represented for them, thus strengthening our good-will and 
reputation abroad.  In at least half the cases there are serious new plans to continue the collaborations strengthened by the 
IREP visits, usually in research directions that would not have been apparent without the student visit.  In fact, as NCED’s 
current director steps down and begins a sabbatical year, he is planning to spend at least part of that year, by invitation, with 
one of our international mentors.

Impact on the international perspective of the participating students. 
NCED’s IREP students varied quite a bit in age and previous international experience.  The younger and less well-traveled 
students found the experience increased their confidence generally, as well as scientifically.  For those students later in their 
graduate careers, it is very clear that the experience gave them particular insight into the fact that there are many ways to 
approach research and publishing, even within the same subdiscipline, and many ways to run a research group.  Even the 
student with the most past international experience—she is a U.S citizen who grew up partially overseas—felt more confidence 
about pursuing a career outside the U.S., which she is currently doing, following the IREP.  Several of our students attended 
European research meetings either during or after their visits and, as mentioned elsewhere in this report, the majority expect 
ongoing collaboration from their IREP visit.   At least two of our IREP students are integrally involved in the planning of 
the international Meeting of Young Researchers in the Earth Sciences (MYRES) III:  Life and its Landscape.  This NSF and 
NCED funded meeting will take place in New Orleans, Louisiana in May, 2008.  The topic was selected through a competition.  
MYRES meetings are open only to recently awarded (within 10 years) PhDs and the goal of the meetings is to both craft the 
future research agenda for these young researchers and help them create a thriving international community of colleagues.  
Results of conference deliberations will be incorporated into a National Research Council report.

Additional Outcomes
All significant outcomes have been summarized above.

Future Program Plans
Plans for continuing international activities at NCED.

Shortly after submitting this report,  NCED’s co-director Efi Foufoula and Education Director Karen Campbell 
will host a visit of the new Associate Vice President and Dean for International Programs for the University 
of Minnesota system, NCED’s lead institution to NCED’s headquarters facility, St. Anthony Falls Laboratory.  
International programs have become a major priority for the University of Minnesota system.  We are very pleased 
to be able to showcase the success of our IREP to the Vice President.  We will be actively looking for new funding, 
possibly through new initiatives at the University of Minnesota, in order to continue the IREP model within NCED.   
 
While not a direct result of the IREP, it is important to note that one of NCED’s institutions, the Science Museum of Minnesota 
(SMM), also has an increasingly international focus.  Over the past two years, SMM has collaborated with the American 
Museum of Natural History to produce a major exhibition on water, Water: H2O=Life, which will travel internationally for 
several years to come.  The lead SMM developer for that exhibition, which is partly NSF-funded, is also an NCED PI and 
several NCED PIs and staff have been very involved in exhibition development.  SMM is a leading developer of content 
for NOAA’s Science on a Sphere spherical projection system.   These systems are being installed in increasing numbers 
in the U.S and abroad and NOAA makes any “playlists” or videos developed for the system available to all sites with a 
Science on a Sphere system.  We know of at least one NCED/SMM video whose narration is currently being translated 
into Chinese.  SMM has long been a leader, internationally, in public understanding of research and through that work is 
also actively pursuing new international collaborations.  At the October 2007 meeting of the Association of Science and 
Technology Centers, a major informal education meeting, Hamilton and Campbell will host a session on research-museum 
collaborations from an international perspective.  As NCED enters its legacy phase with two of NCED’s key institutions 
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increasing their own international perspective, it will be very helpful to have the proven track record of the IREP to show 
our success and experience with meaningful two-way international partnerships as we collaboratively seek new funding. 
Funding plans for future international programs at NCED.

While we do not have a future formal program in place, we have begun investigating international proposal solicitations 
available through NCED’s lead institution, the University of Minnesota, and through the National Science Foundation.

