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General Information

1.a General Information

Date Submitted May 01, 2006
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Name of the Center National Center for Earth-surface Dynamics

Name of the Center Director Chris Paola
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Contact Information (if changed since last reporting period) No changes to report

1.b Biographical Information for New Faculty by Institution

  No new faculty members have been added to the Center in this reporting period.

1.c Annual Report Contact Person

Name of the individual David Olsen

Center role Principal Accountant

Address
2 3rd Ave SE

Minneapolis, MN 55414

Phone Number (612) 624-4714

Fax Number (612) 624-0066

Email Address olse0046@umn.edu
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I. Context
This section is intended to place the results reported in the main body of this report in the context of the Center’s Strategic 
and Implementation Plan (SIP) and its past history. One of our major activities of the last year has been a strategic revision 
of our SIP with the intention of improving the research focus and providing a higher level of integration of all Center’s 
activities. The SIP revision process was initiated by NCED management in early 2005 and was completed in July 2005. It 
culminated with a formal presentation of the revised plan to NSF.   The revised SIP forms the template on which the major 
accomplishments of the past year are summarized in this section and detailed in the report. 

Research

The biggest change to NCED structure resulting from the new SIP is the organization of the research into three “Integrated 
Projects” (IPs):  Desktop Watersheds, Stream Restoration, and Subsurface Architecture. The intellectual foundation of the 
IPs was provided by NCED research since its inception.  The restructuring resulted in a major improvement in integration 
among disciplines and PIs, as documented below.  Highlights of new collaborations include: (a) major efforts involving 
the Minnesota and Berkeley groups on coupling geomorphology and nutrient dynamics and on understanding variability 
of bedload grain size and fl ux along channels and channel networks; (b) a growing effort between the Minnesota and 
Princeton groups on quantifying the spatial properties of deltaic channel networks and how these can be used to predict 
statistics of subsurface deposits; and (c) an accelerated transfer of theoretical results to practical application related to stream 
restoration.

A major research highlight of this year was publication of a major review (and cover) article in the Jan. 26, 2006 issue 
of Nature, by Bill Dietrich and Taylor Perron. It would be hard to think of a clearer expression of NCED’s emphasis on 
combining biological and physical processes in shaping the Earth’s surface than this study of the topographic signature of 
life. Examining a wide range of topographic indicators from the form of mountain ridges to river planforms, the article 
concludes that, beyond direct organic constructions such as termite mounds, there is no single unambiguous biotic indicator 
in the Earth’s topography. Rather, the topographic signature of life is to shift the frequency of biologically infl uenced 
features such as meandering river channels. The question of how life imprints itself on topography is a fundamental research 
question but also has important implications for detection of life on other planets. In addition, a group of PIs (Paola et al., 
2006) provided a fi rst statement of NCED’s vision for integrative surface science in a special issue of Water Resources 
Research organized by our sister center CUAHSI.

Deskstop Watersheds (DW)

The Desktop Watersheds project is designed around a fundamental new idea that we refer to as map-based prediction. One 
of the most important developments in watershed science in the last few years has been the dramatic increase in availability 
of digital environmental data (topography, vegetation, precipitation, runoff, etc.) to researchers and practitioners. Based on 
research, much of it done in NCED, showing how local properties are controlled by drainage basin structure, we propose 
that such data can be used to make spatially explicit predictions about resource attributes (landslide locations, river bed grain 
size, algae abundance, etc.) before going to the fi eld. Such predictions can then become null hypotheses to guide fi eldwork. 
This transforms fi eldwork from simple data gathering or monitoring to hypothesis testing. Although hypothesis-testing 
is often part of fi eld work now, this would represent a fundamental transformation in that, with an integrated system for 
making comprehensive initial predictions (physical, biological, geochemical), hypothesis-testing would become routine. 
We are confi dent that this would substantially accelerate progress in predictive watershed science. The research support 
for DW is provided by a number of NCED PIs, especially Banfi eld, Dietrich, Finlay, Foufoula-Georgiou, Hondzo, Parker, 
Porte-Agel, Power, and Rodriguez-Iturbe. 

DW has made major progress this year – it has gone from an idea, albeit one backed by a good deal of NCED and other 
research, to a functioning prototype system for landscape prediction. We want to emphasize that the design of DW is in 
itself a major intellectual advance: DW is not a model per se but an approach that can be applied to all aspects of surface 
science (i.e., geomorphology, ecology, geochemistry, hydrology, etc) in watersheds (i.e., most of the terrestrial surface). 
The recurring, hierarchical structure of channel networks leads to a predictive physical template of channel dimension, 
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bed morphology, grain size, and solar irradiation, and (as new NCED-supported research is showing) to corresponding 
habitat structures, food web dynamics, and ecological and biogeochemical regimes. The DW application, being done in 
collaboration with our Partner, Stillwater Sciences, is an ArcMap-based model. In its initial form, it uses digital topographic 
data, empirical data on habitat use and carrying capacity, and a population model to predict the density of salmon at each 
life stage throughout the river network. High-resolution digital topography and the channel network extracted from it will 
provide the template for our salmonid population model, and for additional predictive capabilities we will add as we develop 
them. One of our major accomplishments this year is that we are near having an initial version of the static form of the DW 
application program, including a functional graphical interface, ready for fi eld-testing this summer.  

The inspiration for DW has been the discovery of how drainage network structure infl uences major aspects of the physical 
and biologic organization of the landscape (e.g., channel form, fl ood frequency, vegetation distribution). This theme 
has continued strongly in the present reporting year. Sklar et al. (2006) have discovered that bedload breakdown during 
downstream transport through the channel network causes the total bedload fl ux to become independent of drainage area, 
while, surprisingly, the bed material size distribution changes little from that contributed from hillslopes. The landscape 
connection even extends to the microbial realm; Green et al. (2005) show how even on small scales, microbial abundance 
and weathering intensity are controlled by landscape position and soil transport. Recent intensive collaboration between 
the UC Berkeley and Minnesota groups has shown (O’Connor et al., 2006; Warnaars et al., 2006) how variability in nitrate 
fl ux and photosynthesis/respiration can be cast in terms of dimensionless variables (an idea from engineering applied in 
a new context here) that in turn can be related to landscape structure. This work builds on earlier laboratory research on 
dimensionless scaling in oxygen dynamics (Hondzo et al., 2005). Further details of this work can be found in the DW 
section of this report.

Subsurface Architecture (SA)

Subsurface Architecture aims to use our understanding of channel dynamics in depositional systems to provide improved 
tools for prediction of subsurface spatial structure across a range of scales. Our focus in the current reporting year has been 
on continued production of comprehensive experimental data sets, acquisition of (mostly seismic) data sets from the fi eld, 
and development of fi rst order models capable of providing a mechanistic framework for interpreting and understanding 
this data. Laboratory studies in the current reporting year have focused on (1) analysis of depositional processes leading 
to construction channel banks and fl oodplains for both terrestrial and submarine channel networks; (2) quantitative 
characterization and analysis of the response of net-depositional channel networks to variation in base-level and tectonic 
forcing, using our unique XES subsiding-fl oor basin facility; (3) estimation of the magnitude and style of sediment storage 
and release within fl uvial channel networks due to natural variability in transport effi ciency in the channel systems, and 
(4) quantifi cation of the formation and stratigraphic preservation of erosional surfaces within XES experimental deposits.  

Theoretical studies aimed at understanding the mechanisms behind these observations include (1) numerical representations 
of sediment storage and release due to intrinsic variation in the transport effi ciency of the fl uvial system, (2) investigation 
into the system dynamics producing observed scaling in sediment-accumulation rates, (3) a new model for fl uvial channel 
stacking that combines diffusion-based long-profi le and mass-balance modeling with avulsion based predictions of subsurface 
channel stacking density, and (4) adaptation of a dam-removal model to describe valley formation and fi lling in response to 
varying base-level cycles.  The rest of the modeling effort has focused on developing methods for linking adjacent surface-
transport regimes using appropriate moving boundary conditions and for describing this transport at a full range of scales 
by applying turbulence analogies (in particular large-eddy simulation) to surface evolution models.  Finally, study of natural 
systems has focused on aspects of anabranching and distributary networks of channels.  Work has begun on developing 
methodologies for identifying the properties of deltaic channels from satellite imagery and assigning “nourishment area” 
(analogous to the catchment area for a drainage basin) over the delta. Scaling and other similarity analyses for deltas are 
helping to defi ne those aspects of delta organization that are consistent across environments and scales.  Field measurements 
of active channel-bottom topography are being used to refi ne methods for estimating bed-material load in large lowland 
rivers and direct measurements of water and sediment discharge are being used to study the controls on persistent channel 
bifurcations.  In total this work is illuminating key transport processes that build depositional landscapes as well as the 
subsurface architecture of the affi liated sediment accumulations.
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Stream Restoration (SR)

NCED’s Stream Restoration Integrated Project aims to advance both the science and practice of stream restoration. 
The principal scientifi c challenges facing improved stream restoration practice involve linking physical interventions 
to ecosystem response, placing local actions in a watershed context, and developing a coherent framework for defi ning, 
evaluating, and implementing restoration objectives. Work in the current reporting year involved experimental and fi eld 
studies with extensive training and Partner involvement. Experimental research has now shown conclusively that using 
simple vegetation it is possible to reproduce much of the main dynamics of single-thread rivers, the most common restoration 
target, in the laboratory. This work is being extended to the NCED experimental site in Richmond, CA (UC Berkeley) and 
applied in stream restoration design. It will be continued at SAFL in a new outdoor experimental facility (OLERR: Outdoor 
Laboratory for Ecogeomorphology and River Restoration) for which design was completed this year.  A new suite of fi eld 
and laboratory experiments on the relationship between nutrient uptake and channel properties have opened the possibility 
of designing stream channels specifi cally to enhance nutrient uptake, thereby improving the base of the food web. This work 
is now being tested in StreamLab, our new multi-investigator, multi-discipline experimental approach to stream dynamics 
that, although just begun, is already shaping up as one of our major SR and KT successes this year. With the extensive 
facilities of SAFL at its disposal, NCED is well positioned to develop and organize such collaborative experiments, which 
involve a broad section of the research community as well as SR Partners. We plan to expand this program to provide a 
community test bed of what are, in effect, experimental studies at fi eld scale. This capacity is especially important for study 
of linked physical-biological processes that cannot be effectively studied at reduced scale.  

NCED work on sediment transport has been aimed at improving our capacity to route sediment through reaches and the 
channel network. We have demonstrated the resilience of armor layers, which reduce sediment mobility, in gravel-bed 
streams and improved techniques for physical and numerical modeling of sediment routing for gravel augmentation below 
dams. We have developed models for transport of fi ne sediment over coarse streambeds that will also fi nd application in the 
DW and SA Integrated Projects, and applied our current routing techniques in a sand-routing model for nearly 200 km of 
the Colorado River in the Grand Canyon. 

Meeting our goal of advancing the science and practice of stream restoration requires a continous focus on practitioners. The 
current reporting year was the fi rst year of operation for the SR project as such, but NCED has established a national presence 
in stream restoration through Partners meetings; short courses; presentations at conferences, public meetings, and consulting 
fi rms; workshops; our newsletter and community website; and our increasingly popular Stream Restoration Toolbox. We 
have established a reputation for useful, open-source information and productive interactions with practitioners that will 
contribute to our ability to act as an honest broker in the evolving and sometimes contentious restoration business. We have 
also developed energetic research collaborations with agency and industry partners via StreamLab, joint experiments (e.g., 
dam removal), and application of our tools to river management problems. These increasingly close Partner interactions 
help guide our research priorities, and also position us to serve as a catalyst in transforming the expectations and standards 
of stream restoration practice. 

Research Synthesis 

NCED uses several metrics to monitor research synthesis and added value (discussed more in the Management section). 
One simple measure is the fraction of PIs who are actively contributing to more than one IP; we are pleased to report that 
this stands currently at 89%. Another method is quantitative diagrams showing connections among the PIs. The present state 
of these connections relative to the initial state when NCED started is shown in Figure 1 below.  The outcome is satisfying 
and refl ects both the four-year maturity of the Center and the strong commitment of the PIs to achieve the vision of NCED.  
The new Integrated Project structure has helped strengthen and increase these connections. We are confi dent that the rate of 
collaboration will continue to increase.  

Another major indicator of research integration is published papers that provide clear evidence of Center-mode research. 
This includes research syntheses, papers involving multiple PIs (especially PIs at different institutions), and papers that 
refl ect new collaborations attributed to the Center. Papers for 2005-2006 that fall in these categories include: 
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KEY
Line thickness indicates total strength of collaboration:
0.5 pt for an initial development
2.0 pt for an on-going defi ned project
4.0 pt for a project that is producing papers, etc.
8.0 pt for a well-established project with shared students and multiple papers
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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.

Green, E. G., W. E. Dietrich, and J. F. Banfi eld (2006), Quantifi cation of chemical weathering rates across an actively 
eroding hillslope, Earth and Planetary Science Letters, 242, 155-169.

O’Connor, B. L., M. Hondzo, D. Dobraca, T. M. LaPara, J. C. Finlay, and P. L. Brezonik (in review), Quantity-activity 
relationship of dentrifying bacteria and environmental scaling in streams of a forested watershed, Journal of 
Geophysical Research Biosciences.

Paola, C., E. Foufoula-Georgiou, W. E. Dietrich, M. Hondzo, D. Mohrig, G. Parker, M. E. Power, I. Rodriguez-
Iturbe, V. Voller, and P. Wilcock (2006), Toward a unifi ed science of the Earth’s surface: Opportunities for 
synthesis among hydrology, geomorphology, geochemistry, and ecology, Water Resources Research, 42. W03S10, 
doi:10.1029/2005WR004336.

Paola, C., and V. R. Voller (2005), A generalized Exner equation for sediment mass balance, Journal of Geophysical 
Research Earth Surface, 110. 10.1029/2004JF000274.

Parker, G., and L. A. Perg (2005), Probabilistic formulation of conservation of cosmogenic nuclides: Effect of surface 
elevation fl uctuations on approach to steady state, Earth Surface Processes and Landforms, 30, 1127-1144.

Parker, G., P. Wilcock, C. Paola, and W. E. Dietrich (in review), Quasi-universal relations for bankfull hydraulic geometry 
of single-thread gravel-bed rivers, Journal of Geophysical Research Earth Surface.

Passalacqua, P., F. Porte-Agel, E. Foufoula-Georgiou, and C. Paola. (in press), Application of dynamic subgrid-scale 
concepts from Large Eddy Simulation to modeling landscape evolution, Water Resources Research.

Sklar, L. S., W. E. Dietrich, E. Foufoula-Georgiou, B. Lashermes, and D. G. Bellugi (in press), Do gravel-bed river size 
distributions record channel network structure?, Water Resources Research.

Warnaars, T. A., M. Hondzo, and M. E. Power (in review), Abiotic controls on periphyton accrual and metabolism in 
streams: Scaling by dimensionless numbers, Water Resources Research.

Finally, another indicator of Center added value in research is the increasing number of graduate students and post-doctoral 
associates who are co-advised or co-supervised by multiple PIs within and across NCED Institutions.  Current examples are 
given in the table below.

Postdoctoral research associates
Nancy Brown Wilcock and Mohrig
Ion Iogrulescu Foufoula-Georgiou and Dietrich
Bruno Lashermes Foufoula-Georgiou and Dietrich
Cailin Orr Finlay, Hondzo, and Wilcock
Wendy Palen Power, Dietrich, and Foufoula-Georgiou
Jane Staiger Perg, Parker
Matt Wolinsky Voller, Paola
Graduate students
Phairot Chatanantavet Parker, Foufoula-Georgiou
Doug Jerolmack Mohrig, Paola
Wonsuck Kim Paola, Voller
John Martin Paola, Mohrig
Paola Passalacqua Porte-Agel, Foufoula-Georgiou, Paola
Michal Tal Paola, Foufoula-Georgiou
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NCED’s common scientifi c core – the dynamics of processes operating on channels and channel networks – cuts naturally 
across scales and environments.  As such, it provides a primary vehicle for integration and synthesis of NCED research and 
a network of pathways for cross-fertilization and application of theoretical ideas, observational techniques, and research 
fi ndings across the Integrated Projects. Examples from this year’s work that would not have been possible without the center 
mode of operation, include:

Coarse and mixed size sediment transport. Collection of high-quality data, sensor testing and calibration, and improvement 
of routing laws, are all part of the StreamLab06 effort, and this work will continue into next year. The StreamLab project is 
‘headquartered’ in Stream Restoration, but these results are critical to DW, where they will be used in sediment routing and 
estimation of local channel properties in watersheds. We are also working now to incorporate better models of mixed-size 
transport in the latest SA integrated long-profi le model used for the largest scales of stratigraphic prediction.

Flow, microbes, and nutrient dynamics. We note that nearly all of our current research in ecology, microbial geochemistry, 
and nutrient dynamics is equally relevant to Desktop Watersheds and Stream Restoration, and for reporting purposes would 
have been equally at home in either section. For instance, new ACRR-based fi ndings on how channel processes control 
denitrifi cation opens the way to predicting nitrate from digital watershed data (DW) and also to designing channels to 
optimize the fl ow of nitrate and other nutrients in stream restoration projects (SR). The fi eld based results are complementary 
to experiments underway in StreamLab06, which will investigate connections between water, sediment, and solute fl ux and 
fundamental ecological processes like nutrient uptake, photosynthesis, respiration, and biomass accumulation.

Vegetation and channels. NCED experimental work over the last two years has revealed the extent to which vegetation 
interacts with physical channel processes to set channel geometry (cross section and planform) and migration kinematics. 
These are the ingredients for predicting stratigraphic architecture (SA), but are equally useful in designing channels with 
vegetated banks (SR) and predicting where vegetation is expected to stabilize bars in a watershed (DW).  

Channel extension into standing water. There is a fundamental question about how channels extend themselves into standing 
water. Field evidence shows that this is possible by extension of the channel tip and construction of levees, but how it 
works mechanistically is not understood, and therefore it has not been modeled. NCED work on this involves collaboration 
between PIs Dietrich and Mohrig, and their students. The process is critical to deposition on fl oodplains, and to channel 
development in submarine systems, so it is fundamental to SA. SA partner ExxonMobil, for example, has invested a good 
deal of research money in understanding depositional processes associated with this type of channel development. But since 
streams and fl oodplains are intimately connected, both physically and ecologically, fl oodplain restoration is often a vital 
(though sometimes overlooked) aspect of Stream Restoration as well. 

Valley evolution. A central issue in Stream Restoration is the evolution of a river after removal of a dam. This typically 
involves creation of a valley incised as the effective base level provided by the dam and reservoir is dramatically lowered. 
Since the sediment produced by this incision is potentially a major contaminant downstream, NCED and other researchers 
are extremely interested in predicting the evolution of the valley quantitatively. But the process of valley incision as base 
level drops is equally crucial (albeit at larger scales) in the stratigraphic evolution of continental margins, where it leads to 
creation of so-called ‘sequence boundaries’ that package strata at large scales (SA).

Scaling and statistics. NCED’s expertise in scaling comes primarily from our hydrologists (Foufoula-Georgiou, Rodriguez-
Iturbe, and Porte-Agel), who have applied scaling methods extensively in analyzing environmental variables such as rainfall, 
atmospheric turbulence, streamfl ow, and drainage-network structure. Through NCED, we are extending application of these 
methods to new areas such as grain-size variation in tributary basins (DW), depth-width scaling relationships in braided 
river systems, incorporation of uncertainty in stream restoration (SR), and spatial statistics of depositional networks (SA).  

Education

In Year 4, NCED Education efforts moved from exploratory development of materials and programs to building on past 
successes in order to broaden the audiences reached and deepen the quality of our programs. Our successful integration 
of research with public education in the Science Museum of Minnesota/Big Back Yard led directly to two exciting new 
initiatives, River on the Road and WaterPlanet ™ that are already reaching new audiences in both formal and informal 
education. River on the Road is a spinoff of a major exhibit we hosted on the National Mall in Washington DC in June/July, 
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2005 in which NCED and our Partner, USDA Forest Service, were featured at the annual Smithsonian Folklife Festival. We 
collaboratively designed a 3-part exhibit on various aspects of river dynamics that was assembled on the National Mall. One 
component was an 8 m fl ume, based on NCED research, in which we conducted experiments in river planform dynamics and 
restoration. A second component was an interactive tabletop model, based on our Earthscapes River Restoration Residency, 
of removal of the Glines Canyon Dam on the Elwha River in the Olympic National Park. The third component in the exhibit 
was a large sand and concrete stream table used to illustrate watershed processes.  In all three cases, visitors had a hands-on 
opportunity to explore river science and issues associated with human development near rivers. Public enthusiasm for all 
three exhibits was overwhelming, with many visitors returning daily to follow experimental progress. This effort led to 
River on the Road, in which one of the main components of the exhibit will travel nationally, in continued partnership with 
the US Forest Service. 

Use of our Visitor-research based table-top dam removal experiment expanded from 4-12 into undergraduate classrooms 
and public venues. Our Earthscapes Teacher Institute and River Restoration Residency became active programs, and led to 
talks and posters at professional conferences. Our research-grade visualizations received nationwide media attention and our 
3D paper anaglyph maps were put into use in 4-16 classrooms, also nationwide. Testing of these materials showed them to 
be effective educational tools. Many of our methods and materials were featured in an NCED sponsored daylong “Hands-
On Inquiry Based” workshop for 4-16 teachers at the Fall meeting of the American Geophysical Union (AGU). Finally, our 
Graduate Student program fl ourished, as NCED’s Graduate Student Council and its programs achieved strong buy-in by the 
students, including a students-only research retreat at the ACRR, student presentation of the majority of NCED’s weekly 
videoconferences, and plans for international research through our NSF-funded International Research Experience. 

Diversity

NCED continues to make strides towards achieving our goal of a diversity spectrum which is refl ective of the U.S. national 
population, as well as fostering diversity by working with 4-12 level Native American students to excite them about 
environmental science, math, and technology. Diversity among researchers at NCED increased this year with the addition 
of three new graduate students from underrepresented groups, one of whom was recruited from our Undergraduate Summer 
Internship Program.  The addition of these graduate students to our research program has increased the percent of researchers 
from underrepresented groups from 10% in Year 3 to 13% of our total research group in Year 4. This is despite the fact that 
the disciplines represented by NCED scientists are signifi cantly less diverse than the sciences as a whole.  (In an analysis 
of NCED institutions, weighted to represent the disciplines of NCED scientists, African Americans represented only 1% of 
enrolled graduate students as compared to 6% in the sciences as a whole; Hispanics represented 3% of graduate students in 
NCED institutions, as compared to 5% in the sciences as a whole; and for American Indians, this number is less than 1% 
for NCED institutions as compared to 1% for the sciences overall.)  Increases in diversity at NCED resulted from energetic 
efforts across the center, with PIs working with Diversity Director Dalbotten.  New this year for promoting diversity among 
our graduate students is a program in which NCED, in partnership with six other STC’s, is collaborating with the GEM 
fellowship program to enhance our ability to identify and recruit graduate students from underrepresented groups.

In 2005, NCED piloted its new Faculty-to-Faculty program, which, by involving faculty from Minority-Serving Institutions in 
NCED research projects, will foster long-term relationships that will lead to a natural increase in the fl ow of underrepresented 
individuals into graduate and postgraduate positions at NCED and other national research centers. To attract minority 
students, we must build relations with MSIs, and the best way to do this is by supporting junior faculty.  By also involving 
graduate students from these institutions, NCED will foster the development of new PhDs from underrepresented groups 
in NCED disciplines. In addition, faculty at MSIs will gain a new level of excitement and interest in NCED research, as 
well as access to NCED teaching and research materials, which we believe will help them in turn excite their students about 
pursuing research in Earth-surface dynamics. The research partnerships will also help to build the research infrastructure of 
the faculty members’ home institutions. Our fi rst Faculty-to-Faculty visit took place in Summer 2005, when Prof. Jianhong 
Ren of Texas A&M University, Kingsville, collaborated with NCED PIs and staff to set up an experiment on “Removal of 
Heavy Metals by Alder Trees and Bed Sediments,” and sent two graduate students, Jessica Ruiz and Celina Camarena (both 
Hispanic) to conduct experiments at the St. Anthony Falls Laboratory for fi ve weeks in summer 2005.  The experiment 
was done in collaboration with NCED PIs Hondzo and Power, and Stream Restoration project leader Jeff Marr.  Results of 
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this research were presented by Celina Camarena at the AGU Fall Meeting in December of 2005.  Information about the 
Faculty-to-Faculty program itself was also presented at AGU by Jessica Ruiz and Diana Dalbotten.   

In Year 4, NCED’s gidakiimanaaniwigamig (Our Earth Lodge) and ando-giikendaasowin (Seek To Know) Programs have 
brought over 100 middle- and high-school students to Native American Math and Science Camps for hands-on science 
activities related to NCED research.  Content in the camps included activities on topics in the Hydrologic Cycle, Groundwater, 
Continental Divides and Drainage Networks, Food Webs, and Rivers and Lakes.  Students in our programs have shown 
increases in their math and science grades and attendance since the inception of the program.  NCED is serving as a model 
for other groups by presenting workshops at professional conferences (SACNAS, AISES) on creating math and science 
programs for Native American youths.

Knowledge Transfer

NCED management believes strongly in Knowledge Transfer, and NCED PIs are committed to vigorous promotion of 
application of our basic research. Because each of the three IPs was designed around a set of applications in addition to 
basic science, we have incorporated our KT activities directly into the Integrated Projects themselves. KT begins with 
relationships and activities with their Partners groups for each IP. Of the three IPs, Stream Restoration (SR) has the largest 
and best developed Partner group, a natural consequence of the strongly applied nature of restoration and of the need for 
better science to produce better outcomes. This year, the Desktop Watersheds group’s research has reached an ignition point 
where partner interactions have become signifi cantly more productive. Several collaborations have taken place as part of the 
process of developing the Partners group, a task which will be fi nished by August 2006. The fi rst offi cial Partners meeting 
will take place in Spring 2007, and we anticipate a good deal of overlap between the DW and SR partner groups through 
their common interest in land management and restoration. 

Following its fi rst formal Partners Group meeting in February 2005, the Stream Restoration IP’s relationship with its 
Partner group has grown considerably over the past year. A subset of this group participated in a workshop (April 2006) on 
training and education in stream restoration that resulted in a white paper. Reseachers in this IP are working with Partner 
Stillwater Sciences to conduct collaborative fl ume studies directly related to stream restoration. We also partnered with the 
US Geological Survey and the Bedload Research International Consortium (BRIC) by supporting development of a website 
(www.bedloadresearch.org) that organizes bedload research and monitoring data, and we will co-host the international 
BRIC conference in April of 2007. The SR IP launched a stream restoration community web portal (www.streamrestoration.
net) and quarterly newsletter (The Stream Restoration Networker) that will facilitate the movement of information about 
important research, projects, people, events and opportunities within the stream restoration community. NCED PIs have been 
very active in conducting short courses presenting new research and applications.  PIs Power and Wilcock have collaborated 
on one-week and two-week restoration courses for practitioners.  PIs Dietrich, Mohrig, Paola, Parker, Power, and Wilcock 
have collaborated on short courses for graduate students and post-docs.  Finally, we launched a large collaborative laboratory 
experiment called StreamLab that involves a number of visiting researchers, Partners and other outside scientists. As part of 
NCED’s reorganization of its research into Integrated Projects, the NCED Visitors Program has shifted emphasis towards 
placing Visitor research projects within each IP’s research program. In the past year, the Visitor’s Program has sponsored 
four such collaborations, described under the IP projects in the body of this report.  

In Year 4 we also enhanced the Visitors Program by organizing it around a major collaborative, multi-investigator research 
experiment (StreamLab06) in the Main Channel facility at St. Anthony Falls Laboratory. The Main Channel will serve as 
an indoor, fi eld-scale gravel bed river in which a multi-disciplinary team of engineers, geomorphologists, and ecologists 
mainly comprising visitors and NCED participants from outside SAFL will study the interconnections between fl owing 
water, sediment fl ux, hyporheic exchange, nutrient uptake and periphyton growth. The StreamLab06 project takes place 
in two parts. Part I (Jan-March 2006) has focused on testing technologies for measuring bedload transport in sand bed 
and gravel bed rivers; this includes new methods like acoustic sensing that have the potential to revolutionize particle fl ux 
measurement in the environment. StreamLab06 Part II (April – October 2006) is focused on connections between physical 
channel processes and stream ecology. Many stream restoration projects aim to create habitat and improve ecology in a 
stream. Physical channel modifi cations based on weak understanding of how channel processes affect ecological change 
can result in expensive restoration failures. StreamLab06 Part II will address this by elucidating the connections between 
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water, sediment and solute fl ux and fundamental ecological processes like nutrient uptake, photosynthesis, respiration, and 
biomass accumulation. 

The StreamLab06 project involves a total of 42 researchers. This includes 13 members of the Stream Restoration Partners 
Group and eight Visitor Program researchers. The project involves eight non-NCED universities, fi ve Federal agencies, two 
consulting fi rms and four separate NCED institutions. All data from the experiments, including detailed bed topography 
information and photographs will be archived on NCED servers for community use. We believe this is the fi rst large scale 
fl ume experiment that explicitly integrates such a wide spectrum of physical and biological effects. This is the inaugural 
project year for StreamLab, and we intend to continue to use this facility in similar collaborative research efforts for years 
to come.

Additional specifi c KT accomplishments include (1) adoption of our Spawning Gravel Refresher tool by the Trinity River 
Restoration Program; (2) implementation of the Wilcock-Crowe mixed-size sediment fl ux relation in USACE HEC-RAS, 
a river hydraulics model widely used in management; (3) Inter-fl uve using Uncertainty Calculator and iSURF; (4) R2 
adopting NCED particle tracer methods; and (5) Pending USGS approval of a StreamLab-tested bedload sampler.

The Subsurface Architecture IP’s partner group comes from the oil industry, though SA continues to explore relations with 
groundwater practice as well. SA Partner relationships continue to be strong, and included an annual meeting (November 
2005), two short courses, an internship and joint research project for a graduate student, and ongoing communication via a 
dedicated web site and our online Data Repository. One major challenge in monitoring SA partner relations is that the oil 
industry is traditionally secretive about specifi c research applications, so we cannot provide detailed case studies of how our 
work is being used. Instead we rely on indirect measures. These include VP level contacts and a University Master Agreement 
between ExxonMobil and two NCED institutions (UMTC and UIUC); a successful student internship at Chevron; two joint 
Chevron-SAFL experiments, one involving a USIP student; continued success of short courses with ExxonMobil; plans 
to expand our short course program to include ConocoPhillips; a joint IAS short course with Japan Oil Gas and Mineral; 
plans for expanded joint experiments with ExxonMobil including access to proprietary cohesive sediment simulants; a joint 
NCED-ExxonMobil special session at AAPG; and fi nally, these encouraging comments from an anonymous oil-industry 
reviewer of our renewal proposal:

NCED’s work can transform the prediction of the distribution of natural resources (water, oil, gas, etc.) in the subsurface 
from educated guesses to a fully coupled, process-based modeling, just as meteorology has moved from rules of thumb 
to coupled atmosphere-ocean-vegetation models. Their work is already changing the way our company evaluates the 
architecture of subsurface strata…

Management

The major management accomplishment of the current reporting year was the successful development and implementation 
of our new SIP. This process took place in the spring and early summer, 2005, and culminated in an intensive PI retreat in 
June followed by preparation and presentation of the new plan to NSF in July. The SIP was central to a constructive site visit 
in late August. A primary goal of the process was to achieve strong PI buy-in, and we are pleased that PI participation in the 
retreat that led to creation of the new SIP was 100%. The SIP is available at our website, and this Annual Report is entirely 
structured around it. 

Additional highlights of management accomplishments for the past year include:

1. Executive committee:  A major change was instituted to the structure of our Executive Committee by adding as 
members the leaders of the three Integrated Projects. In addition to advising the Directors through the committee, 
the three IP Leaders play a major role in determining research needs of the Center and evaluating PI progress and 
contribution towards meeting the deliverables of each IP in a timely manner. This team approach to defi ning and 
implementing strategic research goals, together with the strong PI buy-in to the strategic planning process, has made 
it much easier to make the necessary adjustments in individual PI research required to move NCED consistently and 
comprehensively towards its goals. 
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2. New initiatives:  Resources were reallocated to allow a number of new initiatives.  These include: (a) development 
of an indoors space at SMM to allow year-round access by visitors to EarthScapes components developed by 
NCED; (b) initial work toward our Mississippi Delta initiative; (c) a new PI in ecology; (d) support for the Faculty-
to-Faculty program and fi nancial incentives for minority recruitment; (e) the unexpected opportunity that led to our 
exhibit at the National Mall last June; and (f) expansion of the Visitors Program to encompass StreamLab06. 

3. Community service:  Apart from our ongoing community-service activities such as the Visitors Program, short 
courses, and working groups, we led two important activities in building our research community. We hosted a 
fi nal ‘prefl ight’ workshop meeting in December 2005 for the proposal to fund the Community Surface Dynamics 
Modeling System (CSDMS), which was submitted to NSF in February 2006. We also launched an exploratory 
initiative to build a long-term partnership with CUAHSI and CZEN, two major organizations representing the 
hydrology and soil-geochemistry communities, respectively. Our goal is to lay the groundwork for initiatives in 
predictive Earth surface dynamics on the scale of the whole research community. We see this as a key step towards 
a future in which NCED evolves into a self-sustaining community-based organization.  

Finally, we note that we continue to benefi t greatly from the input of our External Advisory Board (EAB). Their report for 
this year and our response to it are presented in the body of the Annual Report. 
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IIa. Desktop Watersheds Integrated Project

Project Team

Lead PI: William E. Dietrich
Project Manager: Collin Bode
Contributing PIs: Jill Banfi eld, Jacques Finlay, Efi  Foufoula-Georgiou, Miki Hondzo, David Mohrig, Chris Paola, Gary 
Parker, Lesley Perg, Fernando Porte-Agel, Mary Power, Ignacio Rodriguez-Iturbe, Andrew Wold

Executive Summary

The Desktop Watersheds (DW) Integrated Project is designed around a fundamental new idea that we refer to as map-
based prediction. Combining digital environmental data (topography, vegetation, precipitation, runoff, etc.) with research 
showing how local properties are controlled by drainage basin structure, we propose that such data can be used to make 
spatially explicit predictions about resource attributes (landslide locations, river bed grain size, algae abundance, etc.). Such 
predictions can then become null hypotheses to guide fi eldwork. This represents a major intellectual advance that transforms 
fi eldwork from simple data gathering or monitoring to hypothesis-testing. 

DW has made major progress this year – it has gone from an idea to a well-defi ned approach with a functioning prototype 
prediction system. This prototype, being done in collaboration with our Partner, Stillwater Sciences, is an ArcMap-based 
model that uses digital topographic data, empirical data on habitat use and carrying capacity, and a population model to 
predict the density of salmon at each life stage throughout the river network. High-resolution digital topography and the 
channel network extracted from it will provide the template for our salmonid population model. Prediction of salmonid 
population will build on prediction of a number of other important environmental variables (e.g. stream temperature) and 
is only the fi rst step to a Desktop Watersheds system capable of providing initial predictions of a wide range of physical, 
ecological, and biochemical variables. A static version of the model will be deployed for testing in summer 2006.

The initial DW application model is based on research results showing how drainage network structure infl uences major 
aspects of the physical, biologic, and geochemical organization of the landscape (e.g. channel form, fl ood frequency, vegetation 
distribution). Progress in this area this year involved combining experimental work at several NCED laboratories, where we 
contributed to facility upgrades that have greatly increased our research capabilities, with fi eld studies at ACRR, where we 
have completed the fi rst phase of our wireless infrastructure. Research results include quantifying network controls on food 
web interactions ranging in scale from the spatial variability of bacterial denitrifi cation rates to the effect of network position 
on the ecological roles of caddis fl ies to the mapping of ecological regime thresholds to landscapes. We have also advanced 
our understanding of several other DW-critical issues: controls on landslide transport mechanisms, prediction of coarse and 
mixed-size sediment transport in a variety of settings, prediction of bedrock incision, and use of wavelets and methods from 
turbulence to improve our ability to perform accurate feature extraction from topographic data and landscape upscaling.

Finally, this past year our research program has developed to the point where research partnerships with several agencies, 
academic institutions and environmental-focused consulting companies are fl ourishing. Later this summer, we will be asking 
these participants to form an offi cial Partners Group, with a view to holding our fi rst meeting next spring.

Goal

Our goal is to discover and advance fundamental relations needed to predict landscape evolution and to model the coupling 
of ecosystem, landscape, and land-use dynamics. Desktop Watersheds is an approach that motivates fi eldwork with 
hypotheses derived from topography, and captures and integrates the fi ndings for prediction. Field observations in turn 
motivate experiments, either in the fi eld or in the laboratory. Hence fi eld, laboratory and theoretical work are strongly 
integrated. We have identifi ed three grand challenges for Desktop Watersheds: 1) developing a mechanistic understanding of 
the processes driving erosion and deposition which in turn shape landscapes, 2) discovery of the linkages between physical, 
chemical, and biological processes, and 3) application of these understandings to the prediction of the linkages between land 
use and ecosystem response to guide management decisions. 
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We envision a future where digital environmental data (topography, vegetation, precipitation, runoff, etc.) are widely 
available to researchers and practitioners. We propose that such data can be used to make spatially explicit predictions about 
landscape attributes (landslide locations, river bed grain size, algae abundance, etc.) before going to the fi eld, and that such 
predictions can then become null hypotheses to guide fi eldwork. In effect, fi eldwork becomes hypothesis testing, rather 
than simple data gathering or monitoring, creating a new dynamic in which the researcher will be challenged in the fi eld to 
explain differences between observations and predictions. This will transform the nature of fi eldwork, and, from our early 
experience with this approach, much more rapidly lead to discoveries about fundamental controls. Our Desktop Watersheds 
goal, then, is to produce the understanding to make such predictions, to create models to guide fi eldwork, and to share this 
knowledge and these models widely. 

Approach

In keeping with NCED’s focus, Desktop Watersheds is focused on channels and the watersheds that feed them. Fieldwork, 
laboratory experiments, theoretical analyses and numerical modeling are all being done, i.e., this is not simply a model-
building exercise. The research elements of Desktop Watersheds consist of fi ve actions: 1) analyze: develop tools to analyze 
digital information, 2) link: quantify empirical relationships across surface processes and biology, 3) explain: develop process 
explanations to explain temporal dynamics, 4) route: quantifying and predicting rates and mechanisms of transport of river 
“currencies” (sediment, nutrients, heat, wood, water, organisms) throughout the channel network, and 5) apply: develop 
digital terrain-based models to guide fi eldwork and to perform “scenario testing” for land use management decisions. 

In the spirit of the Desktop Watersheds approach, the strongly fi eld-driven river ecological research is exploring the 
development of a “fi ve-step” plan for map-based prediction that should be quite general in its potential application: First, 
map the spatial thresholds where process changes occur. Second, perform experimental fi eld manipulations to test hypotheses 
on what controls these thresholds. Third, validate these hypotheses at new sites. Fourth, predict how changes in external 
drivers (e.g. climate) might relocate thresholds, and therefore areas under given regimes. Fifth, forecast consequences of 
such changes for local ecosystem states and basin-wide budgets and fl uxes. 

The application modeling has taken as its fi rst goal the development of a “static” model for predicting the salmonid population 
throughout the river network of a watershed. We note that the recurring, hierarchical structure of channel networks leads to 
a predictive physical template of channel dimension, bed morphology, grain size, and solar irradiation, and (as new NCED-
supported research is showing) to corresponding habitat structures, food web dynamics, and ecological and biogeochemical 
regimes. We are assembling (in collaboration with our Partner, Stillwater Sciences) an ArcMap-based model that uses 
digital topographic data, empirical data on habitat use and carrying capacity, and a population model to predict the density 
of salmon at each life stage throughout the river network. High-resolution digital topography and the channel network 
extracted from it will provide the template for our salmonid population model.

The transfer of watershed currencies through the network makes the system dynamic. A dynamic salmonid population 
model, to be developed in the next 5-7 years, will enable us 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 
sustainable resource harvest, ecosystem protection, and watershed restoration. We see this model, while initially focused on 
salmon, evolving with increased knowledge and capability to address many resource issues.

Our initial focus is on steep, relatively rapidly eroding landscapes, and fi eldwork will continue to be concentrated on the 
Angelo Coast Range Reserve (ACRR), Eel River basin, California, where we are building an advanced environmental 
observatory including a wireless network and automated environmental sensors. The models and methods we will develop 
will, however, be broadly applicable.

Accomplishments and Plans: Major Initiatives 

I. Partner Interactions

Desktop watersheds researchers are collaborating with the US Forest Service (USFS) on three projects. A post-doctoral 
fellow is being shared between the USFS and NCED for research on the routing of fi ne sediment (sand and smaller) across 
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gravel-bedded rivers. Fine sediment production typically greatly increases due to road wash and logging activities and 
this fi ne sediment may cause signifi cant deterioration of spawning and rearing habitat for fi sh. This project is focused on 
building a numerical model for routing sediment through channels. Desktop watershed approaches are being applied to a 
cumulative watershed effects investigation in the Klamath River basin, and this has led to gathering of fi eld data indicating a 
correlation between sediment yield and abundance of fi nes in the river bed. A new project will begin this summer with USFS 
personnel on developing a three-dimensional model for shallow landslides. We currently lack the ability to predict the size 
of shallow landslides using digital topographic data. 

At the UC Berkeley Richmond Field Station, NCED researchers have been collaborating with personnel from our partner, 
Stillwater Sciences, in a series of fl ume experiments to 1) explore the interaction between fi ne and coarse bedload particles 
(as part of a gravel augmentation study), 2) document the downstream effects of fi ne sediment loading (as part of dam 
removal studies), and 3) explore what controls self-maintaining meandering rivers (as part of river restoration studies). 
While much of this collaborative activity is primarily relevant to the Stream Restoration IP, many of the fi ndings related to 
basic sediment transport mechanics will be integrated into DWIP modeling.

As discussed above, NCED researchers are also working closely with Stillwater Sciences personnel to build a spatially-
explicit watershed-scale salmonid population model. It consists of three components: 1) a “GEO” model which uses digital 
topographic data to estimate channel scale and morphology; 2) a “HAB” model which for each life stage of the salmon 
in the river estimates carrying capacity based on estimated habitat availability; and 3) a “POP’ model which accounts for 
density dependent and independent interactions to determine the number of individuals at each life stage. The initial model 
will be run for steady state conditions. One use of the model is to explore the factors limiting salmon populations over entire 
watersheds. The usefulness of this model will be immediately evaluated during the next year period during which habitat 
assessment and potential salmon population densities will be estimated for the major coast rivers of coastal California south 
of Eureka. 

II. Angelo Coast Range Reserve (ACRR)

Through NCED support, the ACRR has become a magnet for research. All seven DW project plans explored below are 
being conducted partly or wholly at the ACRR. The acquisition of research grade airborne laser swath mapping data has 
enabled several studies to be launched on topographic signatures, feature extraction, and up-scaling. 

NCED’s commitment to monitoring has attracted other groups as well. The US Forest Service is currently monitoring 
turbidity at the NCED managed South Fork Eel River gage at Branscomb (this is a crucial gage for downstream ecological 
studies). 

NCED is creating and testing a multi-tier, multi-protocol wireless network in the upper basin of the South Fork Eel River in 
the Angelo Coast Range Reserve. The network is a practical, science-focused test bed for developing a standard methodology 
for wireless implementation in the fi eld. Its purpose is to provide the infrastructure for environmental sensors placed at 
strategic locations within the watershed where spatial transitions in environmental controls over ecological regimes are 
observed or anticipated. This distributed sensor network allows key environmental factors (temperature, wind, light, soil 
moisture, turbidity, pH, conductivity, discharge, fl ow velocity) and ecological responses (via acoustic or photographic/video 
recording) to be monitored in real time. It can record at a regular frequency, or in an event-triggered fashion, enabling 
investigators to detect and quantify the rare, high magnitude events that can drive and change trajectories of watershed 
ecosystems. This wireless networks will be useful to engineers, ecologists, hydrologists, geologists, and anyone else who 
wants environmental information on a watershed scale. It will also improve distributed communications and therefore safety 
of investigators at this fi eld site.

Considerable progress has been made on this project. We have:

1) Completed a viewshed analysis for the entire basin to locate transmitters;

2) Negotiated with the California Department of Forestry for use of their radio tower for transmitting the network 
signal to the high speed line connection to the Internet in Laytonville CA;
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3) Selected fi eld sites for environmental monitoring;

4) Set up a fi ve-node wireless network; and

5) Installed a robotic camera for monitoring an algal hot spot along a 30 m reach of the South Fork Eel River, with 
photos during daylight downloaded and archived on the web.

In the coming we year will complete installation of the network.

This monitoring commitment contributed to seven faculty PIs at UC Berkeley receiving a $1.6 million grant from the 
Keck Foundation. Elder Creek of the ACRR was specifi cally cited as an ideal location to test new wireless technologies 
for hydrologic monitoring in the successful proposal. The Berkeley researchers anticipate installing monitoring devices to 
“follow the water” (with emphasis on topographically driven soil moisture and high frequency water chemistry analysis) in 
the coming wet season. Collaborations have been initiated among NCED researchers and the lead PI of the Keck grant, Inez 
Fung (an atmospheric scientist) to explore how to link models that redistribute soil water due to topographic gradients with 
regional and global climate models

The monitoring infrastructure and the ongoing NCED support at ACRR contributed to a recently successful three-year NSF 
supported grant on nutrient spiraling which will be conducted in the Elder Creek watershed (see DW 2 for details). 

Accomplishments and Plans: SIP Project Plan

With nearly a year’s  experience with the new IP project structure in hand, we will be refi ning some details of its project plan. 
In particular, we have found that a disproportionate amount of our needed research currently falls under one project (DW2) 
and we plan to split this project up into more manageable pieces.

Project DW01: Exploit topographic signatures to estimate resource attributes

Four general research efforts were pursued in the past year on this project.

NCED researchers published a review in Nature (Dietrich and Perron, 2006) that explores the question of whether there is 
a topographic signature to life. The paper summarizes current understanding of geomorphic transport laws and points out 
that biotic effects are not yet explicitly or mechanistically included in these expressions, despite the fact that such effects 
strongly infl uence transport and erosion processes. The paper explores whether there is a unique topographic signature to 
life on Earth, and concludes no such signature exists. It is proposed, however, that the presence of life would have an effect 
on the relative occurrence of different landform elements, and suggests ways to investigate this. Furthermore, it is reasoned 
that life, through its infl uence on climate, affects the height, width and symmetry of mountains.

High-resolution topographic data are both an opportunity and a challenge. When made into topographic maps or shaded 
relief images, these data often yield startling details in the topography, and clear patterns of vegetation and topography 
correlation. Clearly an opportunity is provided to investigate many issues. The challenge is how to quantify the topography 
to identify features and test hypotheses. In the past year progress has been made on automated feature extraction that help 
quantify topographic signatures of processes and estimate resource attributes such as riverbed grain size. See project DW7 
for a summary of progress on feature extraction methods that ties progress to understanding scaling relationships

Another challenge that high-resolution topography presents is how to determine an appropriate local channel slope. This 
is essential because channel slope strongly infl uences channel morphology, bedload dynamics, and river ecosystems. The 
ACRR data have an average density, after fi ltering to remove points hitting vegetation, of about a data point every 2.5 m 
(this appears to be typical of the kind of penetration one can hope to get in forested environments). If one simply made grids 
with, for instance, 2 m spacing and calculated local slope, the values of slope would be useless. Even if the data set were 
error free, the bed topography (only the dry part of the channel bed can be surveyed- the typical laser surveying does not 
penetrate water) will be locally variable and would lead to local slope negative values (coming out of the downstream end 
of a pool). The appropriate slope for most purposes is the water surface slope at high stages (close to bankfull); hence we 
need to determine the average elevation drop over some appropriate distance to approximate the local surface slope. We are 
exploring various methods for doing this, but are not yet settled on a satisfactory approach. 

►
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The airborne laser swath mapping data also provides information on the canopy structure and the ACRR data has been 
analyzed so that the canopy height relative to the estimated “bare-earth” has been determined. Building on previous work, 
NCED researchers are now exploring the relationships between riparian vegetation and channel network structure in the 
ACRR. These researchers have been doing fi eldwork to identify the riparian plant species, and have conducted stationary 
(ground-based) LIDAR surveys to explore further canopy structure. 

Progress on deliverables

Milestone/Deliverable Progress
Digital terrain based tools for estimating channel 
morphology, bed grain size, and channel and 
valley width from ALSM data

Progress has been made on quantifying channel 
networks and riparian structure. Improved methods 
for topographic analysis are being developed. 
One encyclopedia article on airborne laser swath 
mapping in press, one review paper published, one 
research paper published.

Measurement of infl uence of ACRR network 
structure on vegetation

LIDAR-based data has been acquired and analysis 
has begun.

Plans 
In the next year, we anticipate being able to add digital photographic data (collected at the same time as the LIDAR survey) 
to the ground topography, which will greatly enhance our ability to explore co-variation of topography and vegetation. 
Field studies will also begin on soil moisture variation. We will also focus on developing a methodology for channel slope 
analysis of LIDAR data, and further explore channel valley width relationships.

Project DW02: Link food webs and channel networks, including dynamic response

NCED scientists are collaborating to develop the ‘predictive mapping’ DW approach, in which mapping, sensing and 
tracing technology are combined with intensive fi eld studies and mathematical modeling to discover:

1) Where environmental conditions and ecological regimes change along drainage networks; 

2) Which spatially varying, map-able factors cause or contribute to these changes;

3) How boundaries or gradients separating spatial domains with different environmental and corresponding 
ecological regimes may shift with changes in climate, land use or biota; 

4) How fl uxes of particles, solutes, or organisms from one domain into another link upstream and downstream 
conditions and integrated outputs; and

5) How changes in locations of regime boundaries (hence areas of domains under different types of ecological 
control) may scale up to alter basin-wide yields of nutrients, carbon, and organisms.

In NCED’s collaborative watershed, the upper South Fork of the Eel River, advanced mapping, sensing, and tracing 
technologies are making it feasible to detect environmental conditions or regimes through time that correlate with ecological 
changes over space. We have discovered ecological thresholds (scaled to drainage area) in ecosystem metabolism, bacterial-
algal interactions mediated by nutrient and carbon availability, algal accrual, herbivore limitation of algae, detrital versus 
algal carbon supply to aquatic consumers, changing sources of carbon fl owing up food chains to aquatic predators, retention 
of fl oating algal mats that increase insect emergence, and patterns of insectivory by bats that feed on aerial adult aquatic 
insects. With manipulative fi eld experiments, we are testing hypotheses about the environmental factors that mediate these 
spatial changes in regimes of ecological control. These factors (e.g. light, nutrient supply, river bed texture and stability, 
vegetative structure, acoustic environment) vary with landscape topography in ways that are partially predictable (hence 
“map-able”), and they will vary in partially predictable ways with future land use, climate, or biotic change. Therefore, 
maps that overlay ecology onto landscapes, in combination with fi eld experiments that detect the mechanisms responsible 

►
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for spatial transition in ecological controls, will be a useful fi rst step towards forecasting local responses in watersheds to 
environmental change.

Forecasting basin-wide responses, including production and outputs of “currencies” of societal importance (water, sediment, 
nutrients, carbon, organisms), is not possible, however, without ‘upscaling’ over space and time from local results. NCED 
ecologists, Earth scientists and engineers are looking at longer (decadal) time scales in ongoing studies of the responses 
of mainstem food webs to drought versus fl ood regimes, and in basin-wide studies of the dynamics and controls over the 
recruitment and survival of alder, the dominant riparian tree along the South Fork Eel. Longer-term ecological inferences 
will be made in a collaboration with our Subsurface Architecture IP and scientists with the ONR Strataform project, using 
the well-studied depositional record off the mouth of the Eel River to interpret ecological changes that followed changes in 
precipitation and land use regimes over the last century. Spatially, NCED scientists will, over the coming years, investigate 
how landscape and food web structure infl uence fl uxes of nutrients, carbon, and organisms within channel networks, as well 
as nutrient and food web linkages between channels and watersheds. NCED modelers, using advanced scaling and pattern 
detection techniques, will allow upscaling of local ecosystem conditions to basin-wide consequences. This culminating 
integration should help us project the ecological consequences of changes to specifi c areas in watersheds through time and 
space, a long-sought goal to improve ecosystem and resource management.

Progress and future plans are described for three major sections below.

A. Network controls on food web interactions

We are investigating local controls of energy fl ow, species interactions, and ultimately distributions and abundances of 
organisms in channel networks. Using detailed digital topographic maps generated by airborne laser altimetry, we mapped 
and located thresholds for changes in ecological regimes that control algal accrual and its limitation by grazers; carbon 
sources for prey and predators in aquatic food webs; fl oating algal mat production and retention; rates of emergence and 
lateral fl uxes of river insects; and bat foraging on emergent aquatic insects in the upper South Fork Eel River. We are presently 
relating these regime changes to environmental conditions monitored on the ground and predicted from the digital elevation 
models of the watershed. Over the coming years, we will continue to calibrate and attempt to validate these relationships 
in other sites and at the same sites, over time. We will also capitalize on inter-annual and inter-basinal variability to test 
hypotheses about the direction of ecological change expected with changes in land cover, hydrology, or biota. Finally, we are 
testing our hypotheses by experimentally re-arranging putative environmental controls (light, nutrient supply, bed texture, 
acoustic environment) in the drainage network, to see whether predicted changes in ecological responses occur. 

A 1. Metabolism and organic matter in river networks

Metabolism in river networks refl ects integrated control by terrestrial ecosystem characteristics, channel morphology and 
nutrient cycles and fl uxes. NCED engineers and ecologists are collaborating in a series of studies that make use of predictive 
information from the digital elevation models of the South Fork Eel, in combination with in situ measurements of hydraulic, 
light, and nutrient environments, to quantify and understand how stream metabolism (whole ecosystem rates of respiration 
and primary production, largely refl ecting algal and microbial metabolism) and the quantity and quality of organic matter 
available to consumers in river food webs change downstream networks.

A 2. Quantity-activity relationship of denitrifying bacteria and environmental scaling in streams of a forested watershed

The spatial variability of sub-reach denitrifi cation rates in streams was evaluated with respect to controlling environmental 
conditions, molecular examination of denitrifying bacteria, and dimensional analysis. This work is discussed in detail in the 
Stream Restoration section (Project SR02).

Dimensional analysis was used to evaluate denitrifi cation activities that describe fl uid-fl ow properties, nitrate and organic 
material quantities, and dissolved oxygen fl ux. Buckingham’s pi-theorem was employed to generate dimensionless groupings 
and fi eld data were used to determine scaling parameters.
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where < > terms present dimensionless groupings, U* is the shear stress velocity, CNO3 is the nitrate concentration, Re* 
the shear Reynolds number, BOM is the benthic organic material, B is the stream width, and JDO is the fl ux of oxygen 
to stream bed. The resulting expressions between dimensionless NO3 fl ux and dimensionless groupings of environmental 
variables showed consistent scaling, which indicates that the sub-
reach variability in denitrifi cation rates can be predicted by the 
controlling physical, chemical, and microbiological conditions 
(see Figure 1).

A 3. Abiotic controls on periphyton accrual and metabolism in 
streams: Scaling by dimensionless numbers

We investigated the extent to which periphyton distribution and 
stream ecosystem metabolism in a steep upland river drainage 
network could be predicted from physical conditions that varied 
with local topography. During the summers of 2003 and 2004, we 
measured periphyton standing crops and gross (ecosystem) primary 
production and respiration rates along a 5 km reach of the South 
Fork Eel River and six of its tributaries in Northern California 
(39o44’N, 123o39’W). We also measured bank width (B), cross-
sectionally averaged stream velocity (U), and photosynthetically 
active solar radiation (PAR) at each site to investigate the degree 
to which periphyton abundance and metabolism were related 
to these indicators, which in turn are partially predictable from 
models relating environmental parameters to the topographic 
setting. Dimensional analysis, a technique widely used in fl uid mechanics, was used to investigate functional dependencies 
between periphyton abundance and activity and abiotic variables. Nondimensional groups of variables were formulated 
and evaluated with the fi eld measurements. Periphyton biomass was controlled by stream depth H-1, B2, U-1, exposure 
to light PAR1/3; and nutrient concentration N2/3. The autotrophic-heterotrophic balance, quantifi ed by the ratio of gross 
primary productivity to ecosystem respiration, scaled with the Peclet number (Figure 2), defi ned as UB/Dm where Dm is the 
molecular diffusion coeffi cient for dissolved oxygen in water. The functional relationships were validated against reported 
fi eld measurements in other geographical areas, and scaling exponents were found to be similar. The scaling relations show 
non-linear dependencies between periphyton biomass stream metabolism and abiotic variables. These nonlinearities point 
to a need for detailed quantifi cation of biotic and abiotic variables over a range of scales in the fi eld.

A 4. Changes in epilithic biofi lms down stream drainage networks

We have investigated how composition and interactions of epilithic biofi lms 
of microalgae and bacteria on stream substrates change with drainage network 
position. From stoichiometry theory, we predict that interactions between 
algae and bacteria will change qualitatively, from commensal to competitive 
to parasitic, depending on the ratio of light versus nutrient availability in the 
local environment. To test this hypothesis, we are mapping light and nutrient 
availability through the channel and correlating these with changes in biofi lms. 
We are also using experimental diffusing growth substrates to manipulate local 
supplies of nutrients (N,P) and high quality carbon (sucrose) to biofi lms, in 
order to test her predictions about effects these resource ratio regimes will have 
on microbe-algae interactions. 

During the summers of 2004 and 2005, biofi lms were sampled from nutrient 
diffusing substrates at a variety of positions in the drainage network of the South 
Fork Eel River at the ACRR. Substrates were supplemented with phosphate, 
nitrate, and sucrose and analyzed for total biomass, chlorophyll, bacterial 
abundance, and C:N:P ratios. We also quantifi ed hydraulic parameters, light, 

Figure 1. Correlations between dimensionless NO
3
 fl ux and the 

scaled dimensionless environmental groupings. Th e middle solid line 
represents 80% of the data bounded by the upper and lower dashed lines. 
Th e upper solid line represents S. Fork Eel River samples downstream 
of Janes Reach and the lower solid line represents Jack of Hearts Creek 
and some of Elder Creek’s samples with low denitrifi cation potential.

Figure 2. Autotrophic-heterotrophic balance 
quantifi ed by P/R ratio versus Peclet number.
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nutrients, algal biomass, and ecosystem metabolism at many drainage network positions in the upper South Fork Eel, and 
developed empirical predictors relating algal biomass (chlorophyll and ash free dry mass), and community metabolism to 
environmental conditions.

A 5. The effect of bed sediment texture on nutrient uptake by algae and algal grazing.

We investigated the infl uence of bed sediment texture and larger bedforms on biofi lms and the grazers that feed on them. 
How do these features infl uence the composition and productivity of biofi lms via hydraulic changes near the bed surface? 
How will changes in biofi lm productivity and standing crop propagate through the broader food web to infl uence ecosystem 
properties? In fall 2005 we manipulated bed surface composition in twelve 2.5m long channels constructed in a shallow 
run of the South Fork of the Eel River. Three treatments (gravel/cobble, gravel, gravel/sand) were randomly assigned to 
the channels, representing a gradient of surface roughness from rough (gravel/cobble) to smooth (gravel/sand). We placed 
tiles into the channels to measure biofi lm standing crop, metabolism, composition, and chemistry. An acoustic Doppler 
velocimeter was used to quantify fl ow conditions above each tile. This technique would not have been available without 
proactive collaborative assistance and support from several researchers.

Biofi lm primary productivity and standing crop were signifi cantly lower in the smooth treatment where fi ne sediments were 
added. Our hypotheses that increased turbulence over rougher beds would decrease both C:N ratios and δ13C signatures of 
periphyton were not supported—there were no signifi cant differences in these responses among treatments. Initial analysis 
of fl ow conditions suggests shear velocity was highest in the smooth treatments.

A 6. Ecological roles of grazing caddisfl ies vary with drainage network position

We have investigated the ecological roles of grazing caddisfl ies at many sites throughout the South Fork Eel River 
drainage for several years. We found that caddisfl y effects on their ecosystems vary with network position and landscape 
characteristics. We discovered that although our isotopic surveys showed that caddisfl ies derive most of their carbon from 
algae in very small drainages (ca. 0.5 km2), these grazers do not suppress the accrual of algal biomass until drainages exceed 
2 km2. Our fi eld experiments removing caddis from these larger headwater streams resulted in increased fl ow of algal 
carbon into soft-bodied mobile grazers like mayfl ies, which, unlike the armored caddisfl ies, can support invertebrate and 
vertebrate predators. Therefore, we have identifi ed an ecological regime threshold that could be useful for forecasting. For 
example, if caddisfl ies were eliminated from the Eel River by the types of plagues that have extirpated them from streams 
in the Midwestern US, the threshold at which predators could derive more carbon from high quality algal carbon would 
shift upwards in the drainage network. Using upscaling approaches (outlined below), we would hope to estimate from this 
spatial shift in the threshold, and corresponding area of an ecological domain, the resulting predicted increase in basin-wide 
production of predators (e.g. salmonids). 

We have found other regime changes in the ecological roles of caddisfl ies that result from changes in their abundances, 
growth rates and phenologies in South Fork Eel River watershed, and related them to habitat characteristics such as water 
temperature and algal productivity that are controlled by landscape features. We have identifi ed different grazing regimes 
and stream size thresholds between them. We have also investigated caddisfl ies’ effects on carbon fl ow through food webs. 
We are currently investigating their role in recycling limiting nutrients, and how this role varies within the watershed.

A 7. Towards predictive mapping: the search for ecological thresholds in space and time 

We have been applying the Desktop Watershed approach, mapping ecological regimes onto landscape in the steep, forested 
catchment the upper 320 km2 basin of the South Fork Eel River. We plan to submit for publication a review that illustrates 
this desktop watershed approach with transitions in four ecological regimes that we have mapped along gradients of the 
drainage area in the upper South Fork Eel River. One of these is the transition in foraging mode by bats that are likely 
important potential predators on emerging aquatic insects, including mosquitoes and midges.

Acoustic monitoring of bat ultrasonic foraging calls revealed that in larger mainstem drainages, surface skimming bats 
concentrate their feeding over large pools in the river, but in smaller, steeper drainages (< 17 km2), different, foliage gleaning 
bats forage in adjacent riparian and upland forest. Surface skimming bats can concentrate emerging insects like midges and 
mosquitoes against the water surface, and also may harvest these insects when they are newly emerged and more vulnerable 
to predation. The transition from surface skimming to foliage gleaning bats may occur at a channel gradient threshold 
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where white noise from turbulence interferes with the ultrasonic calls of skimmers, or where pool surfaces are frequently 
disturbed by turbulence, mechanically interfering with their interception of prey from smooth surfaces. A third hypothesis 
is that surface skimming bats are less able than foliage gleaners to deal with vegetative clutter that impinges on the channel 
more closely in headwaters. These (non-exclusive) hypotheses will be experimentally tested this summer. For example, we 
will play recordings of turbulent fl ows at lowland, quiet river pools, and testing the prediction that this noise should reduce 
local foraging by surface skimming bats. To test the effect of water surface roughness, we could mechanically ripple the 
water surface, or examine the impact on surface skimmers of fl oating debris. Manipulating vegetative clutter at sites is 
also possible. Understanding these control mechanisms would be of practical importance in watersheds where mosquito 
production is of concern. For example, a manager who was considering diverting fl ow from a basin could evaluate how 
reduced fl ow would change pool area and length, and therefore the area of habitat where the acoustic environment permits 
or disrupts bat surface skimming. If water surface roughness from fl oating macrophytes or algal mats shielded mosquitoes 
from bats (or other) predators, desktop watershed models could evaluate the consequences of nutrient releases into rivers 
(increasing production of emergent or fl oating vegetation) for basin-wide changes in mosquito control by insectivores.

Bat foraging may be constrained by local environmental factors that vary with landscape position, but bats require resources 
that are more broadly distributed over landscapes. For example, suitable day roosts may be 10s of km away from foraging 
locations. To understand more of the controls on bats and other wide-ranging species in ecosystems, we clearly need to 
upscale from local mapping of environmental conditions to basins that contain, support, and infl uence species through their 
entire life cycles. For anadromous salmonids, these scales are large and include not only large portions of watersheds, but 
even more vast areas of marine habitat. 

A 8. Fluid-fl ow and biotic variability

Fluid-fl ow variability operating in a hierarchy of scales controls the heterogeneity of biological characteristics and 
corresponding metabolic rates in lotic ecosystems. Field measurements of biotic and abiotic variables over a range of time 
scales from seconds to months are needed to verify the above hypothesis. We will conduct measurements at ACRR in 3-4 
selected stream locations to quantify temporal and spatial variability of the following:

1) Fluid-fl ow with kinetic energy spectral densities from seconds to months (see Figure 3);

2) Temperature, dissolved oxygen, photosynthetically active radiation, nitrate; and

3) Periphyton biomass (by color infrared photography) and metabolism from seconds to months. 
These measurements will generate data for quantifying a) spectral characteristics of biotic and abiotic variables, b) co-
spectra among biotic versus abiotic variables, and c) “universal” scaling responses of biological variables in reaction to 
abiotic drivers.

B. Interannual dynamics

B 1. Flood and drought effects on food webs

Seventeen years of fi eld observations and fi ve summer fi eld experiments in the South Fork Eel River suggest that hydrologic 
regimes infl uence algal blooms and the impacts of fi sh on algae, cyanobacteria, invertebrates, and small vertebrates in their 
food webs. In this Mediterranean climate, rainy winters precede the biologically active summer low fl ow season, with 
year-to-year variation in rainfall and the magnitude of consequent fl oods. Cladophora glomerata, the fi lamentous green 
alga that dominates primary producer biomass during summer, reaches peak biomass during late spring or early summer. 
Larger blooms of Cladophora occur if fl oods during the preceding winter were large enough to mobilize much of the river 
bed (at or above ‘bankfull discharge’ estimated for this reach at 120 m3s-1). In seven out of 10 summers preceded by large 
bed scouring fl oods, the seasonal maximum average height of attached Cladophora turfs equaled or exceeded 50 cm. In six 
out of seven years when fl ows remained below bankfull, average peak Cladophora height peaked at < 50 cm. Flood effects 
on algae were partially mediated through impacts on consumers in food webs. In three experiments that followed scouring 
winter fl oods, juvenile steelhead (Oncorhynchus mykiss) and roach (Lavinia (Hesperoleucas) symmetricus) suppressed 
certain insects and young of the year fi sh fry, affecting persistence or accrual of algae. Fish effects on algae were positive 
or negative, depending on the predator-specifi c vulnerabilities of primary consumers capable of suppressing algae during a 
given year. During two post-fl ood years, these grazers were more vulnerable to small predators (odonates and fi sh fry), which 
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stocked steelhead always suppressed, than to experimentally 
manipulated larger fi sh. Consequently, larger fi sh had adverse 
effects on algae in those years. During one post-fl ood year, all 
enclosed grazers capable of suppressing algae were consumed 
by steelhead, which therefore had positive effects on algae. 
During drought years, when no bed scouring winter fl ows 
occurred, large armored caddisfl ies (Dicosmoecus gilvipes) 
were more abundant during the subsequent summer. During 
both drought years, stocked fi sh had little or no infl uence on 
algal standing crops, which increased only when Dicosmoecus 
were removed from enclosures. Flood scour, by suppressing 
grazers invulnerable to fi sh, sets the stage for fi sh mediated 
effects on algae in this river food web. Whether post-fl ood 
effects of fi sh on algae are positive or negative depends on the 
predator-specifi c vulnerabilities of primary consumers that 
dominate during a given summer. We anticipate publishing 
this long term monitoring investigation in the coming year.

B 2. Recruitment and survival patterns of white alder, a dominant riparian tree

We are studying the factors infl uencing colonization, growth, and survival of White Alder (Alnus rhombifolia) along 
drainage network gradients, and the effects of colonization on stream channel geomorphology. We are using data collected 
from fi eld populations of White Alder at the South Fork Eel River. Using surveyed cross sections of the stream channel in 
reaches with low and high alder colonization, we are documenting the effects of alder on bar formation and aggradation. 
We are also using watershed-scale dendrochronological surveys to map age structure of alder groves and single individuals 
in different drainage network positions, to infer past patterns of tree recruitment. We have found evidence of changing 
age distributions in different watersheds on the ACRR. We hypothesize that limiting factors for recruitment change along 
watershed gradients. Headwaters populations are limited by light, and individual trees generally recruit into small light 
gaps. Downstream populations are more limited by disturbance from winter fl ood fl ows. Consequently, even aged cohorts 
recruit in long groves, originating when a year with a spring hydrograph that allowed seedling root growth to keep pace with 
dropping water level was followed by sequences of years without large fl ood scour, permitting establishment and survival 
of young trees.

Alders within these dense groves could have negative effects on each other if, for example, they competed for light. 
Alternatively, intraspecifi c effects could be positive, for example, if groves enhanced substrate stability, reducing tree 
mortality during fl oods. DiVittorio has preliminary evidence that channel position may determine whether effects of trees 
on each other are competitive or mutually benefi cial. The per capita survival rate of trees tends to increase with density 
along one river reach downstream from a long straight reach where fl ood scour would not be impeded by fl ow obstructions. 
Per capita survival of alders decreases with density in another reach where the channel turns sharply just upstream from the 
trees, in a reach where aspect and incision also reduce insolation. 

B 3. White alder potential for heavy metal uptake and channel temperature and stability enhancement

Note: In this study, NCED researchers collaborated with Jianhong (Jennifer) Ren, Assistant Professor, University of Texas 
at Kingsville, Faculty-to-Faculty participant, and her graduate students Jessica Ruiz and Celina Camarena.

This study assessed the potential use of white alder trees for bioremediation (removal of heavy metals) in rivers. Alder 
saplings were grown hydroponically in a recirculating fl ume and in small-scale soil columns in a mixture of sand and potting 
soil. Dissolved oxygen (DO), water temperature, pH, light intensity, and velocity profi les were recorded every half hour 
using the Hydrolab probe. Samples of plant tissue, soil, and water taken at the beginning and the end of the experiments 
were analyzed at the Research Analytical Laboratory, on the St. Paul campus of the University of Minnesota. Heavy metal 
uptake by alder trees under hydroponic and non-hydroponic conditions will be quantifi ed. The results may be instructive for 
stream restoration efforts where heavy metal removal is needed.

Figure 3. A kinetic energy spectral density of stream fl uid-fl ow velocity over 
temporal scales from milliseconds to years.
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NCED and James DeWolf (a neighbor near the ACRR) have reared a cohort of young alder trees from seed, and are 
investigating their culture in hydroponics as a tool for channel restoration (channel shading and temperature mitigation; 
bank stabilization). This project would involve Jesse DeWolf and Shayla Workman, two Native American (Cherokee) fi eld 
and laboratory assistants, mentored by Power.

C. Basin-wide ecology: integrated production and fl ux

C 1. Upscaling studies of impacts of deposited fi ne sediments

Work on this project will begin in Year 5 – see Plans below.

C 2. Coupling consumer-resource interactions and nutrient spiraling in a stream network

We have successfully acquired funding from the National Science Foundation to continue work that begun in summer  2005, 
coupling consumer-resource interactions with nutrient spiraling in a stream network (J. Schade (St. Olaf), Jill Welter (St. 
Catherine), Steve Thomas (North Dakota State), and M.E. Power (UC Berkeley)). We have accumulated data on spatial and 
temporal variation in nutrient spiraling metrics at three sites and stoichiometry of several major invertebrate taxa, as well as 
collected samples for stoichiometric analysis of the base of the food web. Data analysis is ongoing.

C 3. Tracer development for food webs and ecosystems in channels

Outside collaborators: Peter Weber (Lawrence Livermore National Lab), Carol Kendall (USGS), and Theodore Kennedy 
(USGS).

The purpose of this project is to develop tools to quantify sources and fates of organic matter in watersheds and food webs. 
Many basic and applied questions cannot be examined with traditional approaches. We are working to develop the necessary 
tools to understand complex relationships between organic matter, nutrient and organism movements within channels and in 
riparian zones. Collaboration through NCED has provided access to digital LIDAR maps, expertise to predict variables such 
as stream water temp, amount of insolation, and primary productivity within stream networks, and to pursue new tracers 
such as hydrogen stable isotopes

Progress on deliverables

Milestone/Deliverable Progress
Determination of relations among bed sediment, 
nutrient uptake and key biotic populations at 
different network positions

Signifi cant progress in relating denitrifying 
bacteria and environmental scaling, predicting 
periphyton distribution and stream metabolism 
from topographic signatures, the effect of bed 
texture on biofi lm nutrient uptake, the way 
caddisfl y roles vary with network position, and 
in mapping ecological regime changes to network 
structure.

Quantify the effects of inter-annual dynamics on 
food webs

We have an ongoing, long-term monitoring 
program in place on the South Fork Eel River and 
continue to accumulate valuable data on the effects 
of inter-annual hydrograph variations on algae, 
bacteria, invertebrates and small vertebrates. 

Measurement and basin-wide models of 
integrated production and fl ux

We have begun collecting and analyzing data 
on coupling consumer-resource interactions and 
nutrient spiraling in stream network, and have 
begun developing tools to quantify the sources and 
fates of organic matter in a watershed.

