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Key to acronyms and abbreviations used in this report: 
 
ACRR Angelo Coast Range Reserve (NCED field site) 
AISES  American Indian Science and Engineering Society 
ANAMS ando-giikendaasowin Native American Math and Science Camps 
APEXES  Academic Programs for Excellence in Engineering and Science 
CALFED A State of California and the United cooperative research project in the 

Sacramento-San Joaquin River Delta and San Francisco Bay (Bay-Delta) 
CENS Center for Embedded Network Sensing (NSF STC) 
CSDMS  Community Surface Dynamics Modeling System 
CUASHI Consortium of Universities for Advancement of Hydrologic Science, 

Incorporated 
DLESE Digital Library for Earth System Education  
EAB External Advisory Board 
ERP Ecosystem Restoration Program, CALFED 
ESTREAM Earth Science Teacher Researchers Exploring Active Modeling 
FDLTCC Fond du Lac Tribal and Community College 
ITCEP Institute of Technology Center for Educational Programs 
LES Large Eddy Simulation 
LIDAR LIght Detection And Ranging 
LSAMP Louis Stokes Alliances for Minority Participation (NSF HRD) 
MNDNR Minnesota Department of Natural Resources 
MSI Minority-Serving Institution 
NAS National Academy of Sciences 
NASA  National Aeronautics and Space Administration 
NCALM National Center for Airborne Laser Mapping 
NCEAS National Center for Ecological Analysis and Synthesis 
NCED National Center for Earth-surface Dynamics 
NRC National Research Council 
NRCEN National Science Foundation Research Center Educators Network  
NSF  National Science Foundation 
ONR Office of Naval Research 
PI  Principal Investigator  
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) 
SIP Strategic Implementation Plan 
SMM  Science Museum of Minnesota  
STC  Science and Technology Center 
STEM Science Technology Engineering Mathematics  
U of M University of Minnesota 
USGS United States Geological Survey 
USIP  Undergraduate Summer Internship Program 
XES  eXperimental EarthScapes facility (“Jurassic Tank”) 
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2. Executive Summary 

2a. Center Vision and Mission 

NCED's vision is to promote landscape sustainability through research, education, and 
Knowledge Transfer. 

As the human population expands, it continues to constrain, divert, modify and, often, reverse the 
natural processes occurring on the Earth’s dynamic surface. It is becoming clearer that the 
consequences of this expansion have often been negative and occasionally catastrophic. Similarly, 
efforts to mitigate past depredations often either fail or engender their own set of negative 
consequences. NCED believes that it is both possible and desirable to live sustainably on our 
planet, and that a major impediment to this vision is lack of integrated, practical and predictive 
models for the behavior of its dynamic surface. 

NCED's mission is to develop integrated ecogeodynamic models of the channel systems that 
shape the Earth's surface through time, in support of landscape restoration, environmental 
forecasting, and resource development. 

Channels and channel systems are arguably the major influence on the Earth’s landscapes, 
especially those most sought-after by human populations. Our mission is to bring together the 
disciplines of geology, geomorphology, hydrology, hydraulics, biology, ecology and the social 
sciences to create truly integrated and predictive models of these channels and channel systems and 
the landscapes they create and maintain. Critical to the success of such models will be our ability to 
constrain and inform them with the full range of channel network dynamics that our planet is 
capable of producing. Study of the long-term stratigraphic record will provide NCED researchers 
with this menu of surface configurations, process interconnections, and rates of change that occur 
on planetary time scales. 

We will foster the rapid application of these advancements to land-use planning, environmental 
forecasting and landscape restoration efforts, and to the education of future leaders in these fields. 

2b. Center Goals 

1. To become a leading international resource for channel and channel-system science; 

2. To promote and carry out research to create interdisciplinary, predictive models of channel and 
channel-system dynamics across a range of space and time scales; 

3. To put our results into practice by developing close working partnerships with government and 
private organizations involved in environmental forecasting and policy, landscape restoration, and 
resource development; 

4. To use the intrinsic appeal of landscapes and surface dynamics to engage diverse communities in 
the study of Earth-surface science at all levels;  

5. To work with education partners to develop effective methods of communicating Earth-surface 
science to formal and informal learners; and 

6. To do all of the above in such a way that NCED becomes self-sustaining within ten years. 
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2c. Center Plans 