What changes to this program would have made this more effective for your STC?
Students and mentors reported very few suggestions for improvement; most said simply that they’d love to see it continue.  
Two students found our reimbursement system (reimbursed receipts) cumbersome; we were able to switch later visits to a 
per diem system.  We also found ways to reduce the expenses to the students, such as purchasing their airplane tickets for 
them centrally.  The students often informally expressed anxiety before leaving about whether they could be gone from 
U.S. responsibilities, personal and academic, for a full eight weeks, how they would find housing overseas and how they 
would handle financial obligations such as rent or mortgage at home.  This anxiety seemed to lessen after the first few visits 
had been completed as both NCED staff and returned IREP visitors could offer helpful suggestions to those considering a 
trip.  Perhaps more formal guidance before the trip would have be helpful, although none of the students mentioned that 
upon return, so it may be that making their own arrangements was one of the confidence-building experiences of the IREP. 
Other than stipends and the expense reimbursement system for the students, NCED’s IREP had a very low administrative 
expectation for students and international mentors.  This seems to have been a part of what made the program effective; both 
students and mentors appreciated the freedom to simply “do science”.   Requiring an NCED-wide video conference from 
each student was a productive way to give the program visibility within the center and to provide the student a constructive, 
but not overwhelming, vehicle for doing preliminary synthesis of the experience.   

We did not require any follow-up activities from the undergraduate assistants who were included in some of the visits.  These 
students all expressed the desire for a longer stay than their two week visits; though this would have been difficult for most 
undergraduates to schedule, outside of summer break.  

As the mentors who responded to the IREP survey all expressed an interest in follow up work with the IREP student or with 
NCED, an effective enhancement to the program might have been to include funds to invite the mentor to travel to an NCED 
facility, following the IREP visit.  The mentor could present a live and a video-conferenced seminar of their own, have a brief 
opportunity to follow up with the student, and spend some time with other NCED graduate students and PIs.  While this was 
not specifically requested in the mentor reports, there was a great deal of interest in sustained contact with both the NCED 
student and NCED; this might have been one way to accomplish that, while also benefiting all of NCED.
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Appendix Q: 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
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)
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
CBC California Biodiversity Center
CCEFP Center for Compact and Efficient Fluid Power
CENS Center for Embedded Network 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 (SA IP section)
CFD computational fluid dynamics
CFE Center for Future Earth (Science Museum of Minnesota)
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CFS cubic feet per second
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
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
CV coefficient of variation
CZEN Critical Zone Exploration Network
CZO Critical Zone Observatories
DA Decision Analysis
DEM Digital Elevation Model
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
DW IP Desktop Watersheds Integrated Project
DWPG Desktop Watersheds Partners Group
EAB External Advisory Board (NCED)
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
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
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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
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)
GIS Geographic Information Systems
GLOBE Global Learning and Observations to Benefit the Environment
GMA Graduate Museum Assistant (NCED)
GMA Graham Mathews and Associates (SR IP and KT sections)
GPM Global Precipitation (satellite) Mission (a new NASA mission)
GPP gross primary production 
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
HPWREN High Performance Wireless Research and Education Network
HSC Headwaters Science Center
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 Project (within NCED)
IREP International Research Experience Program
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)
IUH instantaneous unit hydrograph
JGR-ES Journal of Geophysical Research-Earth Surface 
JHU The Johns Hopkins University
KAYSC Kitty Andersen Youth Science Center
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KT Knowledge Transfer
LACPR Louisiana Coastal Protection and Restoration 
LBNL Lawrence Berkeley National Laboratory
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
MCDA multicriteria decision analysis 
MD-SWMS USGS’s Multidimensional Surface-Water Modeling System
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”)
MOU Memorandum of Understanding
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
NCALM National Center for Airborne Laser Mapping (NSF-supported)
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
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
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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
PAR photosynthetically active (solar) radiation
PDE partial differential 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
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
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)
SA IP Subsurface Architecture Integrated Project
SAN Storage Area Network
SAPG Subsurface Architecture Partners Group
SCP School Contact Program (SMM): now  referred to as ESR
SEG Society of Exploration Geophysicists 
SEPM Society for Sedimentary Geology
SERC Science Education Resource Center
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
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SIP Strategic and Implementation Plan
SMC Seven Mile Creek
SMM Science Museum of Minnesota 
SOS Subcommittee on Sedimentation (applies to SR IP 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
SR IP Stream Restoration Integrated Project
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 
SURGE Support for Under-Represented Groups in Engineering Fellowship 

Program at the University of Illinois at Urbana-Champaign
TNC The Nature Conservancy
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
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
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
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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”)
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

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
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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