Plans
We plan to continue our comparative observations of regime threshold transitions in different basins to see if thresholds 
occur at similar thresholds as we have observed in the South Fork Eel River, testing directional hypotheses in basins where 
land use has reduced forest cover, and conducting experimental studies examining hypothesized environmental controls on 
spatial regime changes for each of the four system interactions described above.
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Further data analysis will be able to determine whether White Alder has a detectable effect on stream channel evolution 
on short timescales (within 3-5 y). We also plan a demographic analysis to determine how individual alder performance 
(growth, survival) scales with the density, area, shape, or size structure of individuals in alder groves due to grove effects on 
channel hydraulics, sediment scour and deposition, and light availability. Collaborating with Morin and Paola, we will use 
digital elevation maps and light and fl ow models to analyze quantitatively the effect of topography on 1) solar irradiation and 
2) winter hydraulic environments at each of the 23 cross sections where we have measured alder growth and survival to test 
the hypothesis that the relative strength of light versus scour limitation determines the direction of density dependent effects 
on alder survival.  We are also interested in investigating size-dependency in this threshold—how does risk of mortality for 
a tree at a given channel position vary with its diameter or height? How do individual size and stem densities interact to 
affect these relationships? At a larger scale, this research links to the search for a topographic signature of life. At some (low) 
fl ood frequency, tree mortality and channel response are dictated entirely by the movement of water and sediment. At what 
(higher) fl ood frequencies do trees like alders play a signifi cant role in mitigating or enhancing conspecifi c survival, and in 
altering the evolution of channel morphology (as evidenced in experiments by Tal, Gran, and Paola)?

In the coming year we will study how stream network position infl uences feedbacks between multiple nutrient cycles, stream 
metabolism, and consumer-resource interactions. This research is a natural extension of previous work on food web controls 
on algal productivity and pathways of energy fl ow down the river network in the South Fork Eel watershed. It upscales these 
interactions to examine the downstream propagation of their effects on biogeochemical cycling. Where and when are biotic 
interactions and biological stoichiometry (C:N:P ratios in particular resource and consumer taxa) important determinants 
of nutrient transport and retention in river networks? What are the consequences for downstream communities? Our work 
will establish 1) empirical relationships between stoichiometric imbalances and changing environmental conditions along 
a drainage area gradient in a river network; and 2) experimental determination of the effects of stoichiometric imbalance in 
consumer-resource interactions on nutrient spiraling.

In the coming year we plan to evaluate the potential for the ecological mechanisms identifi ed to apply over broader spatial 
and temporal scales, upscaling from experiments in enclosures of several square meters to the scale of individual river 
geomorphic units (riffl e pool sequences), river reaches (10s to 100s of meters of river length), and larger sub-basins. This 
will involve analysis of existing data from an experiment conducted in 2003 to test whether free swimming juvenile salmon 
adjust their foraging locations and time spent foraging according to experimentally imposed fi ne sediment embeddedness. 
We will collect juvenile salmon diet data combined with macroinvertebrate sampling and habitat mapping in a sub-set of 
reaches within the ACRR. In collaboration with partners at Stillwater Sciences and the US Forest Service, we are participating 
in a large fi eld experiment that is following the movement, growth, and survival of individual juvenile steelhead and coho 
salmon in Devil’s Gulch across 32 study reaches (8-30m) with contrasting habitat features. We will pursue funding to expand 
this project to include 1-2 other streams of similar size with different anthropogenic impacts (fi ne sediment loading and 
coarse wood removal/channel modifi cations). In research complementing the foregoing, we will develop a spatially explicit 
stochastic population dynamics model that will improve on previous models by incorporating fi eld-based parameters for 
movement, growth and survival probabilities associated with different habitat conditions. This approach will use the simple 
but fl exible framework of a series of nested matrix models. 

In summer 2005 we began a multi-researcher study to evaluate the impact of anthropogenic fi ne sediment on larval Pacifi c 
lamprey growth. Though lamprey exhibit a similar form of anadromy to Pacifi c salmon, predictions for the effects of 
anthropogenic fi ne sediment loading are in contrast to those outlined above for juvenile salmonids. Lamprey spend the fi rst 
several (4-6) years of life in rivers, migrating to feed parasitically on large fi sh and whales in the open ocean, and return to 
natal freshwaters to reproduce and senesce. Larval lamprey are fi lter feeders living in river substrates, often in depositional 
environments. 

Project DW03: Develop predictive models for channel incision

Channel incision occurs by bedrock wear from debris fl ows, by bedload particle collision during fl uvial transport, and 
by upstream knickpoint migration. NCED researchers are conducting experimental and theoretical analyses as well as 
collecting fi eld data on all three processes, leading to fi ve distinct but related projects. In steep channels (slope > 10%), 
bedrock incision appears to be predominantly periodic debris fl ows. In the past year, we have completed a set of experiments 
using a small rotating drum which shows that granular fl ow wear of bedrock depends on grain size and velocity of impacting 

►
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particles, but also varies strongly with whether the fl ow slides or is fully coupled to the bed (such that collision happens only 
at the advancing snout of the fl ow). During this past year a larger 4m rotating drum was constructed at the Richmond fi eld 
station (the fi rst such experimental drum ever constructed) which will enable us to make quantitative measures of impact 
stresses and granular dynamics, substantially improving our ability to quantify underlying mechanisms of erosion. 

In lower gradient channels, bedrock incision is driven by impact wear of bedload particles. Recent theoretical work has 
demonstrated that bedload supply and grain size strongly infl uence wear rate and channel slope. In the past year we have 
developed a numerical model that builds upon previous work by Sklar and Dietrich to predict the longitudinal evolution of 
channels taking into account variable downstream and upstream boundary conditions. The model was used to explore the 
evolution of river profi les in Kauai, and in its application it was found that bedrock knickpoints tended to emerge, matching 
fi eld observations. 

If bedload supply is suffi cient to cover the bed, the vertical incision is suppressed, but if bedload transport remains active, 
wear of the bedrock walls will continue. We have worked with collaborator Leonard Sklar at the Richmond Field Station this 
past year to perform physical experiments of the conditions controlling bedrock channel width. Studies are also underway 
on strath-terrace formation.

Field studies are underway on the South Fork Eel River to document long-term erosion rates using cosmogenic radionuclides 
and to explore ways to document residence time of sediment stored in the bars and fans and the storage effects on basin 
average calculated erosion rates. 

It has been proposed that amphitheater-headed valleys in bedrock arise from seepage erosion caused by focused exfi ltration 
of groundwater. Field studies in Hawaii, Utah, Arizona and Idaho by DW collaborators Alan Howard and Kelin Whipple 
suggest that seepage erosion in bedrock, especially in basalt is unlikely. We have proposed an alternative theory for knickpoint 
retreat involving vertical drilling by bedload particles (Lamb et al., submitted). One implication of these fi ndings is that 
spectacular amphitheater canyons on Mars are probably not formed by seepage erosion (and this has signifi cant implication 
for interpretations of Mars hydrology and climate history).

Progress on deliverables

Milestone/Deliverable Progress
Determine relation of wear of bedrock to inertial 
stresses in granular fl ows; experimental and fi eld 
data on bedrock wearing rates

Completed experiments in small drum 
identifying controls on bedrock wear in steep 
channels. Developed numerical model predicting 
downstream evolution of lower-gradient channels 
where bedrock incision is driven by impact wear.

Determine role of seepage erosion in bedrock 
channel head advance; theory of fl uvial bedrock 
erosion that includes macroabrasion

Have discovered evidence against the role 
of seepage erosion and proposed alternative 
mechanism for, channel head advance and revised 
research plans accordingly.

Initial application of bedrock erosion laws to 
submarine channel incision

Work on this will begin in Year 5.

Plans
Many projects have been launched, with the promise of the producing many interesting results over the next year. 
Instrumentation for the 4 m drum should be installed by end of summer 2006 and intense data gathering will begin. Further 
lateral bedrock erosion studies are planned. The initial dating results on the Eel River will be obtained, and this will direct 
further sampling. Additional numerical modeling experiments for various boundary conditions are planned. 

Project DW04: Understand linkages among solutes, soil production and biota

For this project, we have established a research program in the ACRR that focuses on defi ning microbial communities 
present in soil, and the roles of these organisms in determining system productivity through fi xation of nitrogen, release of 
phosphate and cations from soil minerals, and cycling of carbon. This has required development and implementation of an 
extensive sampling program and considerable laboratory-based research. In preparation for this, we acquired considerable 
microbiological data, including the fi rst information from microarray experiments that will allow an unprecedented level of 

►
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biological analysis. We have completed a study of how fungal microbial communities vary in response to variation in supply 
of water and depth in the soil. We has cultivated a large number of fungal isolates, tested them for their ability to dissolve 
phosphorus-bearing minerals, and conducted a signifi cant suite of experiments to quantify rates and pathways for mineral 
dissolution. In parallel work, column-based studies with iron-reducing bacteria provide the foundation for planned sediment 
mobility experiments in the cementation/stratigraphy project. 

Progress on deliverables

Milestone/Deliverable Progress
Initial results on landscape controls on soil and 
riverine microbes and quantitative estimates of 
solute fl uxes, ACRR site

A strong start has been made on soil microbes 
and their relationships to changes in hydrologic 
conditions.  Riverine studies have not yet begun.

Plans
In the coming year, our focus is on quantitatively following the microbiology of soil plots as a function of their input water 
supply with molecular methods. We will continue experiments designed to evaluate the impact of microbes on fl uxes of 
nutrients (and contaminants) into watersheds. 

Project DW05: Controls on rate of landslide transport to channels

Landslides typically dominate the delivery of sediment to channels in steep landscapes, yet we have no theory that would 
allow us to predict sediment fl ux by landslides. As a start in this direction, we have begun an investigation for signs of 
deep-seated landslides in the high-resolution topography obtained by NCED of the South Fork Eel River. We have shown 
that there are knickpoints along tributary channels, below which the landscape is signifi cantly disordered by deep-seated 
landslides and above which relatively well-defi ned ridge and valley topography persists. This analysis points to channel 
incision as a primary driver of deep-seated landslides. 

A collaboration has been established with Jim McKean of the USDA Forest Service to develop a 3D shallow landslide 
model (as discussed above). Theoretical development has begun.

Progress on deliverables

Milestone/Deliverable Progress
Develop model for 3D shallow landslide failure 
and size

Collaborated with USFS to begin development of 
theoretical basis for model.

Initial estimates of role of deep-seated landslides 
in sediment fl ux at ACRR

Used high-resolution topography data to 
demonstrate that channel incision may be a primary 
drive of deep-seated landslides.

Plans
In Year 5, results of basin wide erosion rates described in DW 3 will be used to interpret deep-seated landslide activity in the 
Eel River. Further topographic analysis will be done and compared with LIDAR surveys obtained elsewhere. A fi rst cut at 
the 3D model for shallow landsliding will be completed in the coming year and applied to LIDAR data in Idaho. 

Project DW06: Sediment routing; coarse sediment transport in shallow fl ow

Steep channels (>3%) typically make up the majority of the channel network in hilly and mountainous topography. Hence, 
most sediment delivered to channels from hillslopes fi rst travels down these channels to lower gradient reaches. The beds 
of these channels (>3%) are commonly lined by rarely mobile boulders. Annually, however, signifi cant quantities of gravel 
may pass downstream. Current theory for fl ow and sediment transport in such channels simply doesn’t apply. Progress 
must be made on this front to enable us to conduct sediment routing calculations throughout entire watersheds, and to link 
landuse effects to channel conditions. NCED researchers, along with Brian McArdell (Swiss Federal Institute WSL) and Jim 
Kirchner (UC Berkeley), have been conducting intensive fl ume and fi eld studies on such channels. In the past year, we have 
discovered that if we modify a widely used bedload transport expression developed by Gary Parker by accounting for the 

►
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fl ow resistance of the boulders and the extent and grain size of the mobile bed, we can predict the stage dependent bedload 
fl ux in a well instrumented mountain stream. Our fi ndings now point to a need to explain and predict the amount of coverage 
of the bed by the mobile size fraction.

We are also exploring what controls grain size patchiness of river beds. In the past year we conducted fl ume experiments that 
supported the hypothesis that a coarse armor layer created by low sediment supply could be mobilized by the introduction 
of fi ne gravel bedload. 

Progress on deliverables

Milestone/Deliverable Progress
Sediment fl ux measurements from ACRR using 
radio tags

We elected to focus fi rst on basic mechanics. Some 
tests on radio tags were done in the Eel River.

Version 1 of a quantitative sediment routing 
scheme for ACRR

Work on the routing scheme has not yet begun.

Plans
The StreamLab2006 (see Stream Restoration IP for more information) study will give us insight into how to do radio tagging 
work in the fi eld. DW researchers will participate in these experiments and then later in the year travel on an international 
STC support fund to collaborate with Professor Giovanni Seminara on sediment transport modeling to test a basic theory 
for the origin of patchiness. 

Project DW7: Numerical techniques for feature extraction and upscaling transport laws

A. Numerical techniques for feature extraction:

The availability of high resolution topography (1m LIDAR) presents the opportunity to study not only the detailed river 
network topology but the whole 3-D structure of a river basin. Morphological features of interest to be extracted from LIDAR 
data include: accurate location of channel initiation, the extent of the geomorphic fl oodplain, topographic disturbances at 
tributary junctions, channel morphology, extent and relative activity of landsliding, and also road location, as roads are 
major contributors of sediment supply. 

During the past year the following were accomplished: 

1) Geomorphologic fl oodplain delineation: A fast and automated 
algorithm for the delineation of the geomorphologic fl oodplain (GF) 
which can be applied over large river basins (say of the order of 105 
km2) was proposed. The procedure is based on the observation that 
the GF inundation depth ( Dfpin ) used to defi ne the lateral extent of the 
GF (see Figure 4 for defi nition) is related to the depth of the channel 
at bankfull fl ow ( Dbf ) via a linear relationship with a proportionality 
coeffi cient 0.6, i.e., D Dfpin bf= 0 6. . In addition, we provided an 
automated procedure for GF centerline extraction and cross-section 
determination at any point within the network, which allows a 
continuous analysis of the GF geometry along the river network. 

2) River network extraction: A wavelet-based algorithm was 
developed to extract channels and channel networks from 1 m LIDAR 
data. This procedure, although not fully automated yet, is providing 
more accurate results than the typical river network extraction 
methodologies based on fl ow accumulation computation (drainage 
area and slope). This last procedure although effi cient for low-resolution data (i.e., 30m) can fail for high-resolution 
data (i.e., 1m) since the corresponding grid size is indeed smaller than the width of the considered channels. 

►

Figure 5. Elevation power spectra at the three resolutions 
averaged during the simulations. Th e spectral slope is not 
aff ected by the grid resolution and is near -2, consistent with 
observed spectra from natural topography.



28     Desktop Watersheds

National Center for Earth-surface Dynamics
Annual Report 2006

B. Upscaling of transport laws: 

Landscapes are known to exhibit variability down to very small scales 
(e.g., see Figure 5 where the power law spectrum extends down to 
scales of 2 m). Yet, in numerical landscape evolution models, it is 
computationally infeasible to select a grid size small enough to resolve 
the smallest channels of the river network. As a result, the dynamics at 
all scales smaller than the grid size (subgrid scales) are not resolved, 
compromising the accuracy of the solution at the resolved scales. Inspired 
by methodologies developed in turbulence, we proposed a subgrid scale 
parameterization for landscape evolution models akin to the dynamic 
procedure used in Large Eddy Simulation (LES) of turbulent fl ows. 
We tested the methodology in a simple landscape evolution model, i.e., 
the modifi ed 2D Kardar-Parisi-Zhang (KPZ) equation, which is a low-
dimensional analog to the Navier-Stokes equation and has been shown 
to capture important features of landscape evolution. It is shown that the 
proposed scheme removes the undesirable grid-resolution dependence of 
the longitudinal profi les and bulk erosion rates at steady-state and yields 
solutions of improved accuracy. 

Progress on deliverables

Milestone/Deliverable Progress
Tested adaptation of large-eddy simulation 
methods from turbulence research to 
landscapes

We have developed a new subgrid-scale 
parameterization based on an analogy with the 
Large-Eddy Simulation method from turbulence 
that accounts for the unresolved scale dynamics in 
landscape evolution models.

Initial wavelet-based methods for feature 
extraction

As proposed, we have developed a wavelet-based 
method for channel extraction from 1 m LIDAR 
topography and demonstrated that a wavelet-based 
methodology can be used for extraction of channel 
widths.

Plans
In future years, we will use multiscale fi ltering methodology techniques to determine local topographic curvature and the 
convergent, divergent and planar morphologies of hillslopes and valleys. From this analysis, we will reassess or refi ne 
the hillslope-channel transition theories. Our wavelet-based feature extraction procedure will be further developed so 
that automatic extraction of the whole channel network over large areas and extraction of channel morphology can be 
accomplished. We intend to explore the valley geometry and tributary junction scaling laws in basins other than the Eel 
River basin to better understand relations between form and process in landscape dissection. We also plan to investigate 
whether river network branching structure leaves its signature on width and area functions, and from this view attempt a 
classifi cation of river networks using empirical relations. Finally, we plan to extend our recent work on channel-fl oodplain 
interactions to the scaling of fl oods.

Figure 4.  Defi nition of bankfull depth (Dbf ) and geomorphologic 
fl oodplain (GF) inundation depth (Dgf,in.) Note the diff erent 
datum of these depths: Dbf  is relative to the true river bed 
surface (not detectable in a DEM), whereas Dgf,in is relative 
to the DEM surface. Th e proportionality constant p is derived 
empirically.
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Executive Summary: Plans

Nine of the NCED PIs (plus their graduate students, post-docs and collaborators) are strongly contributing to Desktop 
Watersheds research and, as reviewed above, a wide and deep program of research has been launched that will make 
signifi cant advances on our three grand challenges in the next year. There is a maturity of interactions developing. 
Minnesota-based staff are actively contributing to experimental fl ume infrastructure in Berkeley. Post-doctoral fellows are 
working amongst different research groups. Familiarity of language and approaches emerging among the NCED researchers 
from different disciplines is leading to new synergies, for example: engineering style non-dimensional plots of controls on 
photosynthesis, turbulence theory applied to landscape evolution modeling, scaling analyses applied to vegetation structure, 
novel microarray technology to assess abundance and diversity of soil microbes used to analyze landscape response to 
climate change, to name a few. In the next year, we anticipate such synergies to grow. 

Each of the seven Desktop Watershed projects will be launched. We will improve our ability to analyze and use high-
resolution topographic data. The “fi ve-step” plan for map-based prediction in ecological research will be further developed 
with investigations on controls on regime changes in food web structures. The focus on nutrient spiraling in rivers will enable 
discovery of the links of local food web interactions to export of nutrients, and to downstream communities. The ACRR 
has become a magnet of research through NCED support and, in collaboration with Keck supported research, innovative 
monitoring technology will be deployed and integration of spatially explicit rainfall-runoff modeling with regional climate 
models will be developed. In the next year we will see new experiments, theory and fi eld data advancing our knowledge 
of bedrock incision. Continued monitoring of microbial abundance and diversity at our climate change simulation site will 
reveal how this soil community shifts seasonally. In the next year there will be new observations and theory for landslide 
processes. Experimental studies followed by theoretical investigations will shed light on grain sorting processes and with 
that enhance our ability to route sediment. New tools will be developed to automatically extract features in topographic data 
sets and further work will be done on sub-grid scaling of erosional processes. 

Finally, in the coming year we will complete and promote the use of our fi rst application model, one devoted to salmonid 
population modeling in watersheds.
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IIb. Subsurface Architecture Integrated Project

Project Team

Lead PI: David Mohrig
Project Manager: Juan-Jose Fidele
Contributing PIs: Efi  Foufoula, Chris Paola, Gary Parker, Fernando Porte-Agel, Lesley Perg, Vaughan Voller

Executive Summary

Recent accomplishments of the Subsurface Architecture Integrated Project have taken advantage of the full suite of NCED 
research tools; laboratory analysis, fi eld-based investigation, remote sensing of large-scale systems, and theoretical and 
numerical methods.  Laboratory studies have included (1) the targeted analysis of depositional processes leading to construction 
of channel banks and fl oodplains for both terrestrial and submarine channel networks, (2) the response of net-depositional 
channel networks to variation in base-level and tectonic forcing, (3) characterizing the magnitude and style of sediment 
storage and release from within channel networks due to naturally occurring unsteadiness in these transport systems, and (4) 
quantifying the production and stratigraphic preservation of erosional surfaces within NCED’s XES experimental deposits.  
Part of the recent modeling effort within Subsurface Architecture is directly motivated by experimental results.  This work 
includes (1) numerical representations of sediment storage and release due to intrinsic variation in the transport effi ciency of 
the fl uvial system, (2) investigation into the system dynamics producing observed scaling in sediment-accumulation rates, 
and (3) adaptation of a dam-removal model to describe valley formation and fi lling in response to varying base-level cycles.  
The rest of the Subsurface Architecture modeling effort has focused on developing methods for linking adjacent surface-
transport regimes using appropriate moving boundary conditions and for describing this transport at a full range of scales 
by applying turbulence analogies (in particular large-eddy simulation) to surface evolution models.  Finally, study of natural 
systems has focused on aspects of anabranching and distributary networks of channels.  Work has begun on developing 
methodologies for identifying the properties of deltaic channels from satellite imagery and assigning “nourishment areas” 
(analogous to the catchment area for a drainage basin) over the delta. Scaling and other similarity analyses for deltas are 
helping to defi ne those aspects of delta organization that are consistent across environments and scales.  Field measurements 
of active channel-bottom topography are being used to refi ne methods for estimating bed-material load in large lowland 
rivers and direct measurements of water and sediment discharge are being used to study the controls on persistent channel 
bifurcations.  In total, this work is illuminating key transport processes that build depositional landscapes as well as the 
subsurface architecture of the affi liated sediment accumulations.

Goal

The goal of the Subsurface Architecture Integrated Project is to understand how channel dynamics in depositional systems 
control the porosity, permeability, geometry and connectivity of subsurface fl uid conduits and reservoirs in order to provide 
predictive tools for exploration, development, and conservation of subsurface resources.

Approach

We have adopted a network-based approach to subsurface prediction with three hierarchical elements: (1) understanding 
unit depositional and erosional dynamics in channels and fl oodplains, (2) understanding the static and dynamic (space + 
time) properties of depositional channel networks and how these infl uence local unit processes, and (3) understanding how 
(1) and (2) are mediated by externally imposed controls on overall depositional mass balance in the depositional basin. All 
three elements involve internally generated (autogenic) dynamics as well as external controls like climate and sea level. As 
natural channel systems evolve slowly, and depositional architecture refl ects the net effect of many realizations of variable 
surface confi gurations, our approach emphasizes experimental research because, in effect, experiments speed up time, 
allowing us to study the complete process from surface dynamics to subsurface records. In Years 6-10, however, we will 
increasingly emphasize applying our methods to fi eld cases including volumes of high-resolution seismic refl ection. 
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Accomplishments and Plans: Major Initiatives 

The Subsurface Architecture Integrated Project is involved in three major initiatives that transcend specifi c research 
projects:

Partner interactions

Subsurface Architecture has embraced NCED’s Stratigraphic Partner group, comprised of researchers from the oil industry. 
Due to confi dentiality agreements, we cannot release 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, are being 
met with great enthusiasm by those Partners. We collaborate with the Partners on short courses involving experiments 
on deep and shallow water depositional conditions. NCED graduate students and alumni are key leaders in those short 
courses. We also conduct joint research with Partners. In Year 4, one such collaboration included a USIP summer intern. 
Another employed a new proprietary sediment simulator developed at ExxonMobil, which will also help provide the basis 
for more realistic experiments in support of the Mississippi Delta Subsurface Initiative.  ExxonMobil is helping us locate 
an appropriate 3D seismic survey to use during NCED’s preliminary analysis of Pleistocene-to-Recent strata from the 
Mississippi delta in order to improve our understanding of its construction for purposes of improving delta maintenance.

Experimental EarthScapes (XES) facility
The XES facility has been systematically enhanced under NCED with improved topographic measurement, surface imaging, 
and section scanning to produce 3D data cubes. The main activity this year was completion of our XES 05 run on the effects 
of tectonic steering on channel migration and subsurface architecture in fault-controlled basins. The next experiment will 
be on interaction of transverse and longitudinal drainages in rift basins, jointly with investigators from the University of 
New Mexico and the New Mexico Bureau of Geology & Mineral Resources. The results of this and previous years’ XES 
experiments are described below in the appropriate sections. For the coming year, we will initially focus on continuing our 
research into the tectonic steering of channels, but will then be moving in new directions via a more intensive collaboration 
with partner ExxonMobil to use a new proprietary sediment simulator they have developed to produce more realistic channel 
branching patterns, and to adapt the XES facility for experiments as part of our broader program of support for restoration 
efforts in the Mississippi Delta.  

Mississippi Delta surface-subsurface initiative

The Subsurface Architecture IP will play a major role in NCED’s Mississippi Delta Initiative (see Appendix G for a full 
description) to learn how the natural self-maintaining Delta worked in the past through a study of its subsurface sedimentary 
deposits, and to harness those processes to help restore the post-Katrina Delta today. 

Specifi c deliverables in support of sustainable restoration will include: dimensions, shapes, growth vectors, and material 
properties of naturally occurring delta-forming deposits; rates of sedimentation and their relation to ecosystem dynamics; 
mapping of compaction-prone areas of the subsurface to aid in effectively positioning sediment breaks and dikes; 
characteristic rates and pathways of biotic community development following sedimentation events; and identifi cation of 
critical ecogeomorphic thresholds (e.g., sedimentation rates that prevent biotic colonization). 

As a side benefi t, this project will have a transformative impact on sedimentary geology by showing how it can contribute 
to environmental management, helping to diversify its applied focus from one dominated by fossil fuels.

In our work, we will take advantage of our close connections with our oil industry partners, who possess an abundance of 
seismic, wireline and core data from the Delta. Fortunately, the Holocene record we are after is of little industrial value 
because it is too shallow. In addition, the oil industry has locally contributed to the land loss by fl uid extraction and by canal 
construction, so this could be seen as a chance for offsetting favorable publicity at little cost. 
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Accomplishments and Plans: SIP Project Plan 

Project SA01: Understand intrachannel processes

At the scale of individual channels, deposition most often occurs at sites of localized fl ow expansion. We analyzed the 
occurrence of large angles of fl ow expansion with no fl ow separation on self-formed experimental fans using overhead 
images and detailed topographic surveys. Angles of fl ow expansion up to 45 degrees were found in association with a 
characteristic lateral curvature of the bed profi le. This bed curvature appears suffi cient to explain the common occurrence 
of fl ow-spreading angles, and hence rates of bedload divergence, much larger than would be predicted from jet theory. The 
main results include: 

1. Expansion angles: Although precise measurements indicate that transverse curvature appeared to slightly 
decrease with distance downstream over the fans, an approximately constant value of curvature of about 0.1 (r/W = 
0.1 ± 20%, where r is the dimensional curvature and W is the maximum width of the fan) fi ts well all fan sections 
analyzed. In addition, we found that bed curvature shows a weak proportional dependence on fan expansion angles 
(a=20° ± 20%, where a is the local plan angle).

2. Fan development: In our experiments, a common development pattern was observed. First, an instability 
phenomenon causes a sudden increase in channel width, in association with the formation of a scour. Then the 
upstream-migrating scour initiates fl ow expansion, inducing in turn the formation of a transient, concave, heart-
shaped fan that then slowly develops into a steady, cone-shaped deposit. Most of the deposition appears to occur 
during the initial expansion phase. During the fi nal steady phase, fans were also observed to reach approximately 
constant values of L/0.5W (L is the fi nal fan length and W is the fan width) in the range 2-4.

The SA1 project also includes the study of spatially evolving trains of bedforms. Bed-material load in most sandy rivers is 
worked into trains of topographic forms (bedforms) that propagate downstream via the systematic erosion of sediment from 
their stoss sides and its re-deposition on their lee sides.  Since the bedforms themselves are composed of moving sand, the net 
deposition of sediment across any section of river is almost always accompanied by a downstream reduction in bedform size 
and/or bedform migration rate.  A great deal of the variability in porosity and permeability of sandy channel-fi lling deposits is 
therefore connected to the evolution of bedforms. We are formulating objective methods for quantifying this bed evolution.  
Due to the inherent noisiness of the sand topography, we have settled on a statistical description for snapshots of the bed-
elevation fi eld, the roughness function (R).   It equals the standard deviation of elevations as a function of the length scale 
at which it is measured.  The roughness plot has two distinct scaling regimes; one in which R is nearly constant and another 
in which the slope of R is nearly constant.  The value of R at large lengths is the saturation height. The mid point of the 
transition to constant slopes at lower R occurs at the saturation length.  Using both synthetic data and natural topography 
from the North Loup River, we have shown that the calculated saturation height and length are proportionally related to 
a characteristic bedform height and length by coeffi cients with magnitudes of order 1.  The roughness function provides 
a relatively intuitive and robust description of the bed that stands in contrast to traditional methods requiring individual 
judgments as input for determining the discrete topographic forms comprising a bed.

Successive profi les of bed topography from the North Loup River show that the bed has been acted upon in a way that 
gives the appearance of having been both translated in the direction of sediment transport and deformed from its initial 
confi guration.  This deformation results in an exponential decay in the cross-correlation of bed topography through time.  
The characteristic time for decorrelation has been characterized by an interface half-life.  It was determined that the bed 
signifi cantly deforms before it has translated by one characteristic length.  This length defi nes the scale for a fundamental 
stratigraphic element composing sandy, channel-fi lling deposits.

The translation of mean topography composed of moving sand has long been used to estimate bed-material load in rivers; 
however the sediment fl ux associated with deformation of bed topography has not been systematically taken into account.  
By shifting one profi le backward by the mean distance of bed propagation it can be quickly seen that certain parts of the bed 
change faster than others.  The deformation is equal to the amount of non-overlapping area and, by applying conservation of 
bed-sediment mass, can be translated into a deformative fl ux.  Data analyzed from the North Loup River, Nebraska, reveals 

►
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that sediment fl ux calculated by translation of bedforms alone, not accounting for bed deformation, underestimates the 
total bed-material fl ux by at least 10% and that the magnitude of this underestimate increases with increasing time.  Such a 
systematic underestimate of total bed-material load is signifi cant to proposed restoration projects on the Mississippi Delta.

Finally, we are adapting and refi ning a shallow water equation solver for geomorphic applications. Our model solves 
the steady-state two-dimensional shallow water equations in their conservative form, coupling a solution for depth and 
velocities. The idea is to solve the steady state fl ow for different cases of fi xed bed confi gurations (i.e. different transverse 
curvature and different opening angles) to verify the role of the curvature and its relationship with the opening angle. Bed 
confi gurations will be changed from a fl at plane to a cone through a series of successive steady states. We expect that fl ow 
expansions will widen and eventually bifurcate as transverse curvature increases. In particular, we want to identify if there 
is an optimum shape for the fl uvial fans described above. Results obtained from the numerical simulations will be compared 
with results from experiments that we will perform. These experiments will include a series of trials in which angles of 
expansion and transverse curvature of the expansions will be varied.

Progress on deliverables

Milestone/Deliverable Progress
Initial channel-geometry models combining 
work in other IPs with experimental results 
targeting depositional units such as fans

Work on understanding deposition and local 
fl ow expansion is well underway.  Work with the 
Stream Restoration IP has yieled a manuscript 
[Parker et al.] and SR tool that contributes to this 
deliverable.

Initial models predicting depositional bias in 
channel preservation

Completed paper on some of the major issues in 
depositional bias.

Predictive model for processes controlling 
deposition of fi ne-grained sediment in active 
channels

Work on this will begin in Year 5.

Literature-based results on using the subsurface 
to understand natural processes that maintain 
the Mississippi Delta

Work has begun on the literature search; in 
addition, we are working on acquiring major 
subsurface data sets from the oil industry.

Initial methods for measuring statistical 
properties of bed topography from sets of bed 
profi les.  Improving methods for estimating 
bed-material load from repeat surveys of active 
channel-bottom topography.  

Methods have been developed and tested on a 
single river system.  Same methods will be applied 
to data from the lower Mississippi River beginning 
this year.   

Plans
Within the next year we expect to have papers submitted on: deposition in expanding fl ows; statistical methods for 
characterizing bed topography from sequential river-bottom profi les; and relation of sediment fl ux to bedform variability. 
The expanding fl ow project will broaden to encompass fl ow and sediment-transport conditions relevant to the Mississippi 
Delta. During the coming year, this project will focus increasingly on channel geometry in deltaic systems, including 
questions such as whether deltaic distributary channels follow the same water and sediment discharge laws follow upland 
channels.

SA02: Autogenic dynamics

We have continued using the shoreline as a sensitive indicator of what is happening in the fl uvial systems and how that 
relates to the downstream boundary condition set by base-level. Experimentally determined shoreline migration rates show 
high-frequency autogenic variability superimposed on low-frequency allogenic shoreline responses induced by eustatic base-
level change. This variability persists even when the shoreline migration is averaged laterally, indicating a time variation in 
total discharge reaching the shoreline. One natural explanation of this time variation is the occurrence of sediment storage 
and release events in the fl uvial system. 

►
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From the experimental data, we determined that the autogenic signal 
in the shoreline migration rate generated by these processes varies by 
roughly a factor of three depending on the shoreline migration direction: 
it is strongest during transgression when the shoreline is, on average, 
migrating against the mean sediment fl ow, and weakest during regression 
when the shoreline is migrating with the mean sediment fl ow.  We then 
developed a 1D geometric model for the autogenic signals observed 
in the experiment. In the model, we use small periodic changes in the 
fl uvial slope to represent the effects of storage and release of supplied 
sediment due to intrinsic variation in the transport effi ciency of the fl uvial 
system. The model captures to fi rst order the high-frequency variations in 
shoreline migration set against a background of relatively low-frequency 
migration rates.

Figure 1 shows the result of modeling with sediment storage and release 
events using a mean topset slope of 0.017, which is the nearshore 
value. The model exaggerates the allogenic response of the shoreline to 
the relative base-level change (Figure 1.a). Modeling results with the 
nearshore slope indicates magnifi cation of the shoreline oscillation by 
the shallower topset slope (Figures 1.b and 1.c). Figure 1 suggests that, 
as might be expected, the long-term (allogenic) response is sensitive to 
the overall fl uvial slope while the high-frequency (autogenic) variability 
is more sensitive to the nearshore slope.

The cause of cyclic 
sedimentation in 
active tectonic basins 
has been thought to be 
either episodic tectonic 

events, such as earthquake clustering, or variations in sediment liberation 
by global climate change. The stratigraphy of rift basins is directly 
correlated to changes in tectonic activities, sediment yield and transport 
in adjunct catchment areas, and base-level changes whose dynamics are 
originated inherently and/or forced externally. Stratal geometry, thus, 
has been a fi rst order approximation to inversely construct  a history of 
allogenic and autogenic forcing using the fossilized dynamics. In our XES 
experimental run of 2005, we investigated causes of cyclic sedimentation 
under an extensional relay ramp by a constant fault slip rate and steady 
external forcing, i.e., under both constant tectonic subsidence and sediment 
supply, and with no base-level variation. We observed that reorganization 
of the sediment route by autogenic surface processes in a cyclic manner 
causes local variation in sediment supply to the hanging wall basin, where 
subsidence is maximized, resulting in autogenic lake development. 

In our XES 05 experiment, the response time should be very short because 
we used non-cohesive sediment and thus the uplifting block is easily 
eroded as soon as drainage channels develop. However, sediment transport 
to the hanging wall basin fl uctuated by a factor of sediment discharge in 
a relatively long time interval depending on the route of channels and 
caused a cyclic autogenic lake development. The time frequency of 
autogenic processes in XES 05 is 56–65 hours, which corresponds with 
the frequency of the autogenic lake development. Comparing of this 

FIGURE 1. Modeling results (dark line) with sediment 
storage and release events compared with experimental 
results (dotted line). Th e model correctly predicts the pattern of 
autogenic response and the overall magnitude of the variability 
in observed shoreline migration rate, but overpredicts the 
allogenic shoreline response.

FIGURE 2. Reduction of dry fraction in fl uvial surface. (A) 
A series of 60 reduction measurements collected from 140 to 
180 hours of the pre-experiment and four representative 
measurements starting at 145, 149, 159, and 162 hr-
runtimes. (B) 180 reduction measurements from 0 to 90 
hours of XES 05 and four measurement indicating fi rst 
fast decay and fi rst slow decay. Each measurement collects 
reduction of dry fraction over a window of 10 hours. Change 
in decay pattern of dry fraction relative to linear decrease in 
dry fraction (C) for 140–170 hours of the pre-experiment 
and (D) for 0–90 hours of the XES 05 run. Minimum 
(light-gray bar) denotes a pattern of the fi rst fast decay, 
whereas maximum (dark-gray bar) denotes a pattern of 
the fi rst slow decay. A formula is given in Y-axis, in which 
fd(0) denotes an initial measure of the dry fraction and fd(t) 
denotes a fi nal measure (in this case 10 hr-runtime after the 
initial measure).
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autocyclicity between our pre-experiment with no external forcing and main subsidence experiment with a steady external 
forcing indicate decrease in frequency by a factor of 5, from which possible long-term autogenic processes preserved in the 
stratigraphic record are inferred. This is clear when we compare the change in fl ow occupation from the surface imagery. 
Figure 2.a illustrates variable patterns of decay in the dry fraction with time. In general, if the initial measurement starts 
when a strong channel develops and actively migrates, the dry fraction decreases quickly at fi rst and then more slowly 
(e.g., 145 hr in Figure 2.a), and vice-versa (e.g., 149 hr in Figure 2.a). Strongly channelized fl ow occurs periodically, hence 
patterns of decrease in the dry fraction also fl uctuate in cycles between the two end members, fi rst fast decay and fi rst slow 
decay. To get a frequency of this cyclic nature, we calculate the area under the curves in Figure 2.a and normalize by that 
of linear reduction of the dry fraction over the time period of the measurements by the formula shown in Figure 2. Figure 
2.c shows the time change of this value. The small value indicates the fi rst fast decay whereas the large value the fi rst slow 
decay. This fl uctuates in a cycle refl ecting autogenic sediment storage and release in the fl uvial system. In this way, the time 
frequency of autogenic processes in the pre-experiment is 13–14.5 hours. Figure 2.d shows the similar, but longer period 
cyclic behavior of the channel mobility fl uctuation, which measured over 0 to 90 hours of run time in XES 05.

In related work, we are collaborating with Peter Sadler (UC-Riverside) to develop a physical explanation for the two 
scaling regimes observed in fi eld data from deltaic-shallow marine deposits: a power-law relationship between vertical 
thickness (aggradation) and measurement time interval at durations less than 10,000 yr; and a near-linear trend at durations 
greater than 100,000 yr. Horizontal thickness (progradation) co-varies with vertical thickness such that the total volume of 
deposited sediment depends primarily on tectonic subsidence rate over the entire range of measurements. We have shown 
that a noisy diffusion model is capable of quantitatively reproducing these observations. The model predicts two asymptotic 
scaling regimes: small-scale fl uctuations in sedimentation dominate aggradation at shorter intervals of time, while at longer 
intervals the aggradation balances tectonic subsidence. The transition in temporal scaling is due to the fi nite spatial extent of 
continental margins, and allows for the conversion of time to space through a dynamic scaling relation. The transition time 
from fi eld data translates to a spatial scale of order 100 km, suggesting that the break in sedimentation scaling coincides 
with the total width of the continental shelf.  While high-frequency fl uctuations in sedimentation can be neglected for 
time-averaged (deterministic) models of surface evolution, these fl uctuations have a cumulative effect in the production 
of stratigraphy such that they dominate the preserved record. The internally-generated variability of natural systems must 
be understood before using the stratigraphic record to interpret external forcings such as climate and sea-level change.  
Attempts to interpret such external environmental signals from preserved sedimentary deposits at time scales smaller than 
the steady-state time (~100,000 yr) are prone to error because these signals must be deconvolved from the transient “noise” 
produced by the internally-generated variability of the depositional system.

Progress on deliverables

Milestone/Deliverable Progress
Model(s) for distinguishing autogenic from 
external origin for parasequences

The work we have done showing systematically 
larger amplitude of autogenic variability in 
shoreline position during base-level rise is a major 
step toward understanding the relationship of 
autogenic to externally forced parasequences, since 
shoreline fl uctuations are a main parasequence 
signature.

Experimental data on autogenic variability in 
channel narrowing and widening, cutting and 
fi lling, and clustering

We have, externally to NCED, worked with 
colleagues at the University of Wyoming to develop 
improved methods for recognizing autogenically 
produced clusters in preserved strata. Analysis 
of data from the XES basin is providing the fi rst 
unambiguous record of autogenic variations in 
lake shoreline positions.

Theoretical model explaining the different 
scaling regimes for aggrading and prograding 
delta systems

First model has been constructed and compared 
against substantial data set of modern and ancient 
delta deposits.
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Plans
Our long-term goal is to understand how autogenic and allogenic (externally forced) dynamics interact. During Years 5 and 
6 we will be combining the experimental data we have with fi eld data to try to constrain the time, length, and amplitude 
scales of autogenic dynamics, in order to better understand how autogenic dynamics can be distinguished and predicted in 
preserved deposits, how it affects uncertainty and natural variability in, for instance, restoration projects, and how it might 
affect sedimentary system response to high-frequency external controls such as climate. Within the next year we expect to 
have papers submitted on autogenic behavior of lake shoreline positions and physical explanation for the observed scaling 
regimes for fi eld data from deltaic deposits.

SA03: Integrated modeling of river system response

Predicting subsurface channel architecture requires that we extend the planform channel network into the third (depth) 
and fourth (time) dimensions. Our approach has been to merge avulsion-based architecture models with diffusion-type 
integrated models of fl uvial evolution in response to external forcing so that the controls of basin-scale depositional mass 
balance on architecture can be modeled in a consistent framework. Our initial effort has been to predict preserved channel 
fraction based on simple models of channel and fl oodplain sedimentation patterned after those used for diffusion-based 
modeling. Subsequent steps will include incorporation of spatial pattern results from SA6 and SA9 and modeling valley 
formation jointly with the Stream Restoration IP. 

Our modeling efforts are focused in formulating analytical, large-scale, long-term integrated stratigraphic fl uvial models 
that connect alluvial-surface dynamics with its stratigraphic signature, and on coupling these to models of offshore systems 
(continental shelf, slope, and rise) to provide the fi rst generation of ‘whole system’ models linking the fl uvial and submarine 
channelized realms. The fl uvial-system models require new methods for predicting two major aspects of the system: the 
downstream sorting of grain size in channels and fl oodplains, and the relative fractions of channel deposits and fl oodplain 
deposits at a given basin cross-section. This latter variable can be thought of as a kind of averaged alluvial architecture. 
Modeling the long-term evolution of an alluvial basin also requires knowledge of the up-scaling laws (long-term averages) 
of sediment fl uxes and complements experimental and fi eld work on the stratigraphic signatures of sea-level changes 
and tectonics. Our process-based modeling of the downstream changes in sediment size distributions (fi ning), and of 
downstream changes in the cross-basin sand/mud proportions (alluvial architecture) have direct impact in the understanding 
and development of predictive tools used in management of subsurface resources (i.e., prediction of porosity, permeability, 
distribution and connectedness of sedimentary structures).

We have developed an initial self-similar solution of the general problem of channel-driven downstream fi ning. We show 
that existing models can be reduced to simple self-similar forms for both the fi nal long-term grain-size distribution of 
the substrate and a relative-mobility (transfer) function. Our similarity solution relies on the empirical observation that, 
within either a sand-dominated or gravel-dominated regime, rivers tend to maintain a constant average dimensionless 

shear stress. In particular, two different scalings are 
proposed in the solution for the limiting cases of sand-
bedded or gravel-bedded rivers, for which the empirically 
observed values of the Shields parameter differ by an 
order of magnitude. In addition, we developed a heuristic 
formulation that includes fi rst-order processes in channel 
belts and distal fl oodplains that predicts the long-term 
basin laterally averaged fractions of channel-belt versus 
fl oodplain deposits, for different conditions of downstream 
sedimentation rates (i.e., tectonic subsidence). Our model 
scheme is based on three different time-scale ranges 
in fl uvial-basin evolution: a short-time scale related to 
sediment transport and deposition within channels; an 
intermediate-time scale associated with sedimentation and 
super-elevation of channel-belts; and fi nally, a long time 
scale associated with the laterally-averaged evolution of 

►

FIGURE 3. Results from our alluvial architecture theoretical modeling 
showing downstream variations of the cross-basin averaged proportions of sand 
for diff erent patterns of basin subsidence.
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the basin as channel belts swing across due to avulsions. 
Among the main results, this model predicts a highly non-
linear downstream increase (decrease) of sand proportions 
for linearly decreasing (increasing) tectonic subsidence. 
Our analysis also indicates that simple diffusional models 
based on channel processes only in general inaccurately 
predict the alluvial basin long-term evolution. However, we 
indicate that diffusion-based solutions could still be valid 
for the following cases: (1) when sedimentation rates in 
channel belt and fl oodplains are comparable, (2) in the cases 
of transport of sand only (no overbank deposition of fi nes), 
and (3) in an intermediate case in which sedimentation 
rates in channel belt and fl oodplains attain values so as to 
produce an approximately constant value of deposited sand 
fractions downstream. Figure 3 shows results of our alluvial 
architecture theoretical modeling. In Figure 3, downstream 
variation of the cross-basin averaged fractions of sand 
(channel belt deposits) were computed for three different 
patterns of longitudinal subsidence.

The topographic long profi le extending from erosional uplands through to the deep sea can be split into a number of distinct 
regions, each characterized by different sediment transport regimes: (i) the fl uvial erosional regime, (ii) the fl uvial gravel 
deposition regime, (iii) the fl uvial sand deposition regime, (iv) the shallow marine regime, and (v) the deep marine regime 
(Figure 4). A model that can describe the profi le evolution and associated transport of sediment to link the erosional, fl uvial 
depositional, and deep marine realms requires the development of sophisticated sub-models that can correctly handle the 
transition between the regimes, the boundaries of which can and will change position with time. Hence this model requires 
the treatment of multiple moving boundary problems (problems where the location of a boundary between regimes needs to 
be calculated as part of the solution). Current work on this project is directed at two issues:

1. A treatment for the shelf break. This requires a coupling between wave-dominated transport in the shallow 
marine to turbidity-current-controlled transport into the deep marine.

2. Previous work has focused on sharp front treatments that explicitly assume that the transition from one transport 
regime to the next occurs across a scale which is much smaller that the length scale of the long-profi le. We are now 
investigating an alternative approach that allows for a diffused interface where the transition has a distinct length (a 
mushy region). In some cases such treatments essentially recover a sharp interface but in other cases they predict a 
distinct region over which the transition occurs. An intriguing element of this work is the development of models 
for mushy shorelines, which may be applicable to low sloped tidal river deltas.

To date, a number of alternative treatments for (i) the gravel-sand transition and (ii) the fl uvial-marine transition (shoreline) 
have been developed.

Within each domain (see Figure 4), we focus only the most important processes: in the terrestrial domain, for example, 
we focus on fl uvial processes. In the uplifting source area, bedrock-fl oored incising channels provide the sediment supply 
to the basin. Downstream this supply eventually exceeds the transport capacity of the streams, leading to the formation of 
net depositional alluvial channels. To fi rst order, this bedrock-alluvial transition is also associated with a transition from 
fairly static dendritic channels to mobile anastamosing channels. Downstream fi ning occurs continuously within alluvial 
channels, but the transition from gravel-bed streams to sand-bed streams is especially rapid, typically leading to a sharp 
gravel-sand transition on the source-to-sink scale. Sand-bed rivers are associated with overbank deposition of fi nes and 
muddy fl oodplains. At the shoreline, fl uvial processes give way to marine processes dominated by waves and currents. In 
the nearshore, breaking waves allow signifi cant bedload transport, while on the continental shelf-waves suspend sediment 
which is then passively advected by near-bottom currents. Shelf processes are not so well understood as fl uvial processes, 

FIGURE 4. Sedimentary processes and environments, source to sink. 
Horizontal extent is on the order of 100 km and vertical extent is on the 
order of 1 km. Sedimentary environments are indicated by boxed labels, and 
boundaries between environments are indicated by dashed lines.
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but recent work suggests that wave-supported turbidity currents dominate 
cross-shelf sediment transport. In the deep marine waves are insignifi cant, 
but steep slopes allow formation of self-supporting turbidity currents, 
which create channel networks (both erosional and constructional) on the 
continental slope. Finally, on the continental rise these turbidity currents run 
out and deposit deep sea fans.

We are working to adapt methods developed in the Stream Restoration IP 
to model the response of reservoir sediment to dam removal to stratigraphic 
evolution during base-level fall. Previous experiments show transient 
episodes of incisional narrowing during the initial stages of base-level falls. 
Valley widening is more persistent and occurs through erosional contact 
between the valley sidewalls and the fl ow. Widening becomes more dominant 
during the late stages of base-level fall and during base-level rise, and may 
occur in response to deposition on the valley fl oor. Additional experiments 
show that valley planform evolution is also sensitive to upstream water 
and sediment discharge. We are distilling these observations and existing 
theory to a simple model of incised valley evolution that accounts for both 
narrowing and widening. 

The theoretical framework stems of dam removal effects on erosional 
channels we are working on can be summarized into the following set of 
equations to model valley narrowing and widening:
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In the above equations, Hv and Bv are valley height and width, respectively,  f is a boundary shear stress coeffi cient, and k is 
a diffusion coeffi cient. Some preliminary results of this modeling are shown in Figure 5.

The theoretical studies described above are complemented by quantitative analysis of stratigraphic experiments. We are 
working at present to adapt the models of alluvial architecture described above to experimental data from our XES facility. 
Our existing theoretical model applies to fi eld scales, and assumes a well defi ned channel belt with discrete avulsion. 

In that sense it represents one end member case, while the 
experiments represent another: unconstrained braiding with 
no distinct fl oodplains and more or less continuous channel 
migration. Therefore the model’s parameters will have 
to be reformulated/adapted to test its predictions against 
channel fraction deposits observed in our XES experiments. 
Essentially, our theoretical model considers avulsions as a 
major mechanism of channel switching across the alluvial 
basin, as channel belts super-elevate over stable, vegetated 
fl oodplain deposits. Our laboratory experiments do not 
include fi nes and fl oodplain deposits, and the major features 
observed in the experimental stratigraphic record are channel 
and sheet fl ow deposits. At present we are working to fi nd 
the laboratory characteristic time scale of channel migration 
as an analog of the characteristic time between avulsions 
observed in the fi eld.

FIGURE 5. (A) Incised valley fl oor evolution and (B) 
valley width evolution model results over a time span of 
100 k.a. with the above sea level curve.

FIGURE 6. (A) Th ickness map of deposition during falling base-level of 
the isolated rapid cycle of XES02-1.  (B) Th ickness map of deposition during 
rising base-level of the isolated rapid cycle of XES02-1.  (C) Downstream 
sediment extraction ratio from (A), where virtually all of the sediment 
extracted occurs in the subaqueous portion of the basin.  (D) Downstream 
sediment extraction profi le from (B), where most of the sediment extraction 
occurs on the alluvial surface.
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Sediment bypass is a term commonly used in interpreting channelized architecture; it is intimately linked to notions of 
proximal, medial, and distal positions of basin fi ll. Though bypass has not been explicitly defi ned, it is loosely used as an 
inference of relatively long periods of absolute and continuous sediment throughput. We are working with a quantitative 
measure of bypass called the extraction ratio and are studying how the extraction ratio changes downstream in a depositional 
basin as a function of the basin geometry, subsidence, basin sediment supply, and sediment fl ux:
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∂
∂

where Es is the sediment extraction ratio, Lb is the basin length, and qs is the sediment fl ux. The sediment extraction ratio is a 
dimensionless parameter that quantifi es the time-averaged sediment extraction from the surface to the bed.  Es

-1 is commonly 
referred to as sediment bypass, which has been used as a concept underlying the generation of erosional unconformities, 

notably sequence boundaries.  This quantifi cation of bypass may act as 
a critical link between reconstructions of long-term sediment fl ux and 
measurements of stratigraphic architecture.  Figure 6 shows maps of 
deposition thickness for rising and falling sea level and computed values of 
Es using the above expression, for the XES 02 experimental run. Our next 
steps along these lines will be to examine how extraction ratio infl uences 
changes in downstream alluvial architecture such as are found in natural 
basins and in physical experiments.

The largest-scale main elements of stratigraphic architecture are packages 
of strata bounded by unconformities. Sequences are largely defi ned and/or 
interpreted based on stratal geometry and lithology data, then inverted 
to explain the time history of deposition and allogenic forcing. Since 
by defi nition sequences are not scale dependent, we have examined the 
geometric aspects of sequence accumulation and ultimate preservation 
using XES experimental strata. We examine sediment mass migration 
through time and explore its effects on stratigraphic horizon development, 
lithologic partitioning between alluvial and offshore strata, and the 
ultimate preservation potential of initially deposited strata.

Experimental data on sediment mass migration through time indicates 
that stratigraphic unconformities, including sequence boundaries, are 
diachronous. In this experiment, sequence boundaries do not meet the 
criteria required to unequivocally support assumptions underlying their 
generation, though they are important stratigraphic signals of allogenic 
forcing. The trajectory and rate of base-level change strongly affects 
the partitioning between alluvial and offshore deposition, resulting in 
reciprocal sedimentation patterns which, although common to geometric 
models of stratigraphy, are absent in the popular sequence stratigraphic 
models used by the majority of sequence stratigraphy practitioners. In these 
experiments, we found that stratigraphic preservation is dependent on the 
timescale of base-level cyclicity: preservation is approximately constant 
if base-level change is suffi ciently slow. Conversely, relatively rapid base-
level fl uctuations force variable preservation, where initial deposition 
during base-level rise is generally poorly preserved and deposition during 
base-level fall is generally high.

Analyses of our XES stratigraphic data comparing mapped maximum 
fl ooding surfaces and surface scans collected near the times of maximum 
shoreline transgression show a close overlay, indicating that maximum 

FIGURE 7. (A) uninterpreted and (B) interpreted dip-
oriented stratigraphic panel comparing mapped maximum 
fl ooding surfaces (black) and surface scans collected near 
the times of maximum shoreline transgression (gray).   Th e 
close overlay indicates that maximum fl ooding surfaces do 
approximate the instantaneous experimental surface.  Th e 
abbreviation ’src’ is ’superimposed rapid cycle’.

FIGURE 8. (A) uninterpreted and (B) interpreted dip-
oriented stratigraphic panel comparing mapped sequence 
boundaries (black) and surface scans collected during 
periods of base-level fall (gray).  Sequence boundaries are 
the stratigraphic signature of mass migration basinwards, 
and accordingly cross-cut timelines.
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fl ooding surfaces do approximate the instantaneous experimental surface (see Figure 7). All surface scans are clipped to 
account for erosion, and therefore are top-truncated to the elevation of deepest scour at each point.  Sequence boundaries 
consistently underlie the level to which the timelines are eroded.  This indicates sequence boundaries here largely refl ect 
rapid and local cut and fi ll events not readily captured by the surface scan data (Figure 8).

As mentioned in several places above, shoreline is a sensitive indicator of fl uvial sediment balance and the control exerted on 
the fl uvial system by offshore sediment dynamics. Shoreline position in sedimentary rocks records the interplay of several 
controlling factors, the most important of which are sea level, subsidence, and sediment supply. In ancient rock sequences, 
it is generally diffi cult to disentangle the effects of these three variables. In this project we analyze the relative infl uence 
of sea level, subsidence, sediment supply, and other controlling variables on shoreline migration in our XES experimental 
basin equipped with a subsiding fl oor. The experiment used a linear-hinge type subsidence profi le for which the rate was 
kept constant in time, a constant overall sediment supply, and a base-level variation on two time scales that were fi rst applied 
separately and then superimposed. Although base level was the only controlling variable that was externally varied in time, 
the base-level changes induced changes in other variables indirectly (e.g., by changing the partitioning of sediment between 
the fl uvial and offshore segments of the system).

We examine the relative importance of measured direct and indirect changes in all the governing variables through the 
use of a moving-boundary equation for shoreline migration. When measured values are used for all the variables in the 
equation, shoreline migration rate throughout the run can be predicted with a maximum R2  > 0.92. Starting with this optimal 
prediction of the observed shoreline behavior, we successively replace variables in the equation with their run-averaged 
values, degrading the prediction. The relative loss of prediction accuracy as each variable is replaced is a measure of the 
importance of that variable in accounting for the observed shoreline migration. By this measure, base level is the most 
important variable, followed in turn by sediment supply to the foreset, geometry of the foreset, and the average subsidence 
rate over the foreset. From the shoreline migration equation, we also derive a quantitative version of the “A/S ratio” often 
applied in sequence stratigraphy. The new formulation reduces to a form comparable to the traditional descriptive A/S ratio 
if changes in foreset slope, gain or loss of sediment to the fl uvial system, and spatial variation in subsidence rate are all 
negligible.

Progress on deliverables

Milestone/Deliverable Progress
Generalize existing 2D river-shoreline models 
to 3D

The work described above reports our progress on 
generalizing 2D river-shoreline models to 3D. 

Adapt dam-removal model for valley incision 
and fi lling in response to stratal response to 
base-level cycles

We are well along in adapting our valley evolution 
model for dam removal to the stratigraphic case, 
and expect to have a draft paper on this ready in 
the next year. 

Developing numerical modeling linking all 
transport regimes from fl uvial erosional to deep 
marine using appropriate moving boundary 
conditions. 

A fi rst generation of the numerical code linking 
all of the transport system is well along in its 
implementation.

Plans
This year we will complete a second paper on alluvial architecture. The sequence stratigraphy project is substantially 
complete – we will submit one additional paper for publication. We will complete the current work on long profi le modeling, 
and then extend the ideas of tracking moving boundaries between processes to other systems of NCED interest, in particular 
systems that couple ecological and geomorphologic phenomena.

Papers we plan to submit in the coming year: experimental test of theoretical architecture models; how bypass ratio function 
varies during base level cycles; and how bypass ratio infl uences architecture. 
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SA04: Upscaling in space and time

Our main progress here is work that forms the core of a manuscript submitted to Water Resources Research on our LES 
approach to landscape evolution. This is reported under the DW IP and cross-referenced here because the same techniques 
can be applied to depositional systems. 

Progress on deliverables

Milestone/Deliverable Progress
Develop method(s) for applying turbulence 
analogies (in particular large-eddy simulation) 
to multi-scale surface evolution models

We have made good progress on adapting 
turbulence methods to upscaling in channelized 
systems, as described above.

Plans

We will focus on adapting the LES methods developed for erosional systems to depositional systems, particularly deltas, 
where small channels may play a critical role in sediment distribution into coastal marshes.

We will also explore development of a formal transformation that connects short-term and long-term sediment fl uxes.  
To do morphodynamics on long time scales, we need fl ux laws that apply on those time scales. Ideally, we’d like to 
relate long-term fl uxes to short-term ones, since existing transport formulas are for short-term fl uxes.  We will therefore 
investigate a framework for analyzing sediment fl ux that allows the fl ux to depend explicitly on time scale.

SA05: Comparative dynamics of submarine versus subaerial

We carried out a set of experiments aimed at quantifying properties of a channel levee built by depositional turbidity currents.  
Experimental currents of constant initial thickness and composition were released into a pre-existing straight channel; levee 
growth on the channel banks was observed.  Rates of sediment deposition on the proximal levee, grain size, and taper of 
levee deposits were all found to be controlled by 1) the thickness of the depositing current relative to the local channel depth 
and 2) the vertical profi les of concentration and size for grains suspended within the current.  Change in local depth confi ned 
more or less current within the channel and determined the fraction of current present at and above the levee-crest elevation 
where it could act as a sediment source for bank construction.  The results are being used to develop a simple framework for 
interpreting submarine levees and comparing them to river levees.

Similar experiments have been completed using a sinuous channel form (sinuosity = 1.3). A signifi cant cross-stream 
superelevation of currents was observed at the apexes of all bends in this channel.  This superelevation was 85-142% 
greater than the value predicted by a balance of centrifugal and pressure-gradient forces. An additional contribution to the 
superelevation was identifi ed, the runup of the current onto the outer banks of bend was estimated by a balance between 
the kinetic and potential energy.  Streamwise velocities for turbidity currents and rivers are comparable, but the runup of 
turbidity currents is signifi cantly greater due to their low excess density when compared to the ambient fl uid. The value of 
ρcurrent/(ρcurrent – ρambient fl uid) for rivers roughly equals 1, while this ratio for turbidity currents ranges between 10 and 100. Its 
representative value for our experiment was 33.  Runup resulted in deposition of coarse particles on levee crests that were 
indistinguishable from those deposited on the channel bottom.  Sedimentation on the crest of levees at the outer banks of 
bends was 3-4 times greater than that found on the inner banks.

A second line of analysis has focused on seismic geomorphology of offshore Brunei Darussalam using data made available 
to the project by Brunei-Shell Petroleum. The present-day continental slope offshore Brunei Darussalam (NW Borneo) is 
worked into several networks of submarine channels possessing a number of planform attributes similar to those observed in 
better-studied subaerial river systems. Our preliminary analysis of channel long profi les indicates that channel depth and in-
channel deposition are correlated more with distance from shelf-edge than with channel gradient. The bathymetric data from 
offshore Brunei is also being used to compare channel network scaling laws, such as Hack’s law, to terrestrial networks. 

►

►
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Progress on Deliverables

Milestone/Deliverable Progress
Provide synthesis analysis of similarities and 
differences in channel evolution in these two 
environments

Connection between in-channel and overbank 
sedimentation for submarine channels has been 
established.  These connections are beginning to 
be compared with the fl oodplain development 
model(s) discussed in the Stream Restoration IP. 

Initial application of modifi ed Desktop 
Watershed tools to analysis of submarine 
channel networks

Patterns of sedimentation as a function of 
network position and local topography have been 
established using 3D seismic data from offshore 
Brunei.

Plans
Carry out a formal comparison of in-channel versus overbank sedimentation in submarine channels versus rivers.  Develop 
a numerical framework that captures the important similarities versus signifi cant departures in volumes, patterns and 
composition of surface-forming deposits in the two net-depositional environments. 

Investigate the role that drainage area, network position and local topography play in infl uencing submarine channel width, 
depth and slope, deposit thickness, and grain-size.  Compare these results to predictions using DW tools for rivers.

SA06: Spatial and temporal statistics of depositional channel networks

To adopt a network-based approach to depositional 
systems, we must fi rst understand network structure in 
these systems and what controls it. We have begun with 
deltas, where a better understanding of the allogenic 
controls on their organization will have a major impact 
on both prediction in the subsurface and restoration 
and maintenance of deltas in the world today. We 
have begun developing methodologies for identifying 
the channel network from satellite imagery using a 
large natural delta (Brahmaputra) and assigning fl ow 
directions to the channels so that we can measure 
distance along channels and apportion “nourishment 
areas” (analogous to the catchment area for a drainage 
basin) over the delta. These methods will then be 
applied to other deltas and also to NCED’s depositional 
fi eld site when appropriate. Work on scaling and other 
similarity analyses for deltas will help us defi ne those 
aspects of delta organization that are consistent across 
environments and scales. We are also applying the same 
techniques to experimental deltas, where time evolution 
and topography can be measured.

Deltas are the dynamic product of the net balance of 
supply, transport and deposit of sediments by the river 
and the ability of the receiving waters to remove them. 
We analyzed the plan-view structure of the Ganges-
Brahmaputra Delta, one of the world’s largest and best 
developed deltaic systems, to evaluate pattern metrics 
and identify signatures of the dynamics. We consider the 
topology of the skeletonized network, a subset of which 

►
FIGURE 9. a) a small 
subset of a fully detailed 
water mask (black pixels) 
of connected channels 
obtained from classifi cation 
and digitalization of a 
satellite  image of  part of  
the delta and used as data 
set for the analyses; b) the 
topology of the skeletonized 
network represented as 
a graph reducing mask 
center lines to a set of 
m o n o - d i m e n s i o n a l 
objects, segments (black 
pixels), connected through 
nodes (purple pixels); 
c) decomposition of the 
bi-dimensional mask in 
channels portions and 
classifi cation based on their 
mean width value (range 
of decreasing blue color 
is proportional to width 

value); d) identifi cation of islands as portions of non-water mask. For each 
islands, image processing allows us to identify dimensions like area, perimeter, 
main axis length, mean width of surrounding channels; e) distinction of the 
looping (purple links) and non-looping (cyan links) portions of the network. 
In the same image, input/output links, in correspondence of which boundary 
conditions can be imposed, are colored in blue ; f ) evaluation of energy values 
in correspondence of nodes connected by the looping portion of the network is 
reported in scale of blue color (the remaining subset of nodes are plotted as yellow 
marks).  Darker values are correspondent to higher value of energy: in fact, in 
this simulation, input boundary conditions of discharge are given at the top of 
the image and output boundary conditions of null energy are imposed at the 
bottom of the image.
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is shown in Figure 9.a, as a graph reducing mask center lines to a set of monodimensional objects (segments) connected 
through nodes (see Figure 9.b). Length and local width of segments, location and number of connection are obtained within 
the system. The two-dimensional geometry of the system (dimensions of channels, Figure 9.c and islands, Figure 9.d) is 
automatically related to one-dimensional elements. Geometrical information, i.e., mean width of channels (water mask), 
area and perimeter of islands (non water mask), are evaluated from the full bidimensional map. Statistical analyses of the 
main geometrical features (length and mean width of segments, island size) indicate that segment length, island area and 
island length display a log-normal distribution of size. The looping portion of the network, thought to be the zone in which 
the main transporting processes take place (Figure 9.e, purple links), is extracted and separated from the portion of network 
that could be formed by drainage of inner parts of islands (Figure 9.e, cyan links). The length to width ratio of segments 
extracted from this part of the network also exhibits a log-normal distribution. An analysis of different island features (area, 
perimeter, main axis) is performed in order to relate islands and surrounding channels sizes to processes of drainage and 
transport. We develop a new procedure based on an analogy with electrical networks to evaluate the direction of fl ow within 
the looping portions of the network, a set of links connecting at least two nodes (i-j), where fl ows cannot be determined 
simply by continuity. Flow directions are necessary in order to fully characterize the planar structure of the system that the 
river builds to connect the source (water and sediment) to the receiving basin (ocean): the topography of the delta plain is in 
fact almost fl at. The energy expenditure is expressed, for each segment connecting two nodes, as the product of a resistance 
coeffi cient (directly proportional to the length and inversely proportional to the width) and the square power of the discharge 
fl owing into the specifi c link. Solving iteratively a linearized system allows us to determine an energy value for each node 
(Figure 9.f) and consequently assign a direction of fl ow to each segment. Boundary conditions of discharge at the top and 
zero potential at the bottom of the system are imposed (in Figure 9.e, input/output links are colored in blue). Through energy 
values, directions of fl ow, discharges, distances from the outlet and local cost function are evaluated. 

Tools built to analyze big resolution images are applicable to any data set of the wide spectrum of world deltas and also to 
data obtained from physical models. However, further investigations are required for building a possible generalized delta 
model and to verify the statistical results obtained for the specifi c delta we analyzed here. Future work is also necessary to 
connect the actual planar structure, produced by complex interaction between boundary conditions and forcing factors, to 
vertical sediment profi les in order to model the three-dimensional dynamic evolution of a delta.

Progress on deliverables

Milestone/Deliverable Progress
Framework and initial results of spatial statistical 
analysis of distributary channel networks 
including natural and experimental deltas

The work described above represents a major 
step toward our fi rst target of having a well 
defi ned framework for spatial statistics of deltaic 
(distributary) systems.

Plans
We will continue with this line of analysis, attempting to adapt and implement spatial analysis techniques that have yielded 
major advances in understanding erosional (dendritic) systems. We hope to have at least a preliminary analysis of the 
relation between spatial organization and nourishment of the delta surface with sediment to compensate for subsidence. We 
will move as quickly as we can to bring this work to bear on the Mississippi Delta. 

SA07: Channel fl oodplain interactions

Tie channels connect rivers to off-river water bodies along many lowland river systems across the globe. In addition to 
transferring water and sediment to fl oodplain lakes, tie channels serve as critical ecological links. Floodplain lakes provide 
refuge, breeding grounds and food to many fi sh species. The alterations of many river systems by levee construction and 
agriculture have eliminated this vital connection. Field studies of tie channels indicate that these channels are long-lived 
(100s to 1000s of years) stable channels that steadily propagate into these lakes by deposition from sediment-laden jets. 
For tie channels, as well as all forms of deltaic channels, the mechanism by which these channels form and evolve is poorly 
understood. Restoration efforts to re-establish connectivity between rivers and fl oodplains would be greatly enhanced by 
understanding the morphodynamics that produce these stable, self-maintaining channels. Additionally, efforts to divert 

►
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sediment into eroding coastal regions will require the ability to predict how channel systems will develop and sediment will 
be distributed in response to these efforts.

Our work relies on scaled laboratory models of leveed channel formation using tie channels as prototypes. Our experiments 
consist of a large (3 x 8 x 0.6 m) basin into which we introduce a jet laden with plastic particles. We observe that the 
interaction of the infl owing jet and the still basin water leads to intense shear zones along the margins of the jet and the 
development of “quasi“ -two-dimensional large scale turbulent structures. Our results to date indicate that levee development 
is maximized in the transition zone to quasi-2D turbulence. Once distinct lateral shear zones break down, however, the 
large-scale turbulent structures are no longer constrained to a narrow portion of the basin, sediment deposition occurs across 
a broad area and levee development ceases. 

Progress on deliverables

Milestone/Deliverable Progress
Adapt models of fl oodplain and channel-bank 
sedimentation from other IPs to depositional 
settings

Field and lab studies to date provide topographic 
data necessary to compare tie-channel 
sedimentation against fl oodplain models from 
other IPs.

Adapt and develop model(s) describing growth 
and persistence of tie channels connecting 
fl oodplain lakes to main river channel

Field work defi ning the morphology and
composition of tie channels has been completed.  
Lab study connecting fl ow, sediment transport and 
channel morphology is underway.

Plans
Ongoing work focuses on developing a prograding channel system and making detailed measurements of the fl ow-fi eld 
interaction with the evolving channel morphology. Using particle image velocimetry (PIV) we will look at the spatial 
patterns of sediment entrainment and deposition by large scale turbulent structures across the infl owing jet.

This project will take on additional importance as the SA IP places greater emphasis on the subsurface Mississippi Delta. A 
major new focus will be on the interaction of fl oodplain sedimentation and marsh vegetation, which will also strengthen the 
involvement of our ecology group in the SA IP.

SA08: Steering of channels by active tectonics

A major issue in tectonics and sedimentation is the role of 
tectonic tilting in steering channels. In this phase of the project 
we test a hypothesis developed from the XES 99 experiment that 
tectonic forcing will steer channels preferentially toward a lateral 
subsidence maximum as long as the tectonic deformation has a 
shorter timescale than the mobile channels. The experiment uses 
a simplifi ed relay-ramp geometry with laterally variable uplift and 
subsidence.

We have completed the physical experiment and have begun 
analyzing the data. So far both surface imagery and stratigraphic 
sections show strong channel steering around the uplifted area 
and into the subsidence maximum, as expected. A lake developed 
autogenically in the subsidence maximum due to variation in the amount of fl ow crossing the uplift. The experimental 
results show that the tectonically-dominated regime can be reached by increasing the speed of the tectonic tilting relative to 
that of channel mobility.

One interesting feature of the sliced sections of the XES 05 run is a record of a prograding subaerial delta between fl uvial 
deposits. Its cause is evident in the overhead images taken over the period in which the delta developed (Figure 10). 
Local transgression started at around 65 hours of run time as the main fl uvial channel occupied the right hand side of the 

►

FIGURE 10. Overhead images from XES 05 taken at (A) 65.5, (B) 
76, and (C) 89 hours of run time showing an evolution of autogenic 
lake and sediment reroute by channel lateral migration.
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basin (looking downstream) long enough to allow a topographic depression to develop on the left hand side (Figure 10.a). 
Concurrently, the uplifting area adjoining the inboard fault was not disturbed by channels and developed relief, while base-
level fl ooded over the hanging wall and created an autogenic lake (Figure 10.b). Most of channels and sediment derived 
from the relay zone were gradually transported axially into the inboard hanging wall. As the channels were steered by the 
tectonic growth and migrated more toward the topographic low, some of them eventually found short paths over the inboard 
fault. These channels fl owing normal to the fault cut the uplifted area and developed deep valleys. The valleys widened 
providing enough sediment to feed developing downstream fans which eliminated the autogenic lake (Figure 10.c).

One very different style of interaction between uplifting surface topography and sediment-transporting currents is being 
recognized for the submarine environment using data from industry-grade, 3D seismic volumes located offshore Borneo 
provided by Brunei-Shell Petroleum.  This data was generated via subsurface mapping of the Quaternary continental-slope 
stratigraphy covering a growing shale-cored anticline in roughly 900 m of water. Four canyons traverse the structure at 
roughly right-angles to the crest line with a maximum canyon relief of 175 m. The subsurface mapping reveals that the 
entire structure is a site of net sediment deposition. Dip profi les down canyon axes reveal local minima in deposition over 
the hinge of the anticline and are associated with high downstream gradients. Deposition on ridges adjacent to canyons also 
shows local minima in sedimentation over the anticline hinge, but these minima are not correlated with gradient. Instead, 
deposition on the ridges is inversely related to local canyon relief. A comparison of canyon axis and ridge deposition show 
that slightly higher rates of ridge deposition have resulted in the preservation and growth of these submarine canyons. 
Seismic horizons that can be traced in the strike direction for many km suggest that the currents forming these canyons 
were laterally extensive sheet fl ows. This interpretation is consistent with minima in ridge deposition being correlated 
with maximal canyon relief. The currents drained into the canyons as they approached the anticline hinge, leaving only 
a small supra-canyon fraction available to deposit sediment on the non-channelized zones. Using the cross-sectional area 
of the confi ned fl ow over the anticline crest we estimate a minimum thickness of 20 m for the sheet-like currents as they 
approached the anticline.

Progress on deliverables

Milestone/Deliverable Progress
Complete and analyze (with partners) two lab 
experiments defi ning control of relative rates of 
subsidence on steering river channels

We carried out the fi rst XES experiment proposed 
on this topic, though its channel-dominated stage 
was cut short by a mechanical failure.