In addition to furthering our work on the Center’s long-term goals, NCED plans to accomplish the 
following in the coming year: 

1. Creating and implementing a formal formative evaluation system for our Knowledge Transfer, 
Education and Diversity components; 

2. Implementing at least four Working Groups (see Research section for descriptions);  

3. Developing an integrated plan for how NCED can best contribute to river restoration, the primary 
focus of our environmental Knowledge Transfer program. This will likely include components in 
communication (e.g. a newsletter), education (e.g. web-based course material), and research (e.g. 
improved techniques for dam removal); 

4. Testing a new approach to attracting underrepresented minorities to the Center’s scientific 
disciplines; 

5. Implementing a local field site for NCED K-12 Education programs; 

6. Creating broader opportunities for graduate student professional development through Center 
programs and alternative internships/teaching experiences; 

7. Initiating sustained research partnerships with two or more Partners; 

8. Developing an Educators’ portal on website; 

9. Promoting further integration across research focus areas through collaborative projects at our 
common field site (Angelo Coast Range Reserve); selection of a second common site; our 
synthesis postdoc group; and integration of NCED and external research via Working Groups; 

10. Finalizing the site plan and produce initial data sets and analyses for the Angelo Coast Range 
Reserve common field site; and 

11. Participating in an initial proposal for the CSDMS project. 

Details of specific research plans for this year are provided in the Focus Area sections. 

2d. Performance and Management Indicators 

Overall performance of the Center is evaluated against the seven major goals outlined above. Each 
individual Center component has a specific set of performance and management indicators, and these 
are described in their sections, below. 

2e. Significant Changes from the Original Plans 

NCED management, at the strong suggestion of both its External Advisory Board and the Year 1 Site 
Visit Team, dedicated a great deal of its time in Year 2 to the focusing of its vision, mission and 
research activities. The result of these efforts, we believe, is a significant improvement in both the 
integration of our research activities and the standards we use to judge new proposals. Our new 
research structure is discussed fully in Section II: Research. 

A highlight of our new structure is the formal inclusion of several Integrative Activities whose purpose 
is to integrate our research within NCED, with our Partners and with our larger scientific community. 
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2f. Progress Toward Meeting 2nd Year Objectives 

Our primary goal was to improve the focus and integration of our research program. To accomplish 
this, we revamped our mission and vision statements; the new versions were approved by the Principal 
Investigators (PIs) in October and by our External Advisory Board in January. More importantly, we 
introduced a set of focus questions, discussed in more detail in the Research Overview section, to serve 
as a bridge between the broad goals laid out in our mission statement and the specific projects we work 
on day-to-day. 

Another aspect of improving research focus was to choose one of more common field sites. In October 
we settled on Angelo Coast Range Reserve in northern California as our first common field site. It is 
already functioning to help unify the PI group through joint field campaigns and refocusing of some of 
the research programs to adapt them to the Angelo site.  

Progress in meeting other objectives is detailed in Appendix E. 

2g. Overview of significant accomplishments 

NCED is very much a “learning organization”. In our second year, we are still evolving new ideas and 
strategies for carrying out our goals and learning to function well as a Center.  Highlights of our Year 2 
evolution are:  

Overall: 
12. We refined our vision and mission statements, based on input from the site visit committee and 

from our External Advisory Board, but primarily through discussion with the PI group; and 

13. Based on input from our site visit and EAB groups, we developed a set of written bylaws for 
Center procedures. 

Research: Progress was made in all areas of NCED Research. Advances were made in the following 
areas: the spatial organization and scaling of geomorphologic and hydrologic fluxes, storages, and 
forms in channelized systems; the identification of key issues in restoration geomorphology and 
sustainable landscapes;  the development of observational  and analytical tools for modeling and 
measuring the effects of channels on the Earth’s surface;  the integration of hydraulics, hydrology and 
ecology in understanding the bio-physical behavior of channel systems; and the establishment of  the 
connections between engineering and planetary time scales in the dynamics of channel systems and 
networks. 

Specific details of these and other advances can be found in the research section of this report.   

In addition: 

• NCED researchers produced 85 publications comprising 2 book chapters, 23 conference 
proceedings, and 60 refereed publications (19 Submitted, 16 in press, and 25 published).  