Analyze seismic data defi ning control of growing 
folds on positioning of submarine channels

We completed analysis of seismic stratigraphy 
associated with submarine channels traversing a 
growing fold.  Patterns of deposition associated 
with the growing structure are now being 
analyzed.

Plans
An experiment on this in the XES basin, in conjunction with colleagues from the University of New Mexico, will be run 
this spring. There will likely be one additional experiment with the confi guration of our XES 05 run, to test whether we can 
produce a channel-dominated system with uplift. At that point, this project is expected to be complete and will terminate. 

Analysis of submarine marine channels traversing a growing anticline will be completed using data generated by surface 
and subsurface mapping in the seismic volume.  Patterns of sedimentation will be compared to the riverine case generated 
in the XES basin.

SA09: Channel mobility, avulsion, and migration

We are assembling data from several years’ worth of experiments with roughly 100 fold variation in net sedimentation rate 
to investigate (1) how to measure and quantify channel mobility using decorrelation statistics, and (2) how the mobility time 
scale relates to bulk sediment fl ux and deposition. The hypothesis is that the mobility time scales roughly as h2/qs where h 
is average channel depth and qs is mean unit sediment fl ux. 

►
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An end-member experimental point comes from an experiment in which, by extreme reduction of the sediment feed rate, 
we were able to create the fi rst entirely self-formed channel network with subcritical fl ow. Experimental alluvial systems 
usually produce critical to supercritical fl ow conditions (Froude number ≥ 1) that result from relatively small water:sediment 
discharge ratios necessary to construct alluvial stratigraphy over reasonable timescales. This is an uncommon condition in 
natural rivers and questions remain about how supercritical fl ow might distort in-channel processes and deposit architecture 
over channel-fi ll length scales and thus limit the applicability of experimental results to the fi eld. For example, in our low-
Froude number experiments we observed a strong surface reworking that led to a heavy channel bias in the deposit, with 
clusters of large channel forms well correlated with migrating scours (Figure 11).

We have also been studying the necessary 
conditions for persistence of channel 
bifurcations.  This work is motivated by the 
fi eld study of persistent bifurcations in the 
lower Niobrara River, Nebraska.  A section 
has experienced > 3 m of bed aggradation 
over the past 50 years associated with 
damming of the upper Missouri River.  
Simple stability analyses suggest that 
channel bifurcations in this sandy river 
should be unstable.  Data from the Niobrara 
River suggest that these analyses are 
inappropriate for systems undergoing net 
sediment deposition, a common condition for lowland rivers and deltas.   Enhanced sedimentation on the bed of the primary 
branch forces avulsion and switching between the branches through time.  Persistence of bifurcation patterns in sandy 
systems, whether in anabranching rivers or distributary deltas, does not necessarily imply steadiness of fl ow – in fact, it may 
require unsteadiness.

Progress on deliverables

Milestone/Deliverable Progress
Synthesis of existing laboratory and fi eld data 
on controls on channel mobility.

We are partway through our synthesis of laboratory 
and fi eld data on mobility and hope to have it 
complete and written up by the end of this year.

Controls on partitioning of water and sediment 
discharge at persistent channel bifurcations. 

We have begun study of water and sediment 
discharge through persistent channel bifurcations 
on the lower Niobrara River.  Time histories 
of water and sediment routing and adjustments 
to local channel width, depth and slope, both 
upstream and downstream from bifurcations are 
being collected.

Plans
We will complete the above project, determine basic controls on channel mobility and begin efforts to scale up results to 
the  fi eld and include effects of vegetation and fl oodplain fi nes at both experimental and fi eld scales. We will also attempt 
to extend these results to submarine channels. We are negotiating with ExxonMobil for access to sediment mixture that 
allows for fi ner-scale delta lobe development for application to potential control on avulsion and crevasse development for 
application to the Mississippi Delta. 

We will continue study of persistent channel bifurcations under conditions of net sediment accumulation and bed aggradation.  
This work is particularly relevant to lowland rivers and distributary-channel networks.  Results will be used to assess 
channels on the Mississippi River Delta.

FIGURE 11. Resultant cross-stream stratigraphy from the Low-Froude number experiment, 
1.75 m downstream from the feed point.  Strong surface reworking in the experiment led to a heavy 
channel bias in the deposit.  Clusters of large channel forms exist (in green) and are well correlated 
with migrating scours mapped from overhead surface images.
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SA10: Microbial effects on porosity and permeability

Microbially mediated cement precipitation can control porosity and permeability in the subsurface as well as critical 
transport stress in modern environments. To start, this project will focus on the production of carbonate mineral phases as 
early cement in shallow sedimentary deposits.  This cement will be precipitated by iron-reducing microorganisms.

Progress on Deliverables

Milestone/Deliverable Progress
Feasibility study of microbial cementation 
effects in experimental stratigraphy

This research will begin in Year 6.

Plans
In Year 6 we will initiate a new effort to combine NCED’s strengths in stratigraphic experiments and microbial biogeochemistry 
to explore biogeochemical controls on cementation, with emphasis on how stratal architecture controls microbial dynamics 
and cement distribution.

Executive Summary – Plans

Each of the ten sub-projects within Subsurface Architecture will move forward as described in the proceeding text. There 
are three primary lines of inquiry planned for next year: 

1.) Testing subsurface prediction methods (process based and statistical) against existing laboratory data from the 
XES basin. Experiments already completed cover a suffi ciently broad range in tectonic and base-level forcing to 
ensure that successful prediction methods satisfy a wide range of environmental conditions.  In addition to this 
testing, a fi nal XES experiment is scheduled.  This experiment will focus on the competition between subsidence 
and sedimentation that determines the development of axial versus transverse drainage networks. 

2.) Working with industry partners, NCED intends to acquire at least 1 subsurface data set including a 3D seismic 
volume and an appropriate set of well logs and core. These data will be used to test prediction methods already 
refi ned using XES stratigraphy. 

3.) NCED will also acquire at least one industrial 3D data volume from the Mississippi Delta. These data will be 
used to evaluate the prospects for subsurface research there.  In particular, these data will be interpreted to provide 
quantitative information on the depositional patterns and styles that allowed the Mississippi Delta to maintain itself 
before human intervention altered the natural balance between subsidence and sedimentation. Borehole data will be 
used to assess the degree of sediment compaction as a function of location and depth. 

►
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IIc. Stream Restoration Integrated Project

Project Team

Lead PI: Peter Wilcock
Project manager: Jeff Marr
Contributing PIs: Bill Dietrich, Jacques Finlay, Nicholas Flores, Benjamin F. Hobbs, Miki Hondzo, Gary Parker, Lesley 
Perg, Mary Power, Vaughan Voller, Greg Wilkerson

Executive Summary

The principal scientifi c challenges facing improved stream restoration practice may be broadly summarized as linking physical 
interventions to ecosystem response, connecting local actions to the watershed, and developing a coherent framework for 
defi ning, evaluating and implementing restoration objectives. NCED experimental studies have led to important progress on 
the effect of vegetation on channel geometry. This work is being extended to applications in stream restoration design and the 
management of regulated rivers and will be continued in a new outdoor experimental facility (OLERR) under development.  
Field and laboratory experiments on the relationship between nutrient uptake and channel properties have opened the 
possibility of designing stream channels for the purpose of enhancing nutrient uptake and improving the base of the food 
web.  This work is now being tested in StreamLab, our new multi-investigator, multi-discipline experimental approach to 
problems of stream dynamics. NCED is well positioned to develop and organize such collaborative experiments; we plan 
to expand this program to provide a community test bed for experimental studies at fi eld scale of linked physical-biological 
processes that cannot be effectively studied at reduced scale.  NCED work on sediment transport has made important steps 
toward our goal of being able to reliably route sediment through reaches and the channel network. We have demonstrated 
the resilience of armor layers in gravel-bed streams and developed physical and numerical modeling of the routing of gravel 
additions below dams. We have developed models for transport of fi ne sediment over coarse streambeds and developed a 
sand-routing model for 115 miles of the Colorado River in the Grand Canyon.

Meeting our goal of advancing the science and practice of stream restoration requires a focus on practitioners. In the 
past year, NCED has established a national presence in stream restoration through Partners meetings; short courses; 
presentations at conferences, public meetings, and consulting fi rms; workshops; our newsletter and community website; 
and our popular Stream Restoration Toolbox.   We have established a reputation for useful, open-source information and 
productive interactions with practitioners that should contribute to our ability to act as an honest broker in the evolving and 
sometimes contentious restoration business.  We have also developed very active research collaborations with agency and 
industry Partners via StreamLab, dam removal experiments, and application of our tools to river management problems.  
These close interactions with our Partners help to inform our research priorities, while positioning us to serve as a catalyst 
in transforming the expectations and standards of stream restoration practice.

Goal

The goal of the Stream Restoration Integrated Project is to advance the science and practice of stream restoration by 
conducting and coordinating research and by working with agency and industry Partners to identify information needs, 
develop improved tools, and transfer this knowledge into practice. We aim to promote a transition in restoration practice 
from an approach based on a single-discipline analogy to one based on multidisciplinary quantitative prediction.

Approach

Our approach has two key elements:

1) Stream restoration problems are inherently multi-scale and multi-disciplinary.  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.  
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2) To effectively advance restoration practice, we must move beyond a researcher’s perspective to that of the 
practitioner.  This is all the more important because the state of restoration practice is ill-defi ned, sometimes 
contentious, and highly varied in terms of training, practice, and the perceived need for the application of new 
research fi ndings. Improved methods will be communicated and changes in practice will be affected only if we have 
some understanding of the needs and attitudes of those in practice.  We strive to understand the issues facing those 
engaged in the industry and to use this knowledge to inform our research agenda and guide our knowledge transfer 
program.  

Accomplishments and Plans: Major Initiatives 

The Stream Restoration IP is involved in four major initiatives that transcend research project boundaries:

I.  Partner Interactions

NCED engages in a range of activities to foster bilateral, active communication with Partners in practice.  Most prominently, 
NCED has created a Stream Restoration Partners Group (SRPG), which includes government, private sector, and academic 
Partners and extends to allied organizations working on restoration research. The SRPG insures that the experience and 
needs of practitioners and regulators inform NCED’s research priorities, and that our results reach those who would benefi t 
from them quickly. SRPG met in February 2005 and will conduct its next meeting in July 2006.  NCED investigators are also 
actively involved in conducting (with academic and professional Partners) short courses for practitioners, which provide 
the opportunity for extensive two-way exchange of issues and information.  Although many of the Partner interactions are 
discussed under Knowledge Transfer, we summarize here key guidance we have received from our Partners and report on 
how these issues inform our research agenda.

1) A critical research question is: What is the effect of vegetation on channel geometry and dynamics?  Work 
under Project SR1 applies an innovative experimental approach to the interaction between vegetation and channel 
dynamics.  This work will be directly applied in evaluating channel and habitat change on large regulated rivers and 
in designing channel reconstructions below dams.  The experimental approach will be continued with a new outdoor 
facility being developed at SAFL.   

2) Institutional/social barriers to restoration practice are as important as knowledge barriers.  Work under Project 
SR8 is focused on establishing an understanding of social and institutional roles in the setting and selection of 
restoration objectives.  Interactions with Partners and practitioner groups strive to develop an open-source, 
collaborative approach to restoration based on sound research and the incorporation of uncertainty in a predictive 
design framework.

3) There is a pressing need for more and more effective project evaluation.  NCED has collaborated on a proposal 
for a national network of restoration monitoring under the GLOBE program.  Case studies are incorporated in SRPG 
meetings and an archive of post-project assessments is being developed within restoration courses.  

4) How can we predict the linkages between geomorphic design and ecological outcomes?  This question is the 
focus of our ecogeomorphic research under the stream restoration integrated project.  Focused projects include 
research at Angelo Coast Range Reserve and the StreamLab experiments.   

5) We need to get the latest science and methods to practitioners.  The latest research within NCED and by our 
research colleagues is being collected in publicly available short course materials and developed into practical tools 
in the  NCED Stream Restoration Toolbox.  

II. StreamLab

StreamLab is a multi-investigator, multi-discipline experimental approach to problems of stream dynamics. It fi lls a pressing 
need for fi eld-scale research under laboratory conditions of inherently cross-disciplinary topics combining sediment 
transport, channel morphology, eco-hydraulics, biogeochemistry, and aquatic ecosystems. Key elements of StreamLab 
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include (1) experiments conducted at fi eld scale with laboratory-scale control; (2) close cross-disciplinary collaboration; and 
(3) testing and application of new technology, particularly environmental sensors.  The inaugural StreamLab experiments 
(StreamLab06) are a major focus of the Stream Restoration Integrated Project in 2006/2007. Individual research topics will 
be mentioned under different projects below.  A broader overview of the project is given here.  

StreamLab06 is being conducted in the main channel at NCED’s St. Anthony Falls Laboratory headquarters.  It is a 
collaboration among more than 40 researchers, practitioners and students from across North America. In the past year, we 
have refurbished fl ow controls and the sediment recirculation system in SAFL’s main channel. A state-of-the-art sediment 
fl ux measurement system, designed by NCED engineers, was installed as part of this upgrade. Renovation of the fl ume’s 
sediment recirculation system began in Fall 2005 and was completed in January 2006.  The fl ume is large (9 ft wide, 
6 ft deep, and 275 ft long) and capable of fl ows up to 300 cfs. Sampler testing was conducted January through March 
2006 and has been completed, using fi rst a sand bed and then a gravel bed.  This work was conducted in collaboration 
with agency Partners USGS, US Bureau of Land Management, US Army Corps of Engineers, US Bureau of Reclamation 
Sedimentation Group, US Bureau of Reclamation Trinity River Restoration Program, USDA Forest Service, academic 
Partners University of Ottawa, Colorado State University, and University of Colorado, and consulting Partners Graham 
Matthews and Associates.

StreamLab06 experiments are divided into two categories.  The fi rst is ground-truth testing of bedload measurement methods 
and technologies, including innovative uses of acoustic Doppler velocimeters.  This addresses a strong Partner interest in 
developing improved fi eld methods for measuring transport rates in coarse-grained streams. This category was completed 
in March 2006.

The second category consists of a suite of experiments involving the interaction among fl ow, transport, sediment sorting, 
bed topography, hyporheic exchange, nutrient uptake, and periphyton distribution and abundance. These experiments nicely 
illustrate the motivation for StreamLab. Beginning in May, these experiments will continue for approximately six months. 
The experiments will use four basic bed conditions, using two sediment types, clean gravel and sandy gravel, each under 
two bed confi gurations, plane-bed and alternating bar.  Working with our Partners at Stillwater Science/CALFED, we will 
also conduct experiments involving bed armoring, gravel augmentation, and sand infi ltration. The physical, chemical, and 
biological processes to be investigated are interdependent: the physical confi guration controls the transformation and fl ux 
of nutrients, which together determine the distribution and abundance of periphyton, which infl uence the mobility and 
hydraulics of the riverbed.  One cannot understand one piece without the others.  NCED is addressing this with a team of 
researchers from different disciplines, working closely together under conditions with laboratory control and fi eld scale, 
with innovative measurement technology. More information is on our website at: www.nced.umn.edu/streamlab.html.

StreamLab is a concept that fi lls an important need in ecogeomorphic research and that can be supported only by a center 
with a combination of in-house facilities and expertise and an ability to provide partial support to outside collaborators.  We 
intend to continue and expand StreamLab efforts in the outdoor facility OLERR.

III. SAFL/NCED Bioengineering facility, OLERR

NCED’s Stream Restoration IP and SAFL have begun a joint project to convert two abandoned fl ood-bypass channels for 
St. Anthony Falls on the Mississippi River (adjacent to SAFL) into an outdoor laboratory for trans-disciplinary research 
on interactions among fl ow, transport, channel and fl oodplain dynamics, biogeochemical processing, aquatic ecosystems, 
and riparian vegetation. This facility will host continued StreamLab and other experiments as well as applied research 
on bank stabilization and other immediate restoration needs.  The essential motivation behind the facility is that the full 
suite of ecogeomorphic interactions is diffi cult to scale.  With a fi eld-scale outdoor fl ume, we can conduct the controlled 
experiments needed to develop and test models of ecosystem dynamics. As with StreamLab, the OLERR emphasis will be 
on multi-disciplinary research and collaborations involving non-NCED researchers. 

Land acquisition and facility design have been completed and construction on the fi rst of two facilities will begin in summer 
2006. Designed to fi eld scale, powered by 42 feet of Mississippi River head, and equipped with advanced sensing and data 
acquisition technology, OLERR is a transforming opportunity for research in ecogeomorphology and river restoration.
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IV. Mississippi Delta

NCED’s Mississippi Delta Initiative is focused on developing options for restoring the extensive loss of subaerial buffer 
between the Gulf of Mexico and the urban-industrial Mississippi River corridor (see Appendix G for a full description). Our 
goal is to understand how the interplay of fl uvial and biological processes helped create and maintain the natural delta, and 
to harness those processes to help restore the post-Katrina Delta today. 

Working closely with the Subsurface Architecture IP, we will focus on utilizing results from our ongoing research on 
channel and fl oodplain processes, as well as conducting new research specifi cally in the Mississippi Delta and other low-
gradient river systems, to develop tools for analysis of restoration scenarios for the Delta. One such tool in development is 
a numerical model that will provide a scientifi c basis for building land on the delta by means of planned fl ow diversions (in 
effect, controlled avulsions) from the Mississippi River. The model will be tested using data from the Wax Lake Delta, where 
such a process is occurring naturally. Other contributions will include the adaptation of methods from drainage network 
science to understand natural distributary system patterns and how they self-organize to nourish the delta surface, and using 
results from our collaborative research with the Desktop Watersheds IP to develop an understanding of the interplay between 
a delta’s depositional events and its rates of biotic colonization and succession, and between its rates of sedimentation and 
the thresholds for stabilization and destruction of critical plant communities. 

Accomplishments and Plans: SIP Project Plan 

Revisions to July 2005 Strategic and Implementation Plan

The list of SR projects presented in the original (July 2005) Strategic and Implementation Plan has been revised in relatively 
minor ways to make clearer the focus of individual projects and their connections with other projects and to refl ect 
management decisions made in the interim.  For completeness, these changes are summarized here.

1) Combine SR02 (Determine how physical channel attributes affect nutrient and contaminant dynamics) and 
SR04 (Bioengineering  and bioremediation techniques to improve productivity, species diversity, channel-fl oodplain 
exchange, nutrient uptake, and contaminant management) into one project: SR02 (Determine how physical channel 
attributes affect nutrient and contaminant dynamics, productivity, and species diversity).  SR02 and SR04 contained 
many of the same projects and SR04 also overlapped with part of SR01. 

2) To provide a clearer defi nition of project objectives, split SR01 (Predict trend and variability in bank stability, bed 
confi guration and texture, planform and fl oodplain geometry) into two projects, SR01 (Predict trend and variability 
in bank stability and channel geometry, including effect of vegetation) and SR04 (Floodplain sedimentation – styles 
and rates of deposition).

3) Eliminate old SR09 (Matching tools to goals: criteria for selecting modeling methods in restoration).  This is a 
general objective, more appropriately embedded in other projects, rather than an independent research project.

4) Replace topic of SR10 (Evaluate success of restoration methods on a management time scale) with “Standards 
and strategy for improved restoration training” and renumber as SR09.  The original project was a proposed working 
group on monitoring biological change.  Based on Partner input, the working group topic was switched to stream 
restoration training (workshop held March 30 - April 1, 2006; see ms. “Stream Restoration Training: Status and 
Proposal for a New Approach”).  In addition, a GLOBE proposal was submitted February 2006 on stream restoration 
monitoring.

5) Renumber SR11 (Place restoration in a watershed context) as SR10.
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Project SR01: Predict trend and variability in bank stability and 
channel geometry, including effect of vegetation

The size, shape, composition, and planform of the stream channel defi ne the 
physical framework of a stream restoration project. However, we are unable to 
reliably predict the channel geometry that arises from the complex interaction 
of these variables and how it will change in response to imposed anthropogenic 
and natural stresses. This research area focuses on the mechanics of channel 
geometry and its relation to channel planform, and the infl uence of vegetation and 
cohesive sediment on bank stability, channel planform, and fl ow dynamics.

At SAFL, we have completed a multi-year set of experiments studying the effect 
of vegetation on channel evolution and morphology. The experiments show 
how a repeated cycle of short periods of high water discharge alternating with 
longer periods of low discharge accompanied by plant seeding and growth will 
transform a braided channel pattern to a dynamic, single-thread channel with 
well defi ned banks and a fl oodplain (Figure 1). By eliminating weak fl ow paths 
the vegetation “corrals” the water into one or two well-defi ned channels until the 
reduction in total wetted area leads to a new self-organized state in which the fl ow 
removes vegetated area as fast as it is produced. The resulting system maintains 
a dynamic equilibrium in wetted area via many of the mechanisms – erosion at 
the outside of bends, bend growth, and bar development – that operate in the 
fi eld in single-thread channels. The transition from braided to meandering is 
associated with increases in mean channel depth, and decreases in total wetted 
width, velocity variability, depth variability, and channel migration rates. In 
addition, an overall increase in sediment storage with increasing vegetation 
leads to aggradation and superelevation of channels, resulting in avulsions and 
channel abandonment. A major fi nding is that a critical organizing parameter in 
the fl ow-sediment-vegetation system is the time scale for establishment of the 
vegetation relative to a characteristic channel or mobility time. This has strong 
implications for managing fl ood releases downstream of dams in such a way as 
to help minimize vegetation encroachment and the adverse effects on habitat. 

Part of successful restoration is promoting the natural process of channel 
migration across the fl oodplain. There remain large gaps in our understanding 
of the linkages between the discharge distribution, stable channel geometry, 
and rates of lateral migration. An important constraint on building and testing 
theoretical models for these processes has been the lack of a methodology for 
creating laboratory-scale channels of the most common form of channels in 
nature: single-thread channels with stable widths and migrating meanders. 
Model channels composed of non-cohesive sediment (sand, gravel) do not 
build bars and banks on the inside of migrating bends and consequently widen and subdivide, leading to a braided pattern. 
As described above, we have successfully shown that such channels can be experimentally developed using sand, vegetation 
(alfalfa), and variable water fl ow, and that the channels reproduce many of the behaviors of natural single-thread rivers. With 
the methods in place for reliably producing equilibrium single-thread channels, we are able to move towards investigating 
the effects of hydrology, sediment supply, and sediment size distribution on channel geometry (channel width and depth) 
and lateral migration. We have constructed a new fl ume (6.7 by 16.8 m) that is suffi ciently wide for high amplitude meanders 
to form and for channels to migrate freely without encountering side walls. Our most recent set of experimental meanders 
exhibit chute and neck cutoffs (a laboratory fi rst! see Figure 2) and oxbow lakes. We are currently performing careful 
studies on the coupling of bank erosion rates and bar-growth rates. We have identifi ed that lateral migration rates that allow 
point bar growth to keep pace with bank erosion (and maintain connection with the fl oodplain) are a key requirement for 
maintaining a stable geometry. Ongoing experiments consist of systematic variation of discharge and sediment supply to 
understand their infl uence on this process.  

►

Figure 1. Plan view of experimental channel

A braided morphology self-organized to an irregularly 
sinuous, single-thread channel with well defi ned 
banks and a fl oodplain by interaction of vegetation 
and variable discharge. A planview of the 8 m study 
reach of the fl ume at SAFL is shown (a) at initial 
unvegetated steady state, (b) after 6 fl ood cycles (24 
days), (c) after 18 fl ood cycles (72 days), (d) after 
23 fl ood cycles (92 days). Th e channel evolved to a 
dynamic steady-state such that vegetated area eroded 
along cut banks at the same rate that new sediment 
was deposited on point bars and a stable width was 
maintained. 

Figure 2.  Headcut and neck cut-off  in experimental 
fl ume at Richmond Field Station
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We have two ongoing studies on bank stability. In the fi rst, we are investigating the role of willow plantings in stabilizing 
stream banks.  Such bioengineered systems offer a less costly alternative to conventional bank stabilization practices and 
provide ecological, environmental and aesthetic benefi ts. This study of the effect of rigid cylinders on the near bank velocity 
distribution is intended to provide insight into the mechanical effects of streambank stability resulting from the technique 
of planting willow posts along eroding banks. A physical model study was performed in which wood dowels were used to 
model rigid vegetation. The objectives of the study were (1) to develop an analytical model for predicting depth-averaged 
velocities in trapezoidal and rectangular channels with submerged and un-submerged rigid cylinders on the banks and 
(2) to assess the effect of different cylinder confi gurations on depth-averaged velocities in trapezoidal open channels. In 
addition, we are working on an analytical model for predicting depth-averaged velocity distributions in straight trapezoidal 
or rectangular channels with newly constructed willow post systems. Data from three independent physical model studies 
are being used to validate the analytical model. Analyses we conducted demonstrate that important variables for reducing 
depth-averaged velocities in the vicinity of the cylinders are cylinder height, diameter, and density (number of cylinders per 
unit area); the arrangement of the cylinders (i.e., rectangular vs. staggered grid) was found to be inconsequential.

In our second study, we are addressing the challenges of 
modeling bank stability while accounting for the component 
of bank strength provided by cohesive sediment. We are 
investigating procedures for proper scaling of streambank 
strength through careful measurements of cohesive 
streambank erosivity in prototype streams.  Success will 
be judged by how well the model replicates the dynamics 
of the streambank erosion in the prototype. Overarching 
objectives include (1) developing a method for measuring 
the erodibility of cohesive stream banks in natural rivers 
and scaled river models, and (2) identifying quantifi able 
parameters for scaling erodibility. We are currently 
working on determining the most suitable mixture of 
sand and clay for this study. We will attempt to predict 
erodibility by considering the soil moisture content, vane 
shear strength, penetrometer test results, and the sand/clay 
ratio.

Finally, several NCED PIs have collaborated to develop non-dimensional hydraulic geometry relations for gravel-bedded 
rivers. Using four baseline data sets, they have shown that in an appropriate dimensionless form, the hydraulic geometry 
relations show a remarkable degree of universality (Figure 3). The physical basis for this universality is related to four 
physically-based relations: a Manning-Strickler-type relation for channel resistance, a channel-forming relation expressed 
in terms of the ratio of bankfull Shields number to critical Shields number, a relation for critical Shields number as a function 
of dimensionless discharge and a “gravel yield” relation specifying the (estimated) gravel transport rate at bankfull fl ow as a 
function of bankfull discharge and gravel size. These underlying relations are used to explore why the dimensionless bankfull 
relations are only quasi-universal, and to quantify the degree to which deviation from universality can be expected. 

Progress on deliverables

Milestone/Deliverable Progress
Laboratory and fi eld observations and conceptual 
model of vegetation-channel geometry 
interactions

Signifi cant research progress made on vegetation-
channel interactions, creating self-forming 
meandering streams in the lab, and on quantifying 
the effect on bank stability of willow posts and 
cohesive sediment.

Dimensionless relations for hydraulic geometry Relations developed and paper submitted.
Related tool in development.

Figure 3. Dimensionless bankfull width, dimensionless bankfull depth H, and 
down-channel bed slope S as functions of dimensionless bankfull discharge Q, in 
which the baseline data set has been augmented by the Maryland, Britain II and 
Tuscany subsets. All subsets are distinguished by diff erent symbols. 
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Plans
We will refi ne our laboratory meandering channels so that they achieve equilibrium, then move on to testing the effects 
of hydrology, sediment supply, and sediment size distribution on morphology as well as defi ne conditions necessary for 
meandering channels to form and not braid or exist at a threshold condition. Our current work on the effects of vegetation 
on channel evolution will be completed with the submission of three papers and the development of a Stream Restoration 
tool calculating the effect of variable discharge on vegetation and channel morphology. 

Future experiments will also address fl ow management questions on large regulated rivers such as the Platte River, Nebraska, 
and the Waitaki River, New Zealand. In addition, the effect of a large sediment input following dan removal and the input 
of woody debris in logged watersheds on channel morphology will be investigated.  

Project SR02: Determine how physical channel attributes affect nutrient and contaminant dynamics, 
productivity, and species diversity

Stream restoration actions often include alteration or complete reconstruction of the stream channel in order to achieve 
ecological objectives.  These objectives can include a reduction in sediment and nutrient loading to downstream waters, 
improvement of in-stream and riparian habitat, and recovery of individual species.  The effectiveness of these activities has 
been diffi cult to document.  Although it can be shown that nutrient uptake can vary with location and physical conditions in 
the channel, this does not indicate that amount of uptake associated with different channel confi gurations can be designed in 
a predictable way or that it is economically feasible relative to other management options. Although various habitat elements 
can be constructed, it is not always possible with current science to predict population responses of aquatic and riparian 
fauna.  

We are working closely with the Desktop Watersheds IP (see project DW2) to develop a predictive understanding of the 
response of essential biogeochemical processes and aquatic and riparian populations to different physical conditions.  By 
understanding these local dynamics, together with the broader ecogeomorphological gradients and thresholds discovered in 
DW, it would be possible to better inform and evaluate the ecological benefi t of restoration actions.

Work on this project falls under two general areas:

A.  Physical controls on nutrient dynamics and food web dimensions

Fundamental stream restoration design questions in this area include:  Can changes in bed topography and grain size 
signifi cantly increase nutrient uptake?  What grain sizes and spacing of channel features, scaled with discharge, provide the 
most effi cient uptake and retention? How do we design channel modifi cations to retain and route nutrients into desirable 
ecosystem constituents and allow outgassing of contaminants (Hg, excess N)?  Will constructed in-stream habitat (typically 
involving diversity in fl ow depth/velocity, substrate) move nutrients and energy into the food web in a manner that 
supports desirable changes in aquatic populations?  The research in this subproject is designed to help us better understand 
biogeochemical and population responses to physical environments and processes. We have fi ve research subprojects 
underway in this area:

A 1. StreamLab06

These experiments, due to begin in May, will explore the effect of substrate composition and bed topography on hyporheic 
exchange, nutrient uptake, periphyton distribution and abundance and the interaction of these ecosystem properties with 
sediment transport rates and patterns and bed surface sorting.  

A.2 Solute exchange model

We are developing a model for the exchange of solutes between the hyporheic zone and the streambed. The approach is to 
capture the two-dimensional transport of solutes by diffusion and advection via a pseudo (laterally averaged) one-dimensional 
(depth) diffusion model characterized by an enhanced dispersion coeffi cient. In this way it is expected that modifi ed and 
relatively simple one-dimensional diffusion models should be able to predict the movement of contaminates through a 
streambed – an approach that will be of practical benefi t in steam restoration projects. So far, a solution for the fl ow fi eld in 
a sediment streambed under the condition of a standing wave has been constructed. This solution has been coupled with a 
numerical solution of a two-dimensional advection-diffusion equation describing the solute transport in a cross-section of 

►
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the streambed. Appropriate lateral averaging of the results led to depth-averaged 
profi les used to calculate values for a depth-dependent enhanced dispersion 
coeffi cient.  This work involved an extensive testing of numerical approaches that 
would eliminate or reduce numerical dispersion and dissipation in the solutions. 
The values of the calculated depth-dependent dispersion coeffi cient show a 
dependence on the amplitude of the standing wave, often exhibit an interesting 
non-monotonic dependence on depth, and can be several orders of magnitude 
larger than the value of the molecular diffusion coeffi cient. Practical equations for 
determining the appropriate enhanced value to use in a given situation have been 
developed.

A 3. Nutrient management

The spatial variability of sub-reach denitrifi cation rates in streams was quantifi ed 
with respect to controlling environmental conditions, molecular examination of 
denitrifying bacteria, and dimensional analysis at the Angelo Coast Range Reserve,  
(ACRR). Denitrifi cation activities ranged from 0 and 800 ng-N gsed

-1 d−1 with large 
variations observed within short distances (< 50 m) along stream reaches. A log-
normal probability distribution described the range in denitrifi cation activities and 
was used to defi ne low (16% of the probability distribution), medium (68%), and 
high (16%) denitrifi cation potential groups. Denitrifying bacteria were quantifi ed 
using a competitive polymerase chain reaction (cPCR) technique that amplifi ed 
the nirK gene that encodes for nitrite reductase. Results showed a range of nirK 
quantities from 103 to 107 gene-copy-number gsed

-1 . A non-parametric statistical 
test showed no signifi cant difference in nirK quantities among stream reaches, 
but revealed that samples with a high denitrifi cation potential had signifi cantly 
higher nirK quantities. Denitrifi cation activity was positively correlated with nirK 
quantities with scatter in the data that can be attributed to varying environmental 
conditions along stream reaches. 

A high degree of spatial variability in denitrifi cation rates was measured within the 
ACRR, as well as within individual stream reaches (Figure 5). The stream reach 
variability is shown for Jack of Hearts Creek and Elder Creek where denitrifi cation 
activities varied by over 100 ng-N gsed

-1 d−1 within 50 m. Denitrifi cation potential 
values are labeled on the map showing a high potential in the side-stream pool, 
hot spots, with medium and low potentials scattered throughout the reach.  
Denitrifi cation hot spots are quantifi ed as “patches that show disproportionately 
high denitrifi cation potentials relative to the surrounding matrix.”  

The validity of using a log-normal probability distribution to describe 
denitrifi cation hot spot activity was tested against a comparable data set from 
an agriculturally impacted watershed in southern Minnesota (Seven Mile Creek 
Watershed). A histogram of denitrifi cation activities demonstrated a log-normal 
distribution.  Normalized denitrifi cation activities for ACRR and Seven Mile 
Creek followed nearly identical log-normal probability distribution (Figure 6).  
Our fi eld measurements suggest that a log-normal distribution can be used to 
quantify denitrifi cation hot spots.

Dimensional analysis was used to evaluate denitrifi cation activities according to 
environmental variables that describe fl uid-fl ow properties, nitrate and organic 
material quantities, and dissolved oxygen fl ux. The resulting expressions between 
dimensionless NO3 fl ux and dimensionless groupings of environmental variables 
showed consistent scaling, which indicates that the sub-reach variability in 

Figure 4.  Log-normal probability distribution 
(line) and histogram (bars) of denitrifi cation 
activities throughout the ACRR. Th e high, 
medium, and low denitrifi cation potential ranges 
were determined using the distribution statistics 
µ/σ and µσ as limits (high > µσ; µσ> medium > 
µ/σ; and low <µ/σ).

Figure 6.  A comparison of the log-normal 
probability distributions of denitrifi cation 
activity between the ACRR, CA (nitrogen 
limited watershed) and SMC, MN (1000 higher 
NO

3
 concentrations).  Th e denitrifi cation activity 

values were divided by the log-normal mean (µ) 
for each distribution.  

Figure 5. Map of South Fork Eel River 
(ACRR) and tributaries locating denitrifi cation 
potentials.
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denitrifi cation rates can be predicted by the controlling physical, chemical, and microbiological conditions (see Desktop 
Watersheds project DW02 for more detail).  These dimensionless variables can provide guidance in stream restoration 
efforts for promoting high or low denitrifi cation potential in streams.   

A.4 Coupling consumer-resource interactions and nutrient spiraling in a stream network

Our research is linking local food web dynamics with channel form and network position to understand how nutrients are 
cycled in natural, degraded and restored stream ecosystems. Ongoing projects include research to link watershed and in-
stream control over nutrient cycling and stoichiometry, integrating food web effects on nutrient spiraling, and understanding 
the infl uence of channel form and network position on nutrient fl ux and stoichiometry. Information on functional relationships 
between food web structure, metabolism and channel form in relatively pristine systems (e.g., ACCR) provides necessary 
baseline information to inform channel restoration efforts. At ACCR we have found that food web structure is related to 
channel size and carbon inputs.  In less pristine systems, differences in carbon sources in these food webs likely have a 
strong infl uence on contaminant movement to higher trophic levels since metals and organic pollutants are transferred 
differentially through autotrophic vs. detrital based food webs. We are exploring this infl uence in new research in 2006. Our 
work also shows that food web structure and carbon cycles are important to understanding of nutrient spiraling and fate in 
channels. Preliminary results of nutrient cycling research at ACCR show clear differences in nutrient transport related to 
network position and food web structure. A new NSF grant generated by NCED will explore the effect of food web structure 
and stream metabolism on nutrient transport and fate in rivers.  Details on this work are provided under DW2.

A.5 Tracer development for food webs and ecosystems in channels

To manage and restore stream ecosystems, we need tools to identify the sources of production supporting native consumers, 
and to understand the infl uence of habitat structure, non-native species, and excess nutrients on production in stream food 
webs. Stream food webs are spatially complex, and little is known about the sources of production or the scales of interaction 
among organisms or stream habitats.  Through understanding of natural variation in stable isotope ratios in the environment, 
we are making substantial progress in developing tracers of carbon and nitrogen and other elements to examine organic 
matter and nutrient sources and cycling, and food web interactions in watersheds. For example, we have applied recently 
refi ned tracer techniques to understand the infl uence of salt cedar on stream food webs.

B.  Vegetation dynamics

White alders, the dominant native riparian tree along many California coastal rivers, are critical for stream restoration 
because of their roles in 1) channel shading and cooling; 2) bank 
stabilization and provision of habitat. The latter includes riparian 
corridors important for birds and bats, and underwater cover 
that protects fi shes from predators and high fl ows.  The role of 
alders in nitrogen fi xation may be important for stream ecosystem 
productivity as well, but remains to be quantitatively evaluated.  
Alders also may have potential as a remediation tool for the uptake 
of heavy metals.  

Studies (see DW2) suggest that alders are themselves limited by 
different factors in different channel positions.  Higher in drainage 
networks, and in mainstems where channels are confi ned, they 
may be light limited.  In these habitats, dense groves of alders 
will likely not persist, as individuals succumb to competition for 
light.  In wider, open channels, however, winter scour is likely to 
replace light as a limiting factor.  In these habitats, dense groves 
of alders do persist in even-age Cohorts, which have potentially 
strong impacts on channel morphology.  NCED investigators 
are presently monitoring channel cross sections to determine the 
effect of dense groves of alders that recruited in 1999-2000.  We 
hypothesize that trees may cause channels to narrow and deepen, 
and possibly convert from single thread to multiple channels by 

Figure 7
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establishing mid channel berms and island bars.  All of these changes would favor native salmonids and other cold-water taxa 
over the warm water fauna (frogs, introduced Midwestern fi shes) that thrive under the wider, shallower, warmer conditions 
in alder-free reaches.

Figure 7 shows contrasting effects of riparian grove density on survival of riparian white alder saplings (4 years old) at 
different channel positions.  We are exploring the hypothesis that alders experience self thinning (negative effects of density 
on survival, e.g., White House Seep 1.) in river reaches where confi nement or aspect limits hours of sunlight, and positive 
effects of density on survival  (‘Allee Effects’, e.g., Globi Transect 2.) in long straight reaches subject to high shear stress 
during high winter fl ows.

Progress on deliverables

Milestone/Deliverable Progress
Initial fi eld data connecting channel composition/
confi guration and water residence time with 
nutrient cycling, contaminant bioavailability, 
and aquatic/riparian biomass

Progress made on all fronts as described above.

Solute exchange model First phase of model complete.
Design and initiate development of OLERR 
(Outdoor Laboratory for Ecogeomorphology 
and River Restoration)

Design completed – construction begins this 
summer.

StreamLab06 Experiments designed and scheduled to begin in 
May 2006.

Plans
In addition to collaborating in plans reported in DW2, we will pursue the following:

The relative ease of rearing alders from seed will facilitate experiments that evaluate habitat suitability and best practices 
for planting riparian alders for stream habitat improvement.

Mary Power and James DeWolf (a neighbor near the ACRR) have reared a cohort of young alder trees from seed, and are 
investigating their culture in hydroponics as a tool for channel restoration (channel shading and temperature mitigation; 
bank stabilization).  This project would involve Jesse DeWolf and Shayla Workman, two Native American (Cherokee) fi eld 
and laboratory assistants, mentored by Power.

We will begin new research aimed at understanding how differences in carbon sources in food webs infl uence contaminant 
movement to higher trophic levels given that metals and organic pollutants are transferred differentially through autotrophic 
versus detrital based food webs.

Construction of the OLERR will begin Summer 2006.

Project SR03: Develop “fi sh equations” for predicting dynamics and distribution of fi sh in streams

NCED researchers are working closely with our Partners at Stillwater Sciences to build a spatially-explicit watershed-scale 
salmonid population model.  The model consists of three components:  1) a “GEO” model which uses digital topographic data 
to estimate channel scale and morphology; 2) a “HAB” model which for each life stage of the salmon in the river estimates 
carrying capacity based on estimated habitat availability; and 3) a “POP’ model which accounts for density-dependent and 
-independent interactions to determine the number of individuals at each life stage.  The current model assumes steady state 
conditions.  A dynamic salmonid population model, to be developed in the next 5-7 years, will enable us 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 sustainable resource harvest, ecosystem protection, and restoration.  The model can be 
used to explore the factors limiting salmon populations over entire watersheds and evaluate restoration actions for increasing 
salmon populations.  Details on many of the research activities supporting development of this model are described in the 
Desktop Watersheds section.  

►
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NCED researchers have investigated impacts of channel habitat 
structure on salmonids and the food webs that support them over 
several spatial scales.  In one study, we examined the effect of riverbed 
texture and deposited fi ne sediment on salmonids.  Excessive loading 
of fi ne sediments to channels has been markedly increased by human 
land use, and has degraded spawning and rearing habitat for salmonids 
and contributed substantially to their declines.  While impacts of 
deposited fi nes on salmon redds have been studied extensively, the 
effects on juveniles had not yet been quantitatively evaluated.  In a 
fi eld experiment in the South Fork Eel River, NCED investigators used 
a manipulative fi eld experiment to evaluate the impacts of deposited 
fi ne sediment on juvenile steelhead and the food webs that support 
them.  The streambed was manipulated to establish six concentrations 
of fi ne deposited sediment (ranging from zero (‘freestone’ substrate) 
through 100% embedded (enough sand to cover the tops of framework 
gravel, pebbles and cobbles).  Stream channels were left open for 30 
days, and behavioral observations documented more use by juvenile 
steelhead of less embedded channels.  After 30 days had allowed natural 
colonization by benthic insects, the upstream and downstream ends of 
channels were enclosed, and two juvenile steelhead were stocked (the 
density of one individual per square meter was within the typical range 
observed for free swimming fi sh).  We found that growth of steelhead 
decreased linearly with the embeddedness of the substrate—there was 
no threshold for this effect (Figure 8) as assumed by EPA Total Minimum 
Daily Load criteria for sediment as a pollutant.  The decrease in juvenile 
growth resulted from decreased food availability and the metabolic 
costs of increased activity and intra-species aggression with deposited 
fi ne sediment loading.  

Invertebrates changed from available epibenthic taxa (mayfl ies, stonefl ies) that were available to fi sh on freestone substrates 
to unavailable burrowing infauna as fi ne deposited sediments increased (Figure 9).

Steelhead in more embedded channels lacked visual cover from each other and from potential avian and fi sh predators, and 
showed more continuous movement and higher levels of aggression and consequent injury.  This study (Suttle et al., 2004) 
showed that deposited fi ne sediments in river beds decrease growth and survival of juvenile steelhead, and that there are no 
“safe” levels—performance decreases with every increment, and increases with every decrement of fi nes stored in the bed 
during the summer rearing period.   

In summer 2005 we evaluated the impact of deposited fi ne sediment on larval Pacifi c lamprey (Lampetra tridentate) growth. 
Lamprey spend the fi rst several (4-6) years of life in rivers, migrating to feed parasitically on large fi sh and whales in the 
open ocean, and return to natal freshwaters to reproduce and senesce. Larval lamprey are fi lter feeders that burrow and live 
within river substrates, often in depositional environments.  In contrast to impacts of deposited fi ne sediments outlined above 
for juvenile salmonids, juvenile lamprey grew faster with increased fi ne sediments deposited in riverbeds.  Like salmonids, 
anadromous lampreys are also declining in western rivers, despite high fi ne sediment loading into channels.  These results 
suggest that factors other than the bed texture in juvenile habitats (e.g., migration passage for adults) are responsible for 
lamprey decline.  

At larger (whole pool) scales, we observed the use by free-swimming juvenile steelhead of areas of streambed that were 
naturally embedded or sediment-free.  After collecting data on the average occupancy of marked quadrats and the feeding 
rates of steelhead within these quadrats, we re-arranged fi ne sediments.  A bilge pump was used to vacuum clean embedded 
areas, and fi ne sediments were added to formerly sediment free patches.  This manipulation separated the effects of 
bed composition from other confounding factors, for example, the hydraulic factors related to channel position that had 
initially caused differential deposition of fi ne sediments during higher spring fl ows.  (Fines were not entrained by the 

Figure  8.  Juvenile steelhead growth rate as a function of 
substrate embeddedness in fi eld enclosures.

Figure  9.  Change in invertebrate type as a function of 
substrate embeddedness in fi eld enclosures 
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low fl ows during the summer experimental period.)  Steelhead 
were subsequently observed over both the manipulated and 
un-manipulated control quadrats.  We found that fi sh use of 
artifi cially embedded areas decreased, and their use of cleaned 
areas increased, suggesting that at the scale of open pools, fi sh 
selected substrates that were free of fi ne sediments even when 
these were artifi cially created in depositional (lower fl ow) 
areas of the channel.

At the largest (river reach) scale we have studied to date, we 
and Partner Stillwater Sciences followed individually marked 
juvenile Coho salmon and steelhead in Devil’s Gulch across 
32 study reaches (8-30m) with contrasting habitat features. 
Approximately 2200 individual salmon were tagged with 
RFID’s in late September 2005, and have been followed 
subsequently with a combination of RFID antennas deployed 

in the creek, surveys with a hand-held reader, and electro fi shing surveys. Figure 10 shows the decline in the number of 
juvenile Coho (<1yr old) and steelhead (<1 yr old = 0+, >1yr old = 1+) that were detected in the study reach of Devil’s 
Gulch (>70% of the usable habitat) over the course of several high-fl ow events in winter 2005-2006. Two important points 
are that >1 yr old steelhead (1+) suffered only minor losses from the very high fl ow event ~Jan. 1-10 (15-20 yr recurrence 
interval), and by comparison juvenile Coho were disproportionately affected. Loss of individuals is due to a combination of 
direct mortality and export from the study reach into Lagunitas creek.

These data are among the fi rst to track closely how individual fi shes of different species and age/size classes are re-distributed 
during and after fl ood events. They support the hypothesis favored by F. Ligon that Coho are limited by available cover that 
help them fi nd still water refuge during winter fl ows.  These conditions have been exacerbated by the removal of large wood 
from most US rivers and streams draining into the Pacifi c.  

Progress on deliverables

Milestone/Deliverable Progress
Fine sediment deposition and salmonid growth 
rates; user interface for salmon DW model; 
tested predictive equation from ACRR site.

Progress on effects of fi ne sediment as described 
above. 

Plans
We will continue to follow marked individuals to evaluate the types of physical structures in streams that help fi shes survive 
events that create population bottlenecks.  These studies will help us understand whether, in restoration efforts, practitioners 
should introduce many small piles of wood debris into channels to recreate Coho shelter, or fewer but larger piles.  More 
frequent smaller piles might be easier for young fi sh to fi nd as discharge rises during fl oods, but during high fl ows, small piles 
may not be suffi ciently large to sustain still water refuge (in Devil’s Gulch, much of the woody debris was exported during 
the larger fl oods of spring 2006).  Larger piles might offer greater stability, but also might be more likely to harbor larger 
fi shes, and increase risks of predation for young fi sh sheltering within them.  Clearly, following the fates of individually 
marked fi sh of various sizes and species in contrasting habitats through fl oods, and other periods of risk or stress for 
individuals, will be important for establishing the ecological scaling relationships between physical structures in channels, 
fi sh size, and individual performance (growth, survivorship, movement) needed to optimize structural modifi cations made 
in hopes of improving rearing freshwater habitat for salmonids and other taxa of concern.

We will pursue funding to expand this project to include 1-2 other streams of similar size with different anthropogenic 
impacts (fi ne sediment loading and coarse wood removal/channel modifi cations). We will develop a spatially explicit 
stochastic population dynamics model that will improve on previous models by incorporating fi eld-based parameters for 

Figure 10. Change in abundance of three species of fi sh following fl ood 
events.
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movement, growth and survival probabilities associated with different habitat conditions. This approach will use the simple 
but fl exible framework of a series of nested matrix models. 

Project SR04: Floodplain sedimentation – styles and rates of deposition

An understanding of fl oodplain dynamics is of critical interest to stream restoration as the reconnection of channels with 
their fl oodplains is a primary restoration strategy for providing complex wildlife habitat, supporting riparian vegetation 
communities, sequestering nutrients and contaminants, and protecting delta shorelines. Work to date has focused on channel-
fl oodplain exchanges of sediment and the co-evolution of channels and fl oodplains in sand-bedded rivers. In the coming 
year we will begin a experimental, fi eld and laboratory study of rates and locations of fl oodplain deposition in low-gradient 
systems, with application to Mississippi Delta restoration.

We have an ongoing project studying the co-evolution of channels and fl oodplains of sand-bedded rivers with an emphasis 
on three topics: a) large-scale modeling of channel-fl oodplain co-evolution at geomorphic time scales in response to sea 
level rise; b) channel-fl oodplain co-evolution at engineering time scales and c) modeling the exchange of sediment between 
channel and fl oodplain associated with meander migration. This project has produced two additional publications this year 
(Akamatsu et al., 2005 and Lauer et al. 2005) and one tool for the Stream Restoration Toolbox (“Appropriate Use of Bank 
Stabilization for River Rehabilitation: A diagnostic tool”). 

We are studying the net local removal of fl oodplain sediment by river meander migration. Erosion from the banks of 
meandering rivers causes a local infl ux of sediment to the river channel.  Most eroded sediment is usually replaced in nearby 
point bars.  However, the typical geometry of river bends precludes the local replacement of all eroded material because 
1.) point bars tend to be built to a lower elevation than cut banks and 2.) point bars tend to be shorter than the eroding portion 
of cut banks because of channel curvature.  In a fl oodplain that is in .equilibrium (i.e., neither increasing nor decreasing in 
volume), the imbalance due to differences in bank height should be balanced primarily by overbank deposition elsewhere 
on the fl oodplain, while the imbalance caused by curvature should be balanced primarily by deposition in abandoned stream 
courses or oxbow lakes. Estimates of these imbalances based on remotely sensed measurements of local bank geometry and 
channel migration have been made on four systems in the United States: a 91 km reach of the Pearl River in Louisiana and 
Mississippi, a 62 km reach of the Bogue Chitto River in Louisiana, a 35 km reach of the Neuse River in North Carolina, and 
a 2.7 km reach of the Vermillion River in Minnesota.  For these systems, the total imbalance ranged from 0.36 to 2.27 m³/yr 
per meter of valley length, (0.15 to 1.32 m³/yr per meter of channel length), or 7 to 45 percent of gross cut-bank erosion, 
with a typical value of about 17 percent.  When compared with gauged suspended sediment data, the measurements provide 
estimates of the relative importance of fl oodplains for storing material transported by a river system.  The data suggest that 
on the actively migrating reaches of the studied systems, a signifi cant portion of the channel’s sediment load is likely to have 
recently spent some time stored in the fl oodplain. This study has yielded two abstracts and a conference paper.

We are also working to develop a model for identifying the time scale for natural attenuation of a contaminated sediment 
wave as it travels through the fl oodplain, and assess in a general sense the long term evolution of a typical channel cross 
section. We are examining the fl oodplain of the Clark Fork River between Warm Springs and Garrison, Montana, which is 
contaminated with fi ne mine tailings deposited during several large fl oods approximately 100 years ago.  If left alone and 
given enough time, the channel of the Clark Fork River would naturally rework the contaminated sediment and eventually 
remove most of it from the valley.  Based on the thickness of the contaminated sediment deposits, the tailings raised the 
level of the fl oodplain on the order of 10 to 30 cm within the meander belt of the river, changing the bankfull capacity of 
the channel.  A large tailings basin constructed around 1918 and enlarged periodically until about 1995 controls fl ow from 
approximately 60 percent of the contributory watershed area at the upstream end of the study reach.  Both the tailings 
themselves and the tailings basin have affected the hydraulic and hydrologic characteristics of the system.  Since the tailings 
basin currently captures most incoming contaminated sediment, the fl oodplain downstream of the basin represents one of 
the most signifi cant sources of contamination for the system.  The time required for the natural removal of the contaminated 
sediment from the fl oodplain is controlled primarily by the width of the fl oodplain and the rate at which the channel migrates 
laterally.  The model assumes a decoupling between the volume of sediment eroded from the fl oodplain due to bank migration 
and the volume deposited in point bars or on the fl oodplain during fl ood events, allowing channel geometry and bankfull 
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capacity to evolve over time in response to historic changes in fl oodplain elevation. This year we have preliminary results 
showing that without human intervention, tailings could remain on the fl oodplain for thousands of years.  It also indicates 
that the contamination of river fl oodplains with pollutants that are adsorbed to fi ne sediment occurs primarily because of an 
overloading of fi ne sediment, i.e., at levels much higher than the natural sediment yield. 

We are studying tie channel evolution using physical models. Tie channels connect rivers to off-river water bodies along 
many lowland river systems. In addition to transferring water and sediment to fl oodplain lakes, tie channels serve as a 
critical ecological links. Floodplain lakes provide refuge, breeding and food to many fi sh species. The alterations of many 
river systems by levee construction and agriculture have eliminated this vital connection. Field studies of tie channels 
indicate that these channels are long-lived (100s to 1000s of years) stable channels that steadily propagate into these lakes 
by deposition from sediment-laden jets. For tie channels, as well as all forms of deltaic channels, the mechanism by which 
these channels form and evolve is poorly understood. Restoration efforts to re-establish connectivity between rivers and 
fl oodplains would be greatly enhanced by understanding the morphodynamics that produce these stable, self-maintaining 
channels. Additionally, efforts to divert sediment into eroding coastal regions such as the Mississippi Delta will require the 
ability to predict how channel systems will develop and sediment will be distributed in response to these efforts.

The experiments consist of a large (3 x 8 x 0.6 m) basin into which we introduce a jet laden with plastic particles. We 
observe that the interaction of the infl owing jet and the still basin water leads to intense shear zones along the margins of 
the jet and the development of “quasi-“ two dimensional large scale turbulent structures. Our results to date indicate that 
levee development is maximized in the transition zone to quasi-2D turbulence. Once distinct lateral shear zones break 
down, however, the large-scale turbulent structures are no longer constrained to a narrow portion of the basin and sediment 
deposition occurs across a broad area and levee development ceases. Ongoing work focuses on developing a prograding 
channel system and making detailed measurements of the fl ow-fi eld interaction with the evolving channel morphology. 
Using particle image velocimetry (PIV) we will look at the spatial patterns of sediment entrainment and deposition by large-
scale turbulent structures across the infl owing jet. 

Progress on deliverables

Milestone/Deliverable Progress
Models for channel-fl oodplain exchange of water 
and sediment and co-evolution of channels, 
meanders, fl oodplains

Two publications and a preliminary version of a 
tool for the Stream Restoration Toolbox

Model for tie channel evolution Scaling issues resolved, formation of subaqueous 
levees achieved, and relationship between initial 
deposition and hydrodynamics established.

Plans
Three additional papers will be submitted in Year 5 for this project: “Net local removal of fl oodplain sediment by meander 
migration”, “Unraveling the conundrum of river response to rising sea level: from the laboratory to the Fly-Strickland 
River System, Papua New Guinea”, and a joint paper with the SA IP on level channel formation across terrestrial and 
submarine settings. In addition, two fi nal tools for the Stream Restoration Toolbox (“Appropriate Use of Bank Stabilization 
for River Rehabilitation” and “Channel Planform Statistics”) will be released. Our work on modeling levee development 
will involve continuing work to advance our understanding of levee development and channel evolution coupled with 
measuring hydrodynamic responses to morphological development. Finally, this project will begin major experimental, fi eld 
and laboratory study of rates and locations of fl oodplain deposition in low-gradient systems as part of the Mississippi Delta 
Initiative described in “Accomplishments and Plans – Major Initiatives” above.

Project SR05: Dam removal – erosion and fate of reservoir sediment, downstream sediment dispersal including 
impact on channel and ecosystems

Many river restoration projects are either motivated by or affected by the removal of a dam and the ability to predict the 
physical and ecological response of dam removal is important for project success. In particular, our Partners Group has 
indicated that research on dams and dam removal on rivers and streams is a subject area with critical needs in basic research, 
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tool development and community coordination. For these reasons, the SR has a project 
focused on effects of dams and dam removal on physical and ecological river processes. 
At a recent workshop on dam removal sponsored by NCED, attendees determined that 
dam removal research can be usefully organized into upstream and downstream issues. 
Upstream issues are those related to the reservoir, e.g., reservoir sedimentation, delta 
progradation and response to base-level rise and fall (an area we research jointly with the 
Subsurface Architecture IP). Downstream issues include the river’s response to changes 
imposed by dam installation, including altered hydrographs, changes in sediment supply, 
vegetation encroachment and colonization, and changes in river grade. The downstream 
issues for the case of dam removal involve physical and ecological responses to rapid and 
sustained changes in sediment and water supplies.

Upstream Research: A major focus of SR research is understanding the process of delta 
propagation into reservoirs, which is critical to understanding what will happened to the 
delta should the dam be removed. We note that this research is also of interest to the 
SA IP and our Mississippi Delta Initiative. In Year 4, we expanded our model of delta 
propagation from a 1D model (concerned only with delta length) to a 2D model (includes 
variations in basin width) and explored the differences in the rate of progradation and the 
shape of the delta front under different conditions of base-level fall. A diffusional model 
describing the form of propagation was developed using the fi nite elements approach. 
Preliminary results show an interesting response of the delta shape to the geometry of the 
domain. In particular, the results of the numerical simulations show that the prograding 

delta front is convex-shaped for the case of a divergent channel (Figure 11) and concave-shaped in the case of a convergent 
channel. 

Past NCED research has involved fl ume experiments and numerical modeling of the erosion and reworking of deltaic 
sediment post-dam removal. We reported a phenomenon of erosional narrowing 
of the channel following sudden removal of dams in fully impounded reservoirs 
(Cantelli et al., 2004), a result that provides a twist to the general belief that an 
incisional channel widens immediately post-removal. This work is based on 
physical experiments, in which we found that, in the early stages of knick-point 
incision, the channel initially becomes signifi cantly narrower as it degrades and 
progrades upstream. It then ultimately widens as the streamwise slope lowers. We 
have developed a simplifi ed 1-D model of the phenomenon and implemented it 
numerically [Wong et al. 2004]. The results of this research have application in dam 
removal as they provide insight into sediment yield resulting from dam removal. A 
tool for the SR Toolbox was developed from this work and can be downloaded from 
our website.

Collaborative work done through the NCED Visitors Program with SRPG member 
Gordon Grant and student Chris Bromley involved a geometrically-scaled model study of Glines Canyon Dam removal. 
The setting differs slightly from the work described above in that the Lake Mills Reservoir is only partially fi lled with 
sediment. In the study we tested various scenarios for removing Glines Canyon Dam in order to determine the means of 
removal that minimizes erosion of the delta. Initial results from this work were produced in Year 4. The data suggest that 
(1) the volume of erosion in the delta increases with the initial lateral position of the incisional channel (center delta versus 
against the valley wall), (2) the volume of erosion in the delta increases with the magnitude of the drop in pool elevation, 
and (3) increases in volume of erosion from the delta result in increases in the distance material is transported downstream 
in the reservoir (Figure 12)

Downstream Research: NCED is collaborating with Partners Stillwater Sciences and the California Bay-Delta Authority, 
and collaborative investigator, Leonard Sklar (San Francisco State University) to better understand sediment transport 
dynamics downstream of a dam post-dam removal. The study focuses on three aspects of the sediment transport dynamics 
following dam removal: (1) the infi ltration of dam removal released fi ne sediment into gravel-bedded downstream 

Figure 11. Model results of delta 
progradation in a divergent versus 
convergent domain under constant 
base-level fall. 

Figure 12. Measured amounts of delta erosion 
from three initial channel position. Here, 
L=left, R= right, and C = Center postions.
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channel bed; (2) two-dimensional sediment deposition/erosion patterns as a result of dam removal or other sediment supply 
disturbances and their correlation with reach-averaged channel responses; and (3) the primary controls of sediment release 
following dam removal.  So far we have fi nished three fl ume runs with regard to focal question No. 1.  Preliminary analysis 
of the results indicates that a quicker and shorter fi ne sediment release will result in less fi ne sediment infi ltration (Figure 
13), contrary to our pre-experiment hypothesis.  In addition, the results indicate that there is a coherent relation between 
the saturated fi ne sediment fraction and the grain size distributions of the bed material and infi ltrating fi ne sediment (Figure 
14).  Vertical profi les of fi ne sediment fractions indicate that fi ne sediment infi ltrates only to a limited depth into the bed, 
and an equation describing the vertical profi le of stable fi ne sediment fraction was derived based on the experimental data 
(Figure 15).  It is expected that the results from the three experimental runs not only provide useful guidance to dam removal 
projects but also provide important insights into fi ne sediment infi ltration processes and can be the fi rst step toward the 
development of a physically based numerical model.

NCED’s “Flume on the Mall” education collaboration (See Education section) with Gordon Grant of the USFS continues on 
as a basic research project investigating the effects of increased sediment fl ux resulting from dam removal on the downstream 
vegetated channel. The experiments begin with a self-formed, equilibrated, vegetated single thread channel (Figure 16). 

Figure 13.  Predicted fi ne sediment (sand) fraction in the top 
subsurface layer (i.e., subsurface layer immediately beneath the 
surface layer) for the three runs.  A total of 1.44 metric tons of 
fi ne sediment was fed in each of the three runs.

Figure 14.  Comparison of measured and predicted fi ne sediment 
fraction following 100 hours of fi ne sediment infi ltration.  Th e fi ne 
sediment fraction is assumed to be saturated due to the prolonged 
infi ltration period.

Figure 15.  Vertical profi le of fi ne sediment fraction, indicating 
the rapid decrease in fi ne sediment fraction deeper into the 
deposit, where H denotes depth measured downward from 
channel surface, Dgg and Dsg denotes geometric mean grain 
sizes of the bed material and the infi ltrating fi ne sediment, 
respectively, σgg denotes the geometric standard deviation of 
the bed material, fs denotes fi ne sediment fraction in the deposit 
following infi ltration, and fss denotes saturated fi ne sediment 
fraction in the deposit.

Figure 16. Image of equilibrated, vegetated channel prior to dam 
removal.
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A step increase in sediment supply is imposed on the system; representing an upstream dam removal. Initial results from 
these experiments suggest that the increase in sediment supply results in upstream aggradation, burial of vegetation at the 
bars and bank and an increase tendency for the fl ow to go over-bank and fl ood. 

Progress on deliverables

Milestone/Deliverable Progress
Predictive models, tested with laboratory and 
fi eld observations, of delta evolution, sediment 
dispersal, and downstream channel change  

Dam Remover: Mark1 (Single grain size) tool 
added to the Stream Restoration Toolbox.
Dam Remover: Mark2 (Multiple grain size) tool is 
in development and will be released in Year 5.

Experiments on the effect of pool level on delta 
reworking

Continuation of experiments on base-level changes 
and resulting delta reworking and shoreline 
movement in JT and Delta Basin.

Experiments on the effect of pool level on delta 
reworking

Continuation of experiments on base-level changes 
and resulting delta reworking and shoreline 
movement in JT and Delta Basin.

The impact of fi nes on vegetated channels Experiments extending from “Flume on the Mall” 
experience are continued in Year 4; investigate 
effect of fi nes from dam removal on stable 
vegetated channel.

Scale model testing Initial data for Glines Canyon experiments 
produced in Year 4. Papers submitted for review.
Second phase of Glines Canyon experiments run 
for USBR by NCED-SAFL. Stillwater/CALFED/
NCED experiments on fi ne sediment propagation 
downstream of dams (Richmond Field Station).

White paper on dam removal research needs Paper will be fi nalized and submitted for 
publication in Year 5.

Plans
NCED will continue to focus on issues important to dams and dam removal. Physical experiments will continue on a number 
of fronts. We will conduct a series of experiments on reworking of mixed grain sized deltas and examine the effects of grain 
size heterogeneities and stratigraphy. Experiments will be conducted in Year 5 in support of the numerical work on delta 
progradation rates and shape in convergent and divergent reservoirs. A scale-model study is likely to occur in Year 5 of the 
Matilija Dam removal. The SAFL, NCED and USBR will collaborate on this project. Work has begun on the next version 
of the Dam Removal tool, Dam Remover: Mark 2, which will incorporate multiple grain sizes into the delta. The exciting 
addition of a major outdoor research facility at the SAFL, OLERR, will begin in Year 5 with the Land-Use Dynamics Basin 
slated for use in summer of 2007. The basin will have the capability for fl uvial and basin-type research including both 
upstream and downstream research issues. 

Project SR06: Improved methods for reach and network routing of water and sediment

An inability to predict sediment supply (both mean and variability) is the primary technical barrier to predicting future 
channel confi guration and composition. Development of predictive sediment supply relations requires a means of determining 
sediment storage throughout the stream network and a reliable treatment of sediment storage in reach-scale transport models.  
This project is a collaboration with the Desktop Watersheds IP (project DW6), with the goal of scaling up predictive transport 
modeling to the reach and network scale.  We will develop reach-averaged transport models incorporating storage dynamics 
and test these models at the watershed scale in different transport environments.  We are currently developing models for 
routing sand and fi ne gravel through coarse immobile beds. StreamLab06 also focuses on storage and routing of both fi ne 
and coarse sediment.  In addition, we are working on developing radio tag (RFID) tracking of gravel clasts as a technology 
to support routing research.

►
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On the routing of fi ner sediment through coarse immobile beds, we are proceeding on two fronts: routing of fi ne gravel 
through coarse and very steep streams and routing of sand through large canyon rivers with a coarse immobile bed.  Our 
work on steep streams is described in DW6. On the routing of fi ner sediment, NCED Visitor Paul Grams completed two 
series of experiments at SAFL.  These involved the transport of fi ne sand over fi xed hemispheres and were used to develop 
a relation for the near-bed sand concentration as a function of fl ow strength, sand grain size, and the elevation of the sand 
bed relative to the top of the roughness elements (Figure 11). This relation was tested in the SAFL main channel using fi ne 
sand transport over a 55m bed of closely packed 15 cm hemispheres.  The tested near-bed concentration algorithm was then 
used in a reach-averaged model for sand routing in the Grand Canyon, developed in collaboration with NCED Partner Grand 
Canyon Monitoring and Research Center.

Radio tags (RFID) are being investigated in both fi eld (ACRR) and StreamLab06 experiments.  The potential for low-cost 
tags is balanced by technical challenges in developing instruments that can reliably identify tagged rocks.  We have prepared 
approximately 800 tagged rocks for use in StreamLab and we are investigating a variety of antenna arrangements in an 
attempt to document gravel displacement length during the fl ume runs.

At the heart of StreamLab06 are observations of gravel transport rates under four different conditions: with/without 
interstitial sand and with/without alternate bar topography.  We are investigating the effect of both factors on the path length 
and transport rates of gravel clasts.  Of particular importance is the role of gravel storage in coarse patches and bars.  Our 
goal is to develop a storage function that can be combined with a 1D fl ow and transport model for practical and robust 
calculations of gravel routing.

Progress on deliverables

Milestone/Deliverable Progress
New methods for reach-averaged transport 
modeling incorporating sediment storage in 
eddies and fl oodplains

Experimental work completed on routing sand 
over immobile gravel beds. See also DW6.

Development of radio-rock tracking methods 800 tagged rocks prepared for use in 
StreamLab06.

StreamLab06 Experimental design complete.

Plans
Emphasis this year will be on the gravel transport and RFID tracking experiments scheduled to begin in May 2006 as part 
of StreamLab06. See also DW6 plans.

Project SR07: Dynamics of gravel and mixed-size sediment

The transport of streambed material drives channel change and the composition and confi guration of the bed, which in 
turn determines 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 with the goal of developing predictive models that can 
support stream design.

To study the development and persistence of armor layers in gravel-bedded stream, we are running a series of fl ume 
experiments at Johns Hopkins University utilizing both sediment-feed and sediment-recirculating fl umes. In the former, 
sediment is fed into the fl ume, typically at a constant rate and composition, and the sediment transported beyond the 
downstream end is removed.  In the latter, sediment transported to the downstream end is re-circulated to the upstream end, 
providing a periodic sediment fl ux boundary condition.  While neither exactly simulates the behavior of a natural river, each 
represents an end member of a continuum of behavior that stems from the dual nature of real rivers – that is, over long time 
scales, a river adjusts to the external supply of water and sediment from its watershed and therefore behaves as a sediment-
feed system, whereas recent evidence suggests that over the duration of a fl ood, the armor layer in a gravel-bed river may 
persist, with the bed and transport exhibiting behavior similar to a sediment-recirculating fl ume. To date, we have completed 
six sediment-recirculating experiments using two different sediment mixtures and are currently in the process of conducting 
equilibrium, aggradational, and static-armor sediment-feed experiments. 

In related research, we are studying armor persistence in response to cycled hydrographs. This project has both numerical 
modeling and laboratory components. Numerical experiments (working with M. Hassan of the University of British 
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Columbia) have indicated that gravel-bedded rivers subject to repeated hydrographs tend to develop armor layers that 
are essentially invariant over the hydrograph.  That is, the armor layer seen at low fl ow may be very similar to that during 
fl oods. The result is of value for stream restoration because it suggests that surface gravel samples at low fl ow can be used 
to characterize surface grain size distributions at fl ows where gravel transport is active.  The same formulation that indicates 
invariance of the surface layer also indicates that cyclic aggradation/degradation associated with the hydrograph should be 
restricted to a zone near the gravel feed point.

These results are confi rmed by a laboratory portion of the project, in which the results of eight fl ood tests demonstrated a 
remarkable tradeoff. In a short “boundary layer” inlet reach, the bed and bed slope fl uctuated cyclically with the changing fl ow 
discharge, while the gravel transport rate remained nearly equal to the constant feed rate. Downstream of this short reach, however, 
the bed elevation and bed slope did not fl uctuate in response to the hydrograph; instead, all the fl uctuation was transferred to 
the gravel transport rate. These results were verifi ed in terms of the 1D analytical and numerical modeling described above, 
which show that the tradeoff is inevitable as long as the morphologic response time of the reach in question is suffi ciently long 
compared to the duration of a single hydrograph. The implication is that gravel-bedded rivers tend to adjust to hydrographs so as 
to minimize the response of the bed and maximize the response of the bedload transport rate to fl uctuating fl ow discharge.

New tools for the Stream Restoration Toolbox were developed under this project: The Spawning Gravel Refresher is designed 
to predict the evolution of a gravel river bed subject to natural or artifi cial fl ood hydrographs and natural sediment feeding. 
The tool is in beta-testing at the Trinity River Restoration Project of the US Bureau of Reclamation.  The tool iSURF uses 
the Wilcock/Crowe (2003) surface-based transport model in inverse form to predict bed surface composition as a function of 
specifi ed transport rate and transport grain size.  This tool produces state diagrams relating channel armoring and slope as a 
function of specifi ed transport and water discharge.  It also calculates channel stability diagrams giving the slope necessary 
to transport a specifi ed sediment supply with a specifi ed discharge.

We completed a comprehensive set of 80 fl ume experiments with tracer stones and lower-regime plane-bed equilibrium 
bedload transport of uniform gravel with the goal of contributing to improve the understanding of the basic physical processes 
of entrainment, transport and deposition of bed particles. More specifi cally, predictors for short-time-scale bed elevation 
fl uctuations, total and elevation-specifi c particle entrainment rates, particle step lengths, mean and associated probability 
density function of particle virtual velocities, thickness of the moving bedload layer, and particle bedload velocities have 
been developed. These predictor functions have been incorporated into a probabilistic formulation of sediment continuity, 
which is being used to test our main working hypothesis: the statistics of the (vertical and streamwise) displacement patterns 
of the tracer stones can be related to the channel-averaged hydraulic parameters, and so they can be linked with the overall 
bedload response of the river system to given water discharge and sediment supply conditions.

Work on the dynamics of surface sorting patches is being conducted in the fl ume at Richmond Field Station (RFS).  This 
work will continue at a larger scale and with topography in StreamLab06.

Two series of experiments are also being conducted at RFS to investigate restoring gravel-bed rivers below dams.  The fi rst 
examines the possibility of remobilizing coarse beds with fi ner gravel pulses. A series of laboratory experiments in the 30 m 
long and 0.86 m wide gravel-bedded fl ume channel was performed to test this possibility.  These experiments were designed 
to suppress the development of lateral topography and allow us to focus on grain-to-grain interactions. Results demonstrate 
that fi ne bedload pulses are capable of mobilizing all grain sizes in the bed surface armor (including the largest grains) as 
fi ner bedload fi lls the interstices of the coarse surface layer.  This suggests that gravel augmentation using fi ne gravel may 
provide an effective means of improving bed mobility conditions. Two abstracts and a workshop have resulted so far.

The second series of experiments at RFS were designed to investigate the physical conditions and processes that control sand 
seal formation and removal.  Sand infi ltration/fl ushing physical modeling experiments were conducted in fl ume experiments 
in which alternate bar topography development was suppressed, in order to examine sand infi ltration under non-mobile 
gravel bed conditions and to examine the removal of sand during both mobile and non-mobile gravel bed conditions. These 
experiments were completed this year and results are being analyzed.

These gravel augmentation and sand infi ltration experiments will now be replicated at more than three times the original 
scale as part of StreamLab06.  After the initial series of experiments using a clean gravel with alternate bars, a bed armoring 
run with clear water infl ow will be followed by a gravel augmentation run.  This will be followed by another armoring fl ow 
and a run with sand feed.  In addition to the larger scale, these runs will provide the same fl ow depth and hydraulics as 
those used at the Richmond Field Station, but with alternate bars formed by the much wider aspect ratio of the SAFL main 
channel. 



National Center for Earth-surface Dynamics
Annual Report 2006

Stream Restoration     67

Progress on deliverables

Milestone/Deliverable Progress
Size patches, vertical mixing, armoring Signifi cant progress as described above
Mixed-size morphodynamic models Signifi cant progress as described above
Gravel augmentation & sand infi ltration 
experiments

First phases complete, with scaled-up versions 
scheduled as part of StreamLab06 

Models for sand transport over coarse immobile 
bed

Signifi cant progress as described above

StreamLab06 Gravel transport and sand infi ltration experiments 
designed

Plans
We have in place surface-based transport models [Wilcock and Crowe, 2003] and a general framework for bed scour and 
aggradation [Parker et al., 2000; Paola and Voller, 2005]. Now our focus will shift to verifi cation and application of these 
models in different settings, scaling up to the reach and channel network, and integration of the model into predictive 
relations for streambed ecology.  Current NCED work on rates of lateral and vertical sorting will provide detail needed to 
demonstrate the capabilities of the mixed-size morphodynamic model.  This will include fl ow conditions with and without 
sand and with and without topography in StreamLab06.  

Project SR08: Stream restoration objectives, tradeoffs, and decision-making under uncertainty

Stream restoration is a social activity. Information about the physical and ecological conditions of the stream is not suffi cient 
by itself to insure that actions are taken that effectively meet social goals. This is because there are tradeoffs among 
ecological, water quality, aesthetic, socioeconomic, and other effects of stream restoration: restoration budgets can be spent 
in alternative ways that emphasize different goals, which cannot all be achieved simultaneously.  While restoration guidance 
documents encourage benefi t-cost analysis and/or cost effectiveness analysis, little scientifi c effort has been devoted to 
analyzing the social impacts of stream restoration despite the fact that annual expenditures in the U.S. have been estimated 
at over $1 billion since 1990 (Bernhard et al., 2005).

The goal of this research area is to incorporate methods for understanding and quantifying societal preferences into our 
models and training. In particular, the intent is to integrate multicriteria decision analysis methods and economic valuation 
methods to provide a more comprehensive decision making framework for stream restoration.  Multicriteria analysis 
emphasizes systematic consideration of tradeoffs among project objectives, improving the consistency and transparency 
of decision processes, and insuring that all project goals are given appropriate consideration.  Economic valuation analysis 
emphasizes measuring public preferences over alternative projects, potentially in terms of project services and monetary 
values.   Because uncertainty about environmental processes and project effects is large in stream restoration, the work will 
address the evaluation of uncertainty and methods for managing it.

The three major tasks associated with this research are: (1) Problem Classifi cation.  This task will classify river restoration 
problems along decision-relevant dimensions, and identifi es types of problems for which economic and/or decision analysis 
could make a signifi cant difference in decisions and outcomes.  (2) Application of Multicriteria Valuation Under Uncertainty 
to River Restoration Case Study.  The purpose of this task is to demonstrate the potential of multicriteria methods to improve 
restoration decision-making by applying them to a realistic and important problem.   (3) Application of Economic Valuation 
Under Uncertainty to River Restoration Case Study.  This task will develop and implement a survey to measure public 
preferences over alternative projects, recognizing uncertainty in project costs and outcomes.

In Task 1, we have reviewed the literature and practice of tradeoff, economic, and risk valuations in stream restoration, 
including interviews with restoration managers.  This review concludes that many river restoration projects could benefi t 
from techniques for quantifying stakeholder and public values. Large economic and geographic scopes, the uncertainty 
of outcomes, potentially confl icting goals and a variety of stakeholders make defi ning and evaluating river restoration 
alternatives diffi cult.  Regulatory body decisions, litigation and less structured negotiations often lead to inaction or decisions 
that may be ineffi cient. Explicit consideration of tradeoffs and public preferences are used relatively infrequently to guide 

►
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prioritizations and designs of restoration projects.   This is unsurprising, as reviews by Bernhard et al. (2005) and Palmer et 
al. (2005) suggest that very few projects have clearly articulated goals or anticipated restoration outcomes.      

Two working papers have been prepared summarizing the methods and conclusions of that task.  The fi rst paper also 
presents a case study in dam removal (Ballville Dam on the Sandusky River) as an example of tradeoff assessment.  The 
second paper is a comprehensive survey of the published economics literature on benefi t estimation.  The review fi nds 
fewer than fi fty economics studies published in peer review outlets that evaluate benefi ts for services potentially provided 
by stream restoration.  Most of the studies evaluate the benefi ts of large policies as opposed to specifi c restoration projects.  
Only nine studies, which represent more recent work, evaluate benefi ts that could be linked to specifi c restoration projects.  
Overall, the review fi nds that while public guidance documents recommend consideration of benefi ts and costs of stream 
restoration projects, very little work is being conducted in this area.  Of the published papers reviewed, none specifi cally 
address uncertainty in stream restoration. 

In Tasks 2 and 3, the design of methods for gauging preferences regarding tradeoffs and risks is underway, as is the identifi cation 
of suitable case studies and potential collaborators.  In Task 2, the emphasis in Year 4 has to been to lay the groundwork for 
illustrative applications of multicriteria tradeoff methods under risk in an actual decision-making context.   There are two 
parts to this effort.  The fi rst is the identifi cation of collaborators in stream restoration practice who will give access to data 
and participants, and this is well underway, with discussions having occurred with a number of agency personnel involved 
in restoration.  In the near future, a Partner will be identifi ed who will host a graduate student part-time.  The second part 
consists of defi ning one or more generic stream restoration decisions for which objectives could be quantifi ed by available 
models, tradeoffs and outcome uncertainties described, and evaluation methods used to choose from available alternatives.  
In collaboration with other NCED PIs, discussions have led to initial identifi cation of such problems.   A workshop to be 
held in mid-2006 among NCED PIs and selected invited participants will result in the fi nal specifi cation of the problems to 
be analyzed.   This research planning exercise has two benefi ts: it helps the social science PIs to better understand the limits 
and potential of physical and biological impact quantifi cation methods in decision making, and while helping the scientifi c 
PIs to assess the potential value of better impact quantifi cation tools in terms of contributions to better decisions.

In Task 3, a draft paper (Flores and Shafran) lays out a conceptual model of individual preferences for stream restoration 
under uncertainty.  In contrast to work in the existing economics literature, this model explicitly recognizes that every 
restoration project is uncertain over the project outcomes and therefore choosing between stream restoration projects is 
akin to choosing between different probability distributions over the services that stream restoration affect and people 
value.  Implementing this model into an empirical framework requires substantial information on project uncertainties that 
currently are not formally addressed in the restoration science and practice.  To this end, the stream restoration integrative 
project is currently working with the Stream Restoration Partners Group to scope out the important areas of uncertainty 
facing stream restoration science. In addition to providing insight into potential areas of scientifi c effort, knowledge of these 
top uncertainties will then guide the public preference study.

The overarching research question for the public preference study is how are public preferences for a specifi c project 
infl uenced by project uncertainty?  The original research plan was to conduct a case study for a specifi c project for which a 
specifi c dimension of uncertainty is modeled and this information forms the base of the case study.  In response to fi ndings 
from the published literature and interactions with stream restoration Partners, the study will focus on determining what 
specifi c outcomes of stream restoration are most valued by the public without uncertainty, and then to introduce uncertainty 
over these outcomes and measure willingness to make risk tradeoffs across these attributes.  While still addressing the main 
research question, this approach will also provide insights for restoration scientists seeking to prioritize research efforts 
aimed at reducing scientifi c uncertainties.

Progress on deliverables

Milestone/Deliverable Progress
Classifi cation system for identifying stream 
restoration projects for which these methods 
would be helpful

Complete – paper submitted March 2006.
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Milestone/Deliverable Progress
Methods for improved decision-making 
incorporating uncertainty, multiple objectives, 
multiple projects available on website

In exploration stage, working paper written.

Application of economic valuation under 
uncertainty to case study

Draft paper has been written.

Plans
In Year 5, the emphasis will be on completing the work begun in Tasks 2 and 3.  A method for displaying and eliciting 
priorities over multiple criteria in stream restoration will be developed for inclusion in the Stream Restoration Toolbox.  
After completing the Task 2 and 3 case studies in tradeoff and economic valuation, we will turn next to practical yet 
theoretically valid approaches for implementing adaptive environmental management and for exploring how improved 
information can reduce uncertainty and make restoration more effective.  We will improve decision making by quantifying 
the benefi ts and costs of additional information, using a Bayesian-based approach to characterize uncertainty and how it 
links with stakeholder and public preferences in restoration decision making.   This effort will draw upon NCED expertise 
in stochastic environmental processes, as well as methods for quantifying and estimating preferences regarding tradeoffs 
and risk.

Project SR09: Standards and strategy for improved restoration training

At the fi rst meeting of the Stream Restoration Partners Group it was clear that state of training for stream restoration left 
much to be desired. Training offerings differed widely in their coverage, length, science content, and audiences. NCED was 
given a clear message that an effort to rationalize this critical component of the fi eld was urgently needed.

To meet this need, NCED convened a workshop to address the problem of developing and promulgating improved restoration 
training. The workshop was held in March 2005 in Midway, Utah.  Participants included agency and private consultants 
with exceptional experience in restoration training.  

The goals of the group were (1) to defi ne a scope and content of restoration training that matched the tasks involved in 
restoration and the knowledge needed to perform them; and (2) to propose a framework for improved restoration training 
including a certifi cation process that would improve the consistency and rigor of the qualifi cations of practitioners without 
the regulatory and enforcement infrastructure of formal accreditation.  A white paper on results will be forthcoming.

A related effort, also discussed under Knowledge Transfer, is the development of training materials and tools by NCED 
investigators and their presentation in short courses.  In collaboration with EAB member Margaret Palmer, Peter Wilcock 
has developed a one-week short course for practitioners.  This course was taught in July 2005 and will be taught a second 
time in June 2006.  Peter Wilcock and Mary Power also co-teach a one-week short course organized annually by Partner 
Matt Kondolf (UC Berkeley).  Wilcock is also a primary instructor in a two-week short courses presented annually by 
Partner Jack Schmidt (Utah State University).  The intense short course experience provides a valuable forum for testing and 
improving course materials and presentation.  We are committed to making these training materials available on the NCED 
web site and encourage our Partners to place materials there as well.

Progress on deliverables

Milestone/Deliverable Progress
Partners workshop on stream restoration 
training; proposal for appropriate standards and 
strategy for implementation

The workshop was held and the group is producing 
a paper with a training curricula and supporting 
knowledge aligned with particular restoration tasks 
and a proposal for an exam-based professional 
certifi cate in stream restoration.

Stream restoration short courses, including 
curriculum and tools development

Several courses developed in whole or in part by 
SR researchers – see Knowledge Transfer section 
for details.

►
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Plans
We intend to continue pursuing improved and more consistent restoration training in collaboration with our Partners: the 
Partners subgroup will meet again later this year to continue the process. NCED will support discussion and collaboration 
and will encourage various professional societies to pursue implementation of a certifi cation program. We will continue to 
collaborate with other scientists and practitioners in developing training materials and making them available to the fi eld, 
through short courses, certifi cate programs, and our web site.

Project SR10: Place restoration in watershed context

Effective restoration interventions trigger and sustain hydrologic, physical, and ecological regimes that favor desired species, 
support ecosystem services (e.g., water purifi cation) and reduce or eliminate pest species and pollution. Insights from our 
Desktop Watershed efforts will serve as a basis for predictive restoration design. NCED’s unique geodynamic mathematical 
and physical modeling and 4D visualization expertise will be applied to projecting (over yearly to decadal time scales) the 
landscape and ecological consequences of interventions such as dam removal, bank stabilization, gravel augmentation, 
re-vegetation, and large wood or boulder placement. Insights from DW ecology will be used to 1) project likely effects 
of vegetative feedbacks on the evolution of the template, and 2) assess the suitability of the evolving habitats for biota of 
interest. In restoration contexts, nuisance species (exotic invaders and predators or pathogens that threaten the recovery of 
desired species), or toxic legacies from past land use are key historical factors that will determine restoration outcomes.

The most obvious and persistent cause of the physical failure of stream restoration projects is ignoring, or predicting 
erroneously, the supply of water and sediment from the watershed. Current best practice includes a narrative watershed 
history identifying the timing and location of major watershed disturbances. A predictive restoration science will require 
transforming this history to a form suitable for providing quantitative predictions, including uncertainty. We will address this 
challenge by linking restoration objectives to ecogeomorphic thresholds, transport laws, and ecosystem relations defi ned 
within a working Desktop Watersheds model.

Progress on deliverables

Milestone/Deliverable Progress
Functioning initial version of Desktop 
Watersheds model at restoration time and 
space scales and with interface for budgets of 
water, sediment, nutrients, and organisms

Work on this will begin when the Desktop 
Watersheds model is available for adaptation 
– see Desktop Watersheds section for 
progress.

Plans 
This project is a joint effort with the Desktop Watersheds IP.  As different versions of the DW model become available, 
we will collaborate in using the model to identify locations that are most impacted by changes in external drivers such as 
climate and land use, and propose locations where restoration interventions might prove both economically and ecologically 
favorable.

Executive Summary: Plans

The impact of human actions on streams is widespread and the business of addressing those impacts – from small bank 
stabilization projects to dam removals to large scale watershed restoration – has become very large, with expenditures of 
many billions of dollars per year.  The methods used to design and assess restoration projects vary widely in their basis, 
rigor, and prerequisite training. At the same time, the domain of restoration science and practice is not fully defi ned.  This is 
a diverse fi eld, involving many different disciplines and addressing issues that are at or beyond current understanding.  That 
both subject matter and experience are diverse and poorly defi ned is not a surprise, but the combination makes progress both 
challenging and essential.  To meet our goal of advancing the science and practice of stream restoration requires important 
progress on both the basic science and the methods and training of practitioners. We need close interactions with Partners 
not only to help inform the most useful research, but to transform the expectations and standards of the practice itself.

►
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The principal scientifi c challenges may be broadly defi ned as connecting the local reach to the watershed, linking physical 
action to ecosystem response, and developing a coherent framework for defi ning, evaluating and implementing restoration 
objectives.  Our research connects processes across scales and disciplines, in an attempt to extract those elements that are 
predictable, scalable, and of practical use.  We will continue to pursue grain-to-reach scale physical and biological dynamics 
where this work supports improved prediction and design.  The goal of that work is prediction, which can then be tested 
within the broader spatial and temporal framework of the other IPs.  

The principal applied challenges include defi ning those areas that most effectively match practical need with available 
knowledge and working with Partners to transform the standards and expectations of those engaged in practice.  As NCED 
has no particular agenda other than applying research in the development of a predictive restoration practice, we are able to 
assume the role of “honest broker” for the community – providing a forum for collaboration, as well as bringing improved 
tools and understanding to the conversation.

Developing a predictive understanding of stream geomorphology and ecology and transforming a large, growing, and 
ill-defi ned industry are tasks beyond that of any single center.  Collaboration with agency and industry Partners and with 
research colleagues will remain a priority.  
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III. Education Initiative

Project team

Education Director: Karen Campbell
Staff: Karen Gran, Paul Morin
Contributing PIs: all

Executive Summary

In Year 4, NCED Education efforts moved from exploratory development of materials and programs to building on 
existing successes in order to broaden the audiences reached and deepen the quality of our programs. Our successful 
integration of research with public education in the BBY led directly to two exciting new initiatives, River on the Road 
and WATERPLANETTM, that are already reaching new audiences in both formal and informal education. Use of our table-top 
dam removal experiment, based on Visitor research, expanded from grades 4-12 into undergraduate classrooms and public 
venues, while our Earthscapes Teacher Institute and River Restoration Residency became active programs, with resulting 
talks and posters at professional conferences. Our research-grade visualizations received national media attention and our 
3D paper anaglyph maps were put into use in 4-16 classrooms nationwide. Testing of the educational effectiveness of 
these materials continued. Many of our methods and materials were featured in a very well-attended NCED sponsored 
one day “Hands-On Inquiry Based” workshop for 4-16 teachers at the Fall 2005 meeting of AGU. Finally, our Graduate 
Student program fl ourished, as NCED’s Graduate Student Council was fully embraced by the students, who conducted a 
students-only research retreat at the ACRR, presented the majority of NCED’s weekly videoconferences and made plans for 
international research through our NSF-funded International Research Experience. Performance indicators follow the text 
of this section.

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 the public, policymakers, and future researchers about the dynamic nature of the Earth’s surface and its 
response to human activities. 

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:

Graduate education: (a) Enhancing the education of NCED student participants by providing unique opportunities and 
an extended, cross-disciplinary peer and mentor network, and (b) developing 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.

Grades 4-16 education: (a) Adapting research tools such as 3D visualization, wireless sensors, and laboratory experiments 
to provide novel 4-16 educational tools; and (b) designing programs to engage science teachers in NCED research in ways 
that allow them to bring this knowledge to their students in practical ways, and sharing the products of this work via the 
NCED website.

Public education: Working 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.

Achievements and Plans – Major Initiatives

In addition to its ongoing projects, discussed below, NCED’s Education group embarked on two major public education 
initiatives in Year 4, to which many of our individual projects contribute.
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River on the Road

Early in Year 4, NCED was invited to participate in the 2005 Smithsonian Folklife Festival. This annual 12-day summer 
event, held on the National Mall in Washington, DC, celebrates important aspects of American and international culture. 
In 2005, it featured NCED Partner, USDA Forest Service on the 100th anniversary of that agency’s inception. The Festival 
attracts one million visitors per year and takes place from mid-June until the 4th of July. NCED staff and student, Karen 
Campbell, Jeff Marr and Michal Tal, worked with Partner Gordon Grant during spring 2005 to design an interactive exhibit 
and experiment, entitled “Why Do Rivers Change”.  At the Festival itself, this team was joined by SMM educator Travis 
Sandland and USDA Forest Service educator Karen Bennett.

The exhibit on various aspects of river dynamics was built at SAFL and reassembled on the National Mall.  It included three 
parts, all in some way related to stream restoration and dam removal. One model was a 25 foot research fl ume designed for 
experiments in river planform dynamics. Two experiments were conducted in the 25-foot fl ume over the 12-day festival run. 
The fi rst experiment investigated the response of a vegetated meandering channel to sediment pulsing; the second involved 
the response of a braided system to the introduction of log-jams and woody debris during fl oods. Visitors learned about 
channel patterns, system disturbance, and sediment transport and were able to see how data is collected in experimental 
studies. A second model was of the Glines Canyon Dam on the Elwha River in the Olympic National Park. This interactive 
model was based on a larger experimental model at NCED. Visitors learned about sediment storage in reservoirs upstream 
of dams and the considerations in dam-removal of how this sediment will be delivered to the downstream river environment. 
The third component in the exhibit was a large sand and concrete stream table sculpted onsite to illustrate watershed 
processes. Here, again, visitors had a hands-on opportunity to explore the meaning of fl oodplains and the issues associated 
with human development near rivers. 

The exhibit was one of the most popular attractions at the Festival, requiring that bleachers be assembled alongside the 
research fl ume to accommodate the crowds that assembled for the scheduled fl oods. Many visitors, adults and children, 
returned daily to continue learning, playing and asking questions about all three components of the exhibit. Though each 
Smithsonian Folklife Festival is a unique event, we are currently exploring other venues for this exhibit or something 
derived from it. The dam-removal model is in regular use by NCED, SMM and partners across the country; we are repeating 
the experiments in the 25-foot fl ume at SAFL, and exploring improvements to the stream table. We have engaged the exhibit 
developer who designed the BBY to help us steer future plans for “River on the Road”.

WATERPLANETTM

Building on the success of the collaboration that created the Big Back Yard, NCED will lead a multi-center partnership to 
build a new 5,000-square-foot national traveling exhibition (WATERPLANETTM - see Appendix F for a detailed description) 
that uses the role of water in large-scale planetary processes as the medium for communicating the new and evolving fi eld of 
Earth-system science to large public audiences. This major new educational initiative involves close collaboration between 
three STCs (NCED, WaterCAMPwS, and SAHRA), and will entail innovations in story-telling technologies, pedagogy and 
evaluation.

Major funding (from NSF Informal Science Education) for this initiative was secured in Fall 2005. Its fi rst component 
(Science-on-a-Sphere™) was installed at SMM with the support of additional funding from the National Oceanic and 
Atmospheric Administration. In the coming year, we will focus on making the tools used by Earth-system researchers –large 
satellite and ground-based datasets, computer modeling, simulations, and visualizations–work in the informal learning 
setting of a museum exhibition:

1. The project collaborators will prototype the use of new visualization technologies, e.g.,  Science-on-a-Sphere™, 
GeoWall2, and the Digital River Basin, to create compelling visual images for museum visitors that are both 
comprehensible and interactive.

2. Utilizing computer models/visualizations that rely on periodic updating, the project collaborators will develop 
protocols and training that enable museums hosting WATERPLANETTM to acquire, process, display, and interpret 
output generated from large Earth-system datasets.

3. The project will stress the development of digital content with the intention of advancing the museum fi eld’s 
understanding of how digital technology can reduce upfront production costs and shorten the time needed to produce 
new science content while also enabling wide and rapid distribution of current science information to the public.
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Achievements and Plans 

Project ED01: Bring surface dynamics to informal education with the Science Museum of Minnesota 

In 2005, the Big Back Yard was opened to the public during all SMM visitor hours from June through August. It was also 
open weekends-only during May and September. 48,000 visitors explored the park during that time, bringing total park 
attendance since opening in 2004 to 102,000. A new exhibit, Turbidity Currents, was designed and installed in the park. 

A summer 2005 program prototyped the use of GeoWall2 at the SMM, as part of SMM’s strategy to advance the use of 
3D Earth-surface computer- and paper-based visualizations in museums nationwide. A major outcome of this prototyping 
work, conducted by NCED GMA Dimitri Sivistula, was important improvements in visualization software that signifi cantly 
advanced the GeoWall2’s versatility to serve both educational and research purposes.

NCED GMA Lisa Tillman and PI Pat Hamilton organized a non-point source pollution workshop for local government 
offi cials. The workshop, based on a model developed by NEMO, provided information about ecologically-based methods 
for mitigating development-related watershed impairment. The workshop was held at Science House at SMM’s BBY, in 
conjunction with other museum-led activities for the policy-makers and their families and was designed to test the feasibility 
of using Science House and the BBY as a venue for professional development activities for municipal offi cials engaged 
in environmental policy-making. The attendance of 20 participants and their positive evaluation of the workshop has 
encouraged us to test this model further with the idea in mind of incorporating this program into WATERPLANETTM

“Science on a Sphere,” the fi rst component of WATERPLANETTM, was installed at SMM in January 2006. Prototyping of 
new visualizations for this 5.5 ft carbon-fi ber spherical projection system continued in the early months of 2006, and we 
have begun a formative assessment of this exhibit component. An informal focus group with Earthscapes Teacher Institute 
participants also provided enthusiastic support for the development of this method for projecting global data and imagery 
for the Earth, its moon and other moons and planets.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Big Back Yard (BBY) exhibits fully functioning; 
at least one new component added

All original exhibits fully functional; new 
components (“Turbidity Currents” and “Landscape 
Evolution”) installed.

Functioning Youth Science Center –NCED 
docent program for Big Back Yard

YSC Park Crew worked with visitors to the BBY 
throughout summer 2005 to further engage them 
in the “science behind the golf/exhibits”; a GMA 
to work with summer 2006 crew has been selected.  
Former GMA Tal returned to the BBY to provide 
the 2005 Park Crew with instruction and a fi eld trip 
to enhance their understanding of BBY concepts.

BBY visitor target of 150,000 reached or 
surpassed

Attendance through year 4: 102,000

Develop initial NCED components for 
WATERPLANETTM

First component (“Science on a Sphere”) installed 
January 2006

Develop 3D fi lm outlines with SMM Ongoing discussion
Reach national audiences River on the Road created for and operated at the 

Smithsonian Folklife Festival, WATERPLANETTM 

funded and under development.
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Plans
1. Continue to use BBY as focal point of our public education programs by: 

a. Developing an exhibit on subsidence, sedimentation and land loss in the Mississippi Delta for deployment 
in the BBY or WATERPLANETTM exhibit; 

b. Perform needed capital improvements and redesign “Erosional Landscapes” exhibit component in summer 
2006; and

c. Developing indoor Earthscapes space at SMM to engage audiences with NCED science year-round.

2. Carry NCED research to national audiences by:

a. Combining NCED’s physical modeling expertise with SMM’s national leadership role in producing HD 3D 
cinema to develop large-format educational fi lm on landscape evolution and channel dynamics

b. Collaborating with SMM in adapting NCED-developed BBY components to the WATERPLANETTM exhibit, 
scheduled to open in 2008 at SMM and to tour nationally in 2009; and

c. Continuing to explore new venues for River on the Road.

Project ED02: Provide unique center-based experience for graduate students

NCED’s graduate students continue to participate actively in the life of the Center. Within the Center, 11 graduate students 
gave presentations at NCED’s weekly research videoconference, three served as Graduate Museum Assistants (GMAs) and 
17 participated in a graduate students-only research retreat at the ACRR.

Three graduate students participated in our GMA program in Year 4: 

1. Lisa Tilman designed a pilot workshop for public policy offi cials from Northfi eld, Minnesota (see Project 
ED01, above). 

2. Dimitri Svistula, a graduate student at the Electronic Visualization Lab at the University of Illinois, Chicago, 
worked with SMM staff and Paul Morin during summer 2005 to develop NCED-related imagery for the GeoWall2. 
Dimitri’s programming was incorporated into a software product, MagicCarpet, which received national media 
attention in fall 2005. 

3. Ted Fuller worked with SMM to develop a new activity for the Big Back Yard, collecting fossiliferous rock 
from a local quarry and developing interpretive materials and activities to incorporate fossil-collecting into the 
park.

The Graduate Student Council (GSC), formed last year, has also been quite active. NCED graduate students developed and 
presented 43 posters at NCED’s Annual Site Visit in August 2005. The students also used the Site Visit event as a time to 
meet with one another and formally elect a new GSC Leader, Michal Tal. At-large representatives Jerolmak and Hsu agreed 
to continue to represent the entire NCED student body. In Fall 2005, Tal developed a GSC listserv and planned a students-
only retreat to ACRR, held in early December. Seventeen students attended the two-day retreat, presenting current research 
to one another.

NCED’s new NSF-funded IGERT program (Non-equilibrium 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 University of Minnesota, admitted six students who began their graduate training in fall 2005. One 
is advised by NCED PI Hondzo. NCED PIs Finlay, Foufoula, Hondzo, Paola, and Voller, and post-doc Matt Wolinsky are 
contributing lecturers to the new year-long course developed for the fi rst year of the program. Two special events were 
held/planned at SAFL during the 2005/6 academic year: a retreat for IGERT students and faculty in November 2005 and a 
special guest lecture/seminar in April 2006.

►
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NCED PIs and colleagues designed and delivered a two-day short course on the physical and ecological dynamics of 
mountain rivers to 39 graduates students from within and outside NCED in Berkeley, CA, December, 2005; a similar course, 
with a focus on low-slope rivers, will be presented to 40 students in Baltimore, MD in May 2006.

NCED graduate students continued to work closely with NCED Partners throughout Year 4. Noteable examples include 
collaborations with Stillwater Sciences at UCB’s Richmond Field Station, and UMn student John Martin’s collaborative 
experiments and internship with Chevron-Texaco. In addition, NCED’s new collaborative research initiative, StreamLab, at 
SAFL, provides students rich and varied opportunities to interact and collaborate with visiting researchers from academic 
and agency Partner institutions.

Finally, NCED Education Director Karen Campbell served on the review panel for the STC-wide International Research 
Experience competition. NCED’s proposal was successfully reviewed and four NCED graduate students fi nalized plans for 
their research trips, which will take place in Italy, Switzerland and New Zealand in 2006-2007. Several other students have 
proposed research for the remaining funding. Graduate students are also actively recruiting undergraduates to accompany 
them in this experience. 

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Strong graduate student participation in cross-
disciplinary research & seminars, Graduate 
Student Council, videoconferences, NCED 
retreats, site visits, partner research, internships

43 student posters presented at 2005 Site Visit, 
17 students attended graduate student retreat 
at ACRR, 11 students presented center-wide 
videoconferences, 1 student conducted joint 
research and completed an internship with a 
Stratigraphic Partner.

Thriving Graduate Museum Assistantship 
program

3 students completed GMAs during Year 4; another 
has been identifi ed for summer 2006

Promote national models for graduate 
education

Monitor and document progress/successes of 
IGERT:  Non-equilibrium Dynamics Across Space 
and Time:  A Common Approach for Engineers, 
Earth Scientists and Ecologists

Plans
Continue all activities discussed above, and ensure participation by NCED students in new shared fi eld and laboratory 
facilities as they come “on-line”.

Monitor the progress of NCED’s IGERT program with a view to promoting it as a national model.

Project ED03: Establish Stream Restoration certifi cate program

NCED’s new Stream Restoration Certifi cate program (SRES) was fi nalized and approved by the University of Minnesota’s 
Board of Regents in February 2006. It will be offered to students beginning in September 2006. See Appendix K for 
details.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Functioning certifi cate program in Stream 
Restoration

Program approved by UMn regents and will be 
offered in Fall 2006. NCED post doc and faculty 
promoting program and developing foundation 
course and capstone fi eld experience.

Plans
Recruit students for fi rst year of program, deliver Foundations course and Capstone experience, and begin a nationwide 
recruitment effort.

►
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Project ED04: NCED enhancements to undergraduate education 

NCED’s 3D visualizations continue to attract national attention in Year 4. Campbell and Morin were interviewed about 
them for GeoTimes in summer 2005, and software developed at SMM by NCED was featured in the Tech Section of the 
New York Times. Forty thousand copies of two Morin-designed 3D maps were printed and sold in summer 2005 to geology 
departments, professional geological organizations, and museums throughout the U.S. These maps also will be incorporated 
into a new Mc-Graw Hill Earth science textbook, Visualizing Geology to be published in 2007. Two more maps were 
developed late in Year 4; the National Association of Geology Teachers has agreed to begin distributing the maps through 
their journal, aimed at 4-16 instructors.

Testing of the effectiveness of 3D visualization in undergraduate instruction continued in the Department of Geology and 
Geophysics at the University of Minnesota. New map exercises were developed using LIDAR data from the ACRR. 

Plans were made to designate an indoor space at SMM for Earthscapes exhibits and instructional materials. This space will 
provide NCED an opportunity to test our developing concept of a new science museum pedagogy: dual-use of exhibit space 
as K-16 instructional space. While science museums often serve K-12 visitors well, they typically do not develop spaces and 
exhibits primarily aimed at undergraduate instruction. The NCED space at SMM will initially include some of the outdoor 
Earthscapes exhibits that can be moved indoors during the academic year, and the Science on a Sphere global data projection 
system described elsewhere in this report.

Finally, NCED’s table-top model of dam removal, developed from Vistor Chris Bromley and Partner Gordon Grant’s 
research experiment at SAFL, began to be used in undergraduate settings. The design was tested in undergraduate Geology 
and Education laboratories at Macalester College, the College of St. Catherine and Carleton College by NCED student 
Nikki Strong, Board Member Tony Murphy, and Partner Gordon Grant. Models have now been supplied to Oregon State 
University, the Johns Hopkins University and Western Washington State University for further instructional use. 

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Non-NCED participation in summer research 
surpasses 20 total (shared with Diversity)

21 

At least 3 NCED-inspired undergraduate courses 
developed and taught

No progress in Year 4

NCED research-based course materials available 
on web with documented use

NCED’s 3D maps continue to be downloaded 
regularly from our website

Plans
We will continue developing a national model for using museums as undergraduate instructional resources, using the SMM 
as launching pad:

1. Involve instructors in modifying/developing exhibits which serve undergraduate education while maintaining 
public education purpose,

2. Develop a website with detailed instructions on using these exhibits for undergraduate education,

3. Use our expertise in 3D visualization to enhance Earth-process exhibit components using state-of-the-art 3D 
equipment and visualizations.

We will evaluate reasons for our lack of progress in developing undergraduate courses and web-based materials to insure 
progress on these goals in Year 5.  

►
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Project ED05: Professional Development For 4-16 Teachers 

Morin and Campbell, working with NCED’s pre-service teacher interns, external colleagues and classroom teachers, 
developed, tested, and nationally promoted new course materials for grade 4-16 teachers based on NCED’s research 
visualizations.

Campbell and SMM staff delivered NCED’s second fi eld-, laboratory- and museum-based Earthscapes Teacher Institutes 
to 15 teachers who used their Institute experience to design new fi eld- and lab-based river studies for their students. One 
teacher presented her Institute experiences and related classroom development at Minnesota’s annual Science Teacher’s 
Association conference.

ESTREAM teacher Mark Ryan (a 2004 Earthscapes participant teacher) designed activities related to scaling and river 
processes for the NCED web-based collection of classroom activities. ESTREAM teachers Ryan, Friesen and Baumtrog all 
presented their activities at regional scientifi c and educational conferences during 2005. Materials developed by Freisen and 
Baumtrog were also presented at the May North-Centeral Geological Society of America meeting and the Fall 2005 AGU 
meeting.

A set of seven NCED-designed dam-removal stream tables, along with their accompanying visualizations and activities, 
began visiting schools as part of SMM’s River Restoration Residency program. These tables, based on the study of NCED 
Visitor Chris Bromley of the potential impact on the Elwha River of the removal of the Glines Canyon Dam, were featured 
in the exhibits and presentations at the 2005 North-Central section meeting of GSA and at the fall 2005 AGU meeting. Their 
design was also incorporated into the river restoration experience that NCED collaborated with the USDA Forest Service to 
design and deliver on the National Mall during the 2005 Smithsonian Folklife Festival in Washington, DC. 

Campbell and Dr. Katherine Pound of St. Cloud State University proposed, organized and delivered a day-long oral and 
poster session with a concurrent teacher workshop for Fall 2005 AGU. The session, “Hands-on, Inquiry-Based Classroom and 
Laboratory Exercises: Bringing Geoscience Research to K-12 and Undergraduate Students,” included eight oral and 17 poster 
sessions, as well as activity demonstrations in the AGU Exhibit hall; six local teachers attended the concurrent workshop, 
which was facilitated by Lee Schmitt of the Center for Global Environmental Education at Hamline University. Despite 
being scheduled on the last day of the meeting, both oral and poster sessions were well-attended and well-received.

With colleagues at SAHRA, NRRSS and the College of St. Catherine, NCED submitted a proposal to NSF to develop a new 
component of the international GLOBE environmental monitoring and education program. The GLOBE program provides 
instructional materials and data-collection protocols, as well as teacher-training to students and teachers world-wide. Our 
proposal aims to develop materials in support of river restoration monitoring.  It would also extend the program to local 
non-profi t organizations, with a goal of creating educational and citizen-science teams, working together with local higher 
education and agency scientists to help create more complete data sets for ongoing monitoring of river and ecosystem 
disturbances and restorations.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Functioning ESTREAM and Earthscapes 
Summer Institute summer teacher programs, 
with commensurate participation in Earthscapes 
School Residencies

2 Earthscapes Teacher Institutes have been 
presented, in August 2004 and August 2005. River 
Restoration Residencies have been presented to 16 
classrooms, (4000 contact hours).

Materials developed through above programs 
made available for broad use over the web, and 
promoted at local and national conferences

Presentations or posters were presented at 2 national 
and 3 regional professional meetings, as well as 
the Smithsonial Folklife Festival. A presentation 
has been accepted for an international conference 
in summer 2006.  Materials are available on the 
NCED website; many are also available through 
the SERC website http://nagt.org/nagt/programs/
activities_collection.html.

►
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Plans
We will continue our successful ESTREAM and Teacher Institute programs and continue to develop research-grade 3D 
visualizations for 4-16 education. Our undergraduate education modules will continue to be available on our website, with 
links to archived (our website) and live (from ACRR) data. We will continue to distribute the model and materials for our 
dam removal stream tables to partners across the country, for use in teacher education and undergraduate settings.

Project ED06: Visualization tools to enhance Earth-science education

As reported in ED1, a summer 2005 program prototyped the use of GeoWall2 at the Science Museum of Minnesota, as part 
of SMM’s strategy to advance the use of 3D Earth-surface computer- and paper-based visualizations in museums nationwide. 
A major outcome of this prototyping work was important improvements in visualization software that signifi cantly advanced 
the GeoWall2’s versatility to serve both educational and research purposes.

As reported in ED5, materials for 4-16 education in Earth-surface dynamics: Morin and Campbell, working with NCED’s 
pre-service teacher interns, external colleagues and classroom teachers, developed, tested, and nationally promoted new 
course materials for grade 4-16 teachers based on NCED’s research visualizations.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Research-grade 3D surface visualization and 
anaglyph map tools widely and successfully 
used in 4-16 education

40,000 3D maps distributed nationally, 2 new 
maps developed/under development; ongoing 
testing in undergraduate instruction at the 
University of Minnesota.

Plans
Continue development of research-grade 3D visualizations for 4-16 education.

Executive Summary - Plans

In Year 5, NCED Education efforts will focus heavily on development of WATERPLANETTM materials and exhibits, 
visualization products for education, and plans for our 3D movie. We will also continue to explore ways to expand our 
impact on public education nationwide with River on the Road and workshops such as this year’s Hands-On Inquiry Based-
Science at national conferences. We will explore the possibility of a new Teacher Institute, aimed at drawing wider, national 
participation, at a fi eld site outside Minnesota. We will continue to support the unique Center-based activities of our graduate 
students, through the Graduate Student Council and our International Research Experience.  We will continue to support the 
development of our IGERT and SRES graduate programs and begin promoting them as national models.  Finally, we will 
continue to expand our impact on undergraduate instruction with participation in the planning and delivery of two SERC-
sponsored undergraduate instruction workshops.

►
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Evaluation and Performance Indicators

Performance Indicators

MEASUREMENT
Description Value

NCED Students
1.  Graduate student participation in NCED Center-wide activities Number of participating students 71
2. Graduate student application and graduation rates, and job 
placement

Number graduated 11
Number placed: 11

in Academic positions 7
in Government/Industry 3
in Other 1

3.  New seminars and course materials developed for undergraduate 
education

Number of courses impacted no data
Number of institutions no data

Earth Science Teachers and Students
1.  Participation in NCED programs Number of teacher 15

Number of students 1254
2.  Classroom tools developed and utilized Number of tools developed 10

Number of web hits 7,110
Data downloaded 247,151 KB

Public
1.  Attendance statistics and feedback from the Big Back Yard Attendance 47,566

Feedback No formal evaluation 
in Year 4
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IV. Knowledge Transfer Initiative

Project Team

Knowledge Transfer Director: Jeff Marr
Contributing PIs: all

Executive Summary

Knowledge Transfer activities and goals are aligned closely with each of NCED’s Integrated Projects. These activities and 
goals generally fall into two groups: Partner interactions and more general community interactions.

Key to the former is the establishment and nurturing of a strong, two-way relationship with a Partners Group. The Subsurface 
Architecture (SA) IP’s relationship with its Partners Group continues to fl ourish. The Stream Restoration (SR) Partners Group, 
which fi rst met last year, has in the past year developed considerable momentum as a group. The Desktop Watersheds (DW) 
IP has developed strong research relationships with several potential Partners, and plans to formalize these relationships and 
create its own Partners Group in the coming year. In addition to the two-way exchanges of information and plans, this year 
has seen the fi rst formal adoptions of NCED research results and technology by SR and DW Partners. 

In the past year we have also stepped up our efforts to communicate with our stakeholder communities. For the Stream 
Restoration Community, NCED is now hosting a community website called StreamRestoration.net aimed at keeping 
our restoration stakeholders abreast of research, application tools and training developments, and publishing a quarterly 
newsletter which has the same information but in condensed form. For our community at large, we continue to make 
major improvements in content and function to our website, and have recently launched a monthly electronic newsletter 
highlighting activities and research at NCED. For the broader research community NCED continues to organize Working 
Groups, workshops and special sessions that involve NCED and non-NCED researchers. SR PIs increased their involvement 
in stream restoration short courses. Finally, NCED launched two successful two-day short courses following AGU fall and 
spring meetings on the subject of river morphodynamics and ecology. Courses were offered tuition free and will be offered 
to the community again in Year 5.

Goal

Create and maintain two-way communication and exchange among our applied science stakeholders (“Partners”), the 
broader research community, and NCED participants, in order to insure that NCED research is informed by societal needs 
and to insure that NCED results are disseminated quickly and effectively.

Approach

Each research IP has specifi c knowledge transfer activities designed to support the goal of establishing an ongoing two-way 
exchange between research and practice. The following knowledge transfer elements are common to our approach across 
IPs:

1. Establish regular communication between IPs and Partner Groups.

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

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

4. Provide opportunities 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 Visitors Program.
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Achievements and Plans – Major Initiatives

Partner Groups. One of our major KT achievements to date has been to establish a network of Partner groups that 
(1) guarantee that our research is informed of current needs and (2) provide a conduit for Knowledge Transfer. The Partners 
Groups are specifi c to the IP and comprise federal agency employees, consultants, industry scientists, engineers, educators, 
and/or researchers, as appropriate. Interactions with Partners are two-way. NCED holds annual meetings with Partner Groups 
which generate initiatives, student internships and employment, collaborative research, and joint publications.

Stream Restoration and Desktop Watershed Partners. Because of the close connection between land use and restoration, 
there is signifi cant overlap between these two Partner groups.  Partners come from all Federal agencies engaged in stream 
and river management, such as the Bureau of Reclamation, USDA Forest Service and U.S. Geological Survey, as well as 
from consulting fi rms such as R2 and Stillwater Sciences.  A major Partner in the DW IP is CalFed, a state and federal 
collaborative effort in the San Francisco Bay Area. Beginning in 2003, Partners have met yearly with NCED PIs and staff 
to exchange ideas, determine initiatives and develop joint research and training projects. Specifi c accomplishments in Year 
4 include  (1) adoption of our Spawning Gravel Refresher tool by the Trinity River Restoration Project; (2) implementation 
of the Wilcock-Crowe mixed-size sediment fl ux relation in USACE’s HEC-RAS, a river hydraulics model widely used 
in management; (3) adoption of the NCED-developed Uncertainty Calculator and iSURF tools by Inter-fl uve, Inc.; 
(4) adoption of NCED particle tracer methods by R2 Resource Consultants; and (5) the expected approval for fi eld use 
by the USGS of several StreamLab-tested bedload samplers. (6) DW worked with Stillwater Sciences to develop the fi rst 
computer application for the DW. (7) DW and USFS are sharing a post-doctoral fellow on a collaborative research project on 
fi ne sediment routing across gravel-bed rivers. (8) DW is working with USFS personnel in developing a three-dimensional 
model for shallow landslides. (9) NCED and a subset of the SRPG convened a workshop on Training and Education in 
Stream Restoration that resulted in a white paper. We also interact with Partners via restoration-related professional short 
courses, which have had approximately 150 participants to date.

Stratigraphic (Subsurface Architecture) Partners. The Stratigraphic Partners group comprises researchers from the oil 
industry. We cannot give details of application of our research in the oil industry because these business applications are 
proprietary. In general, our emphasis on moving from analogy to analysis as the basis for prediction, and particularly 
the experimental approach at its core, have made major inroads at our SA Partner companies. This is especially true for 
ExxonMobil, which has invested heavily in a SAFL-inspired experimental lab and also hired three of our recent graduates. 
We also interact via an annual Partner meeting, ad hoc research visits, joint experiments, and industrial short courses (twice 
yearly), which have had approximately 120 participants in NCED’s fi rst 4 years. 

Visitors Program. The Visitors Program provides support for research visits to all NCED institutions, including the Angelo 
Coast Range Reserve site, and to date 16 research teams representing 16 institutions have participated in the Visitors 
Program, and 29 publications have resulted from this work. A full report of the Visitors Program was updated in Year 4 
and is available through the NCED website www.nced.umn.edu. In Year 4, this program focused on funding researchers to 
participate in our new StreamLab project, described below.

StreamLab. In Year 4 we launched a major new collaborative, multi-investigator research experiment called StreamLab (see 
the Stream Restoration section for details). StreamLab06 (this year’s edition) involves a total of 42 researchers including 
13 members of the Stream Restoration Partners Group and eight Visitors Program researchers. Represented are eight 
non-NCED universities, fi ve Federal agencies, two consulting fi rms and four separate NCED institutions. All data from 
the experiments, including detailed bed topography information and photographs, will be archived on NCED servers for 
community use. We believe this to be the fi rst large-scale fl ume experiment that explicitly integrates such a wide spectrum 
of physical and biological effects. StreamLab opened to the community in 2006; we intend to continue to use this facility in 
similar collaborative research efforts for years to come.

Involvement with broader research community. In Year 4 the Center continues to provide leadership by organizing 
research working groups, special sessions, short courses, and workshops in order to highlight important problems in Earth 
surface processes and provide forums for knowledge transfer within the research community. Working groups are small 
(10-20 people) research groups that focus on critical topics in Earth surface science. To date NCED has sponsored three 
working groups: Carbon Storage in Floodplains, Environmental Stratigraphy, and New Mathematical Methods in Surface 
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Dynamics. Total participation in working groups included nine NCED PIs and 24 non-NCED researchers.  NCED has also 
organized four special sessions for the American Geophysical Union’s Fall and Spring meetings. In December 2005, NCED 
PIs (Dietrich, Parker, Power, and Wilcock) taught a two day course entitled Morphology, Morphodynamics and Ecology of 
Mountain Rivers. A similar course is being offered this spring: Morphology, Morphodynamics and Ecology of Low-slope, 
Sand Bed Rivers. Each course was offered free of charge and quickly fi lled to its 40 student capacity. 

Publications and websites. NCED’s recognition by the public and broader research community continues to grow. The 
NCED website, www.nced.umn.edu, is our primary tool for reaching audiences outside of our organization and offers 
comprehensive access to our people, our programs, our research, data and photo repositories. The website provides access 
to archived NCED data as well as to major legacy data sets (e.g., sediment transport, river morphology) that have not 
previously been publicly accessible. In January of 2006, we launched a digital NCED newsletter, NCED News, that provides 
a monthly update on NCED research activities, meetings, and events with links back to our website where more details can 
be found. We also launched a web portal and newsletter specifi cally for the Stream Restoration community – see Project 
KT 5 below. Finally, in Year 4 NCED partnered with the US Geological Survey and the Bedload Research International 
Consortium (BRIC) by supporting development of a website (www.bedloadresearch.org) that organizes bedload research 
and monitoring data, and will feature the international BRIC conference in April of 2007.

Achievements and Plans – SIP Project Plan

Project KT01: Desktop Watershed Partner Group Meetings

The DW Partners Group will be made up of representatives from natural resource management, federal agencies, and 
consulting fi rms, and academic research institutions. To date, the DW group has met informally with several potential 
Partners (see Project KT3 below) and is drawing up a formal Partner list from which to begin the process of formally 
incorporating them into the DW project. 

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Identify and formally adopt Partners into the 
DW Partner Group 

Meetings and research collaborations with 
potential partners have taken place. 

Hold initial meeting Initial meeting to be held in Spring 2007.

Plans
We will have completed identifying potential Partners and issue formal invitations by December of 2006. We plan to hold 
our fi rst formal meeting in Spring 2007.

Project KT02: Make components of the Desktop Watershed available to practitioners and the public

Access and information about DW components, research, personnel and products will be provided through the DW web 
portal, which is in development. 

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Initial results available through website and 
publication, including DW web portal on NCED 
site

In development.

Plans
We plan to launch the DW web portal by July 2006. This portal will provide research updates and announce opportunities 
for research collaborations related to the DW model. A beta-version of the fi rst DW model will be unveiled in May 2006. 
The Salmon Population Model (SPM) is a spatially-explicit, watershed-scale salmonid population model. The SPM will be 
placed on the web for testing and comment by potential Partners. 

►

►
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Project KT03: Collaborative research with non-NCED researchers

Collaboration with non-NCED researchers is ongoing. NCED Stream Restoration Partner (and potential DW Parnter) 
Stillwater Sciences has been working directly with NCED researchers in developing the beta-version of our fi rst DW 
application. In addition, under the NCED Visitors Program, Noah Finnegan, UW, conducted collaborative research at the 
Richmond Field Station, Richmond, CA with NCED PI Bill Dietrich, a project which also involved NCED Collaborative 
Investigator Leonard Sklar of San Francisco State University.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
DW working group established Preliminary discussion with potential participants. 

First working group slated for Winter 2007.
1-2 Visitor Program participants complete DW 
projects

Visitor Program participant, Noah Finnegan, Site: 
Richmond Field Station, Feb 2006, Title: Controls 
on the channel width of bedrock rivers. 
Visiting researchers from ASU will begin research 
at ACRR in May 2006.

Plans
We will further develop research collaboration between non-NCED researchers and the broader research community. A 
Working Group composed of NCED and non-NCED researchers will be convened in the winter of 2007. 

Project KT04: NCED Stream Restoration Partner Group Meetings

Results from the most recent Stream Restoration Partners Group (SRPG) meeting (February 2005) were posted to the SRPG 
web pages, and were incorporated into the SR  research agenda – see the SR  section for a summary. A subset of the SRPG 
met in Utah (April 2006) to focus on training and education in stream restoration. The participants gave talks on currently 
available short courses, certifi cate programs, and graduate courses. A white paper was produced on the state of stream 
restoration training; it includes a suggested outline for courses and content required for stream restoration training. The 
document also provides an outline for a national certifi cation program in stream restoration. A meeting of the full Partners 
group has been scheduled for July 2006.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Annual SRPG meetings with report Full SR Group meeting scheduled for July 6-8 

in San Francisco, CA. Meeting is a joint meeting 
with Gravel Augmentation Workshop, Stillwater 
Sciences, CALFED-Bay-Delta Authority. 

Subgroup activities, including Training, 
Evaluation Team, and Field Meetings

Training subgroup, March 29-April 1, Report 
available.

Plans
We will continue to meet annually with the full SRPG. The next meeting will be held in July 2006 with a theme of Experiments 
in Stream Restoration Research and Application. As training and education is a major focus of the SRIP, a follow-up meeting 
of SRPG training and education subgroup will meet again in Year 5.

Project KT05: Stream Restoration Website and Newsletter

We formally launched the Stream Restoration community web portal (www.streamrestoration.net). This is a “community” 
site being hosted by NCED, is designed to provide up-to-date information on research, projects, training and education 
opportunities, workshops and conferences, and publications in the stream restoration community at large. The site also has 
a section dedicated to NCED stream restoration activities. The site can be accessed through the main NCED site or directly 

►

►

►
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through www.streamrestoration.net. We also have launched a community newsletter (The Stream Restoration Networker) 
and have published three issues to-date. The newsletter summarizes major additions to the website, and is mailed/emailed 
to researchers, practitioners and agency personnel each quarter.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Website has comprehensive inventory of training 
opportunities and compiles training materials 
following the open courseware model

Website contains a catalog of available manuals, 
short courses and certifi cate programs available 
throughout North America with contact 
information.

NCED SR data and results NCED reviewed and revised policy and procedure 
for preserving data. Collection and preservation of 
data is ongoing. 

Quarterly Stream Restoration Networker Three newsletters produced to date. Current 
circulation list includes 150 subscribers 
representing 34 agencies, 21 private consulting 
fi rms and 35 academic institutions.

At least 10 tested NCED Stream Restoration 
tools for free download

Three tested tools are currently available on the 
Stream Restoration Site.

Plans
StreamRestoration.net will continue to grow and to raise awareness of stream restoration projects that have a unique or 
novel approach such as the Trinity River Restoration Project. The site will continue to expand listings of conferences and 
workshops and training opportunities. We will continue tofeature research groups that are doing important and novel work. 
We will continue to expand the Stream Restoration toolbox with applications of the latest NCED research.

Project KT06: Collaborative Research with non-NCED Researchers
Our Visitors Program funded three research collaborations related to Stream Restoration: Colin Rennie (University of 
Ottawa) conducted a three month research project as part of the StreamLab06 project and examined a new technology 
(Acoustic Doppler Current Profi ler) for measuring bedload transport. Paul DeVries of R2 Consultants (a SRPG member) 
conducted research with NCED PI Gary Parker and NCED Grad Student Miguel Wong examining the movement of tracers 
in a laboratory fl ume. NCED provided funding to Andreas Krause of the Trinity River Restoration Project to support 
inclusion of the Toutle River II (TR2) bedload sampler into the StreamLab bedload sampler testing program. Our goal in 
this collaborative project is to see the TR2 added to the USGS list of approved bedload samplers.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Working group(s) established One SR-related Working Group was held: Carbon 

Storage in Floodplains.
2-4 Visitors Program participants Three SR-related Visitors conducted collaborative 

research in the past year.

Plans:
The StreamLab experiments will continue into Year 5 and involve a number of non-NCED researchers and visitors. The 
experiments are collaborative and multi-disciplinary; focusing on connections between physical channel processes and 
stream ecology. Part II of StreamLab involves four members of the SRPG and three participants in the Visitor Program.

►
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Project KT07: Stream restoration “toolbox” containing useful numerical models, equations, and guidance for 
practitioners

Producing tools or applications for the NCED Stream Restoration Toolbox is a direct means of translating NCED research 
into practice. Currently three tools are tested and posted on the stream restoration website and are available for free download. 
A common format was developed so that all NCED SR tools have a similar look and a common user interface. A standard 
legal disclaimer and title page format were adopted.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
At least 10 tested NCED Stream Restoration 
tools for free download, with guidelines 
governing access and usage of tools, and 
supporting documentation available online

Three tested tools are currently available on the 
Stream Restoration Site. Four more tools are being 
tested and will be available by Fall 2006.

Plans
The SRIP will continue to expand the SR Toolbox – our goal remains that of making 10 tested tools publicly available by 
the end of the next reporting year. We plan that two of these tools will be generated by non-NCED researchers. The scope 
of the SR Toolbox will also be expanded to include instructional video clips (“NCED E-Clips”): annotated video footage 
from our laboratory experiments and fi eld work. Both the tools and videos will continue to be free for download. In Year 
5 we will also defi ne our protocol for tracking all download activity from the SR Toolbox and monitoring tool usage and 
satisfaction with the products.

Project KT08: Education and training programs in stream restoration

Working through a subset of its SRPG, NCED is taking a leading role in evaluating the current state of stream restoration 
training and education and providing direction for improving training. A meeting on this subject was convened by NCED in 
April 2006. NCED has received formal approval from the UMN Regents to offer a certifi cate program in Stream Restoration 
Science and Engineering (SRSE); the program is now open to students for the 2006-07 school year. The coursework in the 
certifi cate program will be taught by NCED PIs and SRES graduate faculty.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Establish certifi cate program in Stream 
Restoration at the University of Minnesota, 
with collaboration from PIs at other NCED 
institutions

A post-doc was hired to establish certifi cate 
program coursework and the certifi cate program 
was approved by UMN Regents. First course 
offering Fall 2006. 

Develop and present new training courses in 
stream restoration

Short course: Morphology, Morphodynamics 
and Ecology of Mountain Rivers was offered in 
conjunction with the Fall 2005 AGU meeting. 
Four NCED PIs, one collaborator, and one NCED 
post-doc were instructors.
Short course: Morphology, Morphodynamics and 
Ecology of Low-slope, Sand Bed Rivers will be 
offered at the Spring 2006 AGU meeting.  Four 
NCED PIs and two non-NCED faculty will be 
instructors.
Wilcock and Palmer are co-instructors for 
Principles and Practice of Stream Restoration, 
a two week short course organized by NCED 
Partner Jack Schmidt, Utah State University 
(taught annually starting 2004).

►

►
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Milestone/Deliverable Progress
Develop and present new training courses in 
stream restoration (continued)

Power and Wilcock are co-instructors for Fluvial 
Geomorphology: Principles and Practices of 
Stream Restoration, a one week short course 
organized by NCED Partner Matt Kondolf, UC 
Berkeley (taught annually starting 2004).
Palmer and Wilcock are co-instructors and 
organizers for The Ecological and Geomorphic 
Principles of Stream Restoration, a one week short 
course, U Maryland and Johns Hopkins University. 
(taught annually starting 2005).

Plans
We will continue to develop coursework for the University of Minnesota certifi cate program and increase awareness of the 
program throughout North America. Outreach for the certifi cate program will focus on underrepresented groups in an effort 
to attract these students into a career in Earth-surface sciences. NCED PIs will continue to increase their involvement in 
teaching short courses in stream restoration science. We will continue to sponsor two-day courses in conjunction with large 
professional meeting like the AGU fall and spring meetings.  

Project KT09: Stratigraphic (Subsurface Architecture) Partner Group Meetings

Our annual meeting with the Stratigraphic (SA) Partners group was held in November 2005. Research results were presented, 
both in talks and on CDs accompanying the written report. Results and data were also posted to our Partners group web 
portal.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Annual meetings with SA Partner group Meeting held November 2005.

Plans
Continue to meet with the Stratigraphic (SA) Partners group on an annual basis to provide results and receive feedback on 
our plans for future research.

Project KT10: Develop website content for Stratigraphic (Subsurface Architecture) goals, current progress, 
and future direction

The Partners group web portal has been in existence for three years, and content is updated continuously. By the beginning 
of this year, all important data sets from previous Stratigraphic (SA) experiments had been posted to the NCED Data 
Repository.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Experimental stratigraphy results freely 
available online

All Delta Basin and XES experimental stratigraphy 
data through November 2005 accessible online 
(5.5 GB) total.

Plans
Our Partners are pleased with the web site as is – we will continue to maintain it to this standard.

►

►
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Project KT11: Conduct short courses and workshops

Two industrial short courses were held last year with Stratigraphic (SA) Partner ExxonMobil.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Two industrial short courses per year 
in quantitative sedimentology and 
stratigraphy

Two held in Year 4.

Plans
Two more short courses are planned for Year 5.

Project KT12: Conduct Collaborative Research with non-NCED Researchers

NCED graduate student John Martin worked on a collaborative research project with Stratigraphic (SA) Partner Chevron.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
1-2 collaborative projects per year One completed in Year 4

Plans
A collaborative experiment with ExxonMobil will be conducted at NCED’s Delta Basin facility at SAFL in Summer 2006.

Executive Summary: Plans

Our relationship with the Stratigraphic (Subsurface Architecture) Partners Group is already strong, with its annual slate of 
interactions well established to the satisfaction of both parties; and we plan to continue this successful model. The Stream 
Restoration Partners Group and its subgroup on education and training will both hold their second formal meetings in 
the coming year. Desktop Watersheds will formally launch its Partners Group this year, and will continue to nourish its 
extensive collaborative research efforts with individual members. 

The fi rst round of experiments in our new StreamLab facility will be completed in Year 5, and we will develop a plan 
for a second round of experiments with a similar level of participation by non-NCED researchers, involving the Outdoor 
Laboratory for Ecogeomorphology and River Restoration (OLERR) under development at St. Anthony Falls Laboratory.

We will continue to invest resources into publications such as the NCED website and IP portals as well as the NCED 
News and the Stream Restoration Networker. StreamRestoration.net is a “community” website and will continue to develop 
content that is important to the restoration community. The NCED data repository will continue to expand with data sets 
generated by NCED research and additional data sets useful to our community.

Finally, our plan for Year 5 includes a signifi cant increase in the transfer of practical applications and tools to our stakeholder 
communities, with the size of the Stream Restoration Toolbox more than doubling, and the fi rst elements of the Desktop Watersheds 
model released. Our goal is to see NCED research incorporated into practice through the development of these tools.

Knowledge Transfer Challenges

NCED’s partnership with its Stratigraphic (Subsurface Architecture) Partners continues to be a rich and productive one. The 
various organizations represented by the Stratigraphic (SA) Partners offer opportunities for students including internships and 
job placements; NCED research offers educational experience otherwise unavailable to Partners.  In Year 4, more joint research 
between NCED and Stratigraphic Partners occurred.  However, due to the competitive nature of the oil exploration business, 
very few specifi cs are available for how NCED research impacts the industry’s approach to exploration. We are still challenged 
to fi nd ways to remedy this situation.

►

►
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NCED’s interaction with its Stream Restoration Partners Group is strong and we continue to explore new area of research 
and application where we can have impact on stream restoration practice. Hundreds of groups across North America are 
involved in stream restoration; this provides a challenge to NCED: how best to interact with such an active fi eld. Our Stream 
Restoration Partners Group is a key component to our success, bringing legitimacy and authority to our efforts.

NCED’s Stream Restoration toolbox has grown in Year 4. Several organizations and consulting fi rms have adopted SR 
tools. However we are not yet satisfi ed with the usage levels of SR tools. We will continue to produce tools that we feel are 
useful to the stream restoration community and will provide access to tools generated outside NCED. We need to develop 
improved methods for specifi cally tracking and documenting the use of tools by practitioners.

Evaluation and Performance Indicators

Instruments developed in Year 3 were administered in Year 4 but data proved insuffi cient for summary reporting.

Performance Indicators

MEASUREMENT
Description Value

All Stakeholders
1.  Website visits and downloads, within and without NCED Total visits to NCED homepage 2005: 12,967

2006: 19,928
Total visits to NCED's data archive 2005: 1,647

2006: 6,299
2.  Timely archival of NCED data and documents with appropriate 
metadata

Amount of research data archived and 
made available (in gigabytes)

2005: 0.9
2006: 1,000.0

3.  Use of NCED-developed visualization and visualization 
methods

Downloads of visualizations from 
website

2005: 1,459
2006: 5,889

4.  Number of special session and journal issues sponsored by 
NCED

Special sessions convened 2005: 1
2006: 3

Special journal issues/proceedings 2005: 0
2006: 1

NCED PIs
1.  PI involvement with working groups, workshops, visiting 
scientists, community initiatives, joint publications with partners, 
Partner meetings

PIs involved in working groups and 
workshops [total (percent)]

2005: 9 (50%)
2006: 5 (25%)

PIs and student involvement with visit-
ing scientists [PIs (students)]

2005: 3 (2)
2006: 6 (10)

PI involvement with community initia-
tives [initiatives (% PIs)]

2005: 2 (10%)
2006: 6 (30%)

Joint publications with partners 2005: 2
2006: 3

NCED PIs involved in Partner meetings 
and other joint activities

2005: 50%
2006: 32%

2.  PI contribution to NCED website and other KT dissemination 
venues

Number of PIs contributing to website 
and other KT venues

2005: 7
2006: 7

Number of data sets or papers contributed 
by PIs to website and other venues

2005: 9
2006: 12
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MEASUREMENT
Description Value

NCED Partners
1.  Partner participation in NCED activities and events Number of Partner representatives 

who attended NCED meetings and 
workshops

2005: 9
2006: 15

2.  Partner adoption of NCED tools, methods or training materials Number of Partners adopting tools, 
methods or training

2005: n/a
2006: 3

Wider Community
1.  Participation of non-NCED researchers in NCED workshops, 
working groups and other research activities

Number of non-NCED researchers at-
tending workshops and working groups

2005: 27
2006: 57

2.  Impact of NCED research or tools on policy and practice in river 
restoration and landscape management

Number of non-NCED researchers using 
DW knowledge and tools (est)

2005: n/a
2006: <5

Number of non-NCED researchers using 
SA knowledge and tools (est)

2005: n/a
2006: hundreds

Number of non-NCED researchers using 
SR knowledge and tools (est)

2005: n/a
2006: dozens
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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
Bureau of Land Management, National Science and Technology Center Government Agency
CALFED Bay-Delta Program State Government
Canaan Valley Institute Non-profi t organization
Infet-Fluve, Inc. Environmental consulting fi rm
Minnesota Department of Transportation Government Agency
MN Department of Natural Resources Government Agency
MN Geological Survey Government Agency
NASA, Goddard Space Flight Center, Hydrological Sciences Government Agency
National Parks Service, Geologic Resources Division Government Agency
National Parks Service, Water Resources Division Government Agency
NOAA Fisheries Government Agency
ONR, Coastal and Geosciences program Government Agency
R2 Resource Consultants Environmental consulting fi rm
Stillwater Science Environmental consulting fi rm
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

USDA, Agricultural Research Service, National Sedimentation Laboratory, 
Watershed Physical Processes Research Unit

Government Agency

USDA, Forest Service, Pacifi c Northwest Station, Corvallis Forestry Science Laboratory Government Agency
USDA, Forest Service, Pacifi c 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
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Organization Name Organization Type
USDA, Natural Resources Conservation Service Government Agency
USGS, Columbia Environmental Research Center Government Agency
USGS, Offi ce of Surface Water Government Agency
Wildland Hydrology Environmental consulting fi rm

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

Other Knowledge Transfer Partners

#
Organization Name Organization Type
Description of partnership

1
Advanced Materials for Water Purifi cation NSF STC
Purpose: Joint development of traveling Water Planet (exhibit) with SMM.

2
Association for Women Geoscientists, Minnesota chapter Professional Association
Purpose: Connections to local professionals, career development for students, networking events, K-12 activities for children, 
events at regional conferences; Karen Campbell and Lesley Perg, past presidents.

3
CHRONOS NSF Funded Center
Purpose: share information about cyberinfrastructure issues; host joint sessions at national conferences.

4
Geowall Consortium (http://www.geowall.org/) Consortium
Purpose: Exchange visualizations, tools and methods with 3-D developers worldwide; Paul Morin, organizer (NCED is a 
member).

5

SAHRA (Sustainability of Semi-Arid Hydrology and Riparian Areas) 
http://www.sahra.arizona.edu/

NSF STC

Purpose:  Joint minority recruiting, regular consultation between Education Directors and Knowledge Transfer Directors at both 
Centers, service between Centers, joint development of traveling Water Planet exhibit) with SMM.

6
SciTech Hands On (http://scitech.mus.il.us/) Museum
Purpose: Develop joint proposals, share exhibit and 3-D visualization expertise

7
Utah Museum of Natural History Museum
Purpose: Pilot use of Earth-surface visualizations in museums nationally.
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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 which 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 fl ows.

2
National Academy of Science Government Agency
Ongoing coordination of river restoration study.

3
National River Restoration Science Synthesis Project
Ongoing coordination of river restoration study.

4
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.

5
University of Colorado/INSTAAR University
Coordinated development of Community Surface Dynamics Modeling System.

6
Universidad Nacional del Litoral University
Joint studies of large river systems and river engineering.

7
Universidad Central de Venezuela University
Joint research on rivers and debris fl ows.

Education & Diversity Partners Group

#
Organization Name Organization Type
Description of partnership

1
AISES:  American Indian Science and Engineering Society Minority Professional Organization
NCEDsends 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.

2
AIHEC:  American Indian Higher Education Consortium Consortium of tribal colleges.
NCED participates in their conferences, recruiting students at their career fairs.

3
Center for Embedded Network Sensing NSF Center
Collaborates on joint recruiting of underrepresented undergraduate and graduate students.

4
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.

5
Division of Indian Work Non-Profi t
Collaborates with NCED on grade-school diversity programming.

6
Florida A&M University University
Faculty-to-Faculty Participant.

7
Fond du Lac Ojibwe School Public School
Partners with NCED on gidakiimanaaniwigamig Native American youth science immersion program.

8
Get Ready!  Minnesota Higher Education Services Offi ce Government
Collaborates with NCED on middle-school diversity programming.
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#
Organization Name Organization Type
Description of partnership

9
Graduate School Outreach Offi ce, University of Minnesota University
Partners with NCED on recruiting and hosting underrepresented undergraduate students for our Undergraduate Summer 
Internship Program

10
Jackson State University University
Faculty-to-Faculty Participant

11
Laurentian Center, Britt, Minnesota Environmental Learning Center
Hosts NCED’s gidakiimanaanawigamig camps

12
Louis Stokes Mississippi Alliance for Minority Participation (LSMAMP) NSF LSAMP
Collaborates to fi nd research internships and graduate opportunities for LSMAMP participant students at NCED, other departments 
at University of Minnesota, and at other STCs.

13
Nova/Mentorn TV Educational Television producers
Partners on educational science programming for all ages

14
QEM NSF funded program
Partners with STCs in recruiting underrepresented groups for graduate and post-doc positions

15
SAHRA NSF Center
Collaborates on joint recruiting of underrepresented undergraduate and graduate students

16
The Science Center at the Maltby Nature Preserve Non-profi t
Partners with NCED on delivering Earthscapes Teacher Institutes

17
The University of Minnesota Materials Research Science and Engineering Center 
(MRSEC)

University

Collaborates on joint recruiting of underrepresented undergraduate and graduate students.  
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VI. Diversity Initiative    

Project team

Diversity Director: Diana Dalbotten
Faculty & Staff:  Andrew Wold, Holly Pellerin, Lowana Greensky, Theresa Stets
Contributing PIs: all

Executive Summary

 NCED continues to make positive strides towards achieving our goal of diversity which is refl ective of the U.S. national 
population and to foster diversity in the sciences as a whole by increasing the pool of underrepresented students who are 
able and interested in pursuing careers in science, math, engineering and technology fi elds.  Diversity among researchers 
at NCED was increased this year with the addition of three new graduate students from underrepresented groups, one of 
whom was recruited from our Undergraduate Summer Internship Program.  The addition of these graduate students to our 
research program has increased the percent of researchers from underrepresented groups from 10% in Year 3 to 13% of our 
total research group in Year 4.  New this year for promoting diversity among our graduate students--NCED, in partnership 
with 6 other STC’s, is collaborating with the GEM fellowship program to enhance our ability to identify and recruit graduate 
students from underrepresented groups.

 NCED initiated a new program in Year 4, Faculty-to-Faculty, which will systematically introduce NCED research to 
faculty from Minority Serving Institutions (MSIs) that have Civil Engineering, Geology, Ecology, and Biology programs 
that are compatible to NCED research themes.  Through research workshops and visiting research positions, MSI faculty and 
their students will have an opportunity to visit NCED research facilities and form collaborations with NCED researchers.  

 In Year 4, NCED’s gidakiimanaaniwigamig (Our Earth Lodge) and ando-giikendaasowin (Seek To Know) Programs 
have brought over 200 middle- and high-school students to Native American Math and Science Camps and to participate 
in other hands-on science activities related to NCED research.  Content in the camps included activities on topics in the 
Hydrologic Cycle, Groundwater, Continental Divides and Drainage Networks, Food Webs, and Rivers and Lakes.  Students 
in our programs have shown increases in their math and science grades and school attendance since the inception of the 
program.  NCED is serving as a model for other groups by presenting workshops at professional conferences (SACNAS, 
AISES) on creating math and science programs for Native American youths.  Students’ enthusiasm can also be demonstrated 
by their participation in the NCED/FDLTCC-sponsored American Indian Regional Science Fair, which has had 175 middle- 
and high-school student exhibitors in its fi rst two years.  From this group, NCED has collaborated with FDLTCC and the 
Ojibwe School to send 24 students to Albuquerque in 2005 and 2006 to attend the American Indian Science and Engineering 
Society’s (AISES) National American Indian Science and Engineering Fair (NAISEF).  In 2005, eight gidakiimanaaniwigamig 
students attended NAISEF, seven won medals; three were chosen to represent AISES at the Intel International Science and 
Engineering Fair (ISEF), where all three took home medals.  This year we again swept NAISEF ; 16 of our students attended 
and brought home 20 awards, including a Grand Award won by Aurelia DeNasha, who will again represent NCED and 
AISES for a second time at Intel ISEF.  

Goal

The overall goal of NCED’s Diversity Initiative is to increase participation by underrepresented groups in NCED scientifi c 
disciplines until minority representation is continuously refl ective of the U.S. national population. The specifi c goals of our 
Initiative are an immediate improvement in participation by members of all under-represented groups in NCED itself, and 
an improvement in representation of Native Americans in NCED related disciplines. 



96     Diversity

National Center for Earth-surface Dynamics
Annual Report 2006

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. Faculty-to-Faculty program: 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 now-approved NCED Stream Restoration Certifi cate program 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.

Achievements and Plans – Major Initiatives

Project DV01: Faculty-to-Faculty: building durable connections to Minority-Serving Institutions

By involving faculty from minority-serving institutions in the research projects of NCED, we are fostering long-term 
relationships that will lead to a natural increase in the fl ow of underrepresented individuals into graduate and postgraduate 
positions at NCED and other national research centers.  

Goals for participating faculty and their institutions:

◦ Faculty at MSIs will gain a new level of excitement and interest 
in NCED research;

◦ MSI faculty will also be able to inject some of this excitement 
into their courses, potentially recruiting an untapped source for 
future research scientists;

◦ These faculty will provide a link to students at MSIs, increasing 
the natural fl ow of students from MSIs 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 at MSIs will be greatly assisted in their professional 
development.

►

Figure 1.  Faculty-to-Faculty participants Jessica Ruiz 
and Celina Camerena, graduate students of Prof. Jianhong 
Ren, Texas A&M University, Kingsville, visited NCED in 
Summer 2005 to do research on “Uptake of Heavy Metals by 
Alder Trees.”
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Our fi rst Faculty-to-Faculty (F2F) visit took place in Summer 2005, when Dr. Jianhong Ren of Texas A&M University, 
Kingsville, sent two graduate students, Jessica Ruiz and Celina Camarena (both Hispanic) to conduct experiments at the St. 
Anthony Falls Laboratory in collaboration with NCED PI Miki Hondzo.  Results of this research were presented by Celina 
Camarena at the AGU Fall Meeting in December of 2005.  Information about the Faculty-to-Faculty program itself was 
also presented at AGU by Jessica Ruiz and Diana Dalbotten.  NCED is working with two new F2F participants, Dr. Shikha 
Rahman of Jackson State University, and Dr. Jennifer Cherrier of Florida A&M University, to arrange for visits to SAFL in 
Year 5.  In addition, Dr. Cherrier participated in an NCED working group on Carbon Storage in Floodplains in June 2005.  
NCED PI Lesley Perg and Diversity Director Diana Dalbotten met with Dr. Rahman at Jackson State University.  While 
there, they also gave a presentation on research opportunities at NCED to the Louis Stokes Mississippi Alliance for Minority 
Participation (LSMAMP) National Research Conference.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Three new faculty introduced to NCED research 
in Years 3-5 through visits or participation in 
conference or workshop, including multiple 
visits to NCED facilities

In Year 4, NCED PIs collaborated on a project on 
“Removal of Heavy Metals by Alder Trees and 
Bed Sediments” with a visiting research team 
from Texas A&M University, Kingsville, led 
by Dr. Jianhong Ren (see above); Two Hispanic 
graduate students from Texas A&M visited SAFL 
to carry out this research.  NCED also invited Drs. 
Jennifer Cherrier (Florida A&M University) and 
Prof. Shikha Rahman (Jackson State University) 
to participate in F2F.  Dr. Cherrier particpated in 
an NCED workshop.  Drs. Cherrier and Rahman 
will visit NCED in Year 5.