• We developed a stepwise-refinement process for connecting individual research projects to our 
vision and mission. The key element in this process is a set of research focus questions, developed 
and refined by the PI group, which serve as a bridge between the overall goals of the Center (vision 
and mission) and specific research projects. 

• We decided, based partly on input from our External Advisory Board and site visit panel, that we 
needed to focus our field efforts on no more than two common field sites. We identified the first 
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focus field site, Angelo Coast Range Reserve in northern California, in October and will work on 
identifying a second one this year. 

• To further strengthen the integration of NCED research, we will use funds set aside for 
postdoctoral researchers to create a “Synthesis Group” of postdocs. Each will work directly with at 
least two PIs as well as with the other members of this group to build cohesion across NCED 
research. 

• To integrate the human dimension into our modeling efforts, we convened a Social Science 
workshop to develop recommendations on how this might be best accomplished. 

Knowledge Transfer: The major highlight of the year for Knowledge Transfer was the meeting of our 
Environmental Partners in October 2003. Our Partners expressed enthusiasm for NCED’s work and a 
strong desire for collaboration both with us and among themselves. In addition: 

• We decided to use some of the funding originally allocated to our visitors’ program to support a 
program of Working Groups in key topic areas. The Working Groups are modeled after the 
successful Working Group program of the National Center for Ecological Analysis and Synthesis 
(NCEAS), headquartered at the University of California, Santa Barbara. We identified five 
potential areas for Working Groups. The first group meets in May, 2004. We intend to have four to 
five groups going by mid-fall. 

• Based on a meeting last August that we co-sponsored with NAS, and on our Environmental 
Partners meeting in October, we determined that our major area of Knowledge Transfer and 
application would be river restoration. We have initiated a River Restoration Initiative (see 
Research and Knowledge Transfer sections), which will develop an overall strategy for how NCED 
can best support river restoration. 

Education and Diversity: A very large amount of the Center’s time and effort were put into the 
Science Museum of Minnesota’s new outdoor science park (called “The Big Backyard”), which 
includes a miniature golf course whose theme is “Source to Sink” and several other exhibits based on 
NCED science. The Big Back Yard (BBY) is under construction as of this writing and will open June 
26th,, 2004.  More details of this huge undertaking can be found in the Research and Education 
sections, and a description of the park can be found in Appendix F. In addition: 

• We made a major effort to make sure our graduate students were fully participating in the Center: 
and have included them in both PI retreats and weekly videoconferences. 

• We initiated a new program that we call “Graduate Museum Assistantships” to place NCED 
graduate students in the Science Museum of Minnesota for one semester. 

• We developed a new strategy for our Diversity program, emphasizing personal contacts with 
selected Minority-Serving Institutions (MSI), in addition to our existing undergraduate summer 
research internship program (USIP).  

• We began systematic formative evaluation of our Education, Diversity, and Knowledge Transfer 
programs and plan to extend this to the rest of NCED.
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II. Research 

1. Overview 

1a. Mission and Structure 

The research group’s mission is to develop integrated ecogeodynamic models of the channel systems 
that shape the Earth's surface through time, in order to: 

1. Support efforts to restore and sustainably manage channelized landscapes; 

2. Contribute channel and channel system components to practical models of environmental 
forecasting and hazard assessment; and 

3. Develop practical models for understanding and predicting the subsurface structure of the 
sedimentary deposits that provide reservoirs for water and hydrocarbons, and host economic 
mineral deposits. 

Focus Questions: Organizing our research projects 
To organize our research projects, we devoted considerable time during two PI retreats and ongoing 
email and videoconference collaborations to survey the scientific landscape covered by our mission 
and to identify what the significant scientific needs were. We then formulated these as a set of Focus 
Questions. Now  a “research trajectory” exists between each project and the mission (see Figure 1), 
with the trajectory connections provided by the Focus Question(s) each project addresses. 

 
These Focus Questions are: 

1. How does the interaction of physical and biologic processes lead to the creation of floodplains and 
channels, and how can we model floodplain-channel interactions over a range of time scales? 

2. How do channel and floodplain morphology mediate nutrient flow and ecosystem structure? 

NCED’s research trajectory: providing a clear line of sight 
between research project and mission/vision. 

Vision: 
landscape 
sustainability 

Mission: 
ecogeodynamic 
channel system 
models 

Research focus 
questions: what 
problems must we 
solve to 
accomplish our 
mission? 