New collaborations, and recruiting visits by 
NCED faculty

Lesley Perg and Diana Dalbotten visited Jackson 
State University to meet with Dr. Rahman and 
give a talk to faculty and students at their annual 
LSMAMP conference.

Plans

In Year 5, NCED will continue to identify MSI faculty with compatible research interests and invite them to collaborate with 
NCED.  NCED’s Collaborative Investigator designation will provide new possibilities for faculty from MSI’s to be involved.  
In addition, we will explore opportunities for Drs. Rahman and Cherrier to participate as NCED visiting researchers.

Project DV02: Direct recruiting of underrepresented students to NCED graduate and postdoc 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, post docs, and faculty, has 
risen from 8% at NCED’s inception in 2002 to 13% by the end of Year 4.  

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
Bring percentage of graduate students from 
underrepresented groups to approximately 
10% of total graduate students and postdocs by 
end of Year 5 including participation in the SR 
certifi cate program

Percent of NCED graduate students and post-docs 
who are from underrepresented groups has risen 
from 2% in Year 3 to 7.5% in Year 4.  We project 
this number to be around 10% in Year  5.

►
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Plans
Continue our vigorous program of graduate recruiting, including visits to 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 state and regional Louis Stokes Alliance for Minority Participation (LSAMP) conferences.

Collaborate with the GEM-STC fellowship program to recruit and support an underrepresented graduate student at NCED 
for the 2006/07 school year.

In addition, our new SRES Certifi cate program (see Education Initiative) will provide an additional portal to NCED graduate 
research that we believe will broaden access to minority students. The program will be designed to make it straightforward 
to transfer to research-oriented MS or PhD programs for students with the desire and aptitude to do so. 

Project DV03: Undergraduate Summer Internship Program

USIP brings undergraduate students from underrepresented groups to NCED institutions for a 10-week summer program 
each year and has been an important mechanism for accomplishing our diversity mission.  Five students attended this 
program in summer 2005; one of these students was returning for his second internship at NCED.  Of the students supported 
through this program, 86% have expressed a desire to continue their education in graduate programs, and 28% have been 
accepted into graduate programs.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
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.

- 14 students have been supported, 8 women 
and 6 men
- 3 are in graduate school, 1 has been accepted 
for Fall 06, and 1 has graduated with an M.S.
- 4 more plan to apply to graduate programs 
when they fi nish their undergraduate programs
- 3 have graduated and are currently working 
but plan to apply for graduate programs within 2 
years
- 2 have no plans for graduate work but are 
planning to teach K-12
- 1 is a current NCED grad student (Robert 
Haydel) and 1 is a past NCED grad student 
(Crystal Lesmeister—graduated with M.S.); 
1 student plans to apply to become an NCED 
graduate student for Fall 2007 (Angel Santiago)
- 1 student (Edith Moreno) is currently 
scheduled to take part in the NCED International 
Research Experience with grad student Michal 
Tal, who helped advise her during her USIP 
internship.

Plans
Expand NCED’s successful USIP program to include larger numbers of students and placements at various NCED institutions.   
For Year 5 we are collaborating to support an undergraduate student at ACRR with a visiting researcher.

As an adjunct to USIP, NCED will develop the Nibi (Water) program with FDLTCC.  The focus of this program will be to 
track and advise students who have completed two years of undergraduate study at FDLTCC as they fi nish their undergraduate 
degrees at the University of Minnesota or another university.  Students in the program will be offered summer environmental 
jobs during the years at FDLTCC which will prepare them to work in a research environment.  As they continue as juniors 
and seniors at their transfer institution, they will be encouraged to apply to NCED’s Undergraduate Summer Internship 

►
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Program.  As USIP students, they will be able to pursue research at any NCED institution, including FDLTCC.  Although the 
NIBI program will not begin until after NCED’s renewal in Year 6, NCED will pilot this program beginning summer 2006 
with the participation of Alyxis Feltis, an undergraduate from FDLTCC, in our USIP program.  

Project DV04: Gidakiimanaaniwigamig (Our Earth Lodge) and Andogiikendaasowin (Seek To Know) science 
camp programs

ando-giikendaasowin (Seek to Know) and gidakiimanaaniwigamig (Our Earth Lodge): More than 200 students have 
participated in NCED camps and related activities, with 38% attending more than one activity.

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

            

2. The fi rst of our gidakiimanaaniwigamig students to graduate from high school has been accepted into the 
University of St. Thomas with a full scholarship.  Several other gidakiimanaaniwigamig students are in their 
sophomore and junior years in high school and have plans to continue on to college.

Progress toward milestones/deliverables for years 3-5

Milestone/Deliverable Progress
90 students per year participate in the two camps 
and programs in Years 3, 4, 5

162 students participated in the 
gidakiimanaaniwigamig program and 10 students 
participated in ando-giikendaasowin in Year 4.

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

2 of the students in our programs were high school 
seniors this year; both have applied to attend 
college.

Plans
Collaborate with the SMM’s new WATERPLANETTM traveling exhibition: WATERPLANETTM will bring bring together the 
SMM, NEMO, and Headwaters Science Center (HSC) with the NCED gidakiimanaaniwigamig program to produce a 
novel outreach program. The University of Connecticut’s Nonpoint Education for Municipal Offi cials (NEMO) project 
offers workshops to local government offi cials in 34 states in making better land-use and water-quality decisions.  SMM 
and NCED will work with gidakiimanaaniwigamig high school students to familiarize them with visualization tools in the 
exhibition. NEMO (Jesse Schomberg, Duluth NEMO Coordinator) will acquaint youth participants with the relationships 
between land-use and surface- and groundwater-quality.   The gidakiimanaaniwigamig youth will craft the resources into a 
culturally appropriate NEMO program that they will present to adult Native American audiences in northern Minnesota.

HSC will host programs where gidakiimanaaniwigamig students present their NEMO program to adult members of the 
Red Lake, White Earth, and Leech Lake reservations.  In Bemidji, MN, HSC is centrally located amongst all three of these 
communities.  Native American communities in Minnesota are reclaiming control over their lands and seeking knowledge 

►

Figure 2.  Math and Science Profi ciency:  Students in gidakiimanaaniwigamig (Our Earth Lodge) 
Native American Youth Science Enrichment Program    
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in managing land/water interactions.  SMM will use its relationship with the Fond du Lac community, HSC, and NEMO 
in northern Minnesota to test this model for how the science of WATERPLANETTM might be conveyed to Native audiences 
nationwide in culturally meaningful ways. 

This year, we plan to coordinate the gidakiimanaaniwigamig and ando-giikendaasowin programs and house both the middle-
school and high-school camps at FDLTCC in order to ensure closer synergy between the two camps.  We plan to recruit 
undergraduates studying teaching at FDLTCC as teachers for the camps in order to give them experience in teaching science 
and math activities to Native American youths.

As students build expertise with multiple camp experiences, NCED will coordinate participation in non-NCED science 
programs and internships.  FDLTCC and NCED have developed a regional science fair which will involve students from 
NCED’s program and students from other tribes within northern Minnesota and Wisconsin.  This year in March 2006 NCED 
sponsored 15 students from the FDLTCC American Indian Regional Science Fair to attend the NAISEF science fair in 
Albuquerque, NM; and another 10 students presented their research at the American Indians in Science day at the Science 
Museum of Minnesota in March 2006.

Project DV05: Earthscapes in the SMM Youth Science Center (YSC)

Accomplishments
At the Science Museum of Minnesota’s Youth Science Center (YSC), students in NCED’s Earthscapes Park Crew were 
mentored by NCED Graduate Museum Assistant Michal Tal for a second season.  The 11 high-school-aged Park Crew 
students then assisted visitors in the Big Back Yard (BBY) during summer 2005.  The team collectively worked 24 shifts 
per week, interpreting exhibits and mini-golf holes, providing programming in the Science House, and helping with general 
visitor needs.  They met biweekly to continue content learning and to refl ect on the effectiveness of the training to their 
on-the-job experience.  The youths were particularly helpful in the BBY to involve visitors in the interactive exhibit models 
in such a way that visitors were able to experiment with different processes, and this was particularly true for the braided 
and meandering river models.  

Once the BBY closed for the season, the Crew took stream tables, for which they had developed programming in year 3, to 
local community centers.  They had 12 activities and reached out to 75 youth participants throughout the 2005-06 school 
year.  The Park Crew youth also participated in college-readiness programming to help them plan for post-high school 
education.

Progress toward milestones/deliverables for years 3-5

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

11 students participated:  2 male, 9 female, 9 from 
underrepresented groups 

Number of visitors/demographics 75 youth participants, 65 from underrepresented 
groups

Number of activities conducted outside SMM 
by YSC program/hours

12 activities / 24 program hours

Plans
1. In Year 5 the Park Crew youth will

- again serve as docents in the BBY summer 2006

- 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

- continue bringing NCED-related stream table and other activities to community centers in the Minneapolis/St. 
Paul metropolitan area

►
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Summary of Plans

In Year 5, a special focus of our Faculty-to Faculty program will be to coordinate our efforts with existing NSF programs to 
build a pool of talented students who are majoring in science, technology, engineering, and math (STEM).  Programs such 
as the Louis Stokes Alliance for Minority Participation (LSAMP), Alliance for Graduate Education in the Professoriate 
(AGEP), Bridge to the Doctorate, and Centers of Research Excellence in Science and Technology (CREST) have already 
developed strong programs and alliances that are graduating signifi cant numbers of students in STEM disciplines.  NCED 
will make particular efforts to identify and recruit participants for our Faculty-to-Faculty program from these programs, and 
thus become part of an ever-growing network of universities who are working to promote real changes in the diversity of 
our national science personnel.  All three of our Year 4 F2F participants are from universities that are part of this network.  
By working with the LSAMP, AGEP, or CREST advisors, as well as the faculty, we will be able to increase the strength of 
the ties we have forged through F2F.

NCED’s successful USIP program will be expanded to include larger numbers of students and placements at various NCED 
institutions. As an accompaniment to our Undergraduate Summer Internship Program.  In Year 5, NCED will pilot it’s new 
NIBI program with the inclusion of an undergraduate student from FDLTCC, Alyxis Feltis, in our StreamLab research 
project in summer 2006.  This student has already participated in research with PI Wold during her 2 years at FDLTCC.  
She is now at the point of transferring to a 4-year program. The focus of NIBI, to be fully developed in Years 6-10, will be 
to track, advise, and mentor students who have fi nished their fi rst two years of undergraduate study at FDLTCC as they 
complete their undergraduate degrees at the University of Minnesota or another university. Students in the program will 
be offered summer environmental jobs during the years at FDLTCC which will prepare them for working in a research 
environment. As they continue as juniors and seniors at their transfer institute, they will be encouraged to apply to NCED’s 
Undergraduate Summer Internship Program.  As USIP students, they will be able to pursue research at any NCED institution, 
including FDLTCC.    
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Evaluation and Performance Indicators
Performance Indicators

MEASUREMENT
Description Value

NCED Community
1.  Increasing the size of the pool from which under-represented 
participants are rectuited

Number of applicants for USIP (Year 4) 146
Number of applicants for USIP (Year 3) 94

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

NCED Researchers
Percent of underrepresented research-
ers in current year

13%

Percent of underrepresented research-
ers in previous year

10%

NCED Participants and Affi liated
Percent of underrepresented partici-
pants/affi liates in current year

Participant: 21%
Affi liate: 14%

Percent of underrepresented partici-
pants/affi liates in previous year

Participant: 18%
Affi liate: 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 Number of students 201

Attendance and grades See Table 1
2.  Repeat contacts with students Number of repeat contacts

1 camp 84
2 camps 38
3 camps 25
4 camps 16
5+ camps 12

Youth Science Center
1.  Number of kids enrolled/demographics Number of students 11

Male 2
Female 9
% from underrepresented groups 81%

2.  Number of visitor kids/demographics Number of visitors 75
Number from underrepresented 
groups

65

3. Number of activities conducted outside SMM by YSC 
programs/hours

Number of activities 12
Number of program hours 24

Educational Outcomes

Deleted from public version.



National Center for Earth-surface Dynamics
Annual Report 2006

Management     103

VII. Management

Management team:

Director: Chris Paola

Co-Director: Efi  Foufoula-Georgiou

Deputy Director, Administration: Rochelle Storfer

Staff: Maia Homstad, Charles Nguyen, David Olsen, Debra Pierzina, Adam Recknor

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, seeking an optimal balance between consensus and effi ciency, and 
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 NCED Initiative. 

Challenges and Plans

The major accomplishment of NCED management in the past year has been to lead development of our new Strategic 
and Implementation Plan (SIP). The new plan completed a two-year process of refi ning NCED’s objectives and structure, 
emphasizing improved integration across the Center. A major highlight of the new plan is to focus NCED’s research into 
three Integrated Projects. This has substantially improved our ability to set priorities, goals, and deliverables. The SIP 
is downloadable from our website: http://www.nced.umn.edu/nced_offi cial_documents. We expect that a slightly revised 
version of the plan, based on our fi rst year of operational experience with it, will be issued this summer.

With the new plan in place, our priority now is to ensure that the Center’s resources are marshaled effectively to reach 
the goals laid out in the SIP. The major tasks for management are:  (1) adaptively managing the allocation of resources, 
including PI and staff effort, toward reaching the goals laid out in the SIP; (2) monitoring progress relative to the timetables 
and deliverables set forth in the SIP; (3) encouraging a culture of collaboration and added value; (4) working with PIs and 
staff to maintain Center visibility nationally and internationally; and (5) ensuring that our relationships with our Partners 
effectively help us reach our goals.  NCED’s methods for dealing with these issues are described below. 

An important change in management this year was to expand the membership and responsibilities of the Executive Committee 
(EC), which advises the Directors on major Center decisions. The changes follow directly from the new SIP. The EC now 
comprises the leaders of NCED’s major Initiatives, the Directors, and one or more additional PIs, chosen by the Director 
with the advice of the PIs, to provide adequate representation of NCED as a whole.  The Executive Committee is charged 
with ongoing review of Center performance including progress on research projects and by individual PIs in relation to 
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IP needs, and also with assisting the Director and Co-Director in formulating policy, allocating funds, selecting Center 
research personnel, and evaluating NCED management performance.  The Executive Committee comprises: Chris Paola 
(Director), Efi  Foufoula-Georgiou (Co-Director), Bill Dietrich (Lead PI for Desktop Watersheds), Peter Wilcock (Lead PI 
for Stream Restoration), David Mohrig (Lead PI for Subsurface Architecture), Mary Power (member at large, NCED PI), 
Karen Campbell (Education Director), Diana Dalbotten (Diversity Director), Jeff Marr (Knowledge Transfer Director), and 
Rochelle Storfer (Deputy Director, Administration).

Allocation of the Center’s Resources

Allocation of resources among the six major Initiatives (Education, Diversity, and Knowledge Transfer plus the three research 
Integrated Projects) that structure NCED’s work is done by the Director and Co-Director in consultation with the leadership 
of the six Initiatives and the PIs. The main factors involved are the needs of the activity and the priorities of the Center. For 
example, in Education, development of the EarthScapes/Big Back Yard exhibit was a major and expensive undertaking, but 
it was also a high priority for the Center. Accordingly, it received a substantial share of NCED’s resources. 

Every year, following the submission of the PI’s annual reports on progress and future plans, and also in response to the 
recommendations of the EAB, the leadership team overviews the Center’s priorities and revises allocations appropriately.  
Examples of strategic allocation of resources from the past year include:  

(1) An increase of NCED post-doctoral associate central fund giving incentive to the PIs for co-advising post-
doctoral associates by centrally providing 50% of the post-doc salary if at least two PIs share the other 50% and 
co-supervise the postdoc.  This was conceived as an incentive program to accelerate integration of research across 
disciplines and institutions. We believe it accounts for a signifi cant share of the improvements in PI collaboration in 
Years 3 and 4. 

(2) Allocation of approximately $125,000 to the SMM to create an indoor space that would expose NCED 
EarthScapes exhibits to visitors year round. 

(3) Allocation of an extra $150,000 to StreamLab06 to provide an enhanced, structured Visitors Program that 
would integrate visitor activities with NCED graduate and post-graduate researchers, and NCED partners.  

(4) Support for Kelly Caylor, a former post-doctoral associate who started in an academic position at University of 
Indiana, to make a smooth transition and fi nish key NCED research at ACRR this summer. 

(5) Allocation of resources for a new PI in ecology to provide expertise to the Mississippi Delta initiatives.

(6) Allocation of targeted funds to support recruitment of minority graduate students and postdoctoral researchers. 

The largest component of NCED’s activities overall is research. One of our key management decisions has been to allocate 
most of NCED’s research resources to PIs rather than projects. We chose this approach in order to reduce compartmentalization 
of research, allow fl exibility, and encourage PIs to contribute to multiple projects. Once resources are allocated to PIs, 
responsibility for day-to-day use of the resources is delegated to the PI with oversight by NCED central administration.  
The problem with this system is that it makes it harder to track resource allocation by project, since this is done indirectly 
according to how much effort each PI and their group spends on the various projects. At present we handle this through 
a table, reproduced below, according to which each PI’s effort is weighted across the three IPs. We arrive at resource 
allocation across the IPs by multiplying these weights by the funding allocated to each PI and then summing over the PIs. 
Technicians and staff who work primarily on research are included in this scheme as well. Currently, approximately 50% 
of our research spending is on Desktop Watersheds, and 25% each on Stream Restoration and Subsurface Architecture. It is 
also worth noting that Stream Restoration receives a disproportionate share of our Knowledge Transfer resources. 
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Research Personnel Effort Estimate by IP
Name DW SA SR
Banfi eld, Jill 80.0% 0.0% 20.0%
Bode, Collin 100.0% 0.0% 0.0%
Dietrich, Bill 60.0% 10.0% 30.0%
Ellis, Chris 33.3% 33.3% 33.3%
Finlay, Jacques 70.0% 0.0% 30.0%
Flores, Nick 0.0% 0.0% 100.0%
Foufoula, Efi 60.0% 5.0% 35.0%
Hobbs, Ben 0.0% 0.0% 100.0%
Hondzo, Miki 70.0% 0.0% 30.0%
Johnson, Sara 20.0% 0.0% 80.0%
Marr, Jeff 20.0% 0.0% 80.0%
Mohrig, David 10.0% 70.0% 20.0%
Mohseni, Omid 0.0% 0.0% 100.0%
Mullin, Jim 30.0% 40.0% 30.0%
Paola, Chris 5.0% 75.0% 20.0%
Parker, Gary 10.0% 45.0% 45.0%
Perg, Lesley 60.0% 5.0% 35.0%
Porté-Agel, Fernando 60.0% 30.0% 10.0%
Power, Mary 70.0% 0.0% 30.0%
Rodriguez-Iturbe, Ignacio 70.0% 30.0% 0.0%
Voller, Vaughan 10.0% 50.0% 40.0%
Wilcock, Peter 15.0% 5.0% 80.0%
Wilkerson, Greg 0.0% 0.0% 100.0%
Wold, Andy 80.0% 0.0% 20.0%

Allocation of funds to PIs is done on the basis of (1) PI performance, (2) the needs of the Integrated Projects and PI 
contributions to those, and (3) the intrinsic cost of the work. Evaluation of PI performance is discussed below. Project needs 
are determined primarily by the Lead PI as discussed in the previous section; some PIs are contributing more broadly than 
others and so receive more NCED support. The intrinsic cost of the work is determined the same way as it is in standard 
NSF proposals; for instance, fi eld work is generally more expensive than mathematical analysis, but it is a high priority in 
NCED, and is funded accordingly. 

As mentioned above, we have two incentive programs that affect PI funding. One is through our central fund for post-
docs shared by two or more PIs (point 1 above), and the other is the supplement to support diversity recruitment (point 6 
above). 

Monitoring progress:  Selection, evaluation and termination of projects

Nearly all (the exception is described below) NCED research is done in the context of the Integrated Projects. This is done 
fi rst by identifying thematic areas of high-priority research and then developing a list of specifi c projects within these. 
These priority research areas are described in detail in the SIP, and were developed by the Integrated Project lead PIs and 
the Director and Co-Director, with input from the PIs. We then determine how the subproject tasks will be fulfi lled by 
direct negotiation with the PIs. This provides a set of commitments (deliverables and a timetable) for each PI that determine 
resource allocation and provide the main basis for PI evaluation. If we need research that we cannot perform ourselves, we 
look at alternatives such as fi nding a non-NCED researcher we can collaborate with, hiring a postdoc who can work with an 
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existing PI, or adding a new PI. (For instance, in Year 3 we identifi ed Stream Restoration as a high priority for NCED but 
realized we did not have a PI in a position to lead it, so we brought in Peter Wilcock, who now heads the SR IP. Late last year, 
we added Ben Hobbs and Nick Flores to bring environmental economics into the SR IP, and we are currently negotiating 
to bring in one more PI in ecology.) The Lead PI and the Project Manager for each Integrated Project are responsible for 
recognizing when (1) work on an individual research project is complete; and/or (2) insuffi cient progress is being made; 
and/or (3) priorities have changed that require redirection of resources.  Projects are terminated on this basis by the Director 
and Lead PI, with input from the PIs and the Executive Committee. A similar decision process is used to decide on new IP 
projects. In Year 4, we have already decided to terminate one SR subproject, as explained in the Stream Restoration section 
of this report. This has been agreed to informally and is expected to be adopted formally at our retreat in May. We will also 
look at subdividing some projects that seem overly large. We expect to submit a slightly modifi ed version of the current SIP 
refl ecting these changes to NSF this summer.

As mentioned above, there is one exception to the rule that all NCED research is done within the Integrated Projects. A small 
amount of NCED research is supported purely on the basis of providing potential breakthroughs and directions for future 
NCED research. At present, this research is on surface dynamics on other moons and planets (Mars and Titan at present), and 
potential connections with extraterrestrial life. This work is being done by PIs Banfi eld, Dietrich, Mohrig, and Parker. 

Monitoring progress: PI evaluation

Research evaluation begins with comparing each PI’s output with their stated commitments.  PIs communicate their progress 
on achieving deliverables and milestones during videoconferences, retreats and other meetings, and through semi-annual 
progress reports delivered to their IP’s project manager. PI performance is measured using conventional research metrics 
(publications, invited talks, awards, student graduation and placement), by the level of their contributions to NCED’s 
Knowledge Transfer, Education and Diversity programs, and their contributions to Center added value, i.e., collaboration 
with other PIs, especially across institutions; contribution to more than one IP; and in particular joint publications with other 
PIs.

One of the main goals of the new SIP we developed in the past year, and the Integrated Projects in particular, was to increase 
PI accountability in terms of the Center’s goals by associating PIs with subprojects and deliverables within each IP. Since 
we have only had the current structure in place since last summer, this is the fi rst year in which we will be able to use it 
for PI evaluation. Accordingly, we have prepared a dossier for each PI including research (organized by IP subprojects and 
including both PI commitments and the performance measures listed above), as well as Knowledge Transfer, Education and 
Diversity activities, budget status, and any additional issues. At our annual retreat in May, we will review these with the 
IP leaders and each PI. In cases where the PI has not followed through on a commitment, we will review the reasons and 
determine with the PI what steps will be taken. Reallocation of resources will result from either failure to follow through on 
commitments, or a determination that the needs of the project have changed such that the resources would be better spent 
otherwise.

Encouraging a culture of collaboration

The main point of doing research in center mode is to take advantage of the opportunities afforded by sustained funding for 
collaborative research on a large scale. NCED management uses a variety of means to encourage synthesis among research 
groups and between Research, Education, Knowledge Transfer, and Diversity. Contributions across all these activities are 
included in PI evaluation, and PIs are aware that this is expected of them. NCED uses several additional metrics to monitor 
research synthesis and added value. One simple measure is the fraction of PIs who are actively contributing to more than one 
IP; we are pleased to report that this stands currently at 89%. Another method is quantitative diagrams showing connections 
among the PIs. The present state of these connections relative to the initial state when NCED started is shown in Figure 
1 below.  The outcome is satisfying and refl ects both the fourth-year maturity of the center and the strong commitment 
of the PIs to achieve the vision of NCED.  The new Integrated Project structure has helped strengthen and increase these 
connections. We are confi dent that the rate of collaboration will continue to increase.



National Center for Earth-surface Dynamics
Annual Report 2006

Management     107

 

Figure 1. Diagrams showing the level of collaboration between PIs at NCED’s inception (above) and today (below).  

Note that, to maintain year-to-year consistency, we have left the PIs grouped by their original Focus Areas.
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Another major indicator of research integration is published papers that provide clear evidence of Center-mode research. 
This includes research syntheses, papers involving multiple PIs (especially PIs at different institutions), and papers that 
refl ect new collaborations attributed to the Center. Papers for 2005-2006 that fall in these categories include (NCED PIs are 
in italics): 

Dietrich, W. E., and J. T. Perron (2006), The search for a topographic signature of life, Nature, 439. doi: 
10.1038/nature04452.

Green, E. G., W. E. Dietrich, and J. F. Banfi eld (2006), Quantifi cation of chemical weathering rates across an actively 
eroding hillslope, Earth and Planetary Science Letters, 242, 155-169.

O’Connor, B. L., M. Hondzo, D. Dobraca, T. M. LaPara, J. C. Finlay, and P. L. Brezonik (in review), Quantity-activity 
relationship of dentrifying bacteria and environmental scaling in streams of a forested watershed, Journal of Geophysical 
Research Biosciences.

Paola, C., E. Foufoula-Georgiou, W. E. Dietrich, M. Hondzo, D. Mohrig, G. Parker, M. E. Power, I. Rodriguez-Iturbe, V. 
Voller, and P. Wilcock (2006), Toward a unifi ed science of the Earth’s surface: Opportunities for synthesis among hydrology, 
geomorphology, geochemistry, and ecology, Water Resources Research, 42. W03S10, doi:10.1029/2005WR004336.

Paola, C., and V. R. Voller (2005), A generalized Exner equation for sediment mass balance, Journal of Geophysical Research 
Earth Surface, 110. 10.1029/2004JF000274.

Parker, G., and L. A. Perg (2005), Probabilistic formulation of conservation of cosmogenic nuclides: Effect of surface 
elevation fl uctuations on approach to steady state, Earth Surface Processes and Landforms, 30, 1127-1144.

Parker, G., P. Wilcock, C. Paola, and W. E. Dietrich (in review), Quasi-universal relations for bankfull hydraulic geometry 
of single-thread gravel-bed rivers, Journal of Geophysical Research Earth Surface.

Passalacqua, P., F. Porte-Agel, E. Foufoula-Georgiou, and C. Paola. (in press), Application of dynamic subgrid-scale 
concepts from Large Eddy Simulation to modeling landscape evolution, Water Resources Research.

Sklar, L. S., W. E. Dietrich, E. Foufoula-Georgiou, B. Lashermes, and D. G. Bellugi (in press), Do gravel-bed river size 
distributions record channel network structure?, Water Resources Research.

Warnaars, T. A., M. Hondzo, and M. E. Power (in review), Abiotic controls on periphyton accrual and metabolism in 
streams: Scaling by dimensionless numbers, Water Resources Research.

Finally, another indicator of Center added value in research is the increasing number of graduate students and post-doctoral 
associates who are co-advised or co-supervised by multiple PIs within and across NCED Institutions. Co-supervision of 
postdocs is encouraged by the shared-funding incentive scheme discussed above. Management also strongly encourages 
co-advising of graduate students. As a result, co-supervision and co-advising are becoming the norm, as indicated in the 
table below.

Co-supervised postdoctoral research associates
Ion Iogrulescu Foufoula-Georgiou and Dietrich
Bruno Lashermes Foufoula-Georgiou and Dietrich
Wendy Palen Power, Dietrich, and Foufoula-Georgiou
Jane Staiger Perg, Parker
Matt Wolinsky Voller, Paola
Co-advised graduate students
Phairot Chatanantavet Parker, Foufoula-Georgiou
Doug Jerolmack Mohrig, Paola
Wonsuck Kim Paola, Voller
John Martin Paola, Mohrig
Paola Passalacqua Porte-Agel, Foufoula-Georgiou, Paola
Michal Tal Paola, Foufoula-Georgiou
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As discussed earlier, the three Integrated Projects were chosen as the major application areas of NCED’s core science: the 
dynamics of channels and channel networks. This common scientifi c core across scales and environments is a primary 
vehicle for integration and synthesis of NCED research. The common core provides a network of pathways for cross-
fertilization and application of theoretical ideas, observational techniques, and research fi ndings across apparently disparate 
fi elds. Many can be used to link education and research as well. A second integrating mechanism is direct incorporation of 
results from one IP into other IPs. Examples from this year’s work are presented in the Center Overview section at the front 
of this report, and connections among IP projects are illustrated in Figure 2.

Figure 2. Connections among research sub-projects. Numbered projects are described in the appropriate IP sections.

Center Visibility

NCED management has worked intensively with PIs to improve NCED visibility in the research community generally in 
the past year. Specifi c activities are reported in the Knowledge Transfer section of this report; they include: two new short 
courses for graduate students at the AGU fall and spring meetings; two Katrina-related special sessions at the fall AGU, and 
additional sessions at AAPG and the spring AGU; enhanced Stream Restoration and Subsurface Architecture professional 
short courses; a major vision paper (Paola et al., 2006) in Water Resources Research; and work with the research community 
via other centers as described below.

A major aspect of Center visibility is our website, www.nced.umn.edu. The current status of the website, with appropriate 
metrics, is discussed in the Knowledge Transfer and Education sections of this report. Here we note that the website is a high 
priority for NCED management as well. This year we will be working with PIs and the Executive Committee to improve the 
data-archive aspects of the website.

Communication with other centers    An important aspect of visibility is maintaining contact with other national centers 
pursuing goals complementary to ours, and helping to organize and energize the broad surface process research community. 
Formally, we have assigned an appropriate senior PI to serve as liaison between NCED and major surface science 
organizations: LTER and NEON (Mary Power), CLEANER (Miki Hondzo), CUAHSI (Efi  Foufoula-Georgiou), CSDMS 
(Chris Paola), ForSed (Chris Paola), and CZEN/WSSC (Jill Banfi eld and Bill Dietrich). We also launched an exploratory 
initiative to build a long-term partnership with CUAHSI and CZEN, the main organizations representing the hydrology and 
soil-geochemistry communities respectively. Our goal is to lay the groundwork for initiatives in predictive Earth-surface 
dynamics on the scale of the whole research community. The most likely initial focus of such an initiative would be a 
national network of environmental observatories, for which our ACRR site would likely serve as a prototype. We see this as 
a key step towards a future in which NCED evolves into a self-sustaining, community-based organization.  
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Evaluating Partner relationships

Partner collaborations take signifi cant time and other resources. Yet, they provide an important mechanism by which research 
is disseminated to practitioners and provide essential guidance on research priorities. Given the high demand for partnership 
with NCED (from the oil industry and from federal, state and local agencies involved in stream restoration), in Year 4 we 
are putting more effort into evaluating the effectiveness of our relationships with our Partners. In general, the metrics by 
which Partners are selected and evaluated are: (1) the level of a Partner’s own involvement in NCED core activities (e.g. 
Stream Restoration), (2) the potential for the Partner to apply NCED research in signifi cant ways, (3) the level of Partner 
activity with NCED (e.g. participation in workshops, joint research projects such as StreamLab, Education, or Diversity 
activities), and (4) the opportunities afforded by a Partner to NCED students and postdocs (e.g. internships, joint research, 
employment).

Our most important fi nding as a result of this evaluation is that the partnerships in which we are investing signifi cant time 
and money are, in fact, quite productive. Our most effective Partner collaborations are, for the SR and DW IPs, with the US 
Geological Survey, the US Forest Service, the US Bureau of Reclamation, and CalFed, and (for the SA IP) ExxonMobil 
and Shell. Weaker collaborations fall broadly into two categories: low-level, low-cost collaborations that are appropriate 
given the interests of the organizations; and weaker collaborations that we want to strengthen. An example of the former 
would be our partnership with the Minnesota Geological Survey. An example of the latter would be the US Army Corps of 
Engineers. 

In the coming year, NCED management will work with IP leadership to:

(1) Establish a stronger collaboration with the US Army Corps of Engineers, which is responsible for a great deal 
of river management and restoration. More active involvement with them would benefi t both organizations. Two 
lines of activity should help this in the coming year: ongoing work with PI Peter Wilcock to implement the Wilcock-
Crowe mixture transport relation in the HEC-RAS modeling software for river management; and our Mississippi 
Delta project, which will strongly involve the Corps since they would almost certainly carry out any restoration 
work in the Delta. Also, several USACE personnel are working closely with the SR IP in developing improved SR 
training standards.

(2) Achieve a more consistent level of interaction with our oil-industry SA Partners. Where oil-industry interactions 
are sporadic, often the limiting factor is time on the part of our Partner contacts, in view of internal company 
pressure on them to focus on solving immediate practical problems. We will address this in the coming year by 
increasing the number of contacts at each Partner actively engaged with NCED, through for instance, expanding our 
short course program and/or more frequent visits to company headquarters. 

Management and Communications Systems 

We continue to use the same management and communications tools for integrating Center activity as reported last year: 

1. Biannual retreats for NCED PIs, Directors, administrative staff and graduate students;

2. Weekly videoconference: Although mainly devoted to disseminating research projects and results, these 
meetings are also used to discuss administrative issues; 

3. Weekly staff meeting: The NCED Directors and administrative staff meet weekly to promote internal 
communication and bring up and resolve issues;

4. Website: We continue to increase the use of our website as a way of communicating among the various NCED 
sites. 
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5. Shared research facilities. The Angelo Coast Range Reserve is the largest of these, but in addition, large 
experimental projects such as StreamLab and Experimental EarthScapes (XES) attract multiple PIs and provide 
large-scale data sets for collaborative research.  

In addition, inspired by the direction MDITR and NCEAS have taken to manage administrative data, NCED has undertaken 
an initiative to refi ne and automate its management systems.  The goal is to increase the speed at which project information 
and performance metrics are collected and disseminated to key decision makers within and across NCED institutions. A 
suite of web-based applications is expected to be tested in September 2006 and in production by the end of the year.

External Advisory Board

NCED receives guidance on Research, Education, Diversity and Knowledge Transfer accomplishments, plans, and 
goals from an External Advisory Board comprised of distinguished representatives both from academia and industry. All 
recommendations given by the EAB, received in the form of a report, are taken seriously by NCED management and 
strongly infl uence NCED policy and direction.

A signifi cant management accomplishment this year was to adapt to turnover in the EAB and to NCED’s evolving priorities 
by adding four new members to the EAB. Appendix C has a list of current members and the report from this year’s EAB 
meeting held in Marshall, CA September 11-14, 2005.

Performance indicators

The most important metric for NCED management is the performance of the Center as a whole, i.e., the sum of the metrics 
for all of our projects and goals. Metrics for specifi c Initiatives are discussed in the appropriate sections of this report, and 
major centerwide indicators were discussed earlier in this section. For convenience, we summarize key metrics requiring 
Management involvement below along with some additional internal performance indicators. 

Target Metric Done by Frequency Current status
PI evaluation Standard measures 

(publications etc) 
+ collaboration + 
contributions to ED, DV, 
KT 

Directors, EC Annually Very Good; will be updated in May

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

Rapidly increasing; details above in this section

Research – KT 
integration

Development of research 
applications + adoption 
by Partners

Directors, EC, 
IP managers

Annually or as 
needed

Good; 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, fi eld sites, joint 
experiments

Admin staff, 
Directors

Weekly or 
per-event

Very Good; Retreats: 24 PIs, 31 students (2 
retreats)
Videoconferences: 10 PIs, 20 students (avg)
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Center visibility Participation in: short 
courses, working groups, 
Visitors Program, special 
sessions; total number 
of outside professionals 
supported by NCED 
programs

Admin staff, 
Directors

Ongoing Improving rapidly: see comprehensive report on 
Visitors Program; 2 short courses, 79 participants 
Yr 4;  301 professionals supported

International presence Number & intensity 
of international 
collaborations

Directors, PIs Ongoing Good: signifi cant collaboration with >20 non-US 
institutions

External buy-in to 
center activities

Leveraged funding by 
NCED PIs

Directors, PIs Annually Good: total for Year 4 =  $4,737,114.89

Research community 
building

Community buy-in to 
transdisciplinary surface 
process science

Directors, EC, 
PIs

Ongoing Good; CSDMS proposal submitted; initial talks 
with CUAHSI, CZEN

Financial management: 
review of HQ and 
subaward accounts

Relevant federal audit 
standards; rapid, effective 
communication between 
HQ and other NCED 
institutions

Deputy Director, 
staff

Monthly Good; need to improve HQ-subaward 
communication

Financial management: 
review of overall Center 
spending and allocation

Resources used in a 
timely & effective 
manner; deployed 
appropriately relative to 
project goals & progress

Directors, staff Quarterly Very Good: need to improve communication 
between PIs and IP leadership

Staff evaluation Provide written 
objectives & performance 
evaluation for all staff 
employees

Deputy Director 
Admin, 
Directors

Annually Very Good: implement mid-year informal 
evaluation

External Advisory 
Board communications

Impact of EAB report 
& comments on NCED 
activities

Directors, EC, 
EAB

Annually Very Good: improve meeting format per EAB 
suggestion

Website effectiveness Content contribution 
by NCED participants; 
website use (hits)

Directors, staff Ongoing Very Good: need improvement in PI data 
contribution
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VIII. Center-wide Outputs

Center Publications

This list includes all NCED research publications (from the reporting year) that explicitly acknowledge NCED support. 
They are divided into: 1.) journal articles, 2.) books, 3.) book sections, and 4.)  proceedings of major conferences. 

*An astrix 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. 

1.) JOURNAL ARTICLES

In Press:
Basu, S., and F. Porte-Agel (in press), Large-eddy simulation of stably stratifi ed atmospheric boundary layer turbulence: A 

scale-dependent dynamic modeling approach, Journal of Atmospheric Sciences.

Cui, Y., G. Parker, C. Braudrick, W. E. Dietrich, and B. Cluer (in press), Dam Removal Express Assessment Models 
(DREAM), Part 1: Model development and validation, Journal of Hydraulic Research.

Cui, Y., G. Parker, C. Braudrick, W. E. Dietrich, and B. Cluer (in press), Dam Removal Express Assessment Models 
(DREAM), Part 2: Sample runs/sensitivity tests, Journal of Hydraulic Research.

Daly, E., A. Porporato, and I. Rodriguez-Iturbe (in press), Ecohydrological signifi cance of the coupled dynamics of 
photosynthesis, transpiraiton and soil water balances, Journal of Hydrometeorology.

Daly, E., A. Porporato, and I. Rodriguez-Iturbe (in press), Modeling photosynthesis, transpiration and soil water balance 
hourly dynamics during inter-storm periods, Journal of Hydrometeorology.

Dodov, B., and E. Foufoula-Georgiou (in press), Floodplain morphometry extraction from a high resolution digital 
elevation model: a simple algorithm for regional analysis studies, IEEE Geoscience and Remote Sensing Letters.

Jerolmack, D. J., and D. Mohrig (in press), Interactions between bedforms and their roles in determining stream-bed 
profi les, Journal of Geophysical Research.

Kostic, S., and G. Parker (in press), Conditions under which a supercritical turbidity current transverses an abrupt 
transition to vanishing bed slope without a hydraulic jump, Journal of Fluid Mechanics.

Kostic, S., and G. Parker (in press), The response of turbidity currents to a canyon-fan transition: Internal hydraulic jumps 
and depostiional signatures, Journal of Hydraulic Research.

Lamb, M. P., A. D. Howard, S. Johnson, K. Whipple, W. E. Dietrich, and J. T. Perron (in press), Can springs cut valleys 
into rock?, Journal of Geophysical Research Planets.

Manfreda, S., and I. Rodriguez-Iturbe (2005), On the spatial and temporal sampling of soil moisture fi elds, Water 
Resources Research, in press.

*Passalacqua, P., F. Porte-Agel, E. Foufoula-Georgiou, and C. Paola. (in press), Application of dynamic subgrid-scale 
concepts from Large Eddy Simulation to modeling landscape evolution, Water Resources Research.

Pasternack, G. B., C. Ellis, K. A. Leier, B. L. Valle, and J. G. Marr (in press), Convergent hydraulics at horseshoe stemps 
in bedrock rivers, Geomorphology.

Post, D. M., M. W. Doyle, J. L. Sabo, and J. C. Finlay (in press), The problem of boundaries in defi ning ecosystems: a 
potential landmine for unifying geomorphology and ecology, Geomorphology.
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Power, M. E. (in press), Environmental controls on food web regimes: a fl uvial perspective, Marine Ecology Progress 
Series.

Puma, M. J., I. Rodriguez-Iturbe, M. A. Celia, and A. J. Guswa (in press), Implications of rainfall temporal resolution for 
soil moisture and transpiration modeling, Transport in Porous Media.

Rodriguez-Iturbe, I., V. Isham, D. R. Cox, S. Manfreda, and A. Porporato (2005), Space-time modeling of soil moisture: 
stochastic rainfall forcing with heterogeneous vegetation, Water Resources Research, in press.

Sklar, L., and W. E. Dietrich (in press), Steady-state bedrock channel slope: implications of the saltation-abrasion incision 
model, Geomorphology.

Swenson, J. B., C. Paola, L. Pratson, V. R. Voller, and A. B. Murray (in press), Fluvial and marine controls on combined 
subaerial and subaqueous delta progradation: Morphodynamic modeling of compound-clinoform development, 
Journal of Geophysical Research.

Toniolo, H., G. Parker, and V. Voller (in press), Role of ponded turbidity currents in reservoir trap effi ciency, Journal of 
Hydraulic Engineering.

Venugopal, V., S. Roux, E. Foufoula-Georgiou, and A. Arneodo (in press), Revisiting multifractality of high resolution 
temporal rainfall using a wavelet-based formalism, Water Resources Research.

Vinuesa, J. F., F. Porte-Agel, S. Basu, and R. Stoll (in press), Subgrid-scale modeling of reacting scalar fl uxes in large-
eddy simulations of atmospheric boundary layers, Environmental Fluid Mechanics.

Voller, V. R., J. B. Swenson, W. Kim, and C. Paola (in press), An enthalpy method for moving boundary problems on the 
Earth’s surface, International Journal for Heat and Fluid Flow.

Warnaars, T. A., and M. Hondzo (in press), Small-scale fl uid motion mediates growth and nutrient uptake rate of 
Selenastrum capricornutum, Freshwater Biology.

Warnaars, T. A., M. Hondzo, and M. A. Carper (in press), A desktop apparatus for studying interactions between 
microorganisms and small-scale fl uid motion, Hydrobiologia.

Weiss, J., M. Hondzo, and M. Semmens (in press), Stormwater detention pods: Modeling heavy metal removal by plant 
species and sediments, Journal of Environmental Engineering.

Weiss, J., M. Hondzo, M. Semmens, and D. Bisboer (in press), Phytoaccumulation of heavy metals by wetland plants, 
International Journal of Phytoremediation.

Wong, M., and G. Parker (in press), Re-analysis and correction of bedload relation of Meyer-Peter and Muller using their 
own database, Journal of Hydraulic Research.

Yu, B., A. Cantelli, J. Marr, C. Pirmez, C. O’Byrne, and G. Parker (in press), Experiments on self-channelized subaqueous 
fans emplaced by turbidity currents, Journal of Sedimentary Research.

Zea-Cabrera, E., Y. Iwasa, S. Levin, and I. Rodriguez-Iturbe (in press), Tragedy of the commons in plant water use, Water 
Resources Research.

In Review:
Al-Homoud, M. Hondzo, and T. M. LaPara (in review), Fluid dynamics impact on bacterial physiology: Biochemical 

oxygen demand, Journal of Environmental Engineering.

Cantelli, A., S. Johnson, J. D. L. White, and G. Parker (in review), Eruption-fed turbidity currents: their thermo-fl uid 
dynamics and sedimentation from explosive subaqueous eruptions, Journal of Geology.
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Cantelli, A., G. Parker, S. Johnson, and J. D. L. White (in review), Flow and thermal dynamics of sedimentation resulting 
from turbidity currents caused by explosive submarine volcanic eruptions, Sedimentology.

Colosimo, M., and P. Wilcock (in review), Alluvial sedimentation and erosion in an urbanizing watershed, Gwynn Falls, 
Maryland, Journal of the American Water Resources Association.

Fildani, A., W. R. Normark, S. Kostic, and G. Parker (in review), Channel formation by fl ow stripping: large-scale scour 
features along the Monterey East Channel and their relation to sediment waves, Sedimentology.

Francalanci, S., G. Parker, and L. Solari (in review), Effect of seepage-induced non-hydrostatic pressure distribution on 
bedload transport and bed morphodynamics, Journal of Hydraulic Research.

Green, E. G., J. Macalady, and J. F. Banfi eld (in review), Microbial communities control the distribution of lanthanide 
elements in the vadose zone, Geochemical et Cosmochimica Acta.

Green, E. G., A. E. Taunton, S. A. Welch, and J. F. Banfi eld (in review), Chemical weathering across a retreating 
escarpment, Geological Society of America Bulletin.

Hassan, M. A., R. Egozi, and G. Parker (in review), Experiments on the effect of hydrograph characteristics on vertical 
grain sorting in gravel bed rivers, Water Resources Research.

Lauer, J. W., and G. Parker (in review), Net local removal of fl oodplain sediment by river meander migration, Earth 
Surface Processes and Landforms.

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.

McNeely, F. C., S. M. Clinton, and J. M. Erbe (in review), Landscape variation in carbon sources to primary consumers 
with different vulnerabilities to predators, Journal of the North American Benthological Society.

McNeely, F. C., J. C. Finaly, and M. E. Power (in review), Grazer traits, competition, and carbon sources to a headwater 
stream food web, Ecology.

Mohrig, D., and J. Buttles (in review), Shallow channels constructed by deep turbidity currents, Geology.

*O’Connor, B. L., M. Hondzo, D. Dobraca, T. M. LaPara, J. C. Finlay, and P. L. Brezonik (in review), Quantity-activity 
relationship of dentrifying bacteria and environmental scaling in streams of a forested watershed, Journal of 
Geophysical Research Biosciences.

Parker, G., and H. Toniolo (in review), Note on the analysis of plunging of density fl ows, Journal of Hydraulic 
Engineering.

*Parker, G., P. Wilcock, C. Paola, and W. E. Dietrich (in review), Quasi-universal relations for bankfull hydraulic 
geometry of single-thread gravel-bed rivers, Journal of Geophysical Research Earth Surface.

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.

Rosling, A., and J. F. Banfi eld (in review), The effect of phosphorus and calcium availability on soil fungal dissolution of 
Apatite, Geochemical et Cosmochimica Acta.

*Sklar, L. S., W. E. Dietrich, E. Foufoula-Georgiou, B. Lashermes, and D. G. Bellugi (in review), Do gravel-bed river size 
distributions record channel network structure?, Water Resources Research.
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Straub, K. M., D. Mohrig, J. Buttles, B. McElroy, and C. Pirmez (in review), Interactions between turbidity currents and 
topography in aggrading sinuous submarine channels: A laboratory study, Geological Society of America Bulletin.

*Warnaars, T. A., M. Hondzo, and M. E. Power (in review), Abiotic controls on periphyton accrual and metabolism in 
streams: Scaling by dimensionless numbers, Water Resources Research.

Wiele, S. M., P. Wilcock, and P. E. Grams (in review), Reach-averaged sediment routing model of a canyon river, Water 
Resources Research.

Wilkerson, G. V. (in review), Flow in Trapezoidal and Rectangular Channels with Rigid Cylinders Journal of Hydraulic 
Engineering.

Wong, M., and G. Parker (in review), One-dimensional modeling of morphodynamic bed evolution of a gravel-bed river 
subject to a cycled hydrograph, Journal of Geophysical Research Earth Surface.

Wong, M., G. Parker, P. de Vries, T. Brown, and S. J. Burges (in review), Experiments on vertical and streamwise 
dispersion of tracer stones under lower-regime plane-bed equilibrium bedload transport, Journal of Hydraulic 
Research.

2006:
*Dietrich, W. E., and J. T. Perron (2006), The search for a topographic signature of life, Nature, 439. doi: 10.1038/

nature04452.

*Green, E. G., W. E. Dietrich, and J. F. Banfi eld (2006), Quantifi cation of chemical weathering rates across an actively 
eroding hillslope, Earth and Planetary Science Letters, 242, 155-169.

*Paola, C., E. Foufoula-Georgiou, W. E. Dietrich, M. Hondzo, D. Mohrig, G. Parker, M. E. Power, I. Rodriguez-Iturbe, V. 
Voller, and P. Wilcock (2006), Toward a unifi ed science of the Earth’s surface: Opportunities for synthesis among 
hydrology, geomorphology, geochemistry, and ecology, Water Resources Research, 42. W03S10, doi:10.1029/
2005WR004336.

Basu, S., F. Porte-Agel, E. Foufoula-Georgiou, and J. F. P. Vinuesa, M. (2006), Revisiting the local scaling hypothesis in 
stably stratifi ed atmospheric boundary layer turbulence: an integration of fi eld and laboratory measurements with 
large-eddy simulations, Boundary-Layer Meteorology. doi:10.1007/s10546-005-9036-2 (published online).

Gupta, R., V. Venugopal, and E. Foufoula-Georgiou (2006), A methodology for merging multisensor precipitation 
estimates based on expectation-maximation and scale rescursive estimation, Journal of Geophysical Research, 111. 
D02102, doi:10.1029/2004JD005568.

Kim, W., C. Paola, V. R. Voller, and J. B. Swenson (2006), Experimental measurement of the relative importance of 
controls on shoreline migration, Journal of Sedimentary Research, 76, 270-283. doi:10.2110/jsr.2006.019.

Nordbotten, J. M., I. Rodriguez-Iturbe, and M. A. Celia (2006), Non-uniqueness of evapotranspiration due to spatial 
heterogeneity of plant species, Proceedings of the Royal Society, Series A. doi:10.1098/rspa.2005.1641.

Stoll, R., and F. Porte-Agel (2006), Dynamic subgrid-scale models for momentum and scalar fl uxes in large-eddy 
simulations of atmospheric boundary layers over heterogeneous terrain, Water Resources Research, 42, 1. W01409, 
doi:10.1029/2005WR003989.

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.
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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, 1, 69-86.

*Dodov, B., and E. Foufoula-Georgiou (2005), Fluvial processes and streamfl ow variability: interplay in the scale 
frequencey continuum and implications for scaling, Water Resources Research, 41. W05005, doi: 10.1029/2004 
WR003408.

*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, 5, 1667-1676.

*Jerolmack, D. J., and D. Mohrig (2005), A unifi ed model for subaqueous bedform dynamics, Water Resources Research, 
41. W12421, doi: 10.1029/2005WR004329.

*Paola, C., and V. R. Voller (2005), A generalized Exner equation for sediment mass balance, Journal of Geophysical 
Research Earth Surface, 110. 10.1029/2004JF000274.

*Parker, G., and L. A. Perg (2005), Probabilistic formulation of conservation of cosmogenic nuclides: Effect of surface 
elevation fl uctuations 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, 1, 47-55.

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), Incorporating the spatio-temporal distribution of rainfall and basin 
geomorphology into nonlinear analyses of streamfl ow dynamics: Methodology development and a predictability 
study, Advances in Water Resources, 28, 7, 711-728.

Haider, Z., M. Hondzo, and F. Porte-Agel (2005), Advective velocity and energy dissipation rate in an oscillatory fl ow, 
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.

Jerolmack, D. J., and D. Mohrig (2005), Frozen dynamics of migrating bedforms, Geology, 33, 1, 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.

Leclair, S., and W. Arnott (2005), Parallel lamination formed by high-density turbidity currents, Journal of Sedimentary 
Research, 75, 1, 1-5. doi:10.2110/jsr.2005.001.

Manfreda, S., and I. Rodriguez-Iturbe (2005), On the spatial and temporal sampling of soil moisture fi elds, Water 
Resources Research, in press.

Rodriguez-Iturbe, I., V. Isham, D. R. Cox, S. Manfreda, and A. Porporato (2005), Space-time modeling of soil moisture: 
stochastic rainfall forcing with heterogeneous vegetation, Water Resources Research, in press.

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, 3, 291-301.
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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 profi les of valleys cut by rivers and 
debris fl ows, GSA Bulletin, 117, 11/12, 174-194.

Sun, T., and G. Parker (2005), Transportational cyclic steps created by fl ow over an erodible bed. Part 2, Theory and 
numerical simulation, Journal of Hydraulic Research, 43, 5, 502-514.

Taki, K., and G. Parker (2005), Transportational cyclic steps created by fl ow over an erodible bed. Part 1, Experiments, 
Journal of Hydraulic Research, 43, 5, 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, 3. doi: 03810.01029/03204GL021349.

Wright, S., and G. Parker (2005), Modeling downstream fi ning in sand-bed rivers, I: Formulation, Journal of Hydraulic 
Research, 43, 6, 612-619.

Wright, S., and G. Parker (2005), Modeling downstream fi ning in sand-bed rivers, II: Application, Journal of Hydraulic 
Research, 43, 6, 620-630.

2. BOOKS

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.

3. BOOK SECTIONS

In Press:
Dubayah, R., B. Peterson, J. Rhoads, and W. E. Dietrich (in press), Characterizing forest canopy structure and ground 

topography for hydrological analysis using lidar remote sensing, in Encyclopedia of Hydrological Sciences, edited 
by M. Anderson, John Wiley & Sons.

Hondzo, M., and N. Steinberger (in press), Dissolved oxygen transfer at the sediment-water interface, in Sedimentation 
Engineering, Manual 54, edited by M. Garcia, American Society of Civil Engineers.

2006:
Finlay, J. C., and C. Kendall (2006), Stable isotope tracing of organic matter sources and food web interactions in 

watersheds, in Stable Isotopes in Ecology, edited.

2005:
Strong, N., B. A. Sheets, T. A. Hickson, and C. Paola (2005), A mass-balance framework for quantifying downstream 

changes in fl uvial architecture, in Fluvial Sedimentology VII, edited by M. Blum, et al., Blackwell Pub., Malden, 
MA.

4. CONFERENCE PROCEEDINGS
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In Press:
Parker, G., M. Hassan, and P. Wilcock (in press), Adjustment of the bed surface size distribution of gravel-bed rivers in 

response to cycled hydrographs, paper presented at Proceedings of the Gravel-bed Rivers VI Conference, Lienz, 
Austria, September 5-9.

2006:  
Akamatsu, Y., G. Parker, and T. Muto (2006), Effect of sea level rise on rivers fl owing 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.

Bateman, A., M. Fernandez, and G. Parker (2006), Morphodynamic model to predict temporal evolution of local scour in 
bridge piers, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, 
pp. 911-920, Taylor & Francis Group, London.

Blom, A. (2006), The impact of variability in dune dimensions on sediment sorting and morphodynamics, in River, 
Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 873-881, Taylor 
& Francis Group, London.

Cantelli, A., G. Parker, S. Johnson, J. D. L. White, and B. Yu (2006), Dynamics of sand sedimentation resulting 
from turbidity currents caused by explosive submarine volcanic eruptions, in River, Coastal, and Estuarine 
Morphodynamics: RCEM 2005, edited by G. Parker and M. Garcia, pp. 571-577, Taylor & Francis Group, London.

Chatanantavet, P., and G. Parker (2006), Modeling the bedrock river evolution of western Kaua’i, Hawai’i, by a 
physically-based incision model based on abrasion, in River, Coastal, and Estuarine Morphodynamics: RCEM 
2005, edited by G. Parker and M. H. Garcia, pp. 99-110, Taylor & Francis Group, London.

Deitrich, 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.

DeTemple, B., and P. Wilcock (2006), Observations of armor formation in a sediment-recirculating fl ume, in River, 
Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. Garcia, pp. 1049-1058, 
Taylor & Francis Group, London.

Carper, M. A., and F. Porte-Agel (2006), A-priori laboratory study of subfi lter-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.

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 fi ne 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.

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.
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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. (2006), Theory for a clinoform of permanent form on a continental margin emplaced by weak, dilute muddy 
turbidity currents, in River, Coastal, and Estuarine Morphodynamics: RCEM 2005, edited by G. Parker and M. H. 
Garcia, pp. 553-561, Taylor & Francis Group, London.

Rowland, J., and W. E. Dietrich (2006), The evolution of a tie channel, in River, Coastal, and Estuarine Morphodynamics: 
RCEM 2005, edited by G. Parker and M. Garcia, pp. 725-736, Taylor & Francis Group, London.

Vinuesa, J. F., and F. Porte-Agel (2006), Dynamic models for subgrid-scale transport an dmixxing of reactants in large-
eddy simulations of atmospheric turbulent reacting fl ows, paper presented at 17th Symposium on Boundary Layers 
and Turbulence of the American Meteorological Society, San Diego, CA.

Wan, F., and F. Porte-Agel (2006), Evaluation of dynamic subgrid-scale models in large-eddy simulations of turbulent 
fl ow over a two-dimensional sinusoidal hill, paper presented at 17th Symposium on Boundary Layers and 
Turbulence of the American Meteorological Society, San Diego, CA.

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.

2005:
Lauer, J. W., and G. Parker (2005), Net transfer of sediment from fl oodplain to channel on three southern US rivers, paper 

presented at Proceedings of the ASCE World Water and Environmental Resources Congress, Anchorage, AK, May 
15-19.

Mohrig, D., K. M. Straub, J. Buttles, and C. Pirmez (2005), Controls on geometry and composition of a levee built by 
turbidity currents in a straight laboratory channel, paper presented at Proceedings of 4th IAHR Conference on River, 
Coastal and Estuarine Morphodynamics, Rotterdam, Amsterdam.

Wilcock, P. (2005), Research, method development, and training in stream restoration: Initiative at the National Center 
for Earth-surface Dynamics, paper presented at Baltimore Ecosystem Study (NSF LTER) Stream Restoration 
Symposium, Baltimore.

Wilkerson, G. V. (2005), Depth-Averaged Velocity in Channels with Submerged and Unsubmerged Rigid Vegetation, 
paper presented at Proceedings of the World Water and Environmental Resources Congress, ASCE, Reston, VA.
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Awards and Honors

Recipient Award Name and Sponsor
Hamilton, Patrick Golden Bloom Award - Environment Category, City of St. Paul
Hamilton, Patrick Education Category Finalist, Minnesota Environmental Institute
Hamilton, Patrick Most Innovative Method or Result, European Council for an Energy-effi cient Economy
Hondzo, Miki Outstanding Limnology and Oceanography Reviewer, Limnology and Oceanography
O'Connor, Ben 2006 Anderson Award
Parker, Gary H. W. Johnson Professorship, Department of Geology, University of Illinois, 

Urbana-Champaign
Passalacqua, Paola 2006 Edward Silberman Fellowship 
Porté-Agel, Fernando McKnight Land-Grant Professor, University of Minnesota
Power, Mary Miller Institute for Basic Research Professor
Power, Mary John and Margaret Gompertz Chair in Integrative Biology
Power, Mary Kempe Award for Distinguished Ecologists, Umea University and the Swedish 

University of Agricultural Science
Power, Mary G. Evelyn-Hutchinson Medal, American Society of Limnology and Oceanography
Power, Mary President, American Society of Naturalists
Power, Mary Fellow, California Academy of Sciences
Power, Mary Board of Reviewing Editors, Science Magazine
Stoll, Rob 2006 Tsai Travel Award to present at EGU General Assembly
Voller, Vaughan Visiting Professor, Indian Institute of Science (Bangalore, India)
Wollinsky, Matt 2006 Howes Scholar in Computational Science

Graduated Students

Student Name Advisor Degree (Year) Placement
Blumentritt, Dylan Perg, Lesley M.S. (2005) Minnesota Geological Survey
Markfort, Cory Hondzo, Miki M.S. (2005) Private consulting
Passalaqua, Paola Porté-Agel, Fernando

Foufoula, Efi 
Paola, Chris

M.S. (2005) Ph.D. (same advisors)

Waarners, Tanya Hondzo, Miki Ph.D. (2005) Private consulting
Wong, Miguel Parker, Gary Ph.D. (2005) Private consulting

General Outputs of Knowledge Transfer

Not Applicable
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Participants

Deleted from public version.

Affi  liates

Deleted from public version.

Summary Listing of NCED Partners

Organization Name Organization Type Address Contact Name Partner Type 160 hr
Advanced Materials for 
Water Purifi cation

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

AIHEC:  American 
Indian Higher Education 
Consortium

Consortium of Tribal 
Colleges

12 Oronoco Street
Alexandria, Virginia  
22314

N/A Education & 
Diversity

N

AISES:  American Indian 
Science and Engineering 
Society

Minority Professional 
Organization

P.O. Box 9828
Albuquerque, NM  
87119-9828

N/A Education & 
Diversity

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 Offi ce 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-profi t 
Organization

P.O. Box 763
Davis, WV  26260

N/A Stream Restoration 
Partner

N

Center for Embedded 
Network Sensing

NSF – STC UCLA
3731 Hilgard Ave
Boelter Hall
Los Angeles, CA  90095

Deborah Estrin, 
Director

Knowledge Transfer N

Center of Research 
Excellence in Science and 
Technology

NSF Center Department of 
Environmental Science
Texas A&M 
University—Kingsville
Kingsville, TX  78363

Lee Clapp/ 
Jianhong Ren

Education & 
Diversity

N
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
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

Division of Indian Work Non-Profi t 1001 East Lake Street
Minneapolis, MN  55407

NA Education & 
Diversity

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

Fond du Lac Ojibwe 
Schools

Tribal College 1720 Big Lake Rd.
Cloquet, MN  55720

Leslie Hoffman Education & 
Diversity

N

Geowall Consortium Consortium http://www.geowall.org Paul Morin Knowledge Transfer N
Get Ready!  Minnesota 
Higher Education Services 
Offi ce

State Government Energy Park Plaza
1400 Energy Park Drive, 
Ste. 24
St. Paul, MN  55108

Holly Pellerin Education & 
Diversity

N

Graduate School Outreach 
Offi ce, Univ. of MN

University 101 Pleasant Street SE
322 Johnson Hall
Mpls., MN  55455

Katherine 
Johnson

Education & 
Diversity

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

Jackson State University
Department of Civil & 
Environmental Engrg

HBCU-University P.O. Box 17068
Jackson, MS  39157

Shikha Rahman Education & 
Diversity

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

Laurentian Environmental 
Center

Environmental 
Learning Center

8950 Peppard Road
Britt, MN

Sue Hankner Education & 
Diversity

N

Louis Stokes Mississippi 
Alliance for Minority 
Participation (LSMAMP)

NSF-Funded Alliance P.O. Box 18119
Jackson, MS  39217

Joan Blanton, 
Program 
Manager

Education & 
Diversity

N

Minnesota Geological 
Survey

State Agency 2641 University Ave. W.
St. Paul, MN  55114-1057

Harvey 
Thorleifson

Knowledge Transfer N
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
NASA/Goddard Space 
Flight Center, Hydrologic 
Sciences

Government Agency Code 974, Hydrological 
Sciences
NASA/Goddard Space 
Flight Center
Greenbelt, MD  20771

David Toll Knowledge Transfer N

National Academy of 
Sciences

Government Agency National Research Council
2101 Constitution Avenue 
NW
Washington, DC  20418

William Logan Research N

National Park Service
Water Resources Division

Government Agency 1201 Oakridge Drive
St. 250
Fort Collins, CO  80525

Several Stream Restoration 
Partners Group

N

National River Restoration 
Science Synthesis (NRRSS)

Project Plant Sciences, Bldg 4112
University of Maryland
College Park, MD  20742

Margaret Palmer Research N

NOAA Fisheries Service Government Agency 1315 East West Highway
9th Floor
Silver Spring, MD  20910

Several Stream Restoraton 
Partners Group

N

Nova/Mentorn TV Educational 
Television Producer

43 Whitfi eld 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

Offi ce of Naval Research, 
Coastal and Geosciences 
Program

Government Agency 800 N Quincy Street
Arlington, VA  22217

Tom Drake Knowledge Transfer N

QEM Federal Government 1818 N Street NW, Suite 
350
Washington, DC  20036

Shirley McBay Education & 
Diversity

N

R2 Resource Consultants Corporation 15250 NE 95th Street
Redmond, WA  98052

Paul DeVries Knowledge Transfer N

SACNAS:  Society for the 
Advancement of Chicanos 
and Native Americans in 
Science

NGO PO Box 8526
Santa Cruz, CA  95061

N/A Education & 
Diversity

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
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
The Science Center at the 
Maltby Nature Reserve

Non-Profi t 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
Pacifi c Northwest Station

Government Agency 3200 SW Jefferson Way
Corvallis, OR  97331

Gordon Grant Stream Restoration 
Partners Group

N

US Department of 
Agriculture:  National 
Sedimentation Laboratory
Water Quality and Ecology

Government Agency Agricultural Research 
Service
National Sedimentation 
Laboratory
PO Box 1157
Oxford, MS  38655

Doug Shields Knowledge Transfer N

US Department of 
Commerce:  National 
Oceanic and Atmospheric 
Administration:  Offi ce of 
Global Programs:  GAPP 
Program

Government Agency GAPP Program Manager
UCAR/NOAA-OGP
1100 Wayne Ave, Ste 1210
Silver Spring, MD  
20910-5603

Richard G. 
Lawford

Knowledge Transfer N

US Department of the 
Interior:  Bureau of 
Reclamation, Sediment and 
River Hydraulics Group

Government Agency Sedimentation and 
River Hydraulics Group 
(D-8540)
US Bureau of Reclamation 
Technical Service Center

Tim Randle Knowledge Transfer N

US Department of the 
Interior
Fish and Wildlife Services

Government Agency 1849 C Street NW
Washington, DC  20240

Janine Castro Stream Restoration 
Partners Group

N

US Department of the 
Interior
Geological Survey, CERC

Government Agency 4200 New Haven Road
Columbia, MO  65201

Robert Jacobson Knowledge Transfer N

US Environmental 
Protection Agency

Government Agency WW-16J
US Environmental 
Protection Agency
77 West Jackson 
Boulevard

Tom Davenport Knowledge Transfer N

Universidad Central de 
Venezuela

University Instituto de Mecanica de 
Fluidos
Facultad de Ingenieria
Universidad Central de 
Venezuela

Jose L. Lopez Research N
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Organization Name Organization Type Address Contact Name Partner Type 160 hr
Universidad Nacional del 
Litoral

University Department of Eng and 
Water
Universidad Nacional de 
Litoral
Santa Fe, Argentina

Mario Luis 
Amsler

Research N

University of 
Colorado/INSTARR

University Institute of Arctic and 
Alpine
University of Colorado at 
Boulder
1560 30th Street, Campus 
Box 450
Boulder, CO  80309-0450

James P. M. 
Syvitski

Research N

The University of Minnesota 
Materials Research Science 
and Engineering Center 
(MRSEC)

University 489 Amundson Hall
421 Washington Ave
Minneapolis, MN  55455

Frank Snowden Education & 
Diversity

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

Deleted from public version.
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IX. Indirect/Other Impacts
Not applicable to this Center.
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X. Budget

Deleted from public version.
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Appendix A: Acronyms

Key to acronyms and abbreviations used in this report:

1D one dimensional
2D two dimensional
3D three dimensional 
4D four dimensional
AAPG American Association of Petroleum Geologists
ACRR Angelo Coast Range Reserve (NCED fi eld site)
AFDM Ash Free Dry Mass
AGEP Alliances for Graduate Education and the Professoriate
AGU American Geophysical Union
AISES American Indian Science and Engineering Society
ALSM Airborne Laser Swath Mapping
ANAMS ando-giikendaasowin Native American Math and Science Camps
ASCE American Society of Civil Engineers
ASTC  Association of Science and Technology Centers
AWG Association for Women Geoscientists
BBY Big Back Yard (Science Museum of Minnesota)
BRIC Bedload Research International Consortium
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
CENS Center for Embedded Network Sensing (NSF STC)
CERC Columbia Environmental Research Center (USGS research facility located in Columbia, MO)
CLEANER Collaborative Large-scale Engineering Analysis Network for Environmental Research (NSF)
CME Coastal & Marine Environments
CPOM Coarse Particulate Organic Matter
CRN Cosmogenic Radionuclide
CREST Centers of Research Excellence in Science and Technology
CSC College of St. Catherine
CSDMS Community Surface Dynamics Modeling System
CSIRO Commonwealth Scientifi c and Industrial Research Organisation (in Australia) 
CUAHSI Consortium of Universities for Advancement of Hydrologic Science Inc.
CUNY City University New York
CZEN Critical Zone Exploration Network
DEM Digital Elevation Model
DLESE Digital Library for Earth System Education 
DNR Department of Natural Resources
DW Desktop Watersheds
DWIP Desktop Watersheds Integrated Project
EAB External Advisory Board (NCED)
ECCOMAS European Community on Computational Methods in Applied Science
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EGS European Geological Society
ENSO El Niño/Southern Oscillation
EPA Environmental Protection Agency
ERDC Engineer Research and Development Center (U.S. Army Corps of Engineers)
ESR Earthscapes School Residency (SMM): previously referred to as School Contact Program
ESTREAM Earth Science Teacher Researchers Exploring Active Modeling
ETI Earthscapes Teacher Institute (SMM)
EUG European Union of Geosciences
EWRI Environmental & Water Resources Institute (ASCE)
F2F Faculty to Faculty Program
FDLTCC Fond du Lac Tribal and Community College
FPOM Fine Particulate Organic Matter
GEM National Consoritum for Graduate Degrees for Minorities in Engineering and Science
GIS Geographic Information Systems
GLOBE Global Learning and Observations to Benefi t the Environment
GMA Graduate Museum Assistant (NCED)
GSA Geological Society of America
GSC (NCED) Graduate Student Council
HACU Hispanic Association of Colleges and Universities
HEC-RAS Hydrologic Engineering Centers River Analysis System (see also USACE)
HG Hydraulic Geometry
H/L Hispanic/Latino
HSC Headwaters Science Center
IAS International Association of Sedimentologists
ICG International Center for Geohazards
IGERT Integrative Graduate Education and Research Traineeship
INSTAAR Institute of Arctic and Alpine Research 
IP Integrated Project (within NCED)
IRE International Research Experience
ISE Informal Science Education (NSF)
iSURF inverse surface-based transport calculations
JHU Johns Hopkins University
KT Knowledge Transfer
LBNL Lawrence Berkeley National Laboratory
LES Large Eddy Simulation
LIDAR LIght Detection And Ranging
LSAMP Louis Stokes Alliances for Minority Participation (NSF HRD)
LS LAMP Louis Stokes Louisiana Alliance for Minority Participation
LTER Long Term Ecological Research
MIT Massachusetts Institute of Technology
MNP Maltby Nature Preserve (now “Science Center at the Maltby Nature reserve”)
MRSEC The University of Minnesota Materials Research Science and Engineering Center
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MSI Minority-Serving Institution
MST Minimal Spanning Tree
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 NSF supported Center for Airborne Laser Mapping 
NCED National Center for Earth-surface Dynamics
NCEAS National Center for Ecological Analysis and Synthsis
NDS Nutrient Diffusing Substrate
NEMO Nonpoint Education for Municipal Offi cials
NOAA National Oceanic and Atmospheric Administration
NPR National Public Radio
NRCEN National Science Foundation Research Center Educators Network 
NRCS Natural Resources Conservation Service
NDCSMC National Design, Construction, and Soil Mechanics Center
NRRSS National River Restoration Science Synthesis
NSBE National Society of Black Engineers
NSF National Science Foundation
OCN Optimal Channel Networks
OLERR Outdoor Laboratory for Ecogeomorphology and River Restoration
ONR Offi ce of Naval Research
PAR photosynthetically active solar radiation
PDF Probability Density Function
PIV particle image velocimetry
PR Puerto Rico or Puerto Rican
QEM Quality Education for Minorities
R2 R2 Resource Consultants
RFID Radio Frequency Identifi cation
RFS Richmond Field Station  
SA Subsurface Architecture
SACNAS Society for the Advancement of Chicanos and Native Americans in Science
SAFL St. Anthony Falls Laboratory
SAHRA Sustainability of Semi-Arid Hydrology and Riparian Areas (NSF STC)
SAIP Subsurface Architecture Integrated Project
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
SHPE Society of Hispanic Professional Engineers
SIP Strategic Implementation Plan
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SMC Seven Mile Creek
SMM Science Museum of Minnesota 
SPD/AAS Solar Physics Division - American Astronomical Society
SPM Salmon Population Model
SR Stream Restoration
SRES Stream Restoration Certifi cate Program
SRIP Stream Restoration Integrated Project
SRPG Stream Restoration Partners Group (NCED Partners)
SRSE Stream Restoration Science and Engineering
STC Science and Technology Center
STEM Science Technology Engineering 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
UC University of California
UCB University of California Berkeley
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 U.S. Army Corps of Engineers (see also HEC-RAS)
USBR U.S. 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
VP (NCED) Visitor Program
WaterCAMPWS The Center of Advanced Materials for the Purifi cation of Water with Systems
XES eXperimental EarthScapes facility (“Jurassic Tank”)
YSC Youth Science Center (Science Museum of Minnesota)



National Center for Earth-surface Dynamics
Annual Report 2006

Acronyms     133

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 Exploit topographic signatures to estimate resource attributes
DW02 Link food webs and channel networks, including dynamic response
DW03 Develop predictive models for channel incision
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 fl ow
DW07 Numerical techniques for feature extraction and upscaling transport laws

Education (ED)

Project Project Name
ED01 Bring surface dynamics to informal education with the Science Museum of Minnesota
ED02 Provide unique center-based experience for graduate students
ED03 Stream Restoration certifi cate program
ED04 NCED enhancements to undergraduate education
ED05 K-12 teacher development
ED06 Visualization tools to enhance Earth-science education

Knowledge Transfer (KT)

Project Project Name
KT01 Desktop Watershed Partner Group
KT02 Make components of the Desktop Watershed available to practitioners and the public
KT03 Collaborative DW research with non-NCED researchers
KT04 NCED Stream Restoration Partner Group
KT05 Stream Restoration website
KT06 Stream Restoration Newsletter
KT07 Stream restoration “toolbox” containing useful numerical models, equations, and guidance for practitioners
KT08 Education and training programs in stream restoration
KT09 Establish regular communication between NCED and Subsurface Architecture Partner Group
KT10 Develop website content for Subsurface Architecture goals, current  progress, and future direction
KT11 Conduct short courses and workshops
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Subsurface Architecture Integrated Project (SA)

Project Project Name
SA01 Understand intra-channel processes controlling depositional geometry and reservoir quality
SA02 Autogenic dynamics of channelized systems: quantifying the signature of variability in natural transport systems
SA03 Integrated modeling of river system response to external forcing: changes in base level, sediment and water supply
SA04 Upscaling in space and time: from human to planetary scales
SA05 Comparative dynamics of submarine versus river channels
SA06 Spatial and temporal statistics of depositional channel networks
SA07 Channel–fl oodplain interactions
SA08 Steering of channels by active tectonics
SA09 Channel mobility: avulsion and migration
SA10 Microbial effects on porosity and permeability via microbially mediated cementation

Stream Restoration Integrated Project (SR)

Project Project Name
SR01 Predict trend & variability in bank stability & channel geometry, including effect of vegetation
SR02 Determine how physical channel attributes affect nutrient & contaminant dynamics, productivity, and species diversity
SR03 Develop “fi sh equations” for predicting dynamics & distribution of fi sh in streams
SR04 Floodplain sedimentation – styles and rates of deposition
SR05 Dam removal – erosion & fate of reservoir sediment, downstream sediment dispersal including impact on channel & 

ecosystems
SR06 Improved methods for reach and network routing of water and sediment
SR07 Dynamics of gravel and mixed-size sediment
SR08 Stream restoration objectives, tradeoffs, and decision-making under uncertainty
SR09 Standards and strategy for improved restoration training
SR10 Place restoration in watershed context
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Appendix C: External Advisory Board

External Advisory Board Membership

Dr. David A. Cacchione

Senior Oceanographer, CME

Dr. S. Dhamothran

Senior Vice President and Regional Manager

URS Corporation

Dr. David Jon Furbish

Department of Earth and Environmental Sciences

Vanderbilt University

Dr. Richard P. Hooper

Consortium of Universities for the 

Advancement of Hydrologic Sciences (CUAHSI)

Matthew Larsen

Chief Scientist for Hydrology

USGS, Water Resources Division

Dr. Jean Moon

Director, Board on Science Education

The National Research Council

Dr. Anthony Paul Murphy

College of St. Catherine

Dr. Margaret A. Palmer

Director, Chesapeake Biological Laboratory

Univ. of Maryland Center for Environmental Sciences

Dr. Rick Sarg

Stratigraphy Coordinator

ExxonMobil Exploration Company

William Schulze

Applied Economics & Management

Cornell University

Dr. David V. Taylor

Provost & Sr VP for Academic Affairs

Morehouse College

Madonna Yawakie

President & CEO

Turtle Island Communications, Inc.
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Response to the External Advisory Board Report

13 September 2005

We very much appreciate the wisdom and perspective that our External Advisory Board has brought to NCED as it has 
developed over nearly four years. We would like to particularly commend Rip Sparks, who served as Chair during this time. 
Rip has stepped down from the Board. It would be hard to exaggerate how much Rip’s insight and leadership have added to 
NCED since 2002, and he leaves with our sincere thanks. 

This year’s report, as in the past, contains many useful suggestions. Here we provide response to specifi c points, summarized 
in italics, raised in the report. 

EAB logistics

Consider limiting the size of the Board by setting term limits for all Board members.

NCED’s offi cial policy on the EAB limits the term of membership to three years. Since the current EAB largely started with 
NCED in 2002, enforcing this strictly would have eliminated much of the Board, with its institutional memory, during our 
renewal year. Thus, we asked several Board members to serve an additional year to make for a smoother transition. We also 
added the following new members:

Bill Shultz, Cornell (Environmental Economics)

David Taylor, Morehouse (Diversity)

Matt Larson, USGS (Restoration Partner)

Rick Hooper, CUAHSI (research community partner)

Also, with the departure of Rip Sparks, we have appointed David Furbish to serve as Chair of the EAB. 

Consider hosting EAB meetings in Minneapolis, where you can easily get people in and out of the major airport.

We agree that this is a good idea. Earlier meetings in other locations were an experiment that some EAB members appreciated, 
but on balance we think Minneapolis will serve as a central location for effi cient meetings. 

Shorten the meeting, but increase effi ciency

We will try to implement a version of the EAB’s suggested modifi ed meeting format the next time we meet with the EAB. 

NCED response to Hurricane Katrina

Consider participating in, or better, initiating, a special session at an upcoming meeting of an appropriate professional 
society
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We initiated and co-chaired two Katrina sessions at the fall American Geophysical Union meeting. At present, we are 
working on two Mississippi Delta initiatives involving NCED and non-NCED PIs, and will develop further special sessions, 
special journal issues, and workshops as these initiatives evolve.

Publish a policy-relevant paper quickly

We have not been able to do this, though there was a good deal of policy discussed in the two AGU special sessions 
mentioned above. As our plans evolve, we anticipate publishing a paper that presents policy-relevant science. EOS as the 
EAB suggested, would be a very reasonable target for such a paper. 

Reconsider the decision not to use the Mississippi Delta as your downstream depositional site

This comment represents a miscommunication between us and the EAB. There was never a decision made not to use 
the Mississippi Delta as our depositional site. For several reasons we reduced our efforts there in Year 1, and focused on 
developing the Angelo Coast Range Reserve as our fi rst fi eld site. We continued exploring possibilities there, especially 
at Wax Lake, during Years 2 and 3. Hurricane Katrina obviously added a new impetus to accelerate our efforts in the 
Mississippi Delta, and we are developing plans for two initiatives (one on developing predictive models of programmed 
avulsions, and one on using subsurface data in support of delta restoration) that extend well beyond NCED to include 
several additional PIs. 

The Delta would require that the Stream Restoration IP step up from unit processes on streams to entire river systems, 
including large rivers of the world that dominate fl uxes of sediment, contaminants, and nutrients from the continents to the 
sea.

Taken in a literal sense, this suggestion would overextend the SR IP and reduce its effectiveness. Nonetheless, the project 
plans we are developing for the Mississippi Delta are joint between the Subsurface Architecture and Stream Restoration IPs, 
and will involve extension of the SR IP to larger-scale, depositional channel systems. 

There is a wealth of corporate, USGS (multi-beam and acoustic backscatter sonar data), and institute data on the Delta 
and Gulf.

The bulk of existing data is held by the oil industry. We are working energetically, with leadership from PIs Mohrig and 
Parker, to acquire oil-industry surface and subsurface data from the Delta/Gulf region. So far we have commitments and/or 
data for Wax Lake, which will provide a test for evolving predictive models of programmed avulsions for restoration, and 
3D seismic data for the outer part of the Delta. 

SIP-related  issues

Linkages among the three IPs needs to be more explicit.  The old “circuit diagram” of relations among individual researchers 
is passé, what is needed now is a diagram of linkages among the IP projects.
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We still fi nd the old connection diagram useful, since it is the PIs that actually work together, but have supplemented it with 
a connection diagram (reproduced in the Management section) for IP subprojects. 

Potential Subsurface Architecture IP linkages:

 

1. Comparisons and contrasts between submarine and subaerial erosional channel systems (relates to both the Desktop 
Watersheds and Restoration IPs which deal with mechanisms driving channel dynamics).  

PIs Mohrig and Parker are now working on a new synthesis paper addressing comprehensively the question of similarities 
and differences between submarine  and subaqueous channel dynamics.

2. Submarine channels and fans.  Model self-channelization on subaqueous fans and the response of channelized turbidity 
currents to slope breaks and hydraulic jumps. (Do the models developed in the Desktop Watershed IP apply?)

Again, PIs Mohrig and Parker are working energetically on this problem. Parker has new results now on self-channelization. 
Mohrig’s work on applying DW methods to submarine tributary systems is ongoing and should have initial results in the 
next year.

3. Apply the short-term channel evolution recorded stratigraphically to longer-term stratigraphic stacking.

PIs Paola and Mohrig are working on this now. A new paper led by former student Ben Sheets and now in press specifi cally 
relates high-resolution records of channel dynamics to preserved stratigraphy.

4. What is the fl uvial response to changes in sea level?  The 2002 Jurassic Tank experiment created a known stratigraphy.  
Seismic signals were obtained from this stratigraphy.  Can we now use seismic records from the real world to more accurately 
interpret the stratigraphic pattern, including “fossil” channels that are now below sea level?

Work this year in PI Paola’s group showed how the preservation process systematically distorts the shapes of preserved 
incised valleys formed by relative sea-level falls, and how valley development infl uences depositional mass balance over 
the margin system. The main improvements in interpretation are in reconstruction of the valley geometry, estimation of 
sediment fl ux to the offshore as the valley develops, and interpretation of the timing of development of the valley surface.

 

The Subsurface Architecture IP should describe the research challenges, identify which will be addressed fi rst, and show 
how the initial results (see above) relate to the selected challenges.  What are the next steps (next seven years)?  Specifi cally, 
what is the plan for interacting with the petroleum industry?

With the new SIP in place, we have been working this year to improve the science plans for each of the three Integrated 
Projects. This is an ongoing process, but is especially intensive in our fi rst year working with the new project structure. 
These changes will be refl ected in a slightly modifi ed version of the current SIP to be fi nished and presented to NSF early 
this summer. 
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Data Archives

Many projects have no entries in the archive; metadata at the fi le level were missing in some cases or did not have suffi cient 
detail to make it possible for researchers to use these fi les without contacting the authors. We recommend that all NCED 
participants contribute to the data archive.

We have had a high rate of contribution from projects that produce large data sets, and less participation where data sets 
tend to be small and “artisanal”, i.e., hand-collected and often unique to a specifi c situation. We also note that it is common 
to allow researchers a signifi cant period in which to exploit data they have worked hard to collect before it is made freely 
available; the commonly accepted standard of two years represents a signifi cant fraction of NCED’s period of existence as 
a center. Nonetheless, we acknowledge the problem and are working to improve the rate of contribution to the data archive. 
A signifi cant success has been development of means for rapid transfer of signifi cant parts of the data from this year’s 
StreamLab project to the archive. 

Relation to CUAHSI

CUAHSI could serve as a vehicle to take results from NCED and make them known to a broader audience. Two important 
examples arose during the course of the review.  First, the successful model for engaging Native Americans in Earth 
science research could be replicated across the country and marketed through CUAHSI members. Second, the demand for 
a traveling fl ume exhibit (following up on the Washington Mall experience) could be measured by giving a cyberseminar to 
CUAHSI members to inform them of the results and to solicit input about other locations for such a display. 

We enjoy close relations with CUAHSI, with CUAHSI Director Rick Hooper on the NCED EAB, and NCED Co-Director 
Foufoula-Georgiou on CUAHSI’s executive board. We will pursue both of these possible collaborations with CUAHSI, 
as well as our ongoing work with them on developing community-scale collaborative projects in predictive surface earth 
science. The traveling fl ume exhibit has been incorporated into a proposal submitted to NSF by CUASHI.

Relation to other projects (HydroView, CLEANER, NEON)

There are many observatory development efforts underway that NCED could and should contribute to. The number of 
meetings can well be overwhelming for the staff to attend. The most cost-effective way for NCED to contribute to observatory 
development is to raise its visibility and get its experiences and message out to the broader research community through its 
web site and professional meetings.  As its visibility increases, observatory designers will seek out NCED.

This year, NCED leadership took the fi rst steps to build a long-term partnership with CUAHSI and CZEN, two major 
organizations representing the hydrology and soil-geochemistry communities respectively. Our common goal is to lay the 
groundwork for initiatives in predictive Earth surface dynamics on the scale of the whole research community. This effort 
grew out of a meeting in January 2006 on Cyberinfrastructure needs in surface earth science that NCED co-hosted with NSF. 
The likely fi rst initiative will be to propose a national transdisciplinary observatory network. NCED, along with fellow STC 
SAHRA, can provide experience and leadership in observatory design, as well as at least two functioning observatories, for 
such a network. In addition to the community benefi ts, we see this as a key step towards a future in which NCED evolves 
into a self-sustaining community-based organization.
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Appendix D: Media Publicity Materials

1. Minnesota Technolog “St. Anthony Falls” cover article (Spring 2005)

2. Star Tribune “The Little Building that Could” (August 7, 2005)

3. The NRS Transect “New Laser Mapping Technology...” (Autumn 2005)

4. UMN News “Rooms for the Learning” (Sept. 13, 2005)

5. NOVA documentary “Mystery of the Megafl ood” (fi rst aired on Sept. 20, 2005)

6. Eos “Remote Sensing & Hurricane Katrina Relief Efforts” (October 4, 2005)

7. The Sedimentary Record “Addressing Future Directions in Sedimentary Geology” (December 2005)

8. News Bureau UIUC “Rivers on Titan, one of Saturn’s moons, resemble those on earth” (December 5, 2005)

9. Civil Engineer “Director Brings New Vision to Lab” (Winter 2006)

10. UC Berkeley News “Life Leaves Subtle Signature in the Lay of the Land” (Jan. 25, 2006)

11. NSF Discoveries “Life Leaves Subtle Signature on Lay of the Land” (Jan. 31, 2006)

12. Astrobiology Magazine “Seeing Life in the Land” (Feb. 4, 2006)

13. IAHR Newsletter “New Achievements at the NCED” (March, 2006)

14. Inventing Tomorrow “Forces of Nature” (April 6, 2006)

15. Minnesota Daily “Cheaper fuel: a pipe dream?” cover article  (April 12, 2006)

16. Freshwaters Illustrated documentary “Riverwebs” (to air Summer 2006)

New Internally-produced Media Vehicles:

NCED News (monthly electronic newsletter)

Stream Restoration Networker (quarterly printed newsletter)
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Spring 2005: Minnesota Technolog “St. Anthony Falls” (cover)

6                      Minnesota Technolog  |  Winter 2005

W hy would one of the world’s largest hydraulics labs be 
interested in mini golf? It makes perfect sense if you are 

a member of the National Center for Earth-Surface Dynamics 
at the University of Minnesota. The two-year-old center, known 
as NCED, has assumed the task of promoting sustainable 
landscapes through research and educational outreach and is 
undertaking a number of ground-breaking initiatives to achieve 
its objective. 

In August of 2002, NCED was founded by matching grants 
from the National Science Foundation and the University of 
Minnesota. It primarily consists of a group of scientists from 
top research institutions around the country including MIT, 
UC Berkley, and Princeton. Two additional important NCED 
institutions are the Science Museum of Minnesota and Fond 
du Lac Tribal and Community College.  NCED is housed at 
the University of Minnesota’s own St. Anthony Falls Laboratory 
(SAFL). While there is nothing new about research at SAFL, 
the challenge now comes in integrating it into the community at 
large. NCED Director of Knowledge Transfer, Karen Campbell, 
explains the requirements put on NCED by the National Science 
Foundation: “In addition to doing cutting edge interdisciplinary 
science, there are three requirements: getting Americans, 
specifically women and underrepresented groups, interested 
in science, technology, engineering and math, beginning at the 
K-12 level; making sure that research results get applied by 
engineering and government agencies and used in the real 
world; and involving the public.” Sounds like a tall order for an 
old lab and a new national center!

While the research conducted by NCED is important, the end 
goal is its application and integration into the real world. NCED’s 
director Chris Paola makes no qualms about the importance of 
education and knowledge transfer. “It is critically important to 
us, and critically important to the National Science Foundation.” 
The center has wasted no time and has implemented a number 
of new and ground-breaking initiatives to meet its lofty goals. 
The center offers programs for professionals and students of all 
ages, from grade school to postgraduate opportunities. There 
are also opportunities for the general public to participate as 
well.  

NCED splits its pre-college program into two parts: educating 
students and educating teachers. For students NCED offers 
an after-school program it has developed with its close 
partner, the Science Museum of Minnesota, as well as a 
year-round Environmental Camp for students at the Fond 
du Lac reservation. Scientists from the center have worked 

with museum staff to develop Earth surface dynamics-related 
content that is offered through several of the museum’s school 
outreach programs. During the summer, NCED is involved in 
a number of summer programs, even opening its doors to 15 
lucky high school students who get to spend 10 days learning 
about math and surface process science at the St. Anthony 
Falls Lab.  
 
Outreach for teachers focuses on the EarthScapes school 
contact program. The program starts with a two week summer 
seminar for teachers. Upon completion of the summer program, 
EarthScape provides a free assembly for the teacher’s school. 
This assembly is an introduction to the principles of earth 
science and is given to approximately 4,000 students every 
year. The assembly is followed by a school residency program, 
in which a museum educator brings experimental river models 
and activities to school classrooms for a two-day lesson on 
river management and dam removal.  

A unique feature of NCED is its visitor’s program, which sponsors 
visitors from the world of academia, government and industry 
to come to the laboratory and conduct research. “There are a 
number of things that are unique about the visitor’s program,” 
said Peter Wilcock, a recent recipient of an NCED visitor grant. 
“It is remarkable how the faculty in the lab have taken on such 
a responsibility. They are supporting other people’s work, 

which is a very generous contribution. The other remarkable 
thing is such a large contribution from the National Science 
Foundation. They obviously think they (NCED) are going to 
pull off something wonderful.” By sponsoring people to come 
to the lab to do research, NCED can attract top researchers 
and leaders in the field. For researchers opportunities like this 
are unheard of. Traditionally, researchers have to pay labs 
in order to use the facilities to conduct their research. Now 
visitors can avoid tedious grant applications and just complete 
a short five page proposal. “We had no trouble filling it our first 
year,” says Campbell. “It was hard to schedule people in the 
first year; people were spilling over into the following year.” 
While this may be the first “formal visitor program,” SAFL has 

It is certainly a unique facility and 
a unique opportunity for outside 
investigators to come and use it

 – Peter Wilcock

by Zach Wilcock
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been hosting visitors for years. Campbell says, “The lab has 
always welcomed visitors. They come because it is a unique 
facility. Visitors greatly enrich the graduate students’ and the 
researchers’ experiences here.” 

The Grand Canyon Comes to 
Minneapolis...
With his recent visitor’s grant, Wilcock and a graduate student 
created an experiment designed to model sediment transport 
in the Grand Canyon. “Much of the bed in the Colorado River 
in the Grand Canyon is composed of large cobble and boulder. 
Nearly all of the transported sediment is fine to medium sand,” 
says Wilcock. The problem is “there has been essentially no 
direct measurement of sand transport over large roughness 
elements.” While working on a similar problem the previous 
summer Wilcock devised a plan to model such a scenario. 
“We wanted to create a model that used roughly the same size 
sand that flows through the Grand Canyon. This meant that the 
roughness had to be proportional to the sand, and the depth 
of the flow had to be proportional to the roughness. You also 
want a model that is wide enough that you don’t have to worry 
about the sides interfering with the experiment.” In other words, 
Wilcock needed a flume as massive as the Grand Canyon itself. 
Fortunately the St. Anthony Falls Lab has just the thing, and 
through the NCED visitor program Wilcock was able to use the 
lab’s main channel at no cost.  

By covering a 50 meter section of SAFL’s main channel with 
10cm hemispheres, Wilcock was able to create a model very 
similar to the riverbed of the Grand Canyon.  Once the 5400 
concrete hemispheres were attached to the channel floor, sand 
at a rate of 6 tons an hour was introduced at the head of the 
channel with 155 gallons of water a second. That is more than 
550,000 gallons of water an hour! As the water swept the sand 
down the flume it deposited it in distinct patterns between the 
hemispheres on the flume bed.  

The model was monitored by nine sonar bed elevation sensors 
that measured the sediment deposits as the experiment 
proceeded.  However, it was necessary to measure the bed in 
hundreds of locations to get an accurate model of the sediment’s 
movement.  In order to examine the sand formations, the water 
in the channel had to be stopped instantly. If a valve were used 
to stop the water, the slowly decreasing flow that would result as 
the valve was being closed would alter the sediment deposits. 

Laboratory Extention: Mini Golf?

Ever been looking for something to do while waiting for your 
turn to putt on the mini golf green? It seems that the Science 
Museum of Minnesota has found the answer. Together with 
the National Center for Earth-Surface Dynamics (NCED), 
the science museum has created a nine-hole mini golf 
course in what it calls the Big Back Yard. Golfers putt their 
way through a large outdoor science park full of interactive 
displays and demonstrations designed to teach them about 
the Earth’s dynamic surface. But be careful, the displays 
aren’t the only interactive part of this golfing experience. 
Each golf hole features a unique challenge from crossing 
a hydraulic jump, to putting down a meandering river, 
complete with running water and sediment.  

When NCED plans to install interactive exhibits near its 
headquarters at St. Anthony Falls fell through, the Science 
Museum of Minnesota stepped in with a solution. The 
science museum had been considering ideas to develop an 
outside park at its St. Paul location, and the union was a “no 
brainer,” according to NCED director Chris Paola. While the 
idea for a mini golf course came from the Science Museum, 
the prototypes were designed with help from NCED and 
tested at the St. Anthony Falls Laboratory. 
 
Golfers are exposed to many aspects of landscape shaping 
including erosion, sediment transport and deposition. 
They learn how water and sediment navigate dams and 
meandering rivers. Visitors also learn about the impact of 
human interference and pollution. In viewing the park as a 
whole, they can make global connections that leave visitors 
with a lasting understanding and awareness of how dynamic 
and fragile the earth’s surface really is. 

“My dream is for visitors to recognize that there are patterns 
in the earth’s structure, and to see what they are doing.” 
– Chris Paola, NCED Director

More Info: 
http://www.smm.org/bigbackyard/
http://www.nced.umn.edu/
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St. Anthony Falls: The History

Located only a mile from the University of Minnesota Twin 
Cities campus, the St. Anthony Falls Laboratory sits on 
Hennepin Island in the middle of the Mississippi River. Its 
purposeful appearance contrasts sharply with the new glass 
skyscrapers that loom from across the river. Inside its five 
levels, the Lab contains everything from a large wind tunnel 
to a flume large enough to hold a truck.  

Literally built into the only natural waterfall on the Mississippi, 
the lab is able to power its experiments using real river 
water. Taking full advantage of the 50 foot drop in the falls, 
the lab is capable of drawing nearly nine cubic meters of 
water a second through the building and distributing it to 
the many different experiments. Equally as impressive is 
the lab’s ability to quantitatively measure these quantities of 
water.  The lab has two, two-story tall weigh tanks capable of 
holding well over 20 tons each as well as two 35,000 gallon 
volumetric tanks outside.  

The lab was the brain child of Lorenz “The River Doctor” 
Straub. Straub had a vision of a university laboratory that 
would pioneer methods in water resources management 
as well as serve as a place of education. He modeled the 
lab after similar ones he visited in Germany.  In 1936 the 
University of Minnesota received a grant from the Works 
Project Administration and construction began. Two years 
later the lab was completed and there was no question as to 
whose lab it was, it was decidedly Straub’s. Straub insisted 
that suits and ties be worn every day, even while working 
on experiments.  Rumor has it that he designed the lab so 
that it was impossible to enter or exit it without passing his 
office. This is still true today as the director’s office sits at 
the head of the bridge connecting the lab to the mainland. 
Straub maintained tight control of the lab until October of 
1963 when he was found dead at his desk.  

To overcome this Wilcock worked with NCED engineers 
to develop a tailgate that when tripped, would drop into 
the channel and instantly stop the flow across the bed. 
Once the water in the channel was stopped, it was 
drained slowly so as not to disrupt the channel bed.  

The bed was then measured by Wilcock’s graduate 
student who crawled the length of the model measuring 
the depth of the sand with a ruler. Once the data was 
collected in this painstaking method, it was used to 
create a model for sand flow through beds with large 
roughness. “There is a model of the Grand Canyon, 
the one part that was poorly understood was bottom 
boundary conditions,” says Wilcock. With the research 
done through the NCED visitor’s program the model 
is complete and now scientists have a much better 
understanding of the way sediment moves through the 
Grand Canyon as well as rivers around the world with 
similar beds.  

On the professional level, NCED offers shortcourses 
to researchers in the field that work for industry. In 
addition to the academic partners, NCED has several 
Stratigraphic Partner organizations—companies such 
as Chevron—that are directly interested in the research 
being done by NCED. The goal of the shortcourses is 
two-fold. It is designed to ensure that the work done by 
NCED is being applied by industry in regards to land 
use planning, resource management, and landscape 
restoration. The shortcourses are also used to foster and 
maintain a channel of communication between NCED 
and its Stratigraphic partners. The shortcourses are a 
combination of lectures, demonstrations and exercises 
all of which are based on work done at the Center. The 
shortcourse forms one of the key steps in the knowledge 
transfer process. Researchers from the Stratigraphic 
Partner organizations will take what they have learned 
and directly apply it to their work in the field.  

Looking for Oil...
NCED recently held one of its shortcourses for 
ExxonMobil. The shortcourse focused on how sediment 
depositions are formed. Since NCED studies these types 
of deposits, they are able to model and predict the types 
of formations that take place across long time periods.  
ExxonMobil is interested in these sediment depositions 
because they can potentially contain the oil on which 
ExxonMobil bases its business.  “They really want to 
see how the surface dynamics relate to the subsurface 
dynamics,” says shortcourse instructor John Martin.  

8                      Minnesota Technolog  |  Winter 2005
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For the shortcourse, NCED created a model at the St. Anthony 
Falls Lab.  A model deposit was created by slowly adding 
water, sand, and coal dust into the corner of the delta basin. In 
the basin the water deposits the sediment creating a delta-like 
deposit known as a fan. Researchers from ExxonMobil were 
able to adjust the different parameters and see how the deposit 
reacted and changed. The deposit’s progress is tracked by 
a system of lasers and a digital camera that uses software 
developed at the lab to map the changes in the deposit over 
time. Once the deposit was completed all of the water was 
removed from the basin and the fan was “cut.” Cutting the fan 
involves slicing into the fan to see what the layers of sediment 
look like beneath the surface. By relating the surface and 
subsurface dynamics, it “allows them [ExxonMobil] to predict 
where the sand and coarse grain deposits lie,” say Martin. “It 
gives them clues to where they can go look for oil and sink a 
well.”  

By the end of the shortcourse, researchers from ExxonMobil 
were exposed to the work being done by NCED and are now 
able to apply their new knowledge to the work they undertake 
in the field. By having a higher understanding of how the oil 
bearing sediments arrived in their present location, ExxonMobil 
can recognize deposition patterns in the real world. By having 
a better idea of where to look for oil, ExxonMobil can now save 
both time and money. This refined search process will also 
reduce the impact of oil exploration on the environment.  

The point of NCED is to share its findings and resources with 
the world. The center encourages knowledge transfer and 
maintains a “Data Vault” on its website where anyone is free to 
download and use the information that the center has collected. 
NCED also extends its visitors program to those outside the 
states, attracting researchers from as far away as Wales. The 
outreach isn’t limited to those in the field; in fact, NCED strives 
to make its work accessible to everyone including the general 
public. 
 
The high degree of interaction between NCED and the 
community at large is paralleled by the interaction within NCED. 
Despite being composed of researchers scattered across the 
country, NCED is designed to function as a unified virtual 
institution.  The National Science Foundation required that a 
video conferencing system be installed so that all the NCED 
members could communicate quickly and effectively. NCED 
has truly become a virtual institution, even holding weekly 
video seminars using their Internet2 system. The seminars 
feature an NCED member or graduate student discussing the 
work they are doing for the center. The system is also available 
for NCED members to communicate with each other with some 
members even having units installed in their office.  

Through its revolutionary approach to knowledge transfer, 
NCED has bridged the gap between academic research and 
the real world.  In less than three years they have changed 
everything from the manner in which huge companies scout 
for oil in the far corners of the world, to they way children play 
mini golf in St. Paul. 

Minnesota Technolog  |  Winter 2005                            9 
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The little building that could  
The Science House in St. Paul is a cool project in more ways than one.

By Linda Mack  

Staff Writer    

Can a building produce electricity instead of consuming it, even here in sometimes frigid 
Minnesota? 

That was the question the designers of the Science House at the Science Museum of 
Minnesota asked two years ago when they built the 1,400-square-foot building below the 
red brick museum on St. Paul's Kellogg Boulevard. 

With a year's worth of detailed data in hand, the answer is in, and it's yes. From 
February 2004 to February 2005, the building generated 8,000 kilowatts of electricity and 
used 6,000 kilowatt hours, about a sixth of the energy used by a typical house. 

Last week, even on a 93-degree day, the electric meter was scrolling backwards. 

"Even though we're actively cooling the building right now, we're sending current to the 
Science Museum," said Tom McDougall of The Weidt Group, which did the energy 
modeling and worked with the architects, Barbour LaDouceur. "And it's doing that 
without any expense to comfort." 

"We wanted to hit a home run and have the building generate all the electricity it's using," 
said Patrick Hamilton, the Science Museum's director of environmental sciences. "In 
reality, most buildings aren't even stepping up to the plate." 

The little building is the centerpiece of the Science Museum's 1.75-acre Big Back Yard, 
where a mini-golf course illustrates geological landforms and mostly edible plantings 
soften the former industrial landscape. From May to October, when the outdoor spaces 
are open, the Science House holds experiments and exhibits and provides restrooms 
and shelter. In the off-season, it is available for rent or use by museum staff. 

It was designed to conserve energy, said McDougall. Six-inch-thick walls filled with high-
grade foam insulation make the building as tight as a thermos bottle. Energy-efficient 
Andersen windows draw in southern light without letting a lot of heat escape. High 
clerestory windows bring in daylight and minimize the need for lights. 

The active solar-energy system is sexier than these conservation measures, but less 
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powerful. About 1,500 square feet of razor-thin photovoltaic film applied to the metal roof 
converts 8 percent of the sunlight it receives to electricity, which is stored in four direct-
current boxes on the building's side. That current is turned into alternating current, which 
powers the building and is sometimes sent off to the museum. 

That solar-produced electricity powers the building's other active system - a heat pump 
that brings up cool water in the summer and warm water in the winter from below-ground 
tubes. The water is used to warm or cool air and keep the interior temperature constant. 

None of the energy measures used in the Science House is extraordinary in itself. 
"Everything in the building is off-the-shelf technology. We didn't go to a research lab," 
Hamilton said. What's rare is combining these measures to achieve zero energy use 
from fossil fuels. 

The technology used in the Science House won the award for most innovative method at 
this summer's conference of the European Council for an Energy Efficient Economy. 

We in the U.S. assume that architecture is greener on the other side of the Atlantic, said 
David Eijadi of the Weidt Group: "The reality is that people in Europe are doing some 
really good things and some ordinary things, just like here." 

Will the model of the Science House change the way most buildings are built? 

Probably not. But it's one small example of energy savings that is being presented 
around the country and the world. 

Buildings use 35 percent of the energy consumed in the world, said Hamilton. "The 
Science House shows that even in Minnesota's harsh climate, houses can be 
constructed today that generate much of their annual energy needs." 

Even when it's zero in the winter and the sun is shining, the Science House is racking up 
energy rather than pulling it down. 

.

Linda Mack is at lmack@startribune.com. 

.

The technology 

1) Solar roof generates electricity from sunlight. 

2) The direct current (DC) is converted into alternating current (AC), which powers the 
center. 

3) An electric heaat pump circulates fluid through tubes in four wells that are 250 feet 
deep, where the temperature is generally 55 degrees year-round. In winter the fluid 
extracts heat from the earth to warm the center. In summer the fluid takes heat away 
from the building. 

4) When it produces more power than it needs, the center feeds its excess electricity into 
the main Science Museum building. The center draws power from the museum when it 
consumes more than the solar roof can produce. 

.

The materials 

- Efficient lighting system minimizes the need for electricity. 

Page 2 of 3Star Tribune Archives

4/27/2006http://nl.newsbank.com/nl-search/we/Archives?p_action=doc&p_docid=10BE36DB3B343...



148     Publicity

National Center for Earth-surface Dynamics
Annual Report 2006

Autumn 2005: The NRS Transect 

“New Laser-Mapping Technology Enables ‘Aerial Groundtruthing’”
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Rooms for the learning 

Published on September 13, 2005 

The term classroom management can conjure up 
rowdy kids, chaos, and a lonely teacher up in 
front trying to hold it all together without falling 
apart. But at the University of Minnesota, 
classroom management takes on a different 
meaning. It's the quest to create the most 
technologically up-to-date and comfortable 
classrooms, while ensuring that the right people 
find their way into those classrooms at the right 
time. 

The University of Minnesota's busy Office of 
Classroom Management (OCM), which was formed 
in 1999, is primarily responsible for a job that can 
look like one big headache to an outsider: 
scheduling 12,500 course sections each semester 
into 300 rooms with 24,000 seats in 63 buildings 
in Minneapolis and St. Paul. 

To get the job done, the OCM staff are spread 
across four units: classroom support, which provides University faculty with 
classroom orientation, including assistance with in-classroom audio-visual or 
presentation equipment; classroom scheduling, which determines the use of 
classroom space and develops all final-exam schedules; classroom facilities, which 
maintains the physical environment of each general purpose classroom; and 
classroom technical services, which plans, installs, and maintains a classroom's 
audiovisual systems. 

"Classroom Management is really a group of University employees who are devoted 
to helping this place do what it does best--teach," says OCM director Steve 
Fitzgerald.

In 1995, the University conducted a major study to 
explore the long-standing issues and problems with its
general-purpose classrooms. The study concluded that
the University needed a serious upgrade of its 
classrooms to attract both teachers and students. 
Blackboards were becoming a thing of the past; 
projector-capable classrooms were in.  

All of the U's general-purpose classrooms (also called 
central classrooms) are projector-capable, meaning 
they are equipped with a data and video projector, 
smart interface, user-friendly control systems with 
laptop plug-ins, video inputs, and modular add-ons for
special, room-dependent capabilities.  

While OCM looks after the general-purpose 
classrooms, as well as lecture halls and auditoriums, 
individual University departments are responsible for 
managing and scheduling "departmental classrooms"--

Geology undergraduates learn 
about the Earth's surface using 
tools developed at the National 
Center for Earth-surface 
Dynamics, an NSF-funded 
Science and Technology Center 
headquartered at the U's St. 
Anthony Falls Laboratory. 

Photo by Patrick O'Leary 

What's in a classroom?

According to the Office of 
Classroom Management, all 
classrooms on the Twin 
Cities campus must meet the 
requirements listed in 
Classroom Appendix to the U 
of M Facilities Construction 
Standards. Here's a 
sampling of classroom must-
haves:

* A clock on a wall (other 
than the front wall). 

* A pencil sharpener 

* Opaque window 
treatments, such as shades 
or blinds that can eliminate 
all outside light.

Page 1 of 2Rooms for the learning: UMNnews: U of M.
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the studios, labs, specialized or unique teaching 
facilities, and computer labs dedicated to the 
requirements of a particular department, discipline, or 
program.  

To learn more about University class schedules and 
rooms, visit the Office of Classroom Management.

* Washable wall surfaces, 
especially in new 
classrooms. 

* Marker boards must be a 
minimum of 4 feet high and 
mounted 36 inches above 
the floor. 

* An instructor's seat should 
look similar (in its finished 
detail) to the other furniture 
in the room.

©2005 Regents of the University of Minnesota. All rights reserved. Trouble seeing the text? | Contact U

The University of Minnesota is an equal opportunity educator and employer. Last modified on Tuesday

Page 2 of 2Rooms for the learning: UMNnews: U of M.
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Fantastic Floods
In this interview, learn what 
megafloods can tell us about 
Mars, the nature of science, and 
more.  

Ice Age Lake
What would Glacial Lake 
Missoula have looked like before 
its disastrous emptyings? Find 
out here.  

Explore the Scablands
Examine the evidence left by 
the violent floods.  

What on Earth Made This?
Try your hand at our gee-whiz 
geology quiz.  

TV Program Description
Airs on PBS May 16, 2006 
Check local listings as dates and times may 
vary. Watch a Preview

Links & Books

Teacher's Guide

Program Transcript

Buy the Video/DVD

Credits

Don't miss upcoming NOVA broadcasts and 
companion Web sites—subscribe to our e-
mail bulletin.

In September, 2004, NOVA fi lm crew members interviewed and fi lmed NCED researchers and their experiments at the St. 
Anthony Falls Laboratory. The result was a NOVA documentary “Mystery of the Megafl ood” which fi rst aired on PBS on 
September 20, 2005. NCED Director Chris Paola and Research Associate Juan Jose Fedele appeared in the documentary, 
explaining with sediment transport models how extreme forces of water could have eroded the landscape in the American 
Northwest.

The documentary is scheduled to air again on PBS on May 16, 2006. Copies of the DVD are available through NCED. 
More details can also be found at: http://www.pbs.org/wgbh/nova/megafl ood/.

September 20, 2005: Nova documentary “Mystery of the Megafl ood”



National Center for Earth-surface Dynamics
Annual Report 2006

Publicity     157

December 4, 2005: Eos “Remote Sensing and Hurricane Katrina Relief Efforts”
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Addressing
future
directions in
sedimentary
geology:
A word about ForSed
John Holbrook, UT Arlington and
Chris Paola UM Minneapolis

The Forum on the Future of Sedimentary
Geology (ForSed) is for all who are interested
in the future of sedimentary and stratigraphic
research. We offer a venue where new research
ideas can be generated, debated, and dissemi-
nated. ForSed initiated from discussions spon-
sored by NCED (National Center for Earth
Surface Dynamics) and NSF, which detailed
the critically low and diminishing sense of pri-
ority for sedimentary research among the larg-
er academic research community. ForSed was
born in recognition of the urgent need to
improve our profile, particularly among fund-
ing agencies, through presentation of new, rel-
evant, and exciting science initiatives that bear
the consensus of the sedimentary community. 

Sponsored by SEPM, NCED and SGD
with NSF encouragement, ForSed has thus far
met twice at GSA and once at AAPG for one-
day sessions. Each generated lively debate.
Views and consensus gained from these meet-
ings are summarized in a white paper available
at the NCED website
http://www.nced.umn.edu. In addition,
ForSed has spawned the smaller working
group Environmental Stratigraphy which
recently met through the sponsorship of
NCED to discuss the role of sedimentology
and stratigraphy in environmental manage-
ment. Notes and results of this meeting are
also available at the NCED website. Several
key findings have come of these efforts. Two
of these are given special mention.

First, there is a broad sense that the sedi-
mentary community is underrepresented in
environmental efforts. Two areas where this
can be improved are in groundwater flow
modeling and sustainable environmental engi-

neering. The sophistication of groundwater
flow models and the need for more detailed
flow predictions are increasing rapidly. The
long-anticipated, but as yet unrealized, poten-
tial for synergy between these disciplines is
evolving and this drives the need for more
applicable and numerically based models of
flow heterogeneity in sedimentary media.
Sustainable engineering involves the focusing
of surficial sedimentary processes toward the
natural restoration of environments and the
mitigation of natural hazards. River and wet-
land restoration are prime examples. It is clear
that knowledge of the rates, process, and
extremes through which these natural systems
respond to external change is pivotal to these
efforts. The sedimentary record of these sys-
tems is a robust source for this information. In
both cases, more demonstration projects are
needed to illustrate the benefits of sedimentol-
ogy to these efforts. These efforts will also
depend on close cooperation with many sister
disciplines.

Second, potential for a series of stratigraph-
ic observatories/natural laboratories is emerg-
ing. The detailed reconstructions of ancient
Earth-surface processes over short time peri-
ods is becoming more feasible with technolo-
gies like 3-D seismic, sophisticated geochemi-
cal proxies, and high-resolution dating.
Consensus grows that it is now time to identi-
fy one or more stratigraphic volumes, and
build an infrastructure that will permit us to
focus these tools upon them. This would per-
mit us to gain a better sense of how our planet
surface evolves over time and through
extremes. We are actively proposing the
Mississippi Delta as a first such observatory to
support anticipated delta restoration. 

After initial successful meetings, ForSed is
ready to continue in a modified form. ForSed
will now meet on a regular basis the evening
before the GSA Annual Meeting. The next
ForSed open town hall will be the ‘seds and
suds’ discussion Saturday evening approx 6-8
pm before GSA in Philadelphia. In addition,
we anticipate a new ForSed website including
an open discussion blog. We also anticipate a
special meeting to further develop initiatives
emphasizing cross disciplinary activities with
existing outer crust dynamics and geoinfor-
matics efforts (EarthTime, GeoSystems,
CHRONOS, PaleoStrat, SedDB). Please feel
free to contact either John Holbrook, hol-
brook@uta.edu, or Chris Paola,
cpaola@umn.edu, for further information.
ForSed is sponsored by SEPM (Society for
Sedimentary Geology), NCED, Sedimentary
Geology Division of GSA, and NSF.

The Sedimentary Record

10 |      December 2005

SORRY
In September we listed the
2006 SEPM Medalists but
we misspelled one of their
names. Please excuse our
error.

The winner of the 2006
Shepard Medal is Michael
Sarnthein.

So
where
is your
image?
Each month the SEPM website
features another student mem-
ber image with a description of
its sedimentary geological sig-
nificance.To date the SEPM
website has shown many geo-
logical images taken by student
members. Each image is chosen
from all those that have been
submitted and the winner each
month receives their choice of
SEPM publication! The awarded
publication can easily be a value
of over $100.

Check the image requirements
at the website and send yours
to Michele Woods
(mwoods@sepm.org).

December, 2005: The Sedimentary Record 

“Addressing Future Directions in Sedimentary Geology: A word about ForSed”
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December 5, 2005: News Bureau UIUC
“Rivers on Titan, one of Saturn’s moons, resemble those on earth”
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Rivers on Titan, one of Saturn's moons, resemble those 
on earth

James E. Kloeppel, Physical Sciences Editor 
217-244-1073; kloeppel@uiuc.edu

12/5/05

CHAMPAIGN, Ill. — Recent evidence 
from the Huygens Probe of the Cassini 
Mission suggests that Titan, the largest 
moon orbiting Saturn, is a world where 
rivers of liquid methane sculpt channels in 
continents of ice. Surface images even 
show gravel-sized pieces of water ice that 
resemble rounded stones lying in a dry 
riverbed on Earth. 

But with a surface temperature of minus 
179 degrees Celsius and an atmospheric 
pressure 1 1/2 times that of Earth, could 
fluvial processes on Titan be anything like 
those on Earth? 

“The idea that rivers of methane moving 
chunks of ice on Titan ought to obey the 
same rules as rivers on Earth is not what 
you would assume at first,” said Gary 
Parker, the W. H. Johnson Professor of 
Geology and a professor of civil and 
environmental engineering at the 
University of Illinois at Urbana-
Champaign. “However, if river dynamics 
are truly understood at a physical level, 
then relations that provide reasonable 
results on Earth ought to provide similarly 
reasonable results on Titan.” 

Parker, who has collected data from rivers all over the world, has 
calculated what should be key similarities and key differences between 
river networks on Earth and Titan. 

Click photo to enlarge

Photo by L. Brian Stauffer

Gary Parker, the W.H. 
Johnson Professor of 
Geology and a professor of 
civil and environmental 
engineering, has collected 
data from rivers all over 
the world. Using that data, 
he has calculated what 
should be key similarities 
and key differences 
between river networks on 
Earth and Titan.

Rivers on Titan, one of Saturn's moons, resemble those on earth
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to those on Earth,” Parker said. “However, because of the smaller 
acceleration due to gravity, channel slopes on Titan should be wider, 
deeper and less steep than those on Earth.” 

Wildcards that make Parker’s predictions tentative include a freeze-thaw 
process of methane that might not be analogous to the freeze-thaw 
process of water on Earth, and the formation of hydrocarbons on Titan 
that might add a kind of cohesion not encountered on Earth. “The 
interaction of sunlight with a hydrocarbon rich atmosphere could possibly 
precipitate very sticky compounds that could give streams on Titan a 
degree of cohesion that makes them behave differently,” Parker said. 

If the underlying physics has been captured correctly, Parker’s 
correlations could be used to predict river features not just on Earth and 
Titan, but elsewhere as well; revealing the internal consistency of fluvial 
processes at work under vastly different conditions. 

“We are now receiving images from Mars that show relic rivers. But these 
analogues to what has happened on Earth are very, very old and the 
processes may not have been very strong,” Parker said. “What is 
happening on Titan, however, may be every bit as active and exciting as 
what is happening on Earth.” 

Parker will present his findings at the American Geophysical Union 
meeting in San Francisco, Dec. 5-9. Funding was provided by the 
National Center for Earth-surface Dynamics, a Science and Technology 
Center of the National Science Foundation. 

Editor’s note: To reach Gary Parker, call 217-721-2976; e-mail: 
parkerg@uiuc.edu.

News Bureau, University of Illinois at Urbana-Champaign 
807 South Wright Street, Suite 520 East, Champaign, Illinois 61820-6261 

Telephone 217-333-1085, Fax 217-244-0161, E-mail news@uiuc.edu

Rivers on Titan, one of Saturn's moons, resemble those on earth
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Winter 2006: Civil Engineer “Director Brings New Vision to Lab”

CE Home > CE News > Director brings new vision to lab 

Director brings new vision to lab 

When Fotis Sotiropoulos toured the St. Anthony 
Falls Laboratory (SAFL) last spring, he saw more 
than a vibrant laboratory, filled cheek-to-jowl 
with graduate students, faculty members, 
visiting scholars and research projects. He also 
saw a future.  

This month, Sotiropoulos becomes the 12th 
director of the lab, one of just three such 
hydraulics facilities in the country and an 
international center for basic and applied 
research in water resources, environmental fluid 
mechanics, cavitation, atmospheric turbulence, 
and geological processes.  

He faces some major challenges in his new position.  

The 67-year-old laboratory is showing its seams. A recently completed master plan calls for major 
renovations, both inside and outside the lab to bring it up to code, improve the building’s facade 
and expand both office and research space.  

As director, Sotiropoulos will be expected to lead the effort to raise money for the renovations.  

Oh, and he’s also working out space for the lab’s first supercomputer.  

Sotiropoulos brings to his new position an enormous enthusiasm for the lab and its potential as a 
site of applied and fundamental research.  

Since 2002, the lab has been home to the National Center for Earth-surface Dynamics (NCED), 
which brings together researchers across fields such as engineering, geology, biology and 
environmental science to study the forces that shape the planet’s surface.  

“This lab is a really special place,” he said. “I look in the past and see a really great history here, 
but what is more exciting is the future.”  

As research nationally moves in more interdisciplinary directions, SAFL is an ideal incubator for 
“great, big-picture initiatives,” he said.  

“A place like SAFL is inherently interdisciplinary. In many ways, NCED is something that could 
have only been considered at a place like SAFL,” he said.

Crossing disciplines  

Sotiropoulos, who held a joint appointment as professor in civil and mechanical engineering at the 
Georgia Institute of Technology, has made a career of crossing disciplinary boundaries.  
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As a Ph.D. student in aerospace engineering at the University of Cincinnati, he worked on a Navy 
project modeling ship hydrodynamics. For his thesis, he developed a computer code for 
simulating turbulent flows past tanker hulls.  

He then took a post-doc position at the Iowa Institute for Hydraulics Research developing some of 
the very first computational fluid dynamics (CFD) models for modeling turbulence in natural rivers 
and hydropower plants. These models helped establish CFD as a powerful hydraulic engineering 
research tool and were used by hydropower utilities to design hydraulic structures for guiding fish 
around dams.  

“Traditionally in computational fluid dynamics, development of this entire new area in fluid 
mechanics was driven by defense funding in aerodynamics,” he said. “I was in a very unique 
position coming in from aerospace, having been trained in this rapidly developing technology on 
the aerospace side. I immediately saw and realized the enormous potential for CFD in 
environmental hydraulics applications.”  

As the hydropower industry began to struggle with questions about what happens to fish passing 
through dams, Sotiropoulos realized that computational models of far greater realism than those 
he developed at Iowa would be needed to help the industry make their facilities more fish-
friendly. He became curious about how fish actually move in a turbulent flow and how they are 
affected by turbulent eddies at their scale.  

“The water flow inside the dam is very fast and varies wildly in time and space,” Sotiropoulos 
says. “Our first generation models could only predict what the flow would look like on average. 
But fish have no idea what the average flow is. They are spun around by real random flow swirls 
at their size.”  

When he accepted a faculty position at Georgia Tech, he started working to develop more 
sophisticated computer flow models for addressing these questions. He also developed a 
computer code for simulating flows past swimming fish and a virtual sensor fish model for 
assessing the environmental impact of dams.  

His work on fish swimming and his search of related literature led Sotiropoulos to begin 
collaborating with marine biologists to explore other questions at the intersection of aquatic 
biology with fluid mechanics, such as the hydrodynamics of plankton communication.

From fish to chaos theory to blood cells  

At Georgia Tech, his research developed in a number of new directions, including the study of 
fluid mixing in laminar flows, “an area that connects fluid mechanics with applied math and chaos 
theory.”  

Another new area of research was the flow of blood through prosthetic heart valves.  

Sotiropoulos was teaching a graduate class in computational fluid dynamics to a cross-section of 
students from chemical, mechanical and biomedical engineering when one of his students came 
to him with a question about problems with blood flow in mechanical heart valves.  

He began looking into the literature and saw the links between the vortical patterns that cause 
sediment scour around bridge piers and the patterns that led to the formation of blood clots 
blocking heart vessels.  

“Blood is a fluid that is governed by the same mathematical equations that govern the motion of 
water,” he said. “When you think about how blood flows inside the human body, you find a lot of 
the complexities, as far as numerical modeling is concerned, that you find when you consider 
flows in rivers and natural environments.”

Sotiropoulos began talking to Professor Ajit Yoganathan, a biomedical engineering professor at 
Georgia Tech and the student’s adviser. The two have since then collaborated on several grants, 
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including a recently submitted proposal to the National Institutes of Health that will bring together 
cellular biologists, bioengineers, tissue engineers, structural engineers and fluid mechanicians to 
look at how blood flow affects the bio-chemistry of the aortic valve endothelial cells leading to 
heart-valve disease.  

If they receive the grant, a part of the research will take place at SAFL.  

“In many ways this is the spirit of NCED as well,” Sotiropoulos said. “To get unlikely partners 
together to tackle a very broad yet very exciting and important scientific problem.”  

New supercomputer  

One of the most immediate changes when Sotiropoulos arrives at SAFL this winter will be the 
installation of a $250,000 supercomputer using money from his research startup funds.  

The computer will give Sotiropoulos and other researchers at the laboratory the ability to create 
virtual flumes, rivers, and hydraulic structures, which will help the laboratory do more applied 
work. It will also be used for fundamental science such as modeling the cardiovascular system, 
modeling renewable energy systems, and NCED work in stream restoration.

“We can create a virtual natural stream and simulate the details of turbulence at the fish scale, 
then link up with biologists who would be able to understand what this means from the 
standpoint of fish habitat. It would help us improve and optimize the design of fish habitats and 
stream restoration strategies.”  

Another key step for Sotiropoulos will be to sit down with faculty members to come up with a 
strategic vision for the lab.  

Sotiropoulos said there are many new research areas the lab’s faculty and students could pursue, 
including research into cardiovascular fluid flows which would be of interest to the Twin Cities 
medical device industry; and research into renewable energy sources including wind, water and 
wave power.  

“Many of the renewable energy resources involve fluid mechanics, whether you talk about 
hydropower, wind power or concepts such as underwater turbines and extracting power from 
waves,” he said.  

New direction  

A big challenge for the lab’s future will be its ability to raise money for renovations. SAFL’s quasi-
independent status means the lab will likely rely on private fund-raising in addition to funding 
from the University for renovations.  

The lab has already reached capacity with its space, Sotiropoulos said. Right now, “everything is 
used, every little corner,” he said.  

Sotiropoulos is not fazed by the challenge. He has seen other hydraulics labs, such as Iowa, take 
WPA-era buildings and renovate them into innovative open structures in a fairly short period of 
time.  

“In many ways, yes, the building is important, but what’s important is the exciting work that’s 
going on here. Many places would love to have the kind of intellectual capability, the brainpower 
that is here, the interactions.  

“We’ll fix the space,” he said.  
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UC Berkeley Press Release 

Life leaves subtle signature in the lay of the land, UC Berkeley researchers 
report  

By Robert Sanders, Media Relations | 25 January 2006

BERKELEY – One of the paradoxes of recent explorations of the Martian surface is that the more 
we see of the planet, the more it looks like Earth, despite a very big difference: Complex life forms 
have existed for billions of years on Earth, while Mars never saw life bigger than a microbe, if that.  

"The rounded hills, meandering 
stream channels, deltas and alluvial 
fans are all shockingly familiar," said 
William E. Dietrich, professor of 
earth and planetary science at the 
University of California, Berkeley. 
"This caused us to ask: Can we tell 
from topography alone, and in the 
absence of the obvious influence of 
humans, that life pervades the Earth? 
Does life matter?"  

In a paper published in the Jan. 26 
issue of the journal Nature, Dietrich 
and graduate student J. Taylor Perron 
reported, to their surprise, no distinct 
signature of life in the landforms of 
Earth.  

"Despite the profound influence of 
biota on erosion processes and 
landscape evolution, surprisingly,…
there are no landforms that can exist 
only in the presence of life and, thus, 
an abiotic Earth probably would 
present no unfamiliar landscapes," 
said Dietrich.  

Instead, Dietrich and Perron propose 
that life - everything from the lowest plants to large grazing animals - creates a subtle effect on the 
land not obvious to the casual eye: more of the "beautiful, rounded hills" typical of Earth's vegetated 
areas, and fewer sharp, rocky ridges.  

"Rounded hills are the purest expression of life's influence on geomorphology," Dietrich said. "If we 
could walk across an Earth on which life has been eliminated, we would still see rounded hills, steep 
bedrock mountains, meandering rivers, etc., but their relative frequency would be different."  

When a NASA scientist acknowledged to Dietrich a few years ago that he saw nothing in the 
Martian landscape that didn't have a parallel on Earth, Dietrich began thinking about what effects 
life does have on landforms and whether there is anything distinctive about the topography of 
planets with life, versus those without life.  

"One of the least known things about our planet is how the atmosphere, the lithosphere and the 
oceans interact with life to create landforms," said Dietrich, a geomorphologist who for more than 
33 years has studied the Earth's erosional processes. "A review of recent research in Earth history 

Two hillslopes in the Atacama Desert of Chile – one of 
bedrock (A) and the other covered with soil (B) – look 
amazingly like the Columbia Hills on Mars (C) once the 
yellowish grey Martian sky has been artificially colored blue 
and the red color of the rocks has been removed. (Mars 
image, acquired by the rover Spirit, courtesy of 
NASA/JPL/Cornell University)

Page 1 of 301.25.2006 - Life leaves subtle signature in the lay of the land, UC Berkeley researchers r...
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leads us to suggest that life may have strongly contributed to the development of the great glacial 
cycles, and even influenced the evolution of plate tectonics."  

One of the main effects of life on the landscape 
is erosion, he noted. Vegetation tends to protect 
hills from erosion: Landslides often occur in 
the first rains following a fire. But vegetation 
also speeds erosion by breaking up the rock 
into smaller pieces.  

"Everywhere you look, biotic activity is 
causing sediment to move down hill, and most 
of that sediment is created by life," he said. 
"Tree roots, gophers and wombats all dig into 
the soil and raise it, tearing up the underlying 
bedrock and turning it into rubble that tumbles 
downhill."  

Because the shape of the land in many locations 
is a balance between river erosion, which tends 
to cut steeply into a slope's bedrock, and the 
biotically-driven spreading of soil downslope, 
which tends to round off the sharp edges, 
Dietrich and Perron thought that rounded hills 
would be a signature of life. This proved to be 
untrue, however, as their colleague Ron 
Amundson and graduate student Justine Owen, 
both of the campus's Department of 
Environmental Science, Policy and 
Management, discovered in the lifeless 
Atacama Desert in Chile, where rounded hills 
covered with soil are produced by salt 
weathering from the nearby ocean.  

"There are other things on Mars, such as freeze-thaw activity, that can break rock" to create the 
rounded hills seen in photos taken by NASA's rovers, Perron said.  

They also looked at river meanders, which on Earth are influenced by streamside vegetation. But 
Mars shows meanders, too, and studies on Earth have shown that rivers cut into bedrock or frozen 
ground can create meanders identical to those created by vegetation.  

The steepness of river courses might be a signature, too, they thought: Coarser, less weathered 
sediment would erode into the streams, causing the river to steepen and the ridges to become higher. 
But this also is seen in Earth's mountains.  

"It's not hard to argue that vegetation affects the pattern of rainfall and, recently, it has been shown 
that rainfall patterns affect the height, width and symmetry of mountains, but this would not produce 
a unique landform," Dietrich said. "Without life, there would still be asymmetric mountains."  

Their conclusion, that the relative frequency of rounded versus angular landforms would change 
depending on the presence of life, won't be testable until elevation maps of the surfaces of other 
planets are available at resolutions of a few meters or less. "Some of the most salient differences 
between landscapes with and without life are caused by processes that operate at small scales," 
Perron said.  

Dietrich noted that limited areas of Mars' surface have been mapped at two-meter resolution, which 
is better than most maps of the Earth. He is one of the leaders of a National Science Foundation 
(NSF)-supported project to map in high resolution the surface of the Earth using LIDAR (LIght 
Detection And Ranging) technology. Dietrich co-founded the National Center of Airborne Laser 

A perspective view of the Gabilan Mesa of central 
California, derived from a high-resolution laser 
altimetry map. Such distinct, periodically spaced 
ridges and valleys result from erosional processes
that are strongly influenced by biota. 
Nonetheless, no unique topographic signature of 
life on Earth has yet been found.

Page 2 of 301.25.2006 - Life leaves subtle signature in the lay of the land, UC Berkeley researchers r...

Mapping (NCALM), a joint project between UC Berkeley and the University of Florida to conduct 
LIDAR mapping showing not only the tops of vegetation, but also the bare ground as if denuded of 
vegetation. The research by Dietrich and Perron was funded by NSF's National Center for Earth-
surface Dynamics, the NSF Graduate Research Fellowship Program and NASA's Astrobiology 
Institute. 
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Life Leaves Subtle Signature on Lay 
of the Land

Living things bring out the planet's softer side

January 31, 2006

Mars looks more like Earth the more we see of the red planet's 
surface, but there's one big difference: complex life forms have 
existed on Earth for billions of years. 

"The meandering stream channels, deltas and alluvial fans of 
Mars are all familiar to us here," said William Dietrich, a geologist
at the University of California at Berkeley. "But we're looking at 
Mars from a distance. Up close and personal, the view of Earth is 
a very different one. 

"Can we tell from topography alone that life pervades Earth?" 
wondered Dietrich and his colleagues. 

They found, to their surprise, no overt signature of life in Earth's 
landforms, but a more muted signature does exist. The main 
topographical difference between an Earth teeming with life and 
one with no life, Dietrich concludes, is that life likely creates 

Landscape view with vegetation digitally removed on right; 
present on left.  
Credit and Larger Version

High-resolu
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more of the rounded hills typical of Earth's vegetated areas, and 
fewer sharp, rocky ridges. 

"It turns out that life creates a more subtle effect on the land," 
said Richard Lane, program director in the National Science 
Foundation's (NSF) Division of Earth Sciences. "The absence of 
life likely would lead to a planet with sharp hill slopes of exposed 
bedrock, which is not what Earth looks like." 

Everywhere you look, "life is causing sediment to move 
downhill," Dietrich said. "Tree roots, gophers and wombats all dig
into the soil and raise it, tearing up the underlying bedrock and 
turning it into rubble that tumbles downhill and leaves behind 
more rolling hills." 

"Rounded hills are the expression of life's influence on geology," 
Dietrich said. 

The research was supported by NSF's National Center for Earth-
surface Dynamics and by NASA's Astrobiology Institute. The 
results were reported in the Jan. 26, 2006, issue of the journal 
Nature.
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One of the paradoxes of recent explorations of the Martian surface is that the more we see of the planet, the more it looks like Earth, despite a very big 
difference: Complex life forms have existed for billions of years on Earth, while Mars never saw life bigger than a microbe, if that.  

Seeing Life in the Land 

based on a Berkeley release

One of the paradoxes of recent explorations of the Martian surface is that the more we see of the planet, 
the more it looks like Earth, despite a very big difference: Complex life forms have existed for billions of 
years on Earth, while Mars never saw life bigger than a microbe, if that.  

"The rounded hills, meandering stream channels, deltas and alluvial fans are all shockingly familiar," said 
William E. Dietrich, professor of earth and planetary science at the University of California, Berkeley. "This 
caused us to ask: Can we tell from topography alone, and in the absence of the obvious influence of 
humans, that life pervades the Earth? Does life matter?"  

In a paper published in the Jan. 26 issue of the journal Nature, Dietrich and graduate student J. Taylor 
Perron reported, to their surprise, no distinct signature of life in the landforms of Earth. 

"Despite the profound influence of biota on erosion processes and landscape evolution, surprisingly, there 
are no landforms that can exist only in the presence of life and, thus, an abiotic Earth probably would 
present no unfamiliar landscapes," said Dietrich. 

Instead, Dietrich and Perron propose that life - everything from the lowest plants to large grazing animals - 
creates a subtle effect on the land not obvious to the casual eye: more of the "beautiful, rounded hills" 
typical of Earth's vegetated areas, and fewer sharp, rocky ridges. 

"Rounded hills are the purest expression of life's influence on geomorphology," Dietrich said. "If we could 
walk across an Earth on which life has been eliminated, we would still see rounded hills, steep bedrock 
mountains, meandering rivers, etc., but their relative frequency would be different." 

When a NASA scientist acknowledged to Dietrich a few years ago that he saw nothing in the Martian 
landscape that didn't have a parallel on Earth, Dietrich began thinking about what effects life does have on 
landforms and whether there is anything distinctive about the topography of planets with life, versus those 
without life. 

"One of the least known things about our planet is how the atmosphere, the lithosphere and the oceans 
interact with life to create landforms," said Dietrich, a geomorphologist who for more than 33 years has studied the Earth's erosional processes. "A 
review of recent research in Earth history leads us to suggest that life may have strongly contributed to the development of the great glacial cycles, and 
even influenced the evolution of plate tectonics."  

One of the main effects of life on the landscape is erosion, he noted. Vegetation tends to protect hills from erosion: Landslides often occur in the first 
rains following a fire. But vegetation also speeds erosion by breaking up the rock into smaller pieces.  

"Everywhere you look, biotic activity is causing sediment to move down hill, and most of that sediment is created by life," he said. "Tree roots, gophers 
and wombats all dig into the soil and raise it, tearing up the underlying bedrock and turning it into rubble that tumbles downhill." 

Because the shape of the land in many locations is a balance between river erosion, which tends to cut steeply into a slope's bedrock, and the biotically-
driven spreading of soil downslope, which tends to round off the sharp edges, Dietrich and Perron thought that rounded hills would be a signature of life. 
This proved to be untrue, however, as their colleague Ron Amundson and graduate student Justine Owen, both of the campus's Department of 
Environmental Science, Policy and Management, discovered in the lifeless Atacama Desert in Chile, where rounded hills covered with soil are produced 
by salt weathering from the nearby ocean. 

Two hillslopes in the Atacama Desert of 
Chile - one of bedrock (A) and the other 
covered with soil (B) - look amazingly like 
the Columbia Hills on Mars (C) once the 
yellowish grey Martian sky has been 
artificially colored blue and the red color of 
the rocks has been removed.  
Credit: Berkeley, Mars image, acquired by 
the rover Spirit, courtesy of 
NASA/JPL/Cornell University
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"There are other things on Mars, such as freeze-thaw activity, that can break rock" to create the rounded hills 
seen in photos taken by NASA's rovers, Perron said. 

They also looked at river meanders, which on Earth are influenced by streamside vegetation. But Mars shows 
meanders, too, and studies on Earth have shown that rivers cut into bedrock or frozen ground can create 
meanders identical to those created by vegetation. 

The steepness of river courses might be a signature, too, they thought: Coarser, less weathered sediment 
would erode into the streams, causing the river to steepen and the ridges to become higher. But this also is 
seen in Earth's mountains. 

"It's not hard to argue that vegetation affects the pattern of rainfall and, recently, it has been shown that 
rainfall patterns affect the height, width and symmetry of mountains, but this would not produce a unique 
landform," Dietrich said. "Without life, there would still be asymmetric mountains." 

Their conclusion, that the relative frequency of rounded versus angular landforms would change depending on 
the presence of life, won't be testable until elevation maps of the surfaces of other planets are available at 
resolutions of a few meters or less. "Some of the most salient differences between landscapes with and 
without life are caused by processes that operate at small scales," Perron said. 

Dietrich noted that limited areas of Mars' surface have been mapped at two-meter resolution, which is better 
than most maps of the Earth. He is one of the leaders of a National Science Foundation (NSF)-supported 
project to map in high resolution the surface of the Earth using LIDAR (LIght Detection And Ranging) 
technology. Dietrich co-founded the National Center of Airborne Laser Mapping (NCALM), a joint project 
between UC Berkeley and the University of Florida to conduct LIDAR mapping showing not only the tops of 
vegetation, but also the bare ground as if denuded of vegetation. 

Related Web Pages 

Deciphering Mars: Follow the Water
NASA Mars Rovers 
Bobbing Mountains 
MastCam
Opportunity Tells a Hard Tale 
Mars Getting Drier and Drier
Should We Terraform? 
Sculpting Mountains  
Chemistry Says... Mars Not so Wet 
Mars Life 

A perspective view of the Gabilan Mesa of
central California, derived from a high-
resolution laser altimetry map. Such 
distinct, periodically spaced ridges and 
valleys result from erosional processes 
that are strongly influenced by biota. 
Nonetheless, no unique topographic 
signature of life on Earth has yet been 
found.  
Credit: Berkeley

This article comes from Astrobiology Magazine 
http://www.astrobio.net/news/
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The National Center for Earth-surface
Dynamics (NCED) was founded in 2002 by
matching grants from the National Science
Foundation and the University of Minnesota.
Among its many accomplishments since its
inception, one of the most groundbreaking is
the advance made in instigating and foster-
ing a transdisciplinary research approach. 

The National Center for Earth-surface
Dynamics was created to catalyze develop-
ment of an integrated, predictive science of
the skin of the Earth – the so-called “critical
zone” where interwoven physical, biological,
geochemical, and anthropogenic processes
shape the Earth’s surface. Critical-zone sci-
ence has been held back by the inherent
complexity of the Earth’s surface and by a
tendency toward descriptive, piecemeal
research bounded by discipline and geo-
graphic location. Important, and often costly,
decisions concerning land management,
restoration, and subsurface resources rely
on outdated science and reasoning by anal-
ogy rather than process-based analysis.
NCED seeks to provide the tools needed to
provide useful predictions of surface evolu-
tion to guide decision making and manage-
ment. The necessary science comprises ele-
ments of geomorphology, ecology, hydrolo-
gy, sedimentary geology, engineering, social
sciences, and geochemistry, but is not any
one of these. NCED believes that the foun-
dation of a useful science of Earth-surface
dynamics must be synthesis across disci-
plines and scales, and quantitative predic-
tion.  

The first part of NCED’s mission has
been created to design and execute a
research program that demonstrates the
power of sustained, transdisciplinary
research in Earth-surface dynamics. NCED’s
strategy has been to transcend place by
concentrating on processes and spatial
structures that recur across the Earth-sur-
face system. The most striking and wide-
spread example of similarity and self-organ-
ization on the Earth’s surface is the channel
networks that form its arterial system, linking
environments from high mountains to the

deep ocean. The inherent
similarity of channel net-
works across environments
and scales makes them a
natural focus for NCED
research in predictive
Earth-surface science.
Sustained, transdisciplinary
research in ecology, geo-
chemistry, hydrology, and
geomorphology shows that
the channel network not
only provides a physical
template for water and sed-
iment flow, but also organ-
izes nutrient flux, stream
temperature, plant distribution, microbial
metabolism, and channel habitat. In addi-
tion, NCED researchers have found that the
network structure controls critical dynamical
events such as bed mobilization, denitrifica-
tion, and algal blooms that trigger event cas-
cades (e.g. insect emergence, predator
aggregation) that propagate the network
influence out into the riparian ecosystem.

NCED puts its philosophy into action by
structuring its research program around
three large-scale research projects called
Integrated Projects, which serve to incorpo-
rate concepts and methods under the cate-
gories of Desktop Watersheds, Subsurface

Architecture, and Stream Restoration.
NCED’s extensive outreach program serves
the end goal of bringing Earth-surface
research into the larger world by offering pro-
grams for local and visiting researchers and
students from academia, government, and
industry, as well as exhibits and events for
the general public. Please visit
www.nced.umn.edu for more information
about the NCED’s work and how to partici-
pate. 

Maia Homstad, SAFL/NCED, Minneapolis,
USA
homst004@umn.edu
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Paola’s research has focused on the Mississippi 
River and changes in the earth’s surface in relation 
to natural deposits of sediment. Management of sedi-
ment along the river, intended to improve shipping 
navigation, has left the coastal area more vulnerable 
to hurricane damage.

“New Orleans is right on the edge of the water,” 
Paola said. “If we would’ve allowed sediment to form 
more deltas, this low-lying land may have helped ab-
sorb some of the force of Hurricane Katrina.”

Better evacuation planning also could have less-
ened the death toll from Katrina, said Shashi Shek-
har, director of the Institute of Technology’s Army 
High Performance Computing Research Center. With 
support from the Army Research Laboratory and the 
Minnesota Department of Transportation, Shekhar 
and other researchers are developing more efficient 
evacuation route plans.

According to Shekhar, the problems in New Or-
leans were exacerbated by several factors: insuffi-
cient planning and resources for responding to levee 
breaches, for evacuating people needing assistance, 
and for getting information to decision makers. Miles-
long traffic jams on Texas freeways during the Hur-
ricane Rita evacuation also exposed the limitations 
of the transportation network and the inadequate 
evacuation route planning.

“I do not want to be a ‘Monday-morning quarter-
back.’ However, it would have been useful if decision 
makers had fully funded and completed planning for 
catastrophic events, such as the levee breach in New 
Orleans, even if the probabilities were small that they 
would occur,” Shekhar said.

He is a strong advocate of using new technologies 
to upgrade disaster preparedness.

“Our research here at the University shows that 
cities can improve existing emergency plans by us-

ing computerized tools such as evacuation route 
planning software,” Shekhar said. “In addition, com-
puterized software tools allow cities to examine the 
interaction among emergency plans of neighboring 
cities. This is especially critical in large metropolitan 
areas with multiple cities and townships.” 

Better forecasting will improve preparedness, 
and well-managed evacuations can save lives, but 
the scale of a disaster is determined in part by other 
factors, said Justin Revenaugh, a professor of geology 
and geophysics.

People live in seismically active zones and in lo-
cations prone to other types of natural disasters be-
cause these areas are often naturally beautiful and 
agriculturally fertile as well, he said. 

“These are not bad places to build, provided you 
build smart,” he added. “It’s all about building style 
and quality and population density—primary factors 
in earthquake fatalities.”

Arturo Schultz, an associate professor of civil en-
gineering, has done extensive research on unrein-
forced masonry walls (no steel reinforcement within 
the mortar joints or grouted internal cavities). Such 
construction, common in Pakistan, India, and other 
parts of the world, has very little resistance to earth-
quake forces, according to Schultz.

“Upon reaching their load capacity, improperly de-
signed, unreinforced masonry buildings are prone to 
collapse, making this form of construction extremely 
hazardous,” he said.

Schultz has witnessed firsthand the damage that 
strong earthquakes can inflict on other types of 
building structures in countries around the world. He
was in Turkey following the 1999 earthquakes and in 
Mexico City after the 1986 earthquake. On both occa-
sions he saw evidence of structural failure.

In his capacity as chair of the Masonry Society’s 

University scientists and engineers are finding ways to 

better understand, predict, and manage nature’s dynamic powers

NaTuRe
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Investigating Disasters Program, Schultz has orga-
nized and coordinated teams of masonry experts 
who investigated the effects of earthquakes and tor-
nadoes on masonry construction. 

“These observations have allowed us to identify 
many commonalities in the patterns of damage and 
failure to masonry structures during earthquakes 
and sustained high-velocity winds,” Schultz said.

The structural engineering technology used to 
build stronger buildings in the U.S., Japan, New Zea-
land, Canada, Western Europe, and other industrial-
ized regions would save lives if used in developing 
countries, but the cost is often prohibitive.

“That kind of structural engineering technology 
becomes a luxury that many developing countries 
cannot afford [because they have so many other 
needs],” Schultz said. “I think the United Nations, 
World Bank, U.S. government, European Union, and 
others should establish an international program to 
develop seismic-design solutions for developing na-
tions—for example, economical solutions that can be 
implemented by individuals who do not have engi-
neering and architectural design expertise, such as 
homeowners and small builders.”

For one Institute of Technology alumnus, the im-
pact of natural disasters on developing countries hit 
close to home.

“I was in Sri Lanka in December 2004 when the 
tsunami hit,” said Suresh Hettiarachchi, a 1998 civil 
engineering graduate. Originally from Sri Lanka, he 
now works as a water resources engineer in the Min-
neapolis office of HDR Engineering, Inc.

“I was not staying in the hardest-hit area, but I
soon heard about the devastation,” he said. “It was 
unbelievable that in 15 minutes the tsunami killed 
more than 30,000 people in Sri Lanka and destroyed 
two-thirds of the country’s coast. It really showed 
me the power of this tsunami and how nature can 
change things in an instant.”