Specific research 
projects: how 
does this project 
contribute to 
solving one of our 
challenge 
problems? 

Figure 1. 
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3. How do channel networks organize themselves, what properties emerge from that organization, and 
how does network structure influence hydrologic response, ecosystem structure and local channel 
dynamics? 

4. How do distributary channel networks compare in structure and dynamics with tributary channel 
networks? 

5. How can understanding of subaerial channel systems improve our understanding of submarine 
channel systems and vice versa? 

6. What are the most effective mathematical techniques for modeling channel systems, including 
localization, scaling, instability, and coupling of physical and biological dynamics? 

7. What are the mechanisms and dynamics of critical channel processes: initiation, switching, 
bifurcation, net deposition and erosion, sediment flux and sorting, flow resistance, width variation, 
and bar/bend evolution? 

8. What are the sources and dynamics of stochastic behavior in channel systems? How does stochastic 
behavior set limits to predictability of channel system evolution? 

9. How can we use channel deposits in sedimentary strata to gain insight on the natural variability of 
channel systems and their response to tectonic and climatic signals? 

New Directions: In addition to addressing our Focus Questions, NCED will be breaking new ground 
in three new research domains. The common theme in these domains is the integration of models and 
techniques from traditionally unrelated scientific disciplines to innovative NCED-related questions: 

1. Ecogeomorphology: Integrate ecology, hydrology, geomorphology and physics to form a 
“biophysics” approach to river systems; and try to answer Bill Dietrich’s question: what is the 
geomorphic signature of life? 

2. Turbulent Landscapes: The application of turbulence/atmospheric science/hydrology techniques 
to understand landscapes as stochastic systems: natural variability, material fluxes, evolution, and 
predictability - especially on medium-to-long time scales. 

3. Social Landscapes: Integrating social, economic and political causes and effects into our models 
for landscape restoration and sustainability. 

Focus Areas: Organizing PI Teams 
One of the hallmarks of NCED’s research mission is the broad range of space and time scales involved 
(see Figure 2 on next page).  In this environment, the management challenge in creating an integrated 
Center research approach is to provide a structure in which each different space/time scale domain is 
investigated with its appropriate tools, and yet in which interactions and interdependencies between 
scales can be readily recognized and exploited by the PIs. 
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natural variability of channel systems. 
Use of short scale models to interpret 
stratigraphic record. 
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Time/Space Scales and NCED Focus Areas 

1. 

2. 

3. 

4. 

5. 
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Figure 2. 
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 In meeting this challenge we used our Focus Questions to identify where in the space-time map our 
specific research needs occurred, and then used this information to establish our specific Focus Areas:  

1. Channel Network Dynamics and Scaling: Global Processes 

2. Channel and Floodplain Dynamics: Unit Processes 

3. Advanced Mathematical and Observational Methods 

4. Ecogeomorphology 

5. Long-term Dynamics 

See next Section (“Research Structure”) for full descriptions of our Focus Areas and for a table 
showing the integration of our Focus Areas and Focus Questions. 

Integrative Activities 
Our Focus Questions and Focus Areas also provided the impetus and structure for several new 
Integrative Activities initiated by NCED this year. These activities are specifically designed to promote 
the integration of research within NCED, with the Earth Sciences community, with our Partners, and 
with the public. These activities are (ordered from “most internal research” to “most Knowledge 
Transfer”): 

1. The Angelo Coast Range Reserve Integration Project: Using our common field site at Angelo 
Coast Range Reserve, we plan to create a predictive model of the Earth-surface processes over the 
entire basin, integrating research from all five Focus Areas. This initiative is described more fully 
below. 

2. Synthesis Group: This group will consist of several (3-6) postdoctoral researchers.  Each will be 
assigned to work with multiple NCED PIs with the explicit goal of integrating research findings 
within and across Focus Areas. In addition, they will work with each other to find other research 
synergies they can capitalize on. The main outputs of this group will be models and modeling 
algorithms that contribute to the “predictive models” at the core of NCED’s mission. 

3. Working Groups: These “think tank”-like groups will combine NCED PIs with top-level 
researchers from other institutions AND from our Partners with the goal of applying 
interdisciplinary, innovative thinking to specific problems relevant to our Focus Questions.  