Hettiarachchi delayed his departure from Sri 
Lanka for three weeks in order to help with the re-
lief and rebuilding efforts. He returned briefly to 
Minnesota to prepare for a longer trip, a 10-week 
leave of absence from his job to volunteer with the 
United States Agency for International Develop-
ment. During that time he worked with the group 
to reconstruct water systems, roads, and other criti-
cal systems. In December 2005 he returned again to 
Sri Lanka to check on the progress and to find more 
ways to help.

“What really surprised me in the tsunami was the 
resiliency of the people to try again,” he said. “I was 
also impressed with the overall level of planning to 
do things better and consider the environmental im-
pact of their actions.”

Hettiarachchi said the experience changed his life 
and confirmed his career path.

“I always considered myself an ‘accidental engi-
neer’ because I never really planned to become an 
engineer,” Hettiarachchi said. “My experience in the 
tsunami relief and rebuilding efforts made me feel 
better about being an engineer because I was able to 
clearly see that my skills were of real value to the 
people as they put their lives and their country back 
together again.”

Researchers at the University’s Multi-Axial Subassemblage 
Testing (MAST) facility conduct large-scale structural testing 
and analysis, including model-based simulations, of the 
integrity of structures subjected to earthquakes and other 
extreme forces. MAST can accommodate test structures up to 
25 feet high and 20 feet wide.

To investigate the formation of river deltas, NCED researchers at St. Anthony Falls 
Laboratory introduce a mix of sediment and water at a single infeed point in one corner 
of this experimental basin. Then they take various measurements and study the 
sediment stratification. 

FOR MORE INFORMATION see www.nced.umn.edu, www.safl.umn.edu, 

and www.ahpcrc.org
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addressing the idea of creating a sustainable oil economy.

“The issue isn’t whether oil is running out, but rather how much people are 
willing to pay for it,” said Chris Paola, a professor of geology and geophysics 
and director of the University’s National Center for Earth-surface Dynamics.

Paola said he has been working with five oil companies for several years 
helping to locate oil by finding sand and sediment deposits.

He said by the time an oil company 
loses interest in a typical oilfield, 
only about one-third of the oil in 
the ground is recovered because 
that’s all that is economically 
feasible.  

In the search for oil, fluctuating 
gas prices and foreign dependency 
are relevant issues, he said.

“The largest issue is that most of 
the world’s oil is in places with 
politically unstable governments,” 
Paola said.

The oil problem will require a 
mixed solution, he said.

“It is a serious mistake not to have 
put more energy and resources into 
alternative power sources,” he 
said.

Paola said his main point is that if oil were running out, scarcity would beget 
very high prices, which would cause a turn to other energy sources.

“People think gas pumps are drying up,” he said. “There is no chance we’ll 
run out of oil; and if we did, by burning it, we would have done so much 
damage to the earth’s atmosphere it would be unthinkable.”

Paola said there is oil exploration happening all over the world. There is an 
enormous amount of recoverable oil in the Middle East, especially in Iraq, he 
said. West Africa, Russia and Vietnam are becoming “hot prospects.”

“Oil is not running out,” he said. “Cheap oil is running out.”  

With oil costing $69 a barrel, there hasn’t been a slowing of consumption.

It is impossible to get around fluctuating gas prices, he said.

Mollie Mitchler
Roger Ruan, co-director of the University’s Center for 
BioRefining, holds a jug of bio-crude oil in his 
laboratory. He works with a research group to turn 
solid biomass and wastes into burnable synthesis 
gas, liquid biocrude and solid residue.  

Page 2 of 9Cheaper fuel: a pipe dream? - Minnesota Daily
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“Most cheap and easy-to-find oil has been found,” he said.

When dealing with high gas prices and oil availability, he said, the only 
practical response would be looking into renewable energy.

Biofuels center
For researchers at the University such as Shri Ramaswamy, professor and 
head of the department of biobased products and a working group member of 
the University’s Initiative for Renewable Energy and the Environment, the 
National Biofuels Center is an essential step in increasing the University’s 
contribution to the state’s renewable energy industry.

The National Center for Biofuels Research is two years in the making.

Dick Hemmingsen, director of the initiative, said the center would combine 
components of broad biomass technologies, agriculture, biological sciences 
and the Medical School to make it the top biofuels center in the nation.

The center would be built next to the Cargill building on the St. Paul campus, 
costing about $45 million, Hemmingsen said. It is hoped funding

for the initiative would come from the federal and state governments and 
private industry.

He said a completion date for the project is “literally the $64 million 
question.”

“Obviously we’d like (the completion of the center) to be the sooner the 
better,” he said.

“Right now, the center is one of the University’s top federal (funding) 
priorities,” he said.

Ramaswamy said the center will give the University facilities and 
infrastructure needed to be successful in securing competitive grants and also 
help attract top-quality faculty members and students to Minnesota.

Further investment in Minnesota’s renewable energy industry by way of the 
center will lead to healthier and more sustainable environments, better 
utilization of the state’s substantial renewable resource supply and economic 
development and employment in rural areas, he said.

The state
With an evident increase in worldwide petroleum consumption, and oil 
costing about $60 a barrel, the investment community is starting to put 
money into alternative fuels.

Ramaswamy said that for 10 years now, all gasoline sold in Minnesota has 
consisted of 10 percent ethanol — a biofuel often derived from corn.

Page 3 of 9Cheaper fuel: a pipe dream? - Minnesota Daily
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Gov. Tim Pawlenty’s mandate to increase this to 20 percent by 2013 is an 
additional boost to Minnesota’s stature as the national leaders in biofuels, 
Ramaswamy said.

Last fall at the Initiative for Renewable Energy and the Environment 
symposium on campus, Pawlenty reaffirmed his support for establishing the 
National Center for Biofuels Research at the University.  

The University and the state join a growing national movement toward 
renewable energy driven by dwindling fossil fuel reserves, increasing 
petroleum consumption caused especially by a growing middle class in China 
and India, global warming and Middle East politics, Ramaswamy said. 
Advances in biotechnology make the transition feasible, and potential 
economic benefits add to the appeal.

While corn-based ethanol might be the most talked about energy alternative, 
it will not be the sole ingredient in Minnesota’s biofuel industry, Ramaswamy
said.

A combination of corn, agricultural 
residues, energy crops such as 
switch grass, wood chips, forestry 
residues and even yard waste are 
expected to contribute to 
alternative fuels.  

“There is not one solution; there 
are a variety of solutions,” 
Ramaswamy said. “Using ethanol 
as the alternative liquid fuel is a 
near-future solution; and in 
possibly 50 years, maybe sooner, 
using hydrogen from renewable 
fuels as the transportation fuel will 

be an option.

“The direct influence of the (National Center for Biofuels Research) will be 
to develop innovative ways to produce alternative fuels from a variety of bio-
resources,” Ramaswamy said.

Minnesota is particularly well-positioned to benefit because of the state’s 
agricultural and forestry base and the presence of companies such as Cargill, 
NatureWorks and 3M, said Ramaswamy. The strength of University 
programs in agriculture, forestry, industrial biotechnology, biocatalysis, 
microbial biochemistry, chemical engineering and materials science, ecology 
and other key fields also help.

The potential economic benefits of renewable energy are enormous because it 
means the state can produce its own energy rather than paying billions of 
dollars a year to import fossil fuels, he said.

Mollie Mitchler
The minerals in the solid residue, a byproduct from 
the process, can be used as fertilizer or sold as 
activated carbon to receive extra income, said Roger 
Ruan, co-director of the University’s Center for 
BioRefining. 
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Cornstalks
Because of increases in energy prices, a variety of biodegradable research is 
in progress.

Roger Ruan, professor of biosystems and agricultural engineering and co-
director of the University’s Center for BioRefining, has developed a 
technique for making liquid biocrude oil by cooking biomass with water and 
a chemical catalyst to dissolve it.

His research group is also developing microwave reactors that turn solid 
biomass and wastes into burnable gas, liquid bio-crude and solid residue.

The minerals in the solid residue can be used as fertilizer, he said, or sold as 
activated carbon to receive extra income. It is a self-sufficient process, he 
said.

“I feel ethanol from biomass is very expensive and requires capitals not 
practical for the near future,” Ruan said. “There are major companies 
working on it, but they still have a long way to go.”

“The simplicity of the process would make it possible for a grower to convert 
biomass on farm or at a local processor into bio-crude,” he said. “The bio-
crude could then be transported to another site for further processing and 
refining.”

Biodiesel, ethanol and bio-crude oil are different cleaner fuels with different 
compositions and uses.

“Currently, ethanol or bioethanol are mainly made from fermentation of 
cornstarch and blended in the gasoline fuel; biodiesel mainly made from 
vegetable oils and blended in diesel fuel,” Ruan said.

Biodiesel is a clean-burning fuel made from vegetable oils.

If biofuel could be made from cornstalks or the waste wood that gets 
discarded from a pulp mill, it would not require additional farmland usage 
and would turn what is essentially garbage into something valuable, he said.

Hydrogen
Lanny Schmidt, regents’ professor of chemical engineering and material 
science, along with a team of researchers, invented a reactor that extracts 
hydrogen from ethanol.

The reactor does not burn ethanol like ordinary combustion, which produces 
water and carbon dioxide. Instead of water, it makes hydrogen gas.

Having the ability to create hydrogen gas from renewable sources limits 
pollutants created in the process and has the potential to decrease dependency 
on fossil fuels and achieve a hydrogen economy, Schmidt said.

Page 5 of 9Cheaper fuel: a pipe dream? - Minnesota Daily
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Paul Dauenhauer, a graduate student and one of Schmidt’s researchers, said 
the group is working on methods of turning biomass-derived compounds into 
hydrogen gas for use as a fuel.

“One of our best successes has 
been reforming ethanol to 
hydrogen,” he said.

This process, called catalytic 
reforming, uses a metal catalyst 
that looks similar to a sponge over 
which researchers flow vaporized 
air, ethanol and water, he said.

Dauenhauer said this could benefit 
machines like cars that could store 
energy as ethanol, which then 
could be reformed to hydrogen for 
a fuel cell.

“We are not there yet, but in the future we would like to be able to reform 
things like wood chips, grass clippings and other biomass sources directly to 
hydrogen.”

Dauenhauer said the biomass supply has great potential not only for the 
environment, but also for the state’s pocketbook.  

“With the help of this research, the struggling forest products industry in 
Minnesota and in the nation could become a true forest biorefinery,” he said.

Engines
University mechanical engineering researchers also are working with vehicle 
engines to help create a more sustainable energy economy.

Mechanical engineering professor David Kittelson has been working on 
engines for 30 years.

He started researching biodiesel 10 years ago. A lot of the work focuses on 
the fundamental characteristics of biodiesel engines.

“It is becoming essential to create conventional fuels and renewable fuels that 
do not release any pollution,” he said.

Another approach to biodiesel production is gasification of biomass.

Kittelson is working on ways to produce high-grade fuels from “black 
liquor,” a residual material from paper pulping.

He said his researchers are conducting field tests with vehicles operating on 

Charlie Knutson, Daily Photo Illustration
A model of an ethanol molecule, center, is shown with 
biological products that can be used in making the 
biofuel. Researchers at the University are converting 
corn husks, straw and wood into ethanol.  
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biodiesel and servicing the Biodiesel Helpline with a full-time worker 
informing people of biodiesel.

“Most of my work is focused on making engines approach zero emissions,” 
he said.

Kittelson is working on projects related to hydrogen mixed with different 
fuels. He predicts that ethanol will be a primary fuel source.

“We’re not envisioning people filling their cars with ethanol,” he said.

He said there would be a device (similar to professor Lanny Schmidt’s 
reactor) that reforms ethanol and converts it to hydrogen-rich gases. A small 
fraction of the ethanol is reformed and injected through a normal fuel 
injector, he said.

“We are trying to understand how 
to best use biodiesel in various 
sorts of engines and to help people 
to improve the properties of it,” 
Kittelson said.  

He said many renewable fuels have 
compatibility issues with engines. 
For example, when people run 
increased amounts of ethanol with 
vehicles not designed for it, fuel 
lines might dissolve.

Better tests need to be developed 
to promote the biodiesel oxidation 

work with people in plant genetics and agricultural engineering, he said. 
Also, researchers must improve oil plants so they make biodiesel fuels with 
better properties and a more stable end product that doesn’t deteriorate when 
stored.

The University has a fleet of vehicles running on E20 and conventional 
gasoline in field testing. The drivers of those vehicles keep detailed records of 
any problems they encounter, Kittelson said.

Darrick Zarling, a scientist in the department of mechanical engineering, said 
he is in the beginning stages of a project that might lead to the expanded use 
of biodiesel in towboats on the Mississippi River.

“It’s practical to use biodiesel as a fuel on the river because it is more 
environmentally friendly; for example, if there is a spill, it is biodegradable 
and nontoxic,” he said. “It is also produced locally.”

Luke Franklin, mechanical engineering graduate student, is working with 
Zarling in labs running normal diesel engines, adding gaseous hydrogen and 

Cody Buckalew
In the department of mechanical engineering, 
scientist Darrick Zarling is using a John Deere 4045 
engine to study performance and emissions produced 
when gaseous hydrogen is added to normal diesel.  
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comparing the performance and emissions.

“Most commonly, diesel engines can’t operate fully on hydrogen,” he said. 
“We are looking at novel ways to utilize hydrogen in engines.”

If the researchers can find a way to reduce emissions and run diesel engines 
clean with a hydrogen-biodiesel blend, it might reduce greenhouse gas 
emissions and petroleum dependency, Zarling said.

Energy-efficient vehicles
Alfred Marcus, professor of strategic management and organization, who is 
researching energy-efficient vehicles and their economic effects, said in an e-
mail while he was out of the country that the promise of hybrid technology is 
that it can offer greater fuel efficiency without sacrificing size or 
performance.

Hybrids also can offer enhanced performance with improvement in fuel 
economy. In both cases, the benefits come at a price, Marcus said.

The electrical power components add anywhere from $3,000 to more than 
$5,000 to the cost of the vehicle.

“If current gasoline prices of over $2 a gallon persist, the payback of buying a 
high-efficiency hybrid takes more than five years,” he wrote.

Should gas prices revert to lower levels, the payback time is considerably 
longer, he wrote.

In Canada, Europe and much of Asia, where gasoline prices are double or 
triple those in the United States, the payback is much sooner. “People let 
down their guard because they assume that the danger at hand has abated,” he 
wrote. “If there is a belief that energy-saving technology is readily available, 
drivers are less inclined to conserve.”  

With greater efficiency, he wrote, drivers might be less concerned about 
costs, less worried about environmental damage and less threatened by 
energy diminution.

“Comfort level grows and they buy bigger cars and drive more,” Marcus 
wrote. “Net energy consumption therefore goes up.”

The main idea is that energy-saving technology like hybrids — no matter 
how good they are — are not a full solution to energy problems.

Hybrid vehicles, he wrote, are a great technology, but without supportive 
government policies, people driving less and in smaller vehicles the energy 
problem won’t go away.

 E-mail This Article  Printer-Friendly Version
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From June 3-11, 2005, Mary Power hosted fi lmmaker Jeremy Monroe & Professor Kurt Fausch from Colorado State 
University for their fi lm on the life of Shigeru Nakano (a river ecologist and friend of Power and Fausch), whose research 
was similar to that performed by scientists at the Angelo Coast Range Reserve. 

“Freshwaters Illustrated is currently producing a 1-hour documentary fi lm on stream food webs and their relationships to 
forest food webs. The fi lm is centered around a particular Japanese stream ecologist (Shigeru Nakano), but includes the great 
work that Mary Power and company have done at the UC Angelo Reserve, as well. The fi lm is aimed at a broad audience, 
and will therefore portray scientists in a more accessible human context. We have actually tried to emphasize a very strong 
human story that underlies the science, and we hope that will help us share the fi lm through a national broadcast (e.g., 
PBS).

We are shooting to have the fi lm completed by August, but our release date will depend on what kind of broadcast we can 
coordinate. We hope to begin DVD distribution in late Fall 2006.”

-Jeremy Monroe, email missive on 4/27/06

Fall 2006: Freshwaters Illustrated documentary “Riverwebs”

Low Land River Short Course 

May 27-28, 2006

Joint Assembly Abstracts 
Due 
March 01, 2006 

Angelo Coast Range Reserve 

The Angelo Coast Range Reserve
receives $1.6 million to develop new 
field measurement technologies for 
hydrological research. 

NCED Students Go Global 
NCED students go global thanks to a 
NSF International Research 
Experience award that will enable 
them to visit laboratories and fields 
sites in Europe and the Pacitic.  

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.

NCED’S MAIN CHANNEL SPRINGS TO LIFE
The first set of coordinated stream restoration experiments in NCED’s newly 
refurbished Main Channel have begun. Visiting researchers from across
North America have been invited to study bedload transport, test
equipment, and conduct ecological experiments in this unique facility. Click
here for more information and to see how you can participate. 

READ “THE SEARCH FOR A TOPOGRAPHIC SIGNATURE 
OF LIFE” 
by NCED PI W. E. Dietrich and NCED student J. Taylor Perron. The article
was recently featured on the cover of Nature. 

EXPLORE OUR PLANET IN 3-D
The Science Museum of Minnesota was awarded NSF Informal Science
Education funding to develop a new traveling exhibition, Water Planet. In
collaboration with others, prototyping began in January with the installation
of NOAA’s Science on a Sphere™ projection system.

NCED Renewal Site Visit 
May 16-17, 2006

Distinguished Lecturer 
Andrea Rinaldo at SAFL 
May 3, 2006 

"Gidakiimanaaniwigamig"  
(Our Earth Lodge) Math and 
Science Spring Camp
April 28-30, 2006 at the Cloquet 
Forestry Center

NCED photo contest 
The winner of the NCED photo 
contest will receive up to $500 
toward the conference of their 
choice. The deadline has been 
extended to 5pm Monday, April 10. 
NCED grad students and post docs 
are encouraged to submit their best 
research images to 
homst004@umn.edu.

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.

NEW STREAM RESTORATION CERTIFICATE PROGRAM 
NCED is pleased to offer a new educational program designed to blend
engineering, physical, biological, and social sciences in all aspects of
stream restoration projects. The certificate can be a stand-alone
qualification or used as part of a Masters or PhD program. Application
deadline is June 15, 2006. Click here for more information and to see how 
you can participate. 

NCED COLLABORATIVE PAPER PUBLISHED IN WATER 
RESOURCES RESEARCH
NCED PIs Chris Paola, Efi Foufoula-Georgiou, William Dietrich, Miki
Hondzo, David Mohrig, Gary Parker, Mary Power, Ignacio Rodriguez-Iturbe,
Vaughan Voller, and Peter Wilcock came together to write "Toward a unified
science of the earth's surface: Opportunities for synthesis among hydrology,
geomorphology, geochemistry, and ecology." You can click here to read a 
PDF version if your institution subscribes to this journal. 

NCED AT INT'L CONFERENCE ON RIVERS AND 
CIVILIZATION
NCED is pleased to be an invited exhibitor at the International Conference
on Rivers and Civilization: Multidisciplinary Perspectives on Major River
Basins in June. We will host a booth demonstrating removal of the Glines
Canyon Dam on the Elwah River. If you are attending the conference,
please stop by our booth. Click here to learn more.  

STREAMLAB EXPERIMENTS A SUCCESS, MORE TO COME 

The first phase of StreamLab experiments on ground-truth testing of various
bedload monitoring technologies have concluded with great success, and
the Main Channel is gearing up for phase two: interplay of geomorphology
and ecology, to study the interactions between gravel transport and storage,
bed armoring and size sorting, hyporheic exchange, and nutrient and
periphyton behavior. 
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Appendix E: Partner Meeting

NCED Workshop on Stream Restoration Training
March 30 – April 1, 2006 –– Heber Valley, Utah

This workshop brought together professionals from academia, industry, and government to discuss the state of stream 
restoration training and to devise strategies for improvement.  The broader motivation is to improve restoration practice 
through the improvement of education and training. For the purpose of the workshop, we defi ned the practice of restoration 
broadly with regard to scale, objective, and practice. 

The workshop focused on two related items.  One is content.  What are we teaching?  What should we be teaching? The 
other is the training industry itself. What is the current state of the art and what would a superior training industry look 
like?  How do we get there?

Workshop Summary
First, an informal survey of US restoration training options and curricula (e.g., short courses, university courses, and certifi cate 
and degree programs) was presented. Then, participants shared specifi c examples of curricula covered in their own courses 
and plans for broader graduate level curricula. One early conclusion reached is that there are very few university courses 
or graduate programs specifi cally aimed at stream restoration, and that short courses are therefore the primary conduit for 
restoration training. 

The workshop then focused on defi ning the essential knowledge base for stream restoration. The group started by recognizing 
that while one week of instruction (a typical short course duration) cannot be suffi cient for some restoration tasks, for others 
a short, broad overview would suffi ce. The group created a matrix of restoration tasks (management, assessment, design, 
construction) and three levels of training (overview, principles, and design). Using this matrix, participants formulated 
required-content tables for the cognate fi elds of restoration science (e.g., hydrology, ecology, geomorphology, etc.).  The 
intent is to help those offering short courses chose the appropriate level of information for their participants. 

Determining how to ensure consistency and quality of training across the broad spectrum of short course offerings was the 
second focus of the workshop. The idea of a national certifi cation in stream restoration (similar to that already in place for 
fl ood plain managers) was explored and refi ned. A national certifi cation exam has many advantages: it allows people to take 
the exam regardless of when or where they received training, it holds practitioners to a consistent standard, and it allows the 
fl exibility to adjust exam content to match restoration defi ciencies or needs on the national and local (state to region) level. 

Future Steps

Workshop participants felt strongly that the ideas discussed above need to be disseminated.  To that end, a position paper 
outlining a proposal for a new approach to restoration training is in preparation. In addition, a subset of participants has 
expressed interest in forming a steering committee to initiate the creation of the national certifi cate in stream restoration, and 
has made plans to meet later this year.
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Agenda
Thursday 3/30 Short Presentations & Discussion – Content & Curricula Presenters
8:30 – 9:15 Introductions, perspectives, goals Wilcock 
9:15 – 10:00 Survey of Restoration Training Clark
10:00 - 10:30 Break
10:30 - Noon Short Presentations: Restoration Tasks

What are they and what should practitioners know in order to do them?
Allred 
Fischenich
Kondolf 
Shields

Noon – 1:00 Lunch
1:00 – 2:30 Short Presentations: Short courses

 What are we teaching?  
 What should we be teaching?

MacBroom
Newbury
Palmer
Schmidt

2:30 – 4:30 Conversation in the Crater
4:30 – 6:00 Short Presentations: Graduate programs Voller/Gran

Booth
Castro
Kite

6:00 – 7:00 Discussion: Pulling it together: what should be taught & 
 how do we get better materials out there?

Wilcock

7:00 Dinner
Evening Work on modules, curricula, strategies
Friday 3/31 Workshop: Implementing a new training paradigm

Provo River fi eld trip
AM Defi ning and implementing a new training paradigm –

 small & large group discussion
Discussion 
leader(s)

Accreditation, licensing, registration – essential? desirable? Shields
Hierarchy – can prerequisite-based training be implemented? Booth
Assessment – evaluation of student learning outcomes Kite

8:30 – 9:00 Discussion: large group – defi ne implementation challenges Clark
9:00 – 10:15 Discussion: small groups
10:15 – 10:30 Break
10:30 – Noon Discussion: large group Schmidt
Noon – 1:00 Lunch
PM Provo River Tour – a large scale and most remarkable restoration project.  Tyler 

Allred is lead designer and will lead the trip.
Allred, Goetz, 
Schmidt

7:00 Dinner
Evening Work on modules, curricula, strategies
Saturday 4/1 Summary discussion: modules, curricula, programs, and strategies. Writing: 

paper text, curriculum outlines, proposals. Assignments
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Participants
Attendee Name, Affi liation
1. Derek Booth

Research Professor, Environmental Engineering and Science
Department of Civil Engineering, University Of Washington

2. Janine Castro
Geomorphologist, US Fish and Wildlife Service

3. Jeffery Clark
Associate Professor of Geology
Director of Environmental Studies Program
Lawrence University

4. Craig Fischenich 
Ph.D., Professional Engineer
ERDC Environmental Laboratory

5. Paul Grams 
Research Associate 
Department of Aquatic, Watershed, and Earth Resources; Utah State University

6. Karen Gran
Department of Earth & Space Sciences, University of Washington

7. Steve Kite
Professor 
Department of Geology and Geography, West Virginia University

8. Matt Kondolf
Associate Professor (Landscape Architecture and Geography)
Department of Geography, University of California at Berkley

9. Jim MacBroom
Founding Principal
Milone & MacBroom

10. Jeff Marr
Stream Restoration Project Manager, National Center for Earth-surface Dynamics

11. Johnnie Moore
Professor
Department of Geology, University of Montana

12. Robert Newbury
PhD, Professional Engineer
Newbury Hydraulics

13. Jack Schmidt
Associate Professor, Aquatic, Watershed, and Earth Resources
College of Natural Resources, Utah State University

14. Doug Shields
Research Hydraulic Engineer
US Department of Agriculture

15. Allred Tyler
Allred Restoration

16. Vaughan Voller
NCED Principal Investigator, National Center for Earth-surface Dynamics

17. Peter Wilcock
NCED Principal Investigator
Department of Environmental Engineering, Johns Hopkins University
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Appendix F: WATERPLANET™
The collective effort by the Science Museum and its fellow NCED partners to create the Big Back Yard (BBY) was an 
excellent example of collaboration at its best.  Each entity contributed its respective skills to the project, producing an outcome 
that no single partner could have accomplished on its own.  Building on this success, SMM in Year 3 submitted a proposal 
to ISE at NSF to develop a 5,000-square-foot national traveling exhibition that uses the role of water in large-scale planetary 
processes as the medium for communicating the new and evolving fi eld of Earth-system science to large public audiences.  
ISE offi cially made an award to the Science Museum for WATERPLANETTM in September 2005.  WATERPLANETTM will 
expand on our successful model of collaboration, will involve new partners introduced to SMM through NCED, and will 
carry signifi cant NCED content.   The BBY is a marvelous educational resource for regional audiences, but WATERPLANETTM 

will reach millions of people during its multi-year tour to museums throughout the U.S.

WATERPLANETTM will include several innovations in technology and pedagogy: 

Development of New Story-Telling Technologies:  The project collaborators will prototype ways to utilize new 
scientifi c visualization technologies that will make the compelling visual images of Earth processes comprehensible 
and interactive. By incorporating into the exhibition computer models/visualizations that benefi t from periodic 
updating, the project collaborators will develop protocols and trainings for museums hosting WATERPLANETTM that 
will help them to upgrade their in-house capacities to acquire, process, display, and interpret output generated from 
large Earth-system datasets. The project will produce program content for these new visualization tools specifi cally 
designed for informal science education settings.  This content will be digital in format and thus easy to distribute.  
This model of content development will advance understanding of how digital technology can ameliorate the upfront 
costs of content production through wide and rapid distribution while also shortening the time needed to produce 
new science content. 

Research Collaborations:  WATERPLANETTM will involve three NSF Science and Technology Centers: National 
Center for Earth-surface Dynamics, Center of Advanced Materials for Purifi cation of Water with Systems, and 
Sustainability of Semi-Arid Hydrology and Riparian Areas.  NCED will support WATERPLANETTM with a shared 
PI, Hamilton, NCED staff and WATERPLANETTM co-PI Morin, and WATERPLANETTM Advisory Board members, 
Foufoula and Paola. 

Innovative Pedagogy and Evaluation: Two NCED experiences – SMM Youth Science Center collaboration 
with the Fond du Lac Native American community and NCED’s development of diagrams to study and promote 
collaborations based on the work of Diana Rhoten – will be incorporated into WATERPLANETTM’s efforts to increase 
participation in the environmental sciences by underrepresented minorities and develop truly effective and innovative 
research-museum collaborations.
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Appendix G: Mississippi Delta Initiative
The damage done to New Orleans by Hurricane Katrina was greatly worsened by land loss in the Mississippi Delta that 
eliminated wetlands and coastal forest that once protected the city from the open Gulf. If the land loss is not arrested, the 
rebuilt New Orleans will be even more exposed to future hurricanes. Reversing the land loss means restoring the natural 
balance between sedimentation and subsidence, including healthy ecosystems that retain sediment, support fi shing, and 
provide protection against winds and waves. At present, we have only an approximate and descriptive idea of how a natural 
delta maintains itself against subsidence. The present-day delta, ravaged by land loss, refl ects a system artifi cially deprived 
of its rejuvenating sediment supply and is not a useful guide. But the sedimentary deposits beneath the present delta surface 
provide a long record of how the delta maintained itself under natural conditions. Our goal is to learn how the natural self-
maintaining Delta worked in the past  and to harness those processes to help restore the Delta today.   

Scientifi c questions

• What are natural sedimentation rates as a function of type and size of depositional unit (crevasse splay, 
distributary, peat…), over 10-1000 yr time scales?

• What is the natural distribution of depositional units in terms of location, frequency, sediment and biotic 
character, and size? Is there a natural time-space-size scaling of depositional events?

• Are these rates matched to rates of biotic colonization and succession such that the biotic communities are 
adapted to the natural statistics of depositional events?

• What are recent rates and spatial distribution of subsidence and what does this tell us about relative contributions 
of mechanisms (tectonic, compactional, fl uid-withdrawal)?

• To what extent are sedimentation rates matched to relative sea-level rise? 

• How will local differential compaction affect sedimentation rates for a given sediment input, and to what extent 
is differential compaction infl uenced by subsurface structure (e.g., buried channels, peat accumulations)?

• How is sediment compaction distributed as a function of depth? What stratigraphic intervals are contributing to 
land loss?

• What is the interaction between plants and sedimentation, and what are the thresholds for stabilization and 
destruction of critical communities (e.g., marsh grasses, cypress, mangrove)?

Methods

The data needed to provide a quantitative understanding of how a natural self-maintaining delta works will come primarily 
from 

• high-resolution subsurface imaging techniques (e.g.. shallow seismic refl ection, well logs, electrical 
resistivity)

• sediment coring and geoslicing

• 14C, Optically Stimulated Luminescence (OSL), and other dating methods to provide quantitative rate 
information. 
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This project has potential for signifi cant leveraged support from the oil industry. An abundance of seismic, wireline and core 
data from the Delta already exists, mainly in industry. Fortunately, the Holocene record we are after is of little industrial 
value because it is too shallow. In addition, the oil industry has locally contributed to the land loss by fl uid extraction and by 
canal construction, so this could be seen as a chance for offsetting favorable publicity at little cost. 

Benefi ts

Understanding how a naturally self-maintaining delta works would allow us to:

• Minimize the cost of ongoing human intervention

• Accelerate the restoration process

• Avoid costly mistakes (e.g., wasting limited sediment supply on unfavorable sites)

• Optimize restoration design, especially the interaction of sedimentary and biotic processes 

The National Center for Earth-surface Dynamics (NCED) will serve as a common link for restoration design efforts already 
underway and the proposed subsurface work, insuring close coordination. Specifi c deliverables in support of sustainable 
restoration will include: dimensions, shapes, growth vectors, and material properties of naturally occurring delta-forming 
deposits; rates of sedimentation and their relation to ecosystem dynamics; mapping of compaction-prone areas of the 
subsurface to aid in effectively positioning sediment breaks and dikes; characteristic rates and pathways of biotic community 
development following sedimentation events; and identifi cation of critical ecogeomorphic thresholds (e.g., sedimentation 
rates that prevent biotic colonization). 

As a side benefi t, this project will have a transformative impact on sedimentary geology by showing how it can contribute to 
environmental management, helping to wean it from a century-old dependence on fossil fuels as its primary applied focus. 
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Appendix H:  International Research Experience Program

Project Summary

Prediction of the evolution of the Earth’s surface is at the heart of environmental science: the surface is the environment in 
which most life and human activity take place. The National Center for Earth-surface Dynamics (NCED) was created to 
catalyze the development of a predictive science of Earth-surface dynamics to enable landscape sustainability and responsible 
management of water and land resources. At present, we are developing predictive tools requiring integration across a range 
of fi elds including Earth sciences, hydrology, ecology, geochemistry, social sciences, physics, and mathematics.  A crucial 
factor in landscape sustainability is the human population, suggesting that the effective management of landscapes requires 
a broad perspective.   Social, economic, and political dimensions are integral drivers of environmental science requiring 
international exposure and training.  

Intellectual merit: 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 issues 
differ considerably across continents and countries.  The objective of this proposal is to foster an international collaboration 
on Earth-surface dynamics in countries with comparable economic and technological developments to the United States, 
however, with different cultural and political settings.  

Broader impact:  This proposed collaboration program aims to facilitate not only the exchange of research ideas but also 
the preparation of the next generation of scientists and engineers to confront these global water and land resource issues.  
Our goal is to foster awareness of various landscape environments, diverse cultures and approaches to restoration, decision-
making and policy setting, resource allocation, and exploration standards.  Further, the collaboration will enable a formal 
footing to serve as the basis for a long-term U.S.- International program on Earth-surface dynamics. 

Project Description

General scope of NCED research

Understanding the dynamics of the Earth’s surface, from tectonic processes to microbial weathering, is one of the great 
integrating challenges of modern science. The emerging fi eld of “morphodynamics” – the study of the properties and 
evolution of surface morphology – is at the center of this challenge. Because the Earth’s surface spans an enormous range of 
environments, spatial scales, and time scales, a fully realized science of Earth-surface dynamics serves as a natural integrator 
of many disciplines and approaches, including hydrology, geomorphology, ocean and atmospheric science, biology, geology 
and ecology. Unfortunately, the level of interaction among these fi elds to date has been nowhere near adequate to the 
task.   The National Center for Earth-surface Dynamics (NCED) was created to catalyze the development of a unifi ed 
surface-process science that would integrate insight from all of the above fi elds to provide a comprehensive and predictive 
understanding of the dynamics of our planet’s surface. Integrated Earth-surface dynamics is at the core of environmental 
science – after all, the Earth’s surface is “the environment” for most life and human activity.  

Natural resource utilization, environmental degradation, and renewable energy generation are the largest world-wide 
global environmental challenges. There are many ways in which a unifi ed approach to Earth-surface dynamics would 
benefi t science and society. Major application areas include environmental forecasting, river and landscape restoration and 
management, assessing location, size, and geometry of subsurface fl uid conduits and reservoirs, hazard assessment and 
reduction, and quantifying cycling and storage of carbon and other major geochemical actors.  A critical factor in landscape/
stream restoration and management is the human population.  Sustainable management of stream and landscape restoration 
require a global perspective, one that includes social, economical, and political dimensions.   The multidisciplinary, cross-
cultural, and global nature of the environmental problems should be refl ected in the way in which the subject is taught to the 
scientists, engineers, and policy makers of the future.   NCED’s research initiatives require execution of a research program 
that demonstrates the power of sustained, multidisciplinary research by making transformative advances in Earth-surface 
dynamics.    
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Need and benefi ts for international collaboration

NCED proposes an intense international collaboration program on Earth-surface dynamics  whose benefi ts will go well 
beyond our own center.  It aims to promote not only exchange of research ideas but also the production of the next generation 
of scientists, engineers, and policy makers who will be prepared to deal with the global and multidisciplinary water and 
land resource issues by being aware of diverse river environments, diverse cultures and diverse approaches to restoration, 
decision making and policy setting, and resource allocation and exploration standards.  NCED PIs are already involved with 
major European Union initiatives on water and land as funded by the European Commission, the counterpart of NSF.  They 
are also involved in joint experimental and fi eld research with laboratories and research institutions in Japan, New Zealand, 
Switzerland, Italy, and the United Kingdom.  NCED views the NSF STC International Research Experience Program as 
an excellent and unique mechanism to afford our students the opportunity to expand their knowledge of Earth-surface 
processes by collaborating on a one-to-one basis with an international cast of researchers and institutions that we would 
otherwise be unable to provide them.  We seek funding through this proposal to enhance our already strong international 
activities and put them on a formal footing that can serve as the basis for a long-term U.S.- International program on Earth-
surface Dynamics.

The benefi ts achieved through international collaborations are evident in practice.  While application of our science tends to 
focus on local or regional projects, the tools developed as part of these projects have the potential for global applications.  As 
an example, across the U.S., more than a billion dollars are being invested each year in restoring channels and riparian areas 
(Bernhardt et al., 2005). However, the scientifi c basis for many of these projects is weak, the success of existing projects 
poorly known, and the connection between research and practice incomplete.  Yet, our colleagues in Europe have extensive 
experience in large-scale urban environments.  European countries offer a unique setting for intense study of urbanized 
streams and the U.S. can benefi t tremendously from collaboration with the European Commission whose current initiatives, 
under Programme VI, are focusing on standardizing, monitoring and restoring the health of European watersheds as well 
as on developing standards that can unify assessment and reporting.  In the U.S., parallel efforts are now in progress, as for 
example an NRC study on the US Clean Water Act and its application over the diverse states within the Mississippi river 
and its tributaries.  

Proposed partnerships with international institutions

Selected partners for international collaboration fulfi ll the following requirements: a) having core research closely related 
to the scope of NCED, b) being internationally renowned leaders in the fi eld, c) operating fi eld sites or laboratory facilities 
that do not have U.S. analogues, d) possessing prior collaboration with NCED PIs, e) having comparable technological 
developments to the U.S., and f) experiencing more or less extensive large-scale urban impacts than the U.S. has experienced.  
Partners include universities and federal institutes in Italy, Switzerland, United Kingdom, and New Zealand.    

Process for preparing students for their experience abroad

NCED graduate participants will have access to varied resources in order to prepare them for their experience abroad.  
The host sites selected have well-developed relationships with NCED institutions.  Through discussions with faculty who 
have visited the host institutions and contact with US researchers who are currently doing research at these sites, graduate 
participants will be able to prepare for their stay abroad.  In many cases, graduate students from those host institutions are 
currently in residence as NCED graduate students or visitors; they will be able to provide invaluable information to the 
participants. In addition, NCED staff will work with the host institution and the graduate student on fi nding housing and 
transportation.  All of the NCED institutions have active Study Abroad programs that offer students multiple resources, 
including orientations and classes, to help prepare them for their study abroad experience.

Mechanisms for ensuring effective mentoring throughout the program

Participants in the program will be required to select an offi cial host institution mentor who will advise them while they 
are doing research abroad.  That mentor will be contacted by the student’s graduate advisor and encouraged to “co-advise” 
the students during their time abroad.  In addition, students will be encouraged to stay in contact with NCED by attending 
regularly scheduled NCED videoconferences through the internet where the advisor and student can establish additional 
meeting times to discuss the research project and any other concerns the student may have.
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Mechanisms for developing a community of participants

NCED will foster a community of participants prior to the students’ experience abroad by establishing regularly scheduled 
videoconferences to discuss planned research and any questions that may arise about living abroad.  Once the students 
reach their host institution, students will have the opportunity to participate in weekly internet chats that will be hosted by 
the program PI and co-PIs at NCED.  Through a program listserv, participants will submit weekly short updates on their 
research project that can be viewed and commented on by all participants and the project PI and co-PIs.  Students’ regular 
and host advisors will also be members of this listserv.

Planned outcomes

Students will be provided with 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.  Results of NCED research will be more broadly 
disseminated to the international community.

Method of evaluation

A database will be developed based on the metrics specifi ed below and will be in place upon project inception to collect 
measurable data about the program.  Metrics for evaluating the program will include:

• Number of graduate and undergraduate student participants.

• Research plans of the students, which will include measurable milestones, objectives, and a timeline for 
completion of the project.

• Student papers, conference presentations, etc. that are a result of their international research and particularly 
those which show collaboration with researchers from host institutions.

• Reciprocal visits by graduate students or other researchers from the host institutions to NCED institutions

• Presentations at NCED institutions by program participants or by visiting researchers from host institutions.  
Each student participant will be required to give an NCED videoconference and a seminar at their home institution 
summarizing the results of their experience abroad and the research they conducted.  Students will be asked to 
discuss both their scientifi c and cultural experiences.

In addition, graduate and undergraduate participants will be required to submit a summary report of their experience, 
including:

• A summary of their research project and its outcomes.  

• A discussion of relevant socio-cultural experiences the participant encountered while abroad.

• A plan for incorporating this experience into their future work.

Scientifi c justifi cation for proposed partnership

Collaboration with the University of Padua (Italy) on “Channel Network Dynamics and Scaling”

The University of Padua has a strong and world-renowned group on “Channel Network Dynamics and Scaling.”  This is one of 
the main themes of NCED research, whose goal is to develop an understanding of the coupled ecological, geomorphological 
and hydrological dynamics of channels and channel systems in order to develop a quantitative framework for modeling 
and prediction over a range of scales.  Exchange of students with the University of Padua in this research area is already 
taking place.  This year, Allesandra Feola is visiting Professor Rodriguez-Iturbe at Princeton to work on characterization of 
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the morphology and dynamics of deltas.  We propose to strengthen this collaboration by sending two NCED students (not 
identifi ed yet) to the University of Padua and direct their research toward further investigation of distributary networks.  In 
contrast to progress made in understanding network structure in the erosional uplands, we are just beginning to understand 
the distributary structure that characterizes depositional deltas and fans [Syvitski, 2005]. Yet deltas and fans, though globally 
much smaller in area, are critical sediment sinks and so determine rates and patterns of delivery of sediment, organic matter, 
nutrients, and pollutants to the sea. They are also storehouses of hydrocarbons, home to a sizable fraction of the world’s 
population, and as recent events make abundantly clear, a crucial buffer between ocean storms and urban and industrial 
centers.

Collaboration with the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) on “Channel Incision and 
Landslide Prediction”

Channel incision drives terrestrial and submarine landscape evolution.  While much theoretical and observational progress 
has been made [Dietrich et al., 2003; Sklar and Dietrich, 2004], important gaps in understanding this process remain.  
Submarine channel incision is widespread, but relatively uninvestigated [Das et al., 2004].  In the case of river incision, 
experimental data and improved theory are needed to account for effects of sediment coverage of the bed and fractured-
controlled wear.  Granular fl ow incision, which cuts valleys in steep uplands [Stock and Dietrich, 2003], will be studied 
using a unique facility under development by NCED consisting of a 4 m rotating drum in which grain dynamics, boundary 
forces and wear can be physically modeled using sediment up to small boulders. A collaboration with SWL will provide a 
unique opportunity to couple this experimental work with WSL’s ongoing debris fl ow research in natural channels which 
experience several debris fl ows per year.  Field data will feed community level efforts in landscape evolution modeling and 
submarine channel incision theory, provide further insight in delineating process dominance in channel networks (and its 
relationship to ecosystems), and, in the case of granular fl ows, improve hazard models of fl ow rates and distances.   

Collaboration with Imperial College in United Kingdom on “Physical Investigation of Alluvial and Offshore Strata”

Imperial College has a strong applied research program in sedimentary geology, which is centered on fi eld-based methods and 
3-D seismic visualizations of the subsurface.  Experimental stratigraphy represents a complementary branch of subsurface 
investigation that affords a more analytical approach to stratigraphic architecture, but has yet to fully merge with natural 
data sets.  Combining NCED interests with the expertise at Imperial College will create a new and exciting environment of 
stratigraphic research that spans theoretical, experimental, and fi eld-based methods, each of which is focused on long-term 
stratigraphic evolution.  The proposed collaboration will enable us to explore inductive methods used to extract stratigraphic 
information from natural data sets, and how that data is used to populate geologic models of the subsurface.  Additionally, 
this experience will allow NCED to interact with scientists with different backgrounds and different approaches to common 
scientifi c questions.  This will be a crucial learning experience for NCED since the community at large is either unaware or 
uncertain of the value of physical experiments. 

Collaboration with the National Institute of Water and Atmospheric (NIWA) Research in New Zealand on “Braided River 
Morphodynamics and River Restoration”

Braided channel systems are highly complex dynamic environments characterized by intensive but spatially localized 
erosion, sediment transport and deposition, and frequent channel shifting.  They have been found to exhibit a statistical scale 
invariance in their morphology and dynamics which is of similar form in diverse fl ow regimes, slopes, types of bed material 
and braid plain widths, indicating the presence of universal features in the underlying mechanisms responsible for the 
formation of their spatial structure [Foufoula-Georgiou and Sapozhnikov, 2001]. We still need to improve our understanding 
the hydraulic geometry of braid channels (e.g., depth-width relationships, velocities at junctions), how these channels interact 
with vegetation [Bennett and Simon, 2004], and how they dictate the spatial distribution and storage of hydrocarbons and 
other substances in the subsurface [Lunt et al., 2004a; Lunt et al., 2004b].  NIWA researchers have been collecting large 
amounts of baseline data on pristine and managed braided rivers over many years. The proposed collaboration will provide 
a unique opportunity to couple data from natural fi eld sites with the experimental data collected under laboratory conditions 
by NCED researchers.  This synergistic effort will contribute to the mechanistic scaling of fundamental braiding processes, 
as well as questions specifi c to vegetation management. 
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Collaboration with the University of Otago in New Zealand on “Nutrient Cycling and Food Webs”

NCED is assembling quantitative ecogeomorphological relations that we can apply to forecasting watershed-scale changes 
in ecosystems and food webs, in response to altered climate, land use, or biological events like extinctions or invasions.  
Current work in the laboratory and at NCED’s erosional fi eld site, the Angelo Coast Range Reserve, has defi ned interactions 
between stream channel and network properties and the locations, rates, and scales of nutrient cycling, periphyton growth, 
contaminant uptake, riparian tree recruitment and survival, juvenile salmonid growth and survivorship, insect emergence, 
and bat foraging.  Using NCED’s Desktop Watersheds approach, we have identifi ed several drainage area thresholds where 
important changes occur in food web linkages between periphyton, aquatic insect prey and aquatic or aerial predators. In 
collaborating with the University of Otago, we will refi ne our knowledge of the physical mechanisms mediating nutrient 
cycling, periphyton growth, and riparian tree recruitment under different climate and land use conditions.  These fi ndings 
will provide the foundation to quantify functional relationships between the physical environment and ecological responses 
and feedback as a basis for forecasting change from organismal to channel and watershed scales. 
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Appendix I: Certifi cate Program in Stream Restoration Science and Engineering

Description

A one-year program whose graduates will understand how to blend engineering, physical, biological, and social sciences in 
prioritizing, designing, implementing, and evaluating stream restoration projects.

Program Outline

1. Foundation Course (required) -- Introduction to Stream Restoration

This course taught in the fall of each year  (fi rst offering: Fall 2006) will provide an overview of stream restoration 
focusing on the main issues related to coupling the fi elds of civil engineering, ecology, geology and social science. 
It will include background classes on basic engineering tools for stream restoration (GIS, Surveying, and Computer 
Applications Statistics) and case study analysis. 

2. Elective Courses: four Courses (11 credits) chosen from the following theme areas

River and Floodplain Science and Engineering  (must choose 1 course from this area)
River and Floodplain Ecology 
Water Quality
Water Policy & Management

3. Capstone Course (required): Stream Restoration Practice

This will be a one-week fi eld short course held in the summer.  Students will visit recently completed and on-going 
stream restoration fi eld sites to see how the stream restoration science and engineering learned in the classroom is 
applied to real-world restoration problems.

The certifi cate can be a stand alone qualifi cation or used as a part of Masters or PhD program.

Th emes

Theme 1: River and Floodplain Science and Engineering
Students must take at least 3 credits from Theme 1.  Up to 8 credits from Theme 1 may count towards certifi cate program.

BAE 5513 - Watershed Engineering 
(3.0 cr; Prereq-3023, upper div IT; fall, every year)
Application of engineering principles to managing surface runoff from agricultural, range, and urban watersheds. 
Design of facilities and selection of land use practices for controlling surface runoff to mitigate problems of fl ooding 
and degradation of surface-water quality.

BAE 8513 - Hydrologic Modeling of Small Watersheds 
(3.0 cr; Prereq-CE 3502, hydrology course)
Study and representation of hydrologic processes by mathematical models: stochastic meteorological variables, 
infi ltration, overland fl ow, return fl ow, evapotranspiration, and channel fl ows. Approaches for model calibration 
and evaluation.

CE 4511 - Hydraulic Structures 
(4.0 cr; Prereq-4501; A-F or Aud)
Hydraulic design procedures for culverts, dams, spillways, outlet works, and river control works. Drop structures, 
water intakes, bridge crossings. Offered alt yrs.
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CE 4512 - Open Channel Hydraulics 
(4.0 cr; Prereq-IT or grad, 3502 or #; A-F or Aud, fall, spring)
Theories of fl ow in open channels, including gradually varied and rapidly varied fl ows, steady and unsteady fl ows. 
Computational methods for unsteady open channel fl ows, applications to fl ood routing. 
Introduction to moveable bed mechanics.

CE 4501 - Hydrologic Design 
(4.0 cr; Prereq-3502; A-F or Aud, fall, spring, every year)
Hydrologic cycle: precipitation, evaporation, infi ltration runoff. Flood routing through rivers and reservoirs. 
Statistical analysis of hydrologic data and estimation of design fl ows. Open channel fl ow, fl ow through conduits. 
Detention basin design, hydraulic structure sizing, estimation of risk of fl ooding.

CE 8511 - Mechanics of Sediment Transport 
(3.0 cr; Prereq-3502 and 4501 or #; A-F or Aud)
Particle motion in fl uids. Criteria for incipient motion. Formulations for bedload and suspended load. Bedform 
mechanics and hydraulic resistance relations. Channel stability, aggradation and degradation, alluvial stream 
morphology.

FR 5114 - Hydrology and Watershed Management 
(3.0 cr; =[FR 3114]; Prereq-Grad student or #; fall, every year)
Introduction to hydrologic cycle and water processes in upland/riparian systems. Applications of hydrological 
concepts to evaluate impacts of forest management and other land use patterns/activities on water yield, stormfl ow, 
erosion, sedimentation, and water quality. Concepts, principles, and applications of riparian/watershed management. 
Economic/social factors. National/global examples. Emphasizes forest ecosystems.

FR 5153 - Forest and Wetland Hydrology 
(3.0 cr; Prereq-[Basic hydrology course, [upper div or grad student]] or #; spring, every year)
Current topics, methods/models in forest/wetland hydrology. Hydrologic role of forests, wetlands, riparian systems 
in snowfall/rainfall regimes. How activities such as deforestation, wetland drainage, and stream channel alterations, 
affect hydrologic response of watersheds. Runoff/streamfl ow response from undisturbed/altered forest/wetland 
watersheds. Problem-solving exercises.

GEO 4701 - Geomorphology 
(3.0 - 4.0 cr [max 4.0 cr]; Prereq-1001, Math 1031 or #)
Origin, development, and continuing evolution of landforms in various environments. Environmental implications. 
Weathering, slope and shore processes, fl uvial erosion and deposition, arid region processes, glacial processes.

 
Theme 2: River & Floodplain Ecology   
Up to 8 credits from Theme 2 may count towards certifi cate program.

CE 8508 - Ecofl uid Dynamics 
(4.0 cr; Prereq-3502 or equiv; A-F or Aud)
Theoretical principles underlying environmental fl uid dynamics of biochemical processes in lakes, rivers, wetlands, 
coastal ocean. Emphasizes small-scale fl uid motion, dominant fl ux path, growth kinetics, thin layers, microstructure 
measurements.

EEB 8XXX - Watershed Ecology (currently under development by J. Finlay, EEB and NCED PI)
This graduate course will review dominant paradigms infl uencing current research and focus on areas of recent 
conceptual and empirical development in river ecosystems and their interactions with upstream and adjacent 
environments.  We will explore topics that including geomorphic and hydrologic controls of ecological processes 
in river channels; rivers and global biogeochemical cycles; longitudinal connections in hydrologic, nutrient and 
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organic matter cycles; ecology of food webs at the land-water interface; dynamics of longitudinally organized 
populations and communities; interactions between lakes and rivers; climate change and land-water interactions; 
scaling ecological phenomena in rivers. The format of this course will be a combination of lectures, discussion, 
fi eld trips, and class project aimed at synthesis of primary literature. This course will be relevant for students with 
interests in aquatic ecology, environmental and water resources science, and conservation biology.

EEB 5xxx Limnology (currently under development by J. Finlay, EEB and NCED PI)
A new course to better serve the ca. 20-30 grad students per year who currently take the old version of Limnology 
(ie. EEB 4601) and advanced undergraduates.  This course will serve as an advanced introduction to the interaction 
of physical, chemical, and biological variables that shape the ecology of freshwater ecosystems. The emphasis will 
be on lakes, and on quantitative components and primary literature.  It will be offered simultaneously (spring) with a 
lab (5xxx Lab).  Prerequisites: graduate standing in EEB, GEOL or WRS; alternatively chemistry plus one ecology 
course, or consent of instructor. 

FW 8465 - Fish Habitats and Restoration 
(3.0 cr; Prereq-Intro ecology course or #)
Mechanisms underlying physiology/behavior that shape fi sh community structure in specifi c north temperate 
habitats. Techniques and planning procedures for restoring lakes/streams.

FW 8459 - Stream and River Ecology 
(3.0 cr; Prereq-Limnology course or #)
Structure/dynamics of running waters from ecosystem perspective. Historical perspective, basic hydrology/fl uvial 
geomorphology, terrestrial-aquatic interactions, detrital dynamics, metabolism, drift, trophic relations, biotic/
abiotic interactions, ecosystem experiments and natural alterations, stability/succession, ecosystem dynamics in a 
watershed.

HORT 5071 - Restoration and Reclamation Ecology (ENVT)
(3.0 cr; Prereq-Biol 2022 or Biol 3002, Biol 1001 or Biol 3407 or equiv or #; fall, every year)
Ecological and physiological concepts as a basis for revegetation of grasslands, wetlands, forests, and other 
landscapes. Plant selection, stand establishment, evaluating revegetation success. State and federal programs that 
administer restoration and reclamation programs. Field trips within Minnesota.

 
Theme 3: Water Quality 
Up to 8 credits from Theme 3 may count towards certifi cate program.

CE 5541 - Environmental Water Chemistry 
(3.0 cr [max 4.0 cr]; Prereq-3501, Chem 1021, Chem 1022; A-F or Aud, fall, every year)
Introduction to water chemistry. Physical chemical principles, geochemical processes controlling chemical composition 
of waters, behavior of contaminants that affect the suitability of water for benefi cial uses.

CE 8541 - Aquatic Chemistry 
(3.0 cr; Prereq-4541 or #; A-F or Aud, spring)
Advanced course on water chemistry; physical chemical principles and geochemical processes controlling the chemical 
composition of natural waters, soil- and sediment-water interactions. Emphasizes behavior of inorganic contaminants in 
natural waters and engineered systems and dissolved natural organic matter.

CE 8561 - Analysis and Modeling of Aquatic Environments I 
(3.0 cr; Prereq-One sem grad work or #; A-F or Aud, spring, every year)
Introduction to hydrologic transport and water quality simulation in natural water systems. Deterministic, process-
oriented water quality model development. Mixed cell models, advection, turbulent diffusion/dispersion. Chemical/
biological kinetics in water quality models. Application of water quality models to management problems.
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CE 8562 - Analysis and Modeling of Aquatic Environments II 
(3.0 cr [max 6.0 cr]; Prereq-One sem grad work or #)
Models for transport/transformation of pollutants, nutrients, particulates, ecosystems, etc., from recently completed 
theses, articles, or research in progress. Students review assigned recent papers, make presentations, and analyze a topic 
of their choice.

ENR 5111 - Hydrology and Water Quality Field Methods 
(3.0 cr; =[ENR 3111]; Prereq-Grad student or #; A-F or Aud)
Integrates water quality, surface/groundwater hydrology. Case studies, hands-on fi eld data collection, calculations 
of hydrological/water quality parameters. Meteorological data, snow hydrology, stream gauging, well monitoring, 
automatic water samplers. Designing water quality sampling program. Geomorphology, interception, infi ltration.

GEO 5701 - General Hydrogeology 
(3.0 cr [max 4.0 cr]; Prereq-Chem 1022, Math 1271, Phys 1201, Geo majors-core curriculum through 2402 or #; fall, every year)
Theory of groundwater geology, hydrologic cycle, watershed hydrology, Darcy’s law, governing equations of groundwater 
motion, fl ow net analysis, analog models, and groundwater resource evaluation and development. Applied analysis of 
steady and transient equations of groundwater motion and chemical transport. Chemistry of natural waters.

Theme 4: Water Policy & Management
Up to 4 credits from Theme 4 may count towards certifi cate program.

ENR 4295W - GIS in Environmental Science and Management (WI)
(4.0 cr; =[ENR 5295]; Prereq-FR 3131 or #; A-F or Aud, fall, spring, every year)
Application of spatial data inventory/analysis in complex environmental planning problems. Spatial data collection, 
database development methods including GPS, DLG, TIGER, NWI data, spatial analysis. Topics identifi ed by 
non-University partners.

ENR 5202 - Environmental Confl ict Management, Leadership, and Planning 
(3.0 cr; =[ENR 3202W]; Prereq-Grad or #; A-F or Aud, spring, every year)
Negotiation of natural resource management issues. Use of collaborative planning. Case study approach to confl ict 
management, strategic planning, and building leadership qualities. Emphasizes analytical concepts, techniques, and 
skills.

ENR 5061 - Water Quality and Natural Resources 
(3.0 cr; =[ENR 4061W]; Prereq-Grad student or #; fall, spring, every year)
Issues, parameters, and decision making for managing surface/groundwater resources in Minnesota and globally. 
Biophysical/human side of water management. Wetlands, exotic species, heavy metal deposition. Cultural, political, 
and societal dimensions. Case studies, discussions, problem-solving, debates, projects.

ENR 5703 - Agroforestry in Watershed Management 
(3.0 cr; =[ENR 3703]; Prereq-Grad student or #; spring, every year)
Biological, physical, and environmental attributes of agroforestry as pertains to watershed management. Coupling 
production with watershed protection benefi ts. Implications for policy, economics, and human dimensions in 
sustainable development. Examples/case studies from North America and developing countries.

WRS 5101 - Water Resources: Individuals and Institutions (see CE 5581)
(3.0 cr; A-F or Aud, fall, spring)
Control of water resources by natural system functions, user actions, and infl uence of social, economic, and political 
institutions. Water resource policy in the United States. Case studies (e.g., fl ood/drought management).
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Program Faculty

Faculty Member Department
Bill Arnold, Associate Professor Civil Engineering
Ken Brooks, Professor Forest Resources 
Jacques Finlay, Assistant Professor Ecology, Evolution and Behavior
Efi  Foufoula-Georgiou, Professor Civil Engineering
David Fulton, Associate Professor Fisheries, Wildlife & Conservation Biology
Susan Galatowitsch, Associate Professor Horticultural Science 
John Gulliver, Professor Civil Engineering
Miki Hondzo, Associate Professor Civil Engineering
Claudia Neuhauser, Professor Ecology, Evolution and Behavior
John Nieber, Professor Biosystems and Agricultural Engineering
Ray Newman, Professor Fisheries, Wildlife & Conservation Biology
Chris Paola, Professor Geology and Geophysics
Lesley Perg, Assistant Professor Geology and Geophysics
James Perry, Professor Fisheries, Wildlife, & Conservation Biology
David Pitt, Professor Landscape Architecture
Vaughan Voller, Professor Civil Engineering
Bruce Vondracek, Professor Fisheries, Wildlife & Conservation Biology
Bruce Wilson, Professor Biosystems and Agricultural Engineering
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Appendix J: Working Groups and Short Courses

Carbon in Fluvial Sediment Working Group
June 13-16, 2005 (Seattle, Washington)
Convenor:  Rolf Alto

The Carbon in Fluvial Sediment (CFS) working group was intended to focus on the production, sorbtion, transport, and 
storage of carbon associated with sediment.  Primary  attention was paid to carbon storage in fl oodplains, lakes and lowland 
rivers, over annual-to-century timetables.  However, consideration was also given to processes and rates of carbon burial in 
CFS-dominated marine environments.  This is an intriguing, interdisciplinary problem with strong societal relevance, and 
with outstanding potential for contributing fundamental scientifi c advances across Earth science.  Heretofore, the inherent 
interdisciplinary and spatial complexities have presented signifi cant challenges for individual investigators.

Conclusions are:

1. That preliminary data suggest that the effect of fl oodplains in storing carbon is globally signifi cant on the time 
scales of interest; 

2. That there is  potential for major advances in understanding fundamental mechanisms of carbon transport and 
binding to particles; and

3. That there is potential for rapid progress in quantifying terrestrial carbon storage by transferring concepts and 
methods from research in marine sediments to terrestrial sediments.

Field, Experimental, Modeling and Computational Issues Related to Moving Boundaries in the Environment
July  17-19, 2005 (Cambridge, MA)
Convenor: Vaughan Voller / David Mohrig

The objective of this working group was to explore state-of-the-art methodologies for modeling the surface evolution of 
geomorphic interfaces, focusing on physical systems in which models may be verifi ed through direct fi eld and laboratory 
observations.  Initially the meeting was built around discussing the topic areas:

1. How can current models of moving boundaries in the environment be updated, including both (i) the addition of 
new features into the existing models and (ii) the development of new and alternative models (e.g., phase fi eld and 
cellular models)? 

2. What fi eld data and lab data can be used to support model development?

3. What are the appropriate computational techniques (e.g., fi xed grid, front tracking, deforming grid) and how 
should they be modifi ed/adapted to handle the models in (1)?

Moving on from this point, specifi c problems were identifi ed around which future collaborations and meetings of the 
working group could be constructed. These specifi c problems included:

a. The development of a modeling framework based on a landscape cross-section (profi le) extending from the 
erosion dominated up-lands through to the deep submarine. When developed this framework will be used as a test 
bed for models of sediment fl ux laws and to identify the balance conditions on the moving boundaries between 
landscape domains, e.g., the gravel-sand transition, shoreline, etc. As the model matures it is expected to collect 
fi eld data to validate predicted profi le shapes and grain size. The bulk of the development for this model will be 
carried by an NCED post-doc. We expect to make considerable progress on this model framework, which cuts 
across the NCED IP spectrum, by the next time this working group meets. 
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b. The proposition of the long profi le model in (a) also simulated collaborations among the workshop participants 
focused on critical features, e.g., models to account for the initiation and transport of sediment by turbidity currents 
and the development of computational techniques to identify patterns in near-off-shore sediment structures. This 
later topic could form the basis for a spin-off working group. 

c. The initial groundwork for a project related to the application of high-fi delity computational fl uid dynamics 
(CFD) in modeling the 3D evolution of stream channels in the fl uvial plane was also laid down. This is seen as a 
major success of the workshop where the people from the CFD research communities were purposely invited to 
simulate this kind of new development. In the short term, we will move ahead on this project by trying to identify 
“seed” funding for a demonstration project. In the longer, run additional meetings are anticipated which bring 
together geologists, river scientists and CFD practitioners to specifi cally identify and address areas where high end 
CDF can forward the science of Earth-surface dynamics. 

Environmental Stratigraphy Working Group (ForSed)
October 6-8, 2005 (Minneapolis, MN)
Convenor: Chris Paola

The ForSed environmental stratigraphy working group’s goal was to study potential application areas for stratigraphy in 
environmental science. We identifi ed several promising areas: (1) improved prediction of aquifer characteristics to provide 
improved tools for groundwater management; (2) use of (mainly recent) deposits to constrain the range of natural geometry 
and kinematics of rivers as a tool for river restoration design; (3) use of stratigraphic and geochemical insight to aid design 
of remediation schemes for subsurface contaminants; and (4) stratigraphic insight on subsurface architecture would provide 
much of the scientifi c basis for carbon sequestration in the subsurface. 

The most important fi nding of the group, however, was that the highest priority for environmental application of stratigraphy 
should be to support efforts to restore the Mississippi Delta. This work would combine elements of areas (1) and (2) above. 
The goal would be to provide restoration designers with statistics on geometries, grain-size patterns, biotic effects and 
thresholds, and sedimentation rates of the natural processes that maintained the delta surface before human intervention. A 
side benefi t would be detailed subsurface maps from which to predict compaction-prone areas.

Morphology, Morphodynamics and Ecology of Mountain Rivers
December 11-12, 2005 (Berkeley, CA)

Audience: graduate students and younger researchers.

Goal: provide a quick but substantive overview of mountain rivers, geared toward 
teaching students about ideas and tools that they can use rather than advertising the 
latest research of the instructors.

Instructors: 5 from NCED (Bill Dietrich, Chris Paola, Gary Parker, Mary Power, 
Peter Wilcock)

Guest Instructors: Wendy Palen, Leonard SklarNCED is a Science and Technology 
Center sponsored by the Office of 
Integrative Activites of the National 
Science Foundation under agreement 
number EAR- 0120914.

Two days after the end of  the AGU Fall Meeting, and one day after the Gilbert Club, 
NCED will host a two-day short course on the morphology, morphodynamics and 
ecology of  mountain rivers.

This course is geared towards graduate students and new researchers.  It will present an 
interdisciplinary approach to the study of  mountain rivers, including channel-watershed 
linkages, hydraulic geometry, bedload transport, stream morphodynamics, stream 
restoration and mountain stream ecosystems.

For more information, please visit

www.nced.umn.edu

SHORT COURSE in

National Center for Earth-surface Dynamics
A National Science Foundation Science and Technology Center

Apply to: Debra Pierzina (pierz001@umn.edu) giving your name, status (graduate student, postdoctoral 
researcher etc.), field (geology, geography, ecology, engineering etc.) and contact information.

Morphology, Morphodynamics and Ecology of Mountain Rivers
December 11-12, 2005 (Berkeley, CA)
Cost: Tuition is FREE.  Travel support (in terms of housing accommodations only) can be provided upon 
request.  Please inquire when applying.
Limit:  30 students selected on a first-come-first-serve basis.
Application deadline:  November 18, 2005
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Appendix K: Activity Tables

Education Activity Tables

Internal Education Activities

Graduate Education
Intended Audience NCED Graduate students
Date Location Led by Attendees
Ongoing SAFL Paola NCED Stratigraphic Partners
NCED graduate students John Martin and Wonsuck Kim organize portions of Short Courses and Annual Meeting, maintain private 
web site, conduct experiments for NCED Stratigraphic Partners.
Spring 2005 St. Paul, MN Hamilton Tilman
Tilman serves as GMA, developing Non-Point-Source Pollution workshop for municipal offi cials.
Ongoing all sites Dalbotten all NCED
NCED graduate students present and participate in weekly videoconferences.
March-July 2005 SAFL & Wash. DC Grant Smithsonian Folklife Festival attendees
Tal is member of design team (w/Marr, Grant, Campbell) for exhibit on National Mall, featuring her experimental work. Also serves 
as interpreter during festival.
May 2005 Minneapolis Hondzo workshop attendees
Organized NSF-CLEANER workshop at the University of Minnesota.   “Sensors for Environmental Measurements:  Chemistry, 
Biology and Transport,” May 12-13, 2005.
June 2005 St. Paul Tal SMM Park Crew
Tal returns to provide summer 2005 park crew with background lectures, fi eld trip.
Summer 2005 ACRR Various
Several NCED graduate students conduct research at ACRR.
August 2005 St. Paul, MN Paola NCED graduate students
NCED graduate students attend 2005 NCED site visit, prepare and present posters, meet to elect new Graduate Student Council 
representatives.
September 2005 Minneapolis Hondzo, Neuhauser IGERT students
First cohort of IGERT students begin classes. Various NCED PIs lecture in intro class.
September 2005 St. Paul Strong Macalester College undergraduates
Strong teaches (Sept 05 – May 06) four geology and interdisciplinary courses at Macalester College (leave replacement)
Sept-Dec 2005 SAFL Campbell, Hondzo
Campbell serves on STC International Research Experience review panel. Hondzo leads NCED team to prepare NCED proposal. 
NCED is awarded IRE grant.
Fall 2005 
Spring 2006

St. Paul, MN Patrick Hamilton Ted Fuller

Fuller serves as Graduate Museum Assistant at the SMM, focusing on developing interpretive materials and activities for the BBY.
Nov 2005 SAFL Neuhauser IGERT students, faculty
SAFL hosts IGERT cohort for a retreat.
Ongoing various Parker, Marr, Wilcock McElroy, Lauer, Cantelli
Students McElroy and Lauer and post-doc Cantelli develop and present “tools” for Stream Restoration Toolbox.
Ongoing various Voller Karen Gran
Post-doc Gran joins NCED to develop Stream Restoration Certifi cate Program.
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Nov 2005 SAFL Foufoula various
Margaret Leinen, NSF, is fi rst NCED Distinguished Lecturer. Students meet with Leinen to discuss/present their experiments and 
research.
Dec 2005 California Tal NCED students/post docs
Tal organizes Grad students only retreat at ACRR, students present current research, share course materials.
December 2005 San Francisco Various AGU attendees
NCED students present posters, staff NCED Exhibit fl oor booth at fall AGU.
December 2005 Berkley, CA Parker Various
NCED students attend Mountain Rivers short course (along with students from outside NCED). Post doc Wendy Palm is an 
instructor.
February 2006 Univ Wyoming Parker 16 students
Taught 2-day short course at Univ of Wyoming Laramie on river morphodynamics.  16 students attended.  Notes for the course are 
available at http://cee.uiuc.edu/people/parkerg/course_notes.htm.
Spring 2006 SAFL, UCB Campbell Tal, Hsu, others
IRE awardees recruit undergraduate assistants, plan research and travel arrangements for IRE.
Spring 2006 Uof IL Parker 18 students
Teaching course CEE 498 “River Morphodynamics,” with 18 students enrolled.  Class project is a model of the Wax Lake delta in 
the Mississippi Delta.  They will present their results in a poster at NCED site visit and results will be integrated into the NCED 
Mississippi Delta effort.
Ongoing Various McEathron
NCED Evaluator and graduate student refi nes her Education Department thesis research to focus on Evaluation in River 
Restoration. NCED PIs and Partners agree to serve on her committee.
Feb 2006 Minneapolis Voller
NCED Stream Restoration Certifi cate approved by University of Minnesota Board of Regents.

Weekly Research Seminar
Intended Audience:  NCED Graduate Students and Researchers
Date Presenter/Affi liation

(* indicates student presenter)

Subject

Apr 1, 2005 Dr. Emily Zedler, 2002 LG Straub 
Award Winner; and keynote speaker Dr. 
Gary Parker, Director, St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN

Large eddy simulation:  Unearths small-scale sediment 
transport patterns?
Cyclic Steps:  A universal bedform of Froude-
supercritical fl ow in rivers and turbidity currents fl owing 
over erodible beds.

Apr 6, 2005 Tim Griffi s, Assistant Professor, Dept. of 
Soil, Water and Climate, University of 
Minnesota, Minneapolis, MN

Seasonal Dynamics of Isotopic CO2 Exchange in a C3/C4 
Managed Ecosystem.

Apr 13, 2005 Helene Muller-Landau, Asst. Prof., Dept. 
of Ecology, Evolution, and Behavior, 
University of Minnesota, Minneapolis, MN

Spatial dynamics of plant species and their specialized 
natural enemies.

Apr 27, 2005 Chris Paola, NCED Director, St. Anthony 
Falls Laboratory, University of Minnesota, 
Minneapolis, MN

The National Center for Earth-surface Dynamics:  Earth, 
water, and life, and SAFL
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May 4, 2005 Martin Saar, Incoming Gibson Professor, 
Dept of Geology and Geophysics, 
University of Minnesota, Minneapolis, MN

Using spring water measurements of noble gases and heat 
as tracers of groundwater fl ow.

Sept 21, 2005 Karen Campbell, Education Director, 
NCED; St. Anthony Falls Laboratory, 
University of Minnesota, Minneapolis, MN

An update on the National Center for Earth-surface 
Dynamics

Sept 28, 2005 Dan Hornback, DeWitt Wallace Professor, 
Dept. of Biology, Macalester College, St. 
Paul, MN

The ecology of freshwater mussels:  A primer

Oct 5, 2005 David Lorenz, Hydrologist, US Geological 
Survey, Moundsview, MN

Estimates of groundwater recharge in Minnesota

Oct 12, 2005 Cathy Larson, Principal Environmental 
Scientist, Environmental Quality Assurance 
Department, Metropolitan Council 
Environmental Services, St. Paul, MN

Water quality in the Mississippi River:  Better or Worse?