4. Visitors Program: NCED’s Visitors Program supports researchers from non-NCED institutions to 
conduct research in support of NCED’s mission at NCED facilities. The goal of the program is to 
regularly expose NCED’s research efforts to outside perspectives, and to engage the wider 
scientific community in NCED’s mission. This program is more fully described in Section IV 
“Knowledge Transfer.”  

5. Community Initiatives: NCED has also emerged as a true ‘community center’ that is working to 
integrate and strengthen the research communities of which it is a part. Major examples include 
launching a series of informal open forums on the future of sedimentary geology (co-organized 
with NSF), leadership in helping launch the Community Surface Dynamics Modeling System 
(CSDMS) initiative, an emerging collaboration with CUAHSI, and a major workshop on river 
restoration (co-sponsored with the NAS). 
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6. River Restoration Initiative: In addition to the significant research contributions that NCED 
expects to make to this field, we plan to act as an integrative force by championing a multi-
disciplinary approach, by proactively involving and engaging our Environmental Partners, and by 
promoting Social Science perspectives as keys to short- and long-term success. This initiative is 
described more fully below. 

7. Social Science Initiative: NCED is working to incorporate the human dimension into its research, 
and will spend significant effort in Year 3 making this incorporation tangible. Based on the 
recommendations of our External Advisory Board and on the results of the Social Science 
Workshop (see Appendix H) held immediately afterwards, we believe NCED can best achieve this 
objective, and have the most significant impact, by incorporating this initiative into our River 
Restoration Initiative. 

See next Section (“Research Structure”) for more details on several of these Initiatives. 

Contribution to Education Mission 
A key education initiative in NCED has been to incorporate NCED research into formal and informal 
education experiences housed at the Science Museum of Minnesota (SMM). 

The signature collaboration of this effort has been the design and construction of a major outdoor 
science park at SMM, called the Big Back Yard. The objective is, through a miniature golf course and 
interactive exhibits, to introduce and engage visitors in the critical concepts of Earth-surface dynamics.    

In order to ensure that the science is both assessable and correct, NCED researchers are heavily 
involved in the design and building of the holes and exhibits in the Big Back Yard.  Through video 
conferencing and retreats, this involves general participation from all of the NCED PI’s. Specific and 
on-going input is provided by PI’s Efi Foufoula, Chris Paola, Gary Parker, Vaughan Voller, NCED 
Engineer Jeff Marr , Knowledge Transfer Director Karen Campbell, and staff members Michael 
Kelberer and Paul Morin.  The collaboration involved hundreds of person-hours of meetings at SAFL 
and SMM, principally with NCED/SMM PI Pat Hamilton and exhibit developers Peder Thompson, 
Ken Kornack, and Jim Roe. Overall, because of the strict schedule for developing the BBY exhibits, 
the NCED/SMM collaboration in Year 2 was unusually intensive. We felt the effort was worth our 
highest priority and look forward to spending more time on other educational activities in Years 3 and 
beyond.  

Specific collaborative activities included: 

1. Development of all golf holes and free-standing exhibits to reflect NCED and other appropriate 
surface-related science, to ensure scientific accuracy in form and process; 

2. Exhibit prototyping at SAFL to check functionality and public appeal; 

3. Provision of images for exhibit signage and graphics; and 

4. Reading and scientific input on all exhibit signage and graphics. 

This process enabled a day-to-day collaboration between NCED researchers and NCED/SMM 
personnel and established a direct link that allowed the physical models used in NCED research to be 
placed, and interactively used in a public forum. As a result, when the Big Back Yard opens June, 
NCED research will be well represented in exhibits based around source to sink (erosional landscapes, 
braided and meandering rivers) and river engineering (spillway, dam removal) concepts.   The on-
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going collaboration between research PIs and NCED/SMM will be maintained and strengthened, as the 
Big Back Yard project continues, by the use of Graduate Museum Assistants, research students of the 
PIs, working at NCED/SMM. 

The next major component of integration of research and education is through the training of graduate 
students and postdocs. In Year 2, NCED has been involved in training 47 graduate students; it is worth 
stressing that this includes graduate students from outside NCED institutions, as a result of the Visitors 
program. Specific NCED graduate student projects are summarized in the Research focus area reports 
immediately following this section, and those by visitors in the Knowledge Transfer section.  