Oct 19, 2005 Jennifer Duan, NCED Visitor, Assoc 
Research Professor, Desert Research 
Institute , Las Vegas, NV

Numerical simulation of meandering evolution

Oct 26, 2005 Nicholas Hutchins, Post-Doctoral 
Researcher, Dept. of Aerospace Engineering 
and Mechanics, University of Minnesota, 
Minneapolis, MN

Experimental investigations of the largest scale structures 
in turbulent boundary layers

Nov 2, 2005 Bill Herb, Post-Doctoral Researcher; Ben 
Janke, Graduate Student; Omid Mohseni, 
Director for Applied Research; Heinz G. 
Stefan, James L. Record Professor, Dept 
of Civil Engineering; St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN

Urban development effects on runoff and receiving stream 
temperatures

Nov 9, 2005 Fotis Sotiropoulos, Professor, Georgia 
Institute of Technology, future Director, St. 
Anthony Falls Laboratory, University of 
Minnesota, Minneapolis, MN

Recent progress in computational bio-fl uids research:  
From cardiovascular hemodynamics to ecohydraulics

Nov 16, 2005 Juan Fedele, Post-Doctoral Researcher, St. 
Anthony Falls Laboratory, University of 
Minnesota, Minneapolis, MN

Some aspects of the theoretical modeling of downstream 
channel-driven fi ning and alluvial architecture

Nov 30, 2005 John Anfi nson, Historian, Mississippi 
National River and Recreation Area, 
National Park Service, St. Paul, MN

Saving St. Anthony Falls

Dec 7, 2005 Kimberly Hill, Assistant Professor, Dept. of 
Civil Engineering, University of Minnesota, 
Minneapolis, MN

Particle sorting:  From rotating drums to river bottoms

Jan 18, 2006 Matt Wolinsky, Post Doctoral Researcher, 
St. Anthony Falls Laboratory, University of 
Minnesota, Minneapolis, MN

Overpressure, slope stability and fl uid fl ow in dynamic 
sedimentary systems 

Jan 25, 2006 Ed Silberman, Professor Emeritus, Dept. of 
Civil Engineering, University of Minnesota, 
Minneapolis, MN

Lorenz Straub and the St. Anthony Falls Hydraulic 
Laboratory

Jan 26, 2006 Greg Eggers, Hydraulic Engineer, US Army 
Corps of Engineers, St. Paul District, St. 
Paul, MN

Gridded surface and subsurface hydrologic analysis 
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Feb 1, 2006 Vaughan Voller, Professor, Dept. of Civil 
Engineering, University of Minnesota, 
Minneapolis, MN

Numerical crystals and shorelines

Feb 8, 2006 Ken Lepper, Asst. Professor, Dept. 
of Geosciences, North Dakota State 
University, Fargo, ND

Younger than radiocarbon: Optical dating and modern 
process fl uvial geomorphology 

Feb 15, 2006 Susan Galatowitsch, Assoc. Professor, 
Dept. of Horticultural Science, University 
of Minnesota, Minneapolis, MN

Riparian restoration in South African headwater systems

Feb 22, 2006 Qin Qian*, Dept. of Civil Engineering, 
University of Minnesota, Minneapolis, MN

Enhancement of solute transfer into riverbed by surface 
wave motion and hyporheic fl ow

Mar 1, 2006 Martin Wosnik*, St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN

Recent advances in cavitation research at SAFL

Mar 8, 2006 NCED DISTINGUISHED LECTURER: 
Greg Tucker, Asst. Professor, Dept. 
of Geological Sciences, University of 
Colorado, Boulder, CO

Scaling and natural experiments in drainage basin 
evolution

Mar 22, 2006 Kimberly Hill, Asst. Professor, Dept. of 
Civil Engineering, University of Minnesota, 
Minneapolis, MN

From rotating drums to debris fl ow and riverbeds: 
particle mixing and sorting mechanisms

Mar 28, 2006 NCED DISTINGUISHED LECTURER: 
James Reichman, Director, National Center 
for Environmental Analysis and Synthesis, 
University of California, Santa Barbara, CA

The role of herbivorous fossorial mammals as keystone 
consumers and ecosystem engineers 

NCED Distinguished Lecturer Series
Intended Audience:  NCED Graduate Students and Researchers
Date Presenter/Affi liation Subject
Nov 18, 2005 Dr. Margaret Leinen,

NSF Assistant Director and Head of 
Directorate for Geosciences National 
Science Foundation

NSF’s Planning for Geosciences in the Future

Mar 8, 2006 Dr. Greg Tucker,
Assistant Professor Department of 
Geological Sciences University of 
Colorado, Boulder

Scaling and Natural Experiments in Drainage Basin 
Evolution

Mar 28, 2006 Dr. James Reichman,
Director National Center for Environmental 
Analysis and Synthesis UC Santa Barbara

The Role of Herbivorous Fossorial Mammals as Keystone 
Consumers and Ecosystem Engineers

Mar 29, 2006 Dr. Colin Stark,
Doherty Associate Research Scientist 
Lamont-Doherty Earth Observatory 
Columbia University

The Fingerprint of Tropical Cyclones on Mountain 
Landscapes: From landslides to meandering bedrock 
channels

May 3, 2006 Dr. Andrea Rinaldo,
Professor International Institute of 
Hydrology University of Padova, Italy

Challenges in Watershed Research
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Weekly NCED Videoconference
Intended 
Audience:  

NCED Graduate Students and Researchers

Date Presenter/Affi liation

(* indicates student presenter)

Subject

Apr 05, 2005 Wes Lauer*, St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN

Predicting the residence time for fi ne sediment in the 
fl oodplains of meandering rivers

Apr 12, 2005 Blake Suttle, Dept. of Earth and Planetary 
Science, University of California, 
Berkeley, CA

Community-level responses to changing rainfall patterns in 
a northern California grassland

Apr 19, 2005 Michal Tal*, St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN  

Coupling sediment transport and channel morphology in 
response to vegetation forcing in a laboratory channel

Apr 26, 2005 Nick Flores, NCED PI and Associate 
Professor, Institute of Behaviour Science, 
University of Colorado, Boulder, CO; 
and Ben Hobbs, NCED PI, Professor, 
Dept. of Geography & Environmental 
Engineering, Johns Hopkins University, 
Baltimore, MD

Economic and Multicriteria Analysis of Restoration 
Decisions:  Research Planning

May 03, 2005 Ben Crosby*, Massachusetts Institute of 
Technology, Cambridge, MA

Terraces and Tributaries along the South Fork of the Eel 
River, a thesis revisited

May 10, 2005 Miguel Wong*, St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN

Experiments on vertical and streamwise dispersion of tracer 
stones in gravel-bed streams

Nov 8, 2005 Kyle Straub*, Dept. of Earth, 
Atmospheric & Planetary Sciences, 
Massachusetts Institute of Technology, 
Cambridge, MA

Interactions between turbidity currents and topography that 
aggrade sinuous submarine channels

Nov 15, 2005 Richard Anderson, Professor, Nicholas 
School of the Environment and Earth 
Sciences, Division of Environmental 
Science and Policy, Duke University, 
Durham, NC

Modeling effects of forest cover reduction on larval walleye 
survival in Lake Erie tributary spawning basins

Nov 29, 2005 Alessandro Cantelli, NCED Post-Doc, 
Department of Civil and Environmental 
Engineering, University of Illinois at 
Urbana-Champaign, Urbana, IL

Evolution of the erosive front induced by the removal of a 
dam

Jan 24, 2006 Wes Lauer*, St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN

Two River Restoration Tools:  Planform Statistics GIS 
Toolbox and Bank Stabilization Diagnosis Tool

Jan 31, 2006 Jeff Marr, Engineer and NCED Stream 
Restoration Project Manager, St. 
Anthony Falls Laboratory, University 
of Minnesota, Minneapolis, MN; and 
Peter Wilcock, NCED PI; Professor, 
Department of Geography and 
Environmental Engrg, Johns Hopkins 
University, Baltimore, MD

2006 Large-scale fl uvial ecology and geomorphology: A 
Major NCED collaborative research project
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Feb 07, 2006 Paola Passalacqua*, St. Anthony Falls 
Laboratory, University of Minnesota, 
Minneapolis, MN

Scale dependence and subgrid-scale closure in numerical 
simulations of landscape evolution

Feb 14, 2006 Ben Hobbs, NCED PI, Professor, 
Dept. of Geography & Environmental 
Engineering, Johns Hopkins University, 
Baltimore, MD

How can multiobjective tradeoff analysis inform decisions 
and assist negotiations?  Success stories from the Bureau of 
Reclamation

Feb 21, 2006 Jill Banfi eld, NCED PI; Professor, 
Dept. of Earth and Planetary Science, 
University of California, Berkeley, 
Berkeley, CA 

Geomicrobiology as a component of “Desktop Watershed”

Feb 28, 2006 Michael Puma, NCED Post-Doc, Dept. 
of Civil and Environmental Engineering,  
Princeton University, Princeton, NJ

Space-time scaling properties of soil moisture and 
evapotranspiration in water-limited ecosystems

Mar 07, 2006 Cailin Orr, NCED Post-Doc, St. 
Anthony Falls Laboratory, University of 
Minnesota, Minneapolis, MN

Nutrient transport and transformation following dam 
removal

Mar 14, 2006 Brandon McElroy*, Dept. Earth, 
Atmospheric & Planetary Sciences, 
Massachusetts Institute of Technology, 
Cambridge, MA

The calculator for topographic characteristics and sediment 
transport from sand bed surveys

Mar 21, 2006 Dr. Zhong Lu, Principal Scientist, Science 
Applications International Corporation 
(SAIC), Technical Support Services at 
USGS Center for EROS, Sioux Falls, SD

Satellite interferometric synthetic aperture radar (InSAR) 
and its applications to the study of Earth-surface dynamics

Mar 28, 2006 Prof. O. J. Reichman, U.C. Santa 
Barbara, and Director, National Center 
for Ecological Analysis and Synthesis 
(NCEAS), Santa Barbara, CA

The infl uence of fossorial mammals on land surface 
processes

External Education Activities

E-STREAM
Intended Audience Middle to High School Earth Science teachers
Date Location Led by Attendees
Summer 
2005

SAFL Campbell Mark Ryan

Mark Ryan, middle school teacher from Rochester, MN and 2004 Earthscapes Teacher Institute teacher, developed activities related 
to scaling and drainage basins. He presented these activities to teachers at the Minnesota Science Teachers Association fall meeting.
2004-Aug 
2005

SAFL 
Uof M

Campbell, 
Morin

Baumtrog, Friesen, Kirkby, Murphy

Baumtrog and Friesen serve as Graduate Assistants, developing and testing ESTREAM activities, 3-d maps and supporting 
materials, assisting in and presenting NCED—U of M—College of St. Catherine collaborative research on the effectiveness of 
3D maps and visualizations in K-12 and undergraduate classrooms, Baumtrog assisted in the 2005 NCED Earthscapes Teacher 
Institute.
May 2005 Minneapolis Campbell Baumtrog, Sandland, Morin 
Campbell, Morin, Friesen, Baumtrog presented talks and posters in “Hands-on Inquiry Based Activities” all-day session, North 
Central Section, Geological Society of America Annual Meeting.
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May 2005 St. Paul, MN Campbell Murphy, Baumtrog
Campbell and Baumtrog attend GLOBE training led by Tony Murphy (EAB) at College of St. Catherine. Goal of training is to learn 
how to incorporate GLOBE in K-12 curricula.
December 
2005

San Francisco, 
CA

Campbell American Geophysical Union annual meeting attendees 

Campbell presents poster on NCEDs ESTREAM and Earthscapes programs at AGU annual meeting.

Science Museum of Minnesota Big Backyard
Intended Audience General public, teachers and students 
Date Location Led by Attendees
May 2005 St. Paul, MN Hamilton
BBY opens for 2nd season.
May 2005 St. Paul, MN Hamilton
New components – turbidity currents and landscape evolution installed in BBY.
June 2005 St. Paul, MN Hamilton 20 Municipal Offi cials
NCED Partner Jay Michels leads workshop on non-point source pollution for municipal offi cials. Workshop developed by NCED 
GMA Tilman, held in BBY. 
June 2005 St. Paul and Hastings, 

MN
Tal Earthscapes YSC Park Crew

Tal returns to BBY to provide training and fi eld trip for 2005 Park Crew.
August 2005 St. Paul, MN Campbell, Halker 15 K-12 teachers
Earthscapes Teacher Institute held in BBY; teachers meet in Science House, explore the Park and the museum, learn about River 
Restoration Residency.
October 2005 Minnesota Hamilton, Campbell Ted Fuller
NCED GMA works with Hamilton, Campbell, local quarries, to identify and obtain  appropriate rock for fossil exhibit/activity in 
BBY.
Jan – Feb 2006 St. Paul, MN Hamilton, Campbell, Morin Foufoula, Paola
Space in SMM identifi ed and “struck” in order to house “Earthscapes Indoors” exhibit.
Winter 2006 St. Paul, MN Hamilton
Hamilton secures 3M grant to develop Science House in BBY into Teacher Resource Center. NCED begins developing materials 
related to NCED research for TRC.
March 2006 St. Paul, MN Hamilton
Earthscapes Indoors installed.
Winter 2006 St. Paul, MN Hamilton
Capital improvements needed in BBY identifi ed; NCED funds allocated; work begins after spring thaw.
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Earthscapes Teacher Institute
Intended Audience Middle to High School teachers, primarily Science teachers
Date Location Led by Attendees
Spring 2005 SAFL, SMM, 

Randolph and 
Cloquet, MN

Campbell Campbell, Jill  Baumtrog, Nils Halker, Sil 
Pembleton, Travis Sandland, Carrie Jennings

E-STREAM teacher Baumtrog and new SMM employee Sandland develop new activities for ETI, visit sites.
August 1-5, 2005 SAFL, SMM, 

Randolph and 
Cloquet, MN

Campbell, Halker, Pembleton 15 ETI teachers

Year 2 ETI conducted.
August 2005 SAFL Campbell
Action plans and fi eld books graded for those who wished graduate credit.
September, 2005 various
ETI teachers carry out action plans.  Many receive coverage in local newspapers.
February 4, 2006 SMM Campbell, Halker 11 ETI teachers
Teachers meet to present results of class river investigations, share ideas. Park Service presents social history of Mississippi River.
March 2006 Winona, MN Jenine Voegli MnSTA attendees
Earthscapes teacher Voegli presents her Earthscapes activities at oral session at annual meeting of Minnesota Science Teachers 
Association. 
Spring 2006 SMM Campbell Halker, Pembleton, Sandland, Leifi eld, Chatman
New SMM staff added to ETI crew; planning for 06 ETI commences.
Spring 2006 SMM Campbell SMM staff
Planning for additional ETI components or Institutes begun, such as River Investigations Trunk; Pembleton – GMA Tal travel to 
Platte River, possible site for ETI II.

Earthscapes School Contact Program (River Restoration Residency)
Intended Audience Middle-to-high school Earth-science students
Date Location Led by Attendees
Spring 2006 Minnesota Travis Sandland Classrooms of ETI teachers
Sandland visits 6 schools from 05 ETI; 548 students, 1530 student contact hours.
August 2005 St. Paul, MN Travis Sandland 15 2005 ETI teachers
Sandland leads 2005 teachers through the River Restoration Residency he will deliver to their classes.
Sept 2005 – 
March 2006

Minnesota Travis Sandland Classrooms of ETI teachers

Sandland delivers residency to 10 schools, 706 students, 2460 contact hours.
Winter 2006 Minnesota Sandland
2 new sets of RRR models (with improvements) built.
May 2005 Minneapolis, MN Sandland NCGSA attendees
Sandland presents oral session on RRR to attendees of “Hands-On Inquiry-Based” session at North-Central Geological Society of 
America Annual Meeting.
June 2005 Washington, DC Sandland Smithsonian Folklife Festival attendees
Elements of RRR incorporated into NCED’s “Why Do Rivers Change” exhibit on National Mall. Sandlund serves as an interpreter 
in Exhibit.
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December 2005 San Francisco, CA Sandland AGU attendees
Sandland presents oral and poster session of RRR in NCED-sponsored “Hands-On Inquiry Based” all day session. RRR model 
displayed in NCED booth and poster session.
Spring 2005 Minnesota Campbell
RRR model featured at 6 local meetings and science fairs.
Spring 2005 Minnesota Campbell
5 additional RRR models built, shipped with RRR curriculum to NCED Partner Grant, PI Wilcock, and collaborators in Washington 
State.

Knowledge Transfer Activities

Stream Restoration Training Summit II
Description: Status and Proposal for a New Approach
Led by: Peter Wilcock, Jeff Clark and Jack Schmidt
Location, Date(s): Heber Valley, Utah, March 30 - April 1, 2006

Attendee Name , Affi liation Address
1. Derek Booth

Research Professor, Environmental 
Engineering and Science
Department of Civil Engineering
University of Washington

Department of Civil Engineering
University of Washington
Seattle, WA  98195
Phone: (206) 543-7923
Email: booth@ess.washington.edu

2. Janine Castro
Geomorphologist  
US Fish and Wildlife Service

US Fish and Wildlife Service
Portland, OR 97266
Phone: (541) 737-1201 
Email: janine_m_castro@fws.gov

3. Jeffery Clark
Associate Professor of Geology
Director of Environmental Studies Program
Lawrence University

Lawrence University
Appleton, WI 54912
Phone: (920) 832-6733
Email: jeffrey.j.clark@lawrence.edu

4. Craig Fischenich 
Ph.D., Professional Engineer
ERDC Environmental Laboratory

ERDC Environmental Laboratory
3909 Halls Ferry Rd.
Vicksburg, MS  39180
Phone:  (601) 634-3449
Email: Craig.J.Fischenich@erdc.usace.army.mil

5. Paul Grams 
Research Associate 
Department of Aquatic, Watershed, and Earth 
Resources 
Utah State University

Utah State University 
Logan, Utah 84322-5210 
Phone: (435)797-6784
Email: grams@cc.usu.edu

6. Karen Gran
Department of Earth & Space Sciences
University of Washington

Mailbox 351310
University of Washington
Seattle, WA 98195 
Phone: (206) 543-1975
Email: kbgran@u.washington.edu

7. Steve Kite
Professor 
Department of Geology and Geography 
West Virginia University

West Virginia University 
Morgantown WV, 26506
Phone: (304)-293-5603
Email: kite@geo.wvu.edu
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8. Matt Kondolf
Associate Professor (Landscape Architecture 
and Geography)
Department of Geography 
University of California at Berkley

University of California at Berkley 
Berkley CA, 94720
Phone: (510)-642-2904
Email: kondolf@berkeley.edu

9. Jim MacBroom
Founding Principal
Milone & MacBroom

Milone & MacBroom
Cheshire, CT 06410
Phone: (203) 271-1773
Email: jimm@miloneandmacbroom.com

10. Jeff Marr
Stream Restoration Project Manager
National Center for Earth-surface Dynamics

St. Anthony Falls Laboratory (SAFL)
2 Third Avenue SE
Minneapolis, MN  55414
Phone: (612) 624-3931
Fax: (612) 624-0066
Email: marrx003@umn.edu

11. Johnnie Moore
Professor, Department of Geology
University of Montana

University of Montana
SC 363
32 Campus Drive MS 1296
Missoula, MT  59812
Phone: (406) 243-6807
E-mail: johnnie.moore@umontana.edu

12. Robert Newbury, PhD 
Professional Engineer
Newbury Hydraulics

Newbury Hydraulics
11215 Maddock Avenue
Okanagan Centre, BC
Canada, V4V 2J7
Phone: (250) 766-1939
E-mail: newbury@cablelan.net

13. Jack Schmidt
Associate Professor, Aquatic, Watershed, and 
Earth Resources
College of Natural Resources
Utah State University

Utah State University 
5210 Old Main Hill
Logan, Utah  84322
Phone:  (435)-797-1791
Email:  jschmidt@cc.usu.edu

14. Doug Shields
Research Hydraulic Engineer
US Department of Agriculture

US Department of Agriculture 
598 Mcelroy Drive
Oxford, MS  38655
Phone: (662) 232-2919
Email:  dshields@msa-oxford.ars.usda.gov

15. Allred Tyler
Allred Restoration

Allred Restoration
670 W 1725 N 
Orem, UT 84057 
Phone: (801) 358-1868
Email: tylerallred@earthlink.net

16. Vaughan Voller
Principal Investigator
National Center for Earth-surface Dynamics

St. Anthony Falls Laboratory (SAFL)
2 Third Avenue SE
Minneapolis, MN  55414
Phone: (612) 625-0764
Fax: (612) 624-0066
Email: volle001@umn.edu

17. Peter Wilcock
Principal Investigator
Department of Environmental Engineering
Johns Hopkins University

Johns Hopkins University
305 Ames Hall
3400 N. Charles St.
Baltimore, MD  21218-2686
Ph: (410) 516-5421
Cell: (443) 564-6253
Fax:  (410) 516-8996
Email: Wilcock@jhu.edu
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NCED Graduate Short Course
Description: Morphology, Morphodynamics and Ecology of Mountain Rivers
Led by: Bill Dietrich, Chris Paola, Gary Parker, Mary Power, Peter Wilcock, Wendy 

Palen and Leonard Sklar
Location, Date(s): University of California, Berkeley, December 11-12, 2005

Attendee Name , Affi liation Position
1. Zepu Zhang   

University of Chicago
Postdoc - Hydrology, Hydrometeorology    

2. Katherine Leonard
Lamont - Doherty Earth Observatory

Graduate student - Earth Science

3. Benjamin Crosby
MIT

Graduate student - Earth Science

4. Richard Phillips
UC Berkeley

Postdoc - Earth & Planetary Science

5. Jay Zarnetske
Utah State University

Graduate student - Ecohydrology and Fluvial Geomorphology

6. Susannah Erwin
Utah State University

Graduate student - Fluvial Geomorphology

7. Maoyi Huang  
Carnegie Institution of Washington

Postdoc - Global Ecology

8. Jason Alexander
Utah State University

Graduate student - Fluvial Geomorphology

9. Casey Kramer
Northwest Hydraulic Consultants

Researcher - Hydraulic Eng and Sediment Transport

10. Ryan Gold
University of California - Davis

Graduate student - Tectonic Geomorphology

11. Andreas Krause, P.E.
Trinity River Restoration Program 

Physical Scientist

12. Jill Marshall
San Francisco State University

Graduate student                 

13. Carl Legleiter
University of California - Santa Barbara

PhD candidate - Geography

14. Rebecca Manners
University of North Carolina

Graduate student - Fluvial Geomorphology

15. David Livingston
Indiana State University

Graduate student - Geography

16. Lee Harrison
University of California - Santa Barbara

Graduate student - Geological Sciences

17. Michal Tal
University of Minnesota

Graduate student - Geology

18. Michael Lamb
UC Berkeley

Graduate student - Earth and Planetary Science

19. Chris Arp
Utah State University

Graduate student - Biology

20. Leslie Hsu 
UC Berkeley

Graduate student - Earth and Planetary Science

21. Omar Ibne Abdul Aziz
University of Minnesota

PhD student - Civil Engineering
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22. Chandana Gangodagamage
University of Minnesota

Graduate student

23. Joel Johnson
MIT

Graduate student - Geomorphology

24. Maria Goodrich
UC Berkeley

Graduate student - Ecology

25. Miriam Duehnforth
Institute of Geology, Switzerland

Graduate student

26. Patrick Belmont
Lehigh University

Graduate student - Aquatic Ecology and Geomorphology

27. Glen Leverich
San Francisco State University

Graduate student - Geology/Geomorphology

28. Nahid DS Gani
University of Texas

Graduate Student - Geology

29. Royhan Gani  
University of Utah

Research scientist - Sedimentology/Stratigraphy

30. Arthur Parola
University of Louisville

Director of the Stream Institute

31. William Vesely
University of Louisville

Research Engineer, Stream Institute  

32. Anne Jefferson
Oregon State University

Ph.D. student - Geosciences Department

33. Andreas Mulch
Stanford University

Postdoc - Geological and Environmental Sciences

34. Karen Williams
Montana State University

Ph.D. student, Fluvial Geomorphology

35. Nikki Strong
Macalester College

Professor

36. Phairot Chatanantavet
University of Minnesota

Ph.D. student

37. Bruno Lashermes
NCED

Post-Doc

38. Matthew Cordery
Cray, Inc.

Software Engineer - Atmospheric/Environmental

39. Paul Grams
Utah State University

Graduate student - Aquatic, Watershed, Earth Resources

2005 Deep-Water Short Course for ExxonMobil Students
Description: Course covered fl ow dynamics and bed-scale depositional attributes of turbidity 

currents and debris fl ows. 
Led By: ExxonMobil: Don Ying and Tao Sun

NCED Affi liated: John Martin, Sara Johnson, Matt Lueker, Alessandro Cantelli, 
Gary Parker, Chris Paola and Chris Ellis

Location, Date(s): SAFL, April 14-15, 2005
Twelve Students
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2005 Shallow-Water Short Course for ExxonMobil Students
Description: Course covered long-term fl ow dynamics leading to the formation of alluvial and 

offshore deposits.
Led by: ExxonMobil: Penny Patterson and Ben Sheets

NCED Affi liated: John Martin, Sara Johnson, Matt Lueker, Alessandro Cantelli, 
Gary Parker, Chris Paola and Chris Ellis

Location, Date(s): SAFL, May 3-5, 2005
Twelve Students

St. Anthony Falls Laboratory Industrial Consortium Site Visit 
Description: Presentations of yearly results on experimental, seismic, and numerical modeling 

efforts along with observed stratigraphic peel data for general discussion of the 
resultant stratigraphy.

Location, Date(s): SAFL, November 10-11, 2005
Attendee Name Affi liation

1. Todd Greene Anadarko
2. Marty Perlmutter Chevron
3. Frank Harris Chevron
4. Michael Pyrcz Chevron
5. Vivian Hommel Chevron
6. Al Shultz ConocoPhillips
7. John Suter ConocoPhillips
8. Penny Patterson ExxonMobil
9. Ben Sheets ExxonMobil
10. David Hoyal ExxonMobil
11. Osamu Takano Japan Oil, Gas, and Metals (JOGMEC)
12. Chris Paola NCED
13. Paul Heller University of Wyoming
14. Lincoln Pratson Duke University
15. John Martin NCED
16. Wonsuck Kim NCED
17. Luca Sittoni NCED
18. Nikki Strong NCED
19. Henrique Tono Duke University
20. Juan Jose Fedele NCED
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Visitors Program
Intended Audience Research community outside NCED PIs
Visitor Affi liation Research Topic
Eugene Rankey University of Miami Quantifi cation of spatio-temporal patterns of tidal creek 
Manny Gabet University of Montana Sediment supply controls on channel roughness and fl ushing of sediment 

pulses 
Jennifer Duan Desert Research Institute Experimental study of bed load sediment sorting around spur dikes
Jennifer Ren Texas A&M University Uptake of nutrients and heavy metals by alder trees 

Digital Visualization 
Intended Audience Educators, Researchers, Partners
Date Location Led by Attendees
Ongoing Morin McGraw-Hill, other authors
Co-author and art director for undergraduate textbook, “Visualizing Geology”
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 WaterPlanet™ traveling exhibit.
Ongoing Washington, D.C. AGU
Member, AGU IT Committee
Spring 2005 U.S. Morin Undergraduates
Morin, as NAGT Distinguished Lecturers, brings NCED visualization and research to Western Washington State University, 
Bellingham, WA; San Jose State University, California.
Spring 2005 Minneapolis Morin Friesen
Develop 3D maps for use in 2005 Earthscapes Teacher Institute
Spring 2005 Minneapolis Morin Northeast section, Geological Society of America
Develop poster and 3D map of Northeastern U.S. topography for Northeast section, Geological Society of America Annual Meeting 
’06.
Summer 2005 Minneapolis Morin Colorado students
Develop 3D poster of Colorado topography for 1) DUSEL proposal 2) distribution to K-12 and undergraduate students throughout 
Colorado.
Summer 2005 St. Paul Morin Dimitri Sivistula
Supervise GMA Sivistula in development of Magic Carpet interactive high resolution Earth visualization software for GeoWall™ 
and WaterPlanet™
Fall 2005 U.S. Morin Undergraduates
NAGT Distinguished Lecturer NCED presentations at St. Cloud State University (Minnesota) and University of Wisconsin, River 
Falls.
October 2005 Washington D.C. Morin Morin, Campbell
Morin and Campbell attend National Forum for Geosciences Information Technology meeting.
October 10-11, 
2005

Minneapolis Morin Petro-Bras, Brazil reps

Morin meets with representatives of Petro-Bras to discuss SA visualization.
October 14-16, 
2005

Louisville, KY Morin Hamilton

Morin presents talk on Earth science visualization in informal education at Annual Meeting of Association of Science and 
Technology Centers
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October 2005 Salt Lake City Morin Kirkby, Campbell
Posters at annual meeting of Geological Society of America on 3D maps in undergraduate and informal education.
November 2005 Minneapolis Morin IBM
Meeting with IBM about possible redistribution of NCED visualizations through IBM
November 2005 Maryland Morin NASA Goddard
Talk about Earth science education and visualization at NASA Goddard Space Center
December 2005 San Francisco, 

CA
Morin Sun Microsystems, Hamilton, Bode

Meeting at Sun Microsystems to discuss possible distribution of NCED visualization through Sun.
December 2005 San Francisco, 

CA
Morin Hamilton, Bode

Prepare and set up planar 3D displays at AGU booths for NCED, NCALM. Distribute 3D World map.
Spring 2006 Various Morin Undergraduates
NAGT- NCED talks at University of Wisconsin, Eau Claire and University of Winnipeg
Ongoing Various Morin Ito, Leigh, others
Development of Corewall software with partners at ANDRILL, IODP, LacCore, PetroBras, JOI, JAMTEC, for description, 
visualization and analysis of SA.

Working Group: Novel methods for modeling the surface evolution of geomorphic interfaces
Led by: David Mohrig, Vaughan Voller
Location, Date(s): MIT, July 17- 19, 2005 (2nd Meeting)

Attendee Name, Affi liation Address
1. Doug Jerolmack

Graduate Student, Geophysics
Department of Earth, Atmospheric, and 
Planetary Sciences (EAPS) 
Massachusetts Institute of Technology 
(MIT)

Massachusetts Institute of Technology
77 Massachusetts Avenue, Rm. 54-822
Cambridge, MA 02139 
Email: douglasj@mit.edu

2. Chris Paola
Director, National Center for Earth-
surface Dynamics
Professor, University of Minnesota

St. Anthony Falls Laboratory 
2 Third Avenue SE
Minneapolis, MN  55414
Phone: (612) 624-8025
Email: cpaola@umn.edu

3. Alessandro Cantelli
Research Consultant, NCED
University of Illinois

National Center for Earth-surface Dynamics
St. Anthony Falls Laboratory 
2 Third Avenue SE
Minneapolis, MN  55414
Email: cantelli@uiuc.edu

4. Wonsuck Kim
Ph.D. Student, Fluvial Geomorphology
University of Minnesota

National Center for Earth-surface Dynamics
St. Anthony Falls Laboratory 
2 Third Avenue SE
Minneapolis, MN  55414
Email: kimx0826@umn.edu

5. David Mohrig
Department of Earth, Atmospheric and 
Planetary Sciences 
Massachusetts Institute of Technology

Massachusetts Institute of Technology
77 Massachusetts Ave., Bldg. 54, Rm. 918
Cambridge, MA  02139
Phone:  (617) 253-9429
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6. H. S. Udaykumar
Associate Professor
Department of Mechanical and Industrial 
Engineering 
University of Iowa

The University of Iowa 
Iowa City, IA 52242
Telephone: (319) 335-506
Email: hs-kumar@uiowa.edu

7. Vaughan Voller
Professor
National Center for Earth-surface 
Dynamics

St. Anthony Falls Laboratory 
2 Third Avenue SE
Minneapolis, MN  55414
Phone: (612) 625-0764
Email: volle001@umn.edu

8. John Swenson 
University of Minnesota, Duluth
Geological Sciences and Large Lakes 
Observatory

University of Minnesota Duluth
Duluth, MN 55812
Phone: (218) 726-6844
Email: jswenso2@d.umn.edu

9. Gary Parker
Professor
University of Illinois at 
Urbana-Champaign
Department of Civil and Environmental 
Engineering

University of Illinois at Urbana-Champaign
2527c Hydrosystems Laboratory
205 N. Matthews Avenue
Urbana, IL  61801
Phone: (217) 244-5159
Email: parkerg@uiuc.edu

10. Nikolas Provatas
Associate Professor, Materials Science 
and Engineering
McMaster University

McMaster University
1280 Main Street West, Hamilton
Ontario, Canada L8S 4L7
Phone: (905) 525-9140 ext. 26897
Email:  provata@mcmaster.ca

11. John B. Anderson
Professor
Rice University

Rice University
Geology Building, 203G
Houston, TX 77005-1892
Phone: (713) 348-4884
Email: johna@geophysics.rice.edu

12. Geoff Evatt
Ph.D Student
Balliol College

Balliol College
Oxford, OX1 3BJ
Phone: 01865 270518
Email: evatt@maths.ox.ac.uk

13. Andrew Fowler
Professor
Oxford Centre for Industrial and Applied 
Mathematics 

Oxford Centre for Industrial and Applied Mathematics
Oxford, UK OX1 3LB
Phone: 44-1865-276775
Email: fowler@maths.ox.ac.uk

14. Colin Stark
Associate Research Scientist
Lamont-Doherty Earth Observatory
Columbia University

Columbia University
305 Oceanography
Palisades, NY  10964
Phone: (845) 365-8742
Email:  cps13@columbia.edu

15. Kyle Straub
Ph.D. Student
Massachusetts Institute of Technology

Massachusetts Institute of Technology
77 Massachusetts Ave., Rm. 54-824
Cambridge, MA 02139-4307 USA
Phone: (617)253-5951
Email: kmstraub@mit.edu
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16. Matt Wolinsky
Post-Doctoral Researcher
NCED

National Center for Earth-surface Dynamics
St. Anthony Falls Laboratory 
2 Third Avenue SE
Minneapolis, MN  55414

17. Dan Rothman
Professor
Massachusetts Institute of Technology

Massachusetts Institute of Technology
77 Massachusetts Ave., Rm. 54-626
Cambridge, MA 02139
Phone: (617) 253-7861
Email: dhr@mit.edu

18. Rachel Zammett
Ph.d Student
University of Oxford

Mathematical Institute
24-29 St. Giles, 
Oxford, OX1 3LB. 
Phone: +44 (0) 1865 270518
Email: zammettr@maths.ox.ac.uk

Working Group: Carbon Storage in Floodplains
Led by: Rolf Aalto
Location, Date(s): Seattle, Washington, June 14-16, 2005

Attendee Name, Affi liation Address
1. Rolf Aalto

Research Assistant Professor 
University of Washington

University of Washington
Seattle, WA  98195
Phone: (206) 543-6455
Email: aalto@u.washington.edu

2. Anthony Aufdenkamp
Assistant Research Scientist
Principle Investigator of the Organic 
Geochemistry group
Stroud Water Research Center

Stroud Water Research Center
Avondale, PA 19311
Phone: (610)-268-2153, ext. 263
Email: aufdenkampe@stroudcenter.org

3. Jennifer Cherrier
Assistant Professor
Environmental Sciences Institute
Florida State University

Florida State University
Tallahassee, FL 32307 
Phone: (850) 561-2134
Email: jennifer.cherrier@famu.edu

4. Bill Dietrich
Professor
University of California Berkeley

University of California
313 McCone Hall
Berkeley, CA 94720
Phone: (510) 642-2633
Email: bill@seismo.berkeley.edu

5. Dunne, Tom
Professor Geomorphology, Hydrology
University of California Santa Barbara

University of California 
Santa Barbra CA, 93106-5131
Phone: (805)-893-7557
Email: tdunne@bren.ucsb.edu

6. Steve Goodbred
Assistant Professor
Vanderbilt University
Department of Earth & Environmental 
Sciences

Vanderbilt University
2301 Vanderbilt Place
Nashville, TN 37235.
Phone: (615) 343-6424
Email: steven.goodbred@vanderbilt.edu

7. Rick Keil
Associate Professor of Chemical
Oceanography
University of Washington

University of Washington
Seattle, WA 98195-7940
Phone: (206) 616-1947
Email: rickkeil@ocean.washington.edu
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8. Larry Mayer
Director, Center for Coastal and Ocean 
Mapping / Joint Hydrographic Center
University of New Hampshire

University of New Hampshire
Durham, NH 03824
Phone: (603) 862-2615
Email: lmayer@unh.edu

9. Dave Montgomery
Professor, Department of Earth and 
Space Science
University of Washington

Seattle, WA  98195
Phone: (206) 685-2560
Email: dave@ess.washington.edu

10. Charles Nittrouer
Professor
Earth and Space Sciences 
University of Washington

University of Washington 
Johnson Hall 070
4000 15th Avenue NE 
Seattle, WA  98195
Phone: (206) 543-5099
Email: nittrouer@ess.washington.edu

11. Chris Paola
Director, National Center for Earth-
surface Dynamics
Professor, University of Minnesota

St. Anthony Falls Laboratory (SAFL)
2 Third Avenue SE
Minneapolis, MN  55414
Phone: (612) 624-8025
Email: cpaola@umn.edu

12. Gary Parker
Professor
University of Illinois at 
Urbana-Champaign
Department of Civil and Environmental 
Engineering

University of Illinois at Urbana-Champaign
2527c Hydrosystems Laboratory
205 N. Matthews Avenue
Urbana, IL  61801
Phone: (217) 244-5159
Email: parkerg@uiuc.edu

13. Jeff Richey
Professor
School of Oceanography
University of Washington

University of Washington
Box 355351
Seattle, WA  98195
Phone: (206) 543-7339
Email:  jrichey@u.washington.edu

14. Bob Stallard
Research Hydrologist
US Geological Survey

US Geological Survey
3215 Marine Street, Suite E127
Boulder, CO  80303
Phone: (303) 541-3022
Email:  Stallard@colorado.edu

15. James Syvitski
Professor
Department of Geological Sciences
University of Colorado

University of Colorado
Boulder, CO 80309
Phone: (303) 492-7909
Email: james.syvitski@colorado.edu

16. Torbjorn Tornqvist
Associate Professor, Department of 
Earth & Environmental Sciences 
Tulane University

Tulane University 
New Orleans, LA 70118
Phone: (504) 314-2221
Email: tor@tulane.edu

17. Des Walling
Reardon Smith Professor of Geography
Department of Geography
University of Exeter

University of Exeter
The Queen’s Drive
Exeter, Devon, UK EX4 4QJ
Phone: +44 (0) 1392 263345
Email: d.e.walling@exeter.ac.uk

18. Wilfred Wollheim
Research Scientist, Institute for the 
Study of Earth Oceans and Space
University of New Hampshire

University of New Hampshire
Durham, New Hampshire 03824
Phone: (603) 862-0812
Email: wil.wollheim@unh.edu
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Workshop: NCED/USGS Bedload Transport Monitoring Technologies
Led by: Peter Wilcock, Jeff Marr
Location, Date(s): Minneapolis, MN, December 1 - 2, 2005

Attendee Name, Affi liation Address
1. Dave Gaeuman 

Physical Scientist
Trinity River Restoration Program

Trinity River Restoration Program
Weaverville, CA 96093
Phone: (530) 623-1813
Email: dgaeuman@mp.usbr.gov

2. Bunte Kristin
Fluvial Geomorphologist
Colorado State University

Colorado State University
Fort Collins, CO 80523
Phone: (970) 491-3980; 
Email: kbunte@engr.colostate.edu

3. Steven Abt 
Professor
Department of Civil Engineering 
Colorado State University

Colorado State University 
Water Center
Fort Collins, CO 80523
Phone: (970)-491-8203
Email:sabt@engr.colostate.edu

4. Davis Broderic
USGS Hydrologist
Federal Interagency Sedimentation Project

USGS National Center 
12201 Sunrise Valley Drive 
Reston, VA 20192, USA
Phone: (601) 634-2759
Email: bedavis@usgs.gov

5. John Gray
US Geological Survey
Offi ce of Surface Water 
415 National Center

12201 Sunrise Valley Drive
Reston, VA  20192
Phone:  (703) 648-5318
Email:  jrgray@usgs.gov

6. Larry Freeman 
Field Offi ce Chief
USGS California Water Science Center 

USGS California Water Science Center
3239 Imjin Road
Marina, CA 93933
Phone: (831) 883.2293
Email: freeman@usgs.gov

7. Peter Wilcock 
Johns Hopkins University
Department of Environmental Engineering

Johns Hopkins University
305 Ames Hall
3400 N. Charles St.
Baltimore, MD  21218-2686
Phone: (410) 516-5421
EMail: wilcock@jhu.edu

8. Smokey Pittman
Graham Matthews & Associates (on behalf of 
TRRP/Bureau of Reclamation)

Graham Matthews & Associates 
863 H Street, Suite A 
Arcata, CA 95521
Phone: 707-825-6681

9. Andreas Krause
Hydraulic Engineer
Trinity River Restoration Program

Trinity River Restoration Program
Weaverville, CA 96093
Phone: (530) 623-1812
Email: nhemphill@mp.usbr.gov
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10. Jon Barton
Ph.D. student
Department of Geosciences
Penn. State University 

Department of Geosciences
PennState University 
503 Deike Building 
University Park, PA 16802
Phone: (814) 865-1045
Email: jbarton@geosc.psu.edu

11. Colin Rennie
Assistant Professor, Civil Engineering
University of Ottawa

University of Ottawa
161 Louis Pasteur, Room A106
Ottawa, Ontario
Canada K1N 6N5
Phone: (613) 562-5800 ext 6124
Email:  crennie@genie.uottawa.ca

12. Jeff Marr 
NCED Engineer
National Center for Earth-surface Dynamics

St. Anthony Falls Laboratory (SAFL)
2 Third Avenue SE
Minneapolis, MN  55414
Phone: (612) 624-3931
Email: marrx003@umn.edu

Workshop: Environmental Stratigraphy Workshop (ForSed)
Led by: Chris Paola, John Holbrook
Location, Date(s): Minneapolis, MN, October 6 - 8, 2005

Attendee Name, Affi liation Address
1. Peter Allen

Professor, Department of Geology 
Baylor University

Baylor University
Waco, Texas 76798
Phone: (254) 710-2189
E-Mail: Peter_Allen@baylor.edu

2. Gail Ashley
Professor of Geology
Director, Quaternary Studies Program 
Rutgers University

Rutgers University 
Wright-Rieman Labs
Piscataway, NJ 08854
Phone: (732) 445-2221
Email: gmashley@rci.rutgers.edu

3. Charles Groat
US Geological Survey
Offi ce of Surface Water 
415 National Center

US Geological Survey
12201 Sunrise Valley Drive
Reston, VA  20192

4. John Holbrook
Professor
University of Texas at Arlington
Department of Earth and Environmental 
Sciences

University of Texas at Arlington
Arlington, Texas 76019-0049
Phone: (817)272-1201
Email: holbrook@uta.edu

5. Robb Jacobson
Research Hydrologist 
USGS Columbia Environmental 
Research Center

USGS Columbia Environmental Research Center
Columbia, MO  65201
Phone: (573)-876-1844
Email: rjacobson@usgs.gov

6. Rip Langford
Program Director 
Geology Department 
University of Texas at El Paso

University of Texas at El Paso
El Paso TX, 79968
Phone: (915) 747-5968
Email: langford@utep.edu
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7. Susan Marriott
Reader in Earth Sciences, School 
of Geography and Environmental 
Management
University of the West of England

University of the West of England
Bristol  BS16 1QY  UK
Phone: +44 (0)117 34483119
Email: Susan.Marriott@uwe.ac.uk

8. David Mohrig
Dept. of Earth, Atmosphere & Planetary 
Sciences
Massachusetts Institute of Technology

Massachusetts Institute of Technology
77 Massachusetts Ave., Bldg. 54, 
Rm. 918
Cambridge, MA  02139
Phone:  (617) 253-9429
Email: mohrig@MIT.edu

9. Chris Paola
Director, National Center for Earth-
surface Dynamics
Professor, University of Minnesota

St. Anthony Falls Laboratory 
2 Third Avenue SE
Minneapolis, MN  55414
Phone: (612) 624-8025
Email:  cpaola@umn.edu

10. Gene Rankey
Assistant Professor, Marine Geology and 
Geophysics
University of Miami 

University of Miami
251 Grosvenor North
4600 Rickenbacker Causeway
Miami, FL  33149
Phone: (305) 421-4690
E-mail:  e.rankey@miami.edu

11. Harry Roberts
Professor, Coastal Studies Institute 
& Department of Oceanography and 
Coastal Sciences
Louisiana State University

Louisiana State University
304 Howe-Russell Geosciences Complex
Baton Rouge, LA  70803
Phone: (225) 578-2964
E-mail:  hrober3@lsu.edu

12. Tony Runkel
Chief Geologist, MN Geological Survey, 
Department of Geology and Geophysics 
University of Minnesota

University of Minnesota
2642 University Avenue, Room 104
St. Paul, MN  55114
Phone: (612) 627-4780
Email:  runke001@umn.edu

13. Scott Tinker
Professor, Department of Geological 
Sciences
The University of Texas at Austin 

The University of Texas at Austin
Phone: (512) 471 0209
Austin TX 78713
Email: scott.tinker@beg.utexas.edu

14. Torbjorn Tornqvist
Associate Professor, Department of Earth 
& Environmental Sciences 
Tulane University

Tulane University 
New Orleans, LA 70118
Phone: (504) 314-2221
Email: tor@tulane.edu
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Symposium: 4th IAHR Symposium
Description: River, Coastal and Estuarine Morphodynamics
Led by: Gary Parker and Marcelo H. Garcia
Location/Date(s): Urbana, Illinois, October 4 -7, 2005
Sponsoring Organizations: International Association of Hydraulic Engineering and Research (IAHR); 
Hokkaido River Disaster Prevention Research Center (HR-DPRC); US Department of Navy Offi ce of Naval 
Research (ONR); National Center for Earth-surface Dynamics (NCED); University of Illinois Department 
of Civil and Environmental Engineering
280 Papers presented.

River on the Road
Intended Audience Public
Date Location Led by Attendees
April–June 2005 SAFL Marr Grant, Campbell, Tal
Marr, Grant, Campbell, Tal design, prototype, build “Why Do Rivers Change” Exhibit/Experiment for Simthsonian Folklife 
Festival.
June – July 2005 Washington, DC Marr, Grant Smithsonian Folklife Festival attendees
Tal, Marr, Grant install exhibit/start experiment; Campbell, Sandland join to assist during festival.
October 2005 Salt Lake City, 

Utah
Campbell GSA attendees

Campbell presents oral session at annual meeting, Geological Society of America about exhibit / experiment.
December 2005 San Francisco, 

CA
Campbell AGU attendees

Dam removal component of exhibit featured at talks, NCED booth, poster session, fall AGU
January 2006 Minneapolis Campbell
BBY exhibit designer Jim Roe contracted to develop proposal for River on the Road.
Jan – Mar 2006 Minneapolis Roe NCED, USFS, SMM other Partners
Roe leads planning sessions with NCED, SMM, USFS and other NCED partners.

Website and Data Repository
Intended Audience NCED internal and external community
Date Location Led by Attendees
May 2005 Minneapolis Campbell NCGSA attendees
Campbell presents paper at North Central Geological Society of America annual meeting on NCED Data Repository.
Summer 2005 Minneapolis Campbell, Nguyen
New functionalities added to NCED website image rotator, image gallery, Wiki, discussion forum.
August 2005 Minneapolis Campbell
Complete revision of NCED website content.
August 2005 Minneapolis Friesen
E-STEAM teacher Friesen revises 3D maps and Educator Resources section of website.
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October 2005 Washington, DC Campbell/Morin
Campbell and Morin attend NSF sponsored FIGIT meeting (cyber-infrastructure for Earth sciences); Morin presents paper.
November 2005 Minneapolis Campbell
“Clickable” version of NCED renewal proposal prepared, enabling reviewers to choose hot links to NCED and other websites from 
within proposal.
January 2006 Washington, D.C. Paola NSF-funded centers in surface-process science
NCED co-sponsors meeting on cyber-infrastructure in the surface process community. Dietrich and Foufoula also attend.
January 2006 Minneapolis Campbell Nguyen
Ongoing meetings with NCED Partner, Minnesota Super Computing institute, to seek new solutions for NCED Data repository and 
eventual archive.
January 2006 Minneapolis Nguyen Campbell
Ongoing discussions with information technology staff at Oak Ridge National Laboratory about possible adoption of their 
repository software/solution.
February 2006 Minneapolis Campbell Paola, Nguyen
Meetings with Cedar Creek Long Term Ecological Research Center to discuss, compare Center data policies / solutions with NCED 
method.
Winter 2006 Minneapolis Campbell Nguyen
Ongoing revision of NCED Data Policy.
Winter 2006 California Bode
Addition of ACRR data to repository.
Winter 
2005-2006

Minneapolis Marr SR Community

Signifi cant revision of SR “portal” portion of NCED website, registration of “streamrestoration.net” URL
Winter 2006 Minneapolis John Gray Nguyen, Campbell
Development of BRIC (Bedload Research International Cooperative) website and registration of URL bedloadresearch.org
Spring 2006 Minneapolis Campbell, Homstad Urban Planet, LLC
Graphic redesign of NCED website, to be implemented May 2006.
Spring 2006 Minneapolis Nguyen
Ability to “pod-cast” NCED video-conferences developed.

Individual Knowledge Transfer Activities
Intended Audience Wider research community and practitioners in industry, consulting, agencies and non-

profi ts
Date Location Led by Attendees
Ongoing CA Dietrich Cal-Fed
Collaborating with Leonard Sklar (San Francisco State University) and Stillwater Sciences on a Cal-Fed funded project to do 
physical modeling relevant to stream restoration.
Ongoing Honzo Various
National Ecological Observatory network (NEON). Advisory committee on sensors, and sensor networks, sponsored by NSF. 
Participated in 3 workshops (each workshop 4 days) in CA, MA, and CO.  The outcome was a proposal for the design of future 
sensors and wireless sensing networks which will be implemented by NEON and NSF.
Ongoing Power Agency staff
Served on Recovery Science Review panel for NOAA-Fisheries, advising them about science relevant to recovery of salmonids in 
the Pacifi c Northwest.
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May 2005 SAFL Paola Oil industry professionals
Short course in shallow-water processes, ExxonMobil 
May 12, 2005 Seattle, WA Power Agency staff
Food webs in river networks: towards predictive mapping. National Fisheries Management Service NorthWest Fisheries Science 
Center (NOAA-Fisheries).
May 12-13, 2005 Minneapolis Hondzo Various
Organized NSF-CLEANER workshop at the University of Minnesota. “Sensors for Environmental Measurements: Chemistry, 
Biology, and Transport”.
June 2005 St. Paul, MN Hamilton Municipal offi cials
Workshop for 20 Northfi eld, MN municipal offi cials, based on NEMO material, developed in part by GMA Lisa Tilman, presented 
by Partner Jay Michels in BBY.
June 2005 University of

Washington
Paola, Dietrich, Parker Academic and federal agency researchers

Carbon storage in fl oodplains working group 
July 2005 Maryland Wilcock Agency professionals
Short course: Ecological and Geomorphic Foundations of Stream Restoration (with EAB member Palmer).
August 2005 Utah Wilcock Agency professionals
Two-week short course on stream restoration, (i) “Principles and Practice of Stream Restoration”, (ii) “Geomorphology and 
Sediment Transport in Channel Design” (co-teach with Jack Schmidt).
August 2005 Houston TX Paola Oil industry professionals
Lectures and research discussions at Anadarko Petroleum and ConocoPhillips 
October 2005 Bishop, CA Power, Wilcock Kondolf
Taught in River Restoration Short Course organized by Prof. Matt Kondolf (with Peter Wilcock) at the White Mountain Research 
Station Oct. 2-7, 2005. Course serves students and restoration practioneers from agencies and for profi t environmental consulting 
companies. NCED student Maria Goodrich was a TA for this class. Title of course: “Principles and Practice of Stream Restoration”.
October 2005 Cyberspace Foufoula, Paola CUAHSI cyber audience (hydrology)
Seminar on "NCED as a Community Resource".
October 2005 SAFL Paola, Mohrig Academic and agency professionals (stratigraphy)
Working group in applied environmental stratigraphy 
October 2005 Salt Lake City 

(GSA)
Paola Academic and agency professionals (stratigraphy)

ForSed meeting on future initiatives in sedimentary geology.
December 2005 San Francisco 

(AGU)
Paola, Parker Earth scientists (many subdisciplines)

Two Hurricane Katrina special sessions, AGU fall meeting 
January 2006 Arlington, VA 

(NSF hq)
Paola, Foufoula, Dietrich Academic researchers in surface processes

NSF Cyberinfrastructure for surface processes meeting (NCED co sponsored)
March 2006 Penn State Univ Paola Rick Hooper (CUAHSI), Sue Brantley (CZEN)
Initial strategy discussion for collaboration among CUAHSI, CZEN, and NCED in advancing integrated, predictive surface process 
science 
April 2006 Cyberspace Paola CUAHSI cyber audience (hydrology)
Seminar, with Sue Brantley (Penn State) on opportunities for integration in surface process science 
April 2006 Houston TX Paola industry and academic researchers and practitioners in 

sedimentary geology
Co-organized with SA Partner from ExxonMobil, AAPG special session on characteristic shapes of depositional bodies.
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Diversity Activity Table

Year 4 Activities
Intended 
Audience

Underrepresented minorities and women

Date Location Led by Attendees
2005/2006 ACCR Power Jesse De Wolf, Shayla Workman, Angela Dombrowski.
NCED PI Mary Power supervises three undergraduate students (two Native American and one African American) on independent 
research and technical fi eld work at ACRR
April 2005 Pasadena, CA Dalbotten Holly Pellerin, Lowana Greensky, Diana Dalbotten
4th Annual NSF National Research Center Educator’s Network Conference.  Greensky and Pellerin gave featured dinner talk on 
Friday evening.
April 2005 SMM Steiner Pellerin, Dalbotten, Greensky, gidak teachers, staff, and 

students
gidakiimanaaniwigamig Spring Camp.  Theme:  Technology; hosted by Youth Science Center, Science Museum of Minnesota.  32 
students participated, 2 mentors from U of MN and FDLTCC, 3 pre-service teachers, 3 teachers, 1 elder, 3 NCED staff, 6 other 
adult mentors
May 2005 Phoenix, AZ Pellerin Gidak students; teacher
INTEL International Science and Engineering Fair.  Three students attended representing NCED’s gidakiimanaaniwigamig 
program:  All 3 won awards:  Fourth place Team Grand Award of $500, “The Likelihood of Exotic Earthworm Invasions on 
Forest Ecosystems Due to Leaf Pack Type, Phase-III” Jillian Beaufeaux (gidakiimanaaniwigamig student) and Kirsti Hakala, 
Cloquet Senior High School, Cloquet, Minnesota; American Indian Science and Engineering Society Award for the project that 
best represents the relationship between Science, Mathematics, Technology, Engineering and American Indian culture. Award 
of $1,000, “The Effect of Nonylphenol, an Endocrine Mimicker, on Daphnia magna Reproduction,” Matthew Brian Hammitt 
(gidakiimanaaniwigamig student), Cloquet Senior High School, Cloquet, Minnesota; American Veterinary Medical Association 
First Award of $1,000, “Muskrats and Wild Rice, Phase II,”Aurelia Eugenia-Glory DeNasha (gidakiimanaaniwigamig student), 
Fond du Lac Ojibwe School, Cloquet, Minnesota 
July 2005 FDLTCC Pellerin Gidak campers; teachers, pre-service teachers; 

Dalbotten; Nikki Strong
gidakiimanaaniwigamig Summer Camp.  Theme:  Continental Divides and Watersheds; Food Webs; attended by 24 middle-school 
Native American students, 4 faculty mentors from U of MN and FDLTCC, 5 pre-service teachers, 4 teachers, 2 elders, 3 NCED 
staff, 8 other adult mentors.  Graduate student Nikki Strong leads fi eld trip to the Laurentian Divide and talks to students about the 
continental divide.
July 2005 FDLTCC Bellcourt, Wold Dalbotten, Pellerin, Wold, Bellcourt, 
ando-giikendaasowin summer camp.  Theme:  Food Webs and Nutrient Cycling; attended by 8 high-school students; 2 faculty 
mentors from U of MN and FDLTCC, 1 pre-service teachers, 3 teachers, 1 elder, 2 NCED staff, 2 other adult mentors.  NCED PI 
Andrew Wold led the camp, supported by personnel from NCED, the Ojibwe schools, and staff from the St. Croix Riverwatch 
program.  Students surveyed several sites along the St. Croix river, measuring water temperatures, carbon and nitrogen storage, and 
collecting data on biota of the river. 
Summer 2005 U of MN Dalbotten/Marr Jessica Ruiz, Celina Camarena, Miki Hondzo, Mary 

Power, Jianhong Ren
Faculty-to-Faculty:  Prof. Jianhong Ren of Texas A&M University, Kingsville, collaborated with NCED PIs and staff 
to set up an experiment on “Removal of Heavy Metals by Alder Trees and Bed Sediments,” and sent two graduate 
students, Jessica Ruiz and Celina Camarena (both Hispanic) to conduct experiments at the St. Anthony Falls Laboratory 
for fi ve weeks in summer 2005.
Summer 2005 U of MN Porte-Agel/Stoll/ Stefan Angel Santiago
Porte-Agel supervises USIP student
Summer 2005 U of MN Paola Frederick Tapaha
Paola supervises USIP student
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Sumer 2005 U of MN Foufoula Noel Abraham
Foufoula supervises USIP student
Summer 2005 U of MN Perg/Fuller Sheri Shannon
Perg supervises USIP student
Summer 2005 U of MN/SMM Dalbotten Youths from Division of Indian Works Youth Program, 

Minneapolis, MN
NCED collaborates with Division of Indian Works Youth Program to provide summer program, “Many Rivers,” for Native 
American youths, who tour SAFL, Civil Engineering at U of MN, visit U of MN Bell Museum, U of MN Raptor Center, and SMM 
and have in-class science activities led by Dalbotten.
September 2005 Los Angelos, CA Dalbotten Diana Dalbotten, STC educators
Dalbotten led pull-out session on diversity initiatives and progress at STCs
October 2005 U of IL Parker Robert Haydel
Robert Haydel, former NCED USIP student, current NCED graduate student, attends the River, Coastal, and Estuarine 
Morphodynamics: RCEM 2005 Conference at University of Illinois, Urbana-Champaign.
October 2005 Jackson,

Mississippi
Perg/Dalbotten Leslie Perg, Diana Dalbotten, Shikha Rahman

NCED PI Leslie Perg and Diana Dalbotten visit Jackson State University to meet with Faculty-to-Faculty participant Assist. Prof. 
Shikha Rahman to discuss potential visiting research opportunity.  Perg and Dalbotten give an invited presentation about research 
opportunities at NCED to faculty and undergraduate and graduate students at their annual Louis Stokes Mississippi Alliance for 
Minority Participation Research Conference.
November 2005 Denver, CO Dalbotten Cantelli, Uehara (CENS), Washburne (SAHRA), 

Dalbotten, Santiago, Tapaha, Caranza, Greensky, Pellerin
Society for the Advancement of Chicanos and Native Americans in Science annual National Conference.  NCED Post-doc 
Allesandro Cantelli led session on NSF Earth Science and Engineering STCs, “New Approaches, Techniques and Tools for 
Understanding the Environment,” with talks by Uehara, Washburne, Dalbotten, Cantelli.  USIP students Santiago, Tapaha, Caranza 
attended and displayed their research at undergraduate poster session, with Tapaha winning award for best Geoscience poster.  
Pellerin and Greensky led K-12 workshop and met with SACNAS president to discuss bringing National American Indian Science 
and Engineering Fair to Mpls/St. Paul in 2008.
Fall 2005 Montreal, Quebec Power Yana R. Reid
Discussed NCED graduate work with Yana R. Reid, Native American with undergraduate degree from Haskell Indian Nations 
University.  Reid was invited to visit Berkeley, Power hosted her for a 2-day interview-visit, NSF funded.  She applied to graduate 
program but didn’t complete submission (no test scores).
November 2005 Bellcourt Mark Bellcourt
Bellcourt attends annual American Indians in Science and Engineering Society National Conference and staffs a booth offering 
information about ando-giikendaasowin.
December 2005 San Francisco, CA Dalbotten Jessica Ruiz, Celina Camarena
Faculty-to-Faculty participants, graduate students Jessica Ruiz and Celina Camarena, Texas A&M University, Kingsville, present 
results of their research and information about F2F at American Geophysical Union national conference in Seattle, Washington
December 2005 FDLTCC Pellerin Wold, gidak campers, 
gidakiimanaaniwigamig Winter Camp.  Theme:  Birds and Wildlife in Winter; attended by 18 middle-school Native American 
students, 3 faculty mentors from U of MN and FDLTCC, 3 pre-service teachers, 4 teachers, 1 elder, 3 NCED staff, 8 other adult 
mentors.  
December 2005 U of MN, FDLTCC Pellerin Fred Norwood, Eric Jolly, SMM
Fred Norwood, Southwester Indian Polytechnic Institute, visits FDLTCC to meet with FDLTCC administration and discuss ongoing 
collaboration to develop Associate in Science Degree in Engineering at FDLTCC.  Meets with Eric Jolly, President of SMM and 
others to discuss plans to potentially bring AISES National American Indian Science and Engineering Fair for middle- and high-
school youths to Minneapolis/St. Paul in 2008.
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January 2006 FDL Ojibwe School Wold Wold, Pellerin, Marr, Dalbotten, gidakiimanaaniwigamig 
students and teachers

Annual science fair at the Ojibwe School, Fond du Lac Reservation.  105 students participated; NCED staff participated as science 
fair judges
February 2006 FDLTCC Wold Wold, Pellerin, Marr, Dalbotten, gidakiimanaaniwigamig 

students and teachers
Second annual AISES regional science fair at Fond du Lac Tribal and Community College.  100 students participated.  16 students 
were chosen to represent gidakiimanaaniwigamig at the National American Indian Science and Engineering Fair in Albuquerque, 
NM.  10 additional students were chose to display their posters at the American Indians in Science Day at the Science Museum of 
Minnesota and meet Eric Jolly, President of the Science Museum
March 2006 Washington, DC Dalbotten Diana Dalbotten
Diana Dalbotten attends NSF Division of Human Resources Development Joint Annual Meeting 2005 to promote Faculty-to-
Faculty program at poster session and develop new strategies for promoting diversity at NCED.
March 2006 Albuquerque, NM Pellerin 16 gidak students; teachers from Ojibwe schools
16 gidakiimanaaniwigamig students attend the American Indian Science and Engineering Society (AISES) National American 
Indian Science and Engineering Fair.  In their disciplinary categories, gidakiimanaaniwigamig students are awarded fi ve 1st place 
medals (Aurelia DeNasha--Zoology, Jonathon Houle--Botany, Tracy Rockensock--Botany, Cori Sullivan--Engineering, Geno 
Whiteman--Engineering), two 2nd place medals (Gordon Anderson--Engineering,  Elizabeth Rilea--Biochemistry) and three 3rd 
place medals (Brittany Bird—Behavioral and Social Science, Christopher Johnson-Fuller—Medicine and Health, Maija McClosky-
-Chemistry); students also won nine special awards in the following: Black Mesa Scientifi c Award (Cori Sullivan and Gordon 
Anderson), Gabbot Gobledone Award (Gordon Anderson), Lenni Lenape Award (Aurelia DeNasha), Math Competition Award 
(Manuela Sandoval), NASA Glenn Research Award (Jonathan Houle) Teacher Award, (Aurelia DeNasha), United States Air Force 
Award (Geno Whiteman, United States Navy Award, (Maija McClosky).  Aurelia DeNasha was a Grand Award Winner for the 2nd 
year in a row and will represented AISES at the Intel International Science and Engineering Fair in May 2006.
March 2006 SMM Pellerin 10 gidak students, teachers, Diana Dalbotten
Native Americans in Science Day at SMM.  10 gidakiimanaaniwigamig students and their teachers and parents attend, present their 
science fair posters, and meet with SMM President Eric Jolly.
March 2006 U of MN Dalbotten Diana Dalbotten, Amy Chen, NCED E-STREAM 

participant students from Twin Cities, 
ITCEP Fun Fair:  The University of Minnesota’s IT Center for Educational Programs sponsors Family Fun Fair introducing science 
to K-12 students and their parents.  Diana Dalbotten and Amy Chen attend and run hands-on display of the Elwha Dam model.
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Appendix L: Non-referenced Publications

Publications that are related to center activities but do not acknowledge STC award:

In Press:
Parsons, J. D., C. T. Friedrichs, P. Traykovski, D. Mohrig, J. Imran, J. Syvitski, G. Parker, P. Puig, and M. H. Garcia 

(in press), Chapter 7: The mechanics of marine sediment gravity fl ows, in Continental Margin Sedimentation: 
Transport to sequence, special publication, edited by C. Nittrouer.

2006:
Yoo, K., R. Amundson, A. M. Heimsath, and W. E. Dietrich (2006), Spatial patterns of soil organic carbon on hillslopes: 

Integrating geomorphic processes and the biological C Cycle, Geoderma, 130, 47-65.

2005:
Aalto, R., and W. E. Dietrich (2005), Sediment accumulation determined with 210Pb geochronology for Strickland River 

fl ood plains, Papua New Guinea, paper presented at Sediment Budgets I (Proceedings of symposium S1 held during 
the Seventh IAHS Scientifi c Assembly), Foz do Iguaçu, Brazil, April.

Cui, Y.,  et al. (2005), More on the evolution of bed material waves in alluvial rivers, Earth Surface Processes and 
Landforms, 20, 107-114.

Curran, J. C., and P. Wilcock (2005), Characteristic dimensions of the step-pool bed confi guration: An experimental study, 
Water Resources Research, 41, 2030. doi:10.1029/2004WR003568.

Curran, J. C., and P. Wilcock (2005), The effect of sand supply on transport rates in a gravel-bed channel, Journal of 
Hydraulic Engineering, 131, 11, 961. doi:10.1061/(ASCE)0733-9429.

Heimsath, A. M., D. Furbish, and W. E. Dietrich (2005), The illusion of diffusion: Field evidence for depth dependent 
sediment transport, Geology, 33, 949-952.

Kennedy, T. A., J. C. Finlay, and S. E. Hobbie (2005), Exotic saltcedar (Tamarix remosissima) alters food web structure in 
a desert stream by changing resource availability, Ecological Applications, 15, 6, 2072-2038.

Kubo, Y.,  et al. (2005), Advance and application of the stratigraphic simulation model 2D-SedFlux: From tank experiment 
to geological scale simulation, Sedimentary Geology, 178, 187-195.

Lohse, K., and W. E. Dietrich (2005), Contrasting effects of soil development on hydrological properties and fl ow paths, 
Water Resources Research, 41, 12, 419-436. doi:10.1029/2004WR003403.

Manzoni, S., A. Porporato, P. D’Odorico, F. Laio, and I. Rodriguez-Iturbe (2005), Soil nutrient cycles as a nonlinear 
dynamical system, Nonlinear Processes in Geophysics, 11, 5-6.

Roering, J. J., J. W. Kirchner, and W. E. Dietrich (2005), Characterizing structural and lithologic controls on deep-
seated landsliding: Implications for topographic relief and landscape evolution in the Oregon Coast Range, USA, 
Geological Society of America Bulletin, 117, 5/6, 654-668.

Rowland, J.,  et al. (2005), Tie channel sedimentation rates, oxbow formation age, and channel migration rate form 
Optically Stimulated Luminescence (OSL) analysis of fl oodplain deposits, Earth Surface Processes and Landforms, 
30, 1161-1179.



230     Non-referenced Publications

National Center for Earth-surface Dynamics
Annual Report 2006

Stoll, R., and F. Porte-Agel (2005), Effect of roughness on surface boundary conditions for large-eddy simulation, 
Boundary-Layer Meteorology, 118, 169-187. doi:10.1007/s10546-005-4735-2.

Tyson, G. W., et al. (2005), Genome-directed isolation of the key nitrogen fi xer, Leptospirillum ferrodiazotrophum sp. 
Nov., from an acidophilic microbial community, Applied and Environmental Microbiology, 71, 6319.

Venugopal, V., et al. (2005), A new metric for comparing precipitation patterns with application to ensemble forecasts, 
Journal of Geophysical Research, 110. doi: 10.1029/2004JD005395.

Violet, J. A., B. Sheets, L. Pratson, C. Paola, R. T. Beaubouef, and G. Parker (2005), Experiment on turbidity currents and 
their deposits in a model 3D subsiding minibasin, Journal of Sedimentary Research, 75. doi:10.2100/jsr.2005.065.

Welp, L. A., J. T. Randerson, J. Finlay, S. P. Davydov, G. M. Zimova, A. I. Davydova, S. A. Zimov (2005), A high-
resolution time series of oxygen isotopes from the Kolyma River: Implications for the seasonal dynamics of 
discharge and basin-scale water use, Geophysical Research Letters, 32, L14401, doi:10.1029/2005GL022857,

Wilcock, P., and B. DeTemple (2005), Persistence of armor layers in gravel-bed streams, Geophysical Research Letters, 
32. doi:10.1029/2004GL021772.

Wilkerson, G. V., and J. L. McGahan (2005), Depth-averaged velocity distribution in straight trapezoidal channels, 
Journal of Hydraulic Engineering, 131, 509-512.

Williams, K. H., et al. (2005), Geophysical imaging of stimulated microbial biomineralization, Environmental Science and 
Technology, 39, 7592-7600.

Yoo, K., R. Amundson, A. M. Heimsath, and W. E. Dietrich (2005), Erosion of upland hillslope soil organic carbon: 
Coupling fi eld measurement with a sediment transport model, Global Biogeochemical Cycles, 19, 3003-3022. 
doi:10.1029/2004GB002271.

Yoo, K., R. Amundson, A. M. Heimsath, and W. E. Dietrich (2005), Process-based model linking pocket gopher 
(thomomys bottae) activity to sediment transport and soil thickness, Geology, 33, 917-920.

2004:
Blom, A., and G. Parker (2004), Vertical sorting and the morphodynamics of bedform–dominated rivers: A modeling 

framework, Journal of Geophysical Research, 109. F02007, doi:10.1029/2003JF000069.

Caylor, K. K., and I. Rodriguez-Iturbe (2004), Coupling ecohydrological patterns and processes in semi-arid landscapes, 
Proceedings of the British Hydrological Society’s International Conference on Hydrology: Science and Practice for 
the 21st Century.
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Appendix M: Graduate Student Th eses

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 Minneapolis, 
Minneapolis.

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. Porte-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 infl uence of fl uid motion on freshwater algae: a biophysical investigation, PhD thesis, Dept. 
of Civil Engineering, advisor M. Hondzo, University of Minnesota, Minneapolis.
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Basu, S. (2004), Large-eddy simulation of stably stratifi ed atmospheric boundary layer turbulence: a scale-dependent 

dynamic modeling approach, PhD thesis, Dept. of Civil Engineering, advisor E. Foufoula-Georgiou and F. Porte-
Agel, University of Minnesota, Minneapolis.

Gupta, R. (2004), Parametric and non-parametric approaches for validation and blending of multi-sensor precipitation 
estimates, MS thesis, Dept. of Civil Engineering, advisor E. Foufoula-Georgiou, University of Minnesota, 
Minneapolis.

Lyons, W. J., III (2004), Quantifying channelized submarine depositional systems from bed to basin scale, PhD thesis, 
Dept. of Department 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, CA.

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.
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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 fl ow in layered media, MS thesis, Dept. of Civil Engineering, advisor V. R. Voller, 
University of Minnesota, Minneapolis.

Sklar, L. S. (2003), The infl uence 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 fl ows, 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 stratifi cation, suspended-sediment transport, and downstream fi ning in large, low-slope, 
sand-bed rivers, PhD thesis, Dept. of Civil Engineering, advisor G. Parker, University of Minnesota, Minneapolis.
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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 fl ows and turbidity current deposition in the deep sea and reservoirs, PhD thesis, Dept. of 
Civil Engineering, advisor G. Parker, University of Minnesota, Minneapolis.



National Center for Earth-surface Dynamics
Annual Report 2006

Visitor Program Interim Progress Report     237

Appendix N:  Visitor Program Interim Progress Report

Executive Summary

It is the central tenet of the National Center for Earth-surface Dynamics (NCED) that the best way to accomplish knowledge and 
technology transfer is to provide a hands-on model by which visitors from the wider Earth-surface science community can work 
on topics of their own conception and initiation but motivated by NCED’s broad vision across the boundaries of geomorphology, 
sedimentary geology, geophysics, hydrology, biology, sediment transport, engineering, and environmental fl uid dynamics. The NCED 
Visitor Program formalizes this hands-on mode of knowledge and technology transfer.

The goals of NCED’s Visitor Program are:

1. To provide access to NCED’s unique facilities, and its interdisciplinary approach, to scientists from the wider 
research community;

2. To expose NCED PIs and students to research efforts in the wider community; and

3. To seed additional research in support of NCED’s mission.
Each year, NCED awards up to six grants to support researchers from other institutions to work at any of NCED’s facilities. Each 
grant averages $24,000 and provides for participants’ per diem and travel expenses, research supplies, as well as time for technicians, 
machinists, and other support. The PIs and senior personnel at SAFL supply time for these visitors as an in-kind contribution. The Visitor 
Program does not cover salary for the visitors. While it is expected that most grants under this program would be experimental in nature, 
those with theoretical, numerical, and fi eld aspects are also considered for funding.

In the fi rst three years, all of the visitors housed their work at the St. Anthony Falls Laboratory (SAFL) where a well developed 
infrastructure and excellent technical support for experimental research was already in place. In the years to come, requests for the other 
experimental facilities of NCED (the MIT Experimental Sedimentology and Geomorphology laboratories, the University of Illinois Ven 
te Chow Hydrosystems Laboratory, the Johns Hopkins University Erosion and Sedimentation laboratory and the University of California 
, Berkeley Richmond Field Station and Angelo Coast Range Reserve; see http://www.nced.umn.edu/Facilities_and_Field_Sites for 
details of those facilities) will be entertained.

Proposals are reviewed by the NCED Executive Committee and projects are selected in terms of: the quality of the proposal, the relevance 
of the proposed work to NCED’s research priorities, the likelihood of success of the proposed project within the time and resource 
constraints, the interest of NCED PIs to commit their time to serve as mentors and liaison with NCED, the potential for training students, 
the potential for increasing participation of underrepresented groups, and the potential for providing leverage for future successes by 
the proposing researchers. Researchers who participate in the NCED Visitor Program gain a positive exposure to the power of physical 
models; form strong research-based relationships with NCED faculty, students and other visiting researchers; are exposed to the

interdisciplinary research of the Center and its education and knowledge transfer activities; and generate high quality data that can be 
used to advance their own research and also support their future research plans and proposals. The NCED Visitor Program is a vibrant 
research program that has provided, between 2002-2005, 16 research groups with the opportunity for conducting new and innovative 
research, developing new research-based relationships, and generating new understanding about earth-surface processes. The success is 
realized in the timely completion of projects, the continued involvement by many of the visitors with NCED’s research, education and 
knowledge transfer programs; and the publication and presentation of research that would not have happened without this program. This 
report summarizes the funded projects and the program successes in terms of well-established community-wide cooperative relationships 
in research, education and diversity that have enhanced both NCED and the Earth-surface community as a whole. Appendix A provides 
the submitted research proposals, while Appendix B provides the completion report of each funded project.

A full version of the report is available from our website

http://www.nced.umn.edu/Visitor_Program_Summary_Report.html