NCED had five postdoctoral participants in Year 2. We expect this number to increase in Year 3 
through our Synthesis Postdoc group. Participation in this strongly integrative group will also provide 
a unique "Center" experience for the postdocs.  

Additional elements of Research-Rducation integration that are more directly based in our Education 
program are discussed in the Education section.  

1b. Research Management and Performance Indicators 

To track our progress toward fulfilling our research mission, we will use the following indicators: 

1. Papers in refereed journals 

2. Papers in Conference Proceedings 

3. Invited papers and presentations 

4. Additional Leveraged Support 

5. Working Groups Indicators: 

• Feedback from Working Group members 

• Comments from recipients (researchers, partners) of Working Group outputs 

• Publications, including special issues, volumes and white papers, resulting from Working 
Group efforts 

• Special sessions on Working Group outputs at meetings 

• New resulting collaborations 

6. Measures of Collaboration: (see next page for our visual tracking of these measures) 

• Joint projects initiated and in progress 

• Established projects producing papers 

• Joint papers 

• Joint students 
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1c. Research Challenges 

Year 2: 
Following the strong urgings of last year’s site visit team and our External Advisory Board, we 
undertook a major effort in Year 2 to refine and refocus our research activity. In this effort, we were 
guided by two major objectives: 

1. To provide a structure to our research projects that served both to organize our existing efforts and 
to provide meaningful criteria for the initiation of new projects. 

• To achieve this objective, we devoted a significant amount of time at two PI retreats, each 
followed by intensive email and videoconference discussions, to formulating a list of 
significant research needs in our mission area, and casting them as Focus Questions to guide 
the selection and execution of our research projects. 
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2. To organize our PIs into teams that effectively covered the multiple space and time scales over 
which channels and channel systems operate. 

• To achieve this objective, and mindful of the wide variety of spatial and temporal scales 
covered by our mission area, we used our Focus Questions to identify where in the space-time 
map our specific research needs occurred, and then used this information to establish our 
specific Focus Areas. 

The result of these efforts is a research agenda that is very tightly bound up with our mission, and a PI 
organization which maximizes synergy between PIs. 

Year 3: 
After an intensive year of refining and refocusing our research structure, we feel we have our “Center” 
legs firmly beneath us. The main challenge for the coming year will be to shift this high-energy 
momentum into production mode. We intend to: 

1. Continue using our Focus Questions to keep a tight connection between our research projects and 
our mission; 

2. Take our common field site at Angelo Coast Range Reserve to the next level as an integrative force 
in our research and as a model interdisciplinary field site; 

3. With our experience at Angelo to guide us, select a second field site and begin developing it; 

4. Continue to make integration of our research with our Knowledge Transfer, Education and 
Diversity programs a top priority throughout the Center; and 

5. Develop and implement a specific plan for integrating a Social Science perspective into our overall 
research. 
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2. Research Structure 

Focus Questions Chart 

Our Focus Questions are listed in Table 1, which also shows the connections between our Focus 
Questions and our Focus Areas. Table 2 (at end of this section) provides a detailed research project list, 
with PI collaborations and project links to Focus Questions both indicated. 

Table 1: Focus Question / Focus Area Interconnections 

 Research Question                                Focus Area: Glob 
proc 

Unit 
proc 

Adv 
Meth 

Eco-
Geo 

LT 
Dyn 

1 

How does the interaction of physical and biologic processes 
lead to the creation of floodplains and channels, and how 
can we model floodplain-channel interactions over a range 
of time scales? 

X X X X X 

2 How do channel and floodplain morphology mediate 
nutrient flow and ecosystem structure? X X  X  

3 

How do channel networks organize themselves, what 
properties emerge from that organization, and how does 
network structure influence ecosystem structure and local 
channel dynamics? 

X X X X X 

4 How do distributary channel networks compare in structure 
and dynamics with tributary channel networks? X X  X X 

5 
How can understanding of subaerial channel systems 
improve our understanding of submarine channel systems 
and vice versa? 

X X   X 

6 

What are the most effective mathematical techniques for 
modeling channel systems, including localization, scaling, 
instability, and coupling of physical and biological 
dynamics? 

X X X X X 

7 

What are the mechanisms and dynamics of critical channel 
processes: initiation, switching, bifurcation, net deposition 
and erosion, sediment flux and sorting, flow resistance, 
width variation, and bar/bend evolution? 

X  X   

8 
What are the sources and dynamics of stochastic behavior in 
channel systems? How does stochastic behavior set limits to 
predictability of channel system evolution? 

X X X  X 

9 

How do long-term and short-term processes interact in 
channel systems, and how can we use information recorded 
in landscapes and sedimentary strata to better understand 
these interactions? 

X X X  X 
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Focus Area Descriptions 

Focus area 1: Channel Network Dynamics and Scaling: Global Processes 
This area is focused at a large end of the space scale (the channel network of a drainage basin), and 
short- to-medium time scales. The mission of the Channel Network Dynamics and Scaling focus area 
is to develop an understanding of the coupled ecological, geomorphological and hydrological 
dynamics of channels and channel systems and develop a quantitative framework for modeling and 
prediction over a range of scales. 

Focus area 2: Channel and Floodplain Dynamic: Unit Processess 
This area addresses small-to-medium space scale dynamics on relatively short time scales. A typical 
research project might ask what controls the transition between a braided or meandering channel 
system, or investigate local deposition and erosion in a channel, or characterize the influence of 
turbulence structures on small-scale life forms.   

Focus area 3: Advanced Mathematical and Observational Methods  
This area focuses on methods of modeling and coupling Earth-surface dynamics processes and 
phenomena both within and across all of the time/space domains covered by NCED. The mission of 
the Advanced Methods focus area is to identify and develop effective mathematical techniques for 
modeling channel systems, including localization, scaling, instability, and coupling of physical and 
biological dynamics. 

Focus area 4: Ecogeomorphology 
This area is aimed at understanding landscape-ecosystem interactions down drainage networks, and 
addresses issues at the small-to-medium end of both time and space scales. The major goal of this 
focus area is to investigate interactions of physical, biological and biogeochemical processes in 
channels and floodplains, including effects of channel and floodplain morphology and channel network 
organization on ecosystem structure and function; and influences of biota on landscape evolution. 

Focus area 5: Long-term Dynamics 
This area is aimed at understanding channel network processes on large time and space scales. The 
mission of the Long-term Dynamics focus area is to understand and model the behavior of channels 
and channel systems on planetary (geologic) time scales, in order to better predict the geometry of 
subsurface sediment bodies; constrain pre-anthropogenic conditions in modern systems; and provide 
information on average long-term trends and variability in surface systems based on information 
recorded in landforms and sedimentary strata. 
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Integrative Activities Detailed Descriptions 

Angelo Coast Range Reserve Integration Project 
One of the main advances made in focusing NCED research in Year 2 was the decision to focus our 
efforts primarily on two field sites, one erosional and one depositional. At the October 2003 PI retreat 
we identified Angelo Coast Range Reserve (ACRR) in northern California as our primary erosional 
site, and decided to focus on establishing the NCED research program there first, and to use what we 
learn to inform our selection of a depositional site. 

The ACRR site was chosen on the basis of a number of criteria, including: 

1. One of the highest known rates of erosion and sediment production in North America; 

2. A large, protected area completely devoted to research; 

3. An extensive ecological database; 

4. Good logistics (facilities, access, etc.); and 

5. An extensive associated depositional record available from the ONR Strataform program. 

The overall science plan for our work at ACRR is still under development by the PIs (Mary Power, 
Bill Dietrich, Ignacio Rodriguez-Iturbé, Jill Banfield, Chris Paola, and Miki Hondzo have contributed 
to it so far). We plan to start with an empirical, map-based approach concentrating on key geomorphic 
and ecologic parameters (elevation, sediment flux, long-term erosion rate, nutrient flux (C, N, P, etc.), 
nutrient sheds from isotopes, distribution of key species in relation to basin and channel morphology, 
microbial dynamics). The mapping will make extensive use of visualization techniques and be initially 
static. The initial maps become dynamic through measurement and (eventually) prediction of fluxes 
(sediment, nutrients, and organisms). Thus the model evolves via a tightly coupled cycle of mapping-
measuring-modeling. The state variables are grouped into dependent and independent, and existing 
data and/or non-NCED measuring programs will be used to extend the data base of state variables and 
flux measurements. 

The overall goal of the research program at ACRR is to develop and field-test methods for 
ecogeomorphic forecasting using the site as a natural laboratory, and in so doing to demonstrate the 
power of our integrated approach. We expect that many, though not all, of the NCED PIs and postdocs 
(especially those in the Synthesis Group) will be part of this effort. NCED work at ACRR started 
formally last summer with joint field work by Hondzo, Power, Finlay and Dietrich as well as their and 
other NCED graduate students. Rodriguez-Iturbé spent two months at NCED/ Berkeley as part of a 
sabbatical; during that time he and Banfield visited the site and began developing plans to study the 
large-scale spatial structure of the ACRR ecosystem, including microbial components with emphasis 
on N dynamics (this is an N-limited system). We also determined that we needed additional high-
resolution topography from the site via LIDAR. Funds were reallocated within NCED to allow for this; 
we hope to have the data in hand by this fall. Finally, we recognized that it will be critical to coordinate 
our work at ACRR with other research in the Eel River basin, and decided that the best way to do that 
would be by holding a workshop for researchers working in the area.  
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Working Groups 
These “think tank”-like groups will combine NCED PIs with top-level researchers from other 
institutions and from our Partners with the goal of applying interdisciplinary, innovative thinking to 
specific problems relevant to our Focus Questions. Currently existing/planned Working Groups are: 

1. Novel Methods for Modeling the Surface Evolution of Geomorphic Interfaces: this group has 
been created, and will hold its first multi-day session in May, 2004. Its goal will be to learn to what 
extent tools employed by advanced physical and mathematical surface modelers from outside the 
Earth Science community may be applied to NCED research. 

2. Carbon Storage: this group will address issues in the storage and release of carbon in 
channel/floodplain systems, a topic which has been addressed separately by several Earth Science 
disciplines, and a key topic in building an integrative, predictive model of Earth-surface dynamics. 

3. River Restoration: As part of NCED’s River Restoration Initiative (see description below), a 
River Restoration Working Group will hold its first meeting later this year to bring together Earth-
surface scientists, Environmental Partners, and social scientists to focus on identifying critical and 
outstanding issues in river restoration, and to identify which of these would benefit from attention 
by the group itself in future meetings. 

4. Eel River Basin Model: As part of NCED’s Angelo Coast Range Reserve Integration Project (see 
full description above), we will convene an initial Working Group to focus on determining the 
outstanding issues of whole-basin modeling, and from this list, to create an agenda for future 
meetings of this or other Working Groups. 

Community Initiatives 
Currently, NCED is actively involved in the Community Surface Dynamics Modeling System 
(CSDMS), and the Sedimentary Geology Initiative.  

• CSDMS: CSDMS has been described as “a virtual National Science Foundation Lab existing 
in each of our computers. The scientific ideas contained within are never out of date because of 
continuous updates by the community. A national infrastructure links modelers together, 
reduces duplication, and facilitates model testing. Applications of models to problems of 
societal interest are promoted as non-specialist users assemble models in a user-friendly, 
graphical environment, requiring relatively little knowledge of computers or computer 
programming."  (Syvitski et al., Building a Community Surface Dynamics Modeling System 
Rationale and Strategy, March 2003.) CSDMS complements NCED’s research efforts by 
providing a sophisticated model-building framework. NCED plans to support and promote 
CSDMS’ efforts, and, through our research, to provide key channel and channel network 
portions of the model. 

• Sedimentary Geology Initiative: The Sedimentary Geology Initiative is a community-based 
effort, co-sponsored by NCED, SEPM, and NSF, to build a stronger and more cohesive 
sedimentary-geology community. In particular, the group recognizes that research focused on 
the Earth’s sedimentary carapace, despite its importance as the source of our energy and 
groundwater supplies as well as the record of four billion years of Earth’s history, have to date 
been relatively scattered and isolated. The SGI will sponsor a series of Forums aimed at 
unifying these efforts, both by developing a common research vision and by promoting 
collaboration and cross-sharing of results. Two NCED PIs serve on the SGI Steering 
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Committee (Chris Paola (Chair) and David Mohrig), and NCED is organizing its first Forum at 
the SEPM annual meeting in April 2004. 

River Restoration Initiative 
NCED’s focus on channel and channel systems provides a unique opportunity for the Center to take a 
leadership role in channel and river restoration. Year 2 involved initial discussions among the PIs, and 
input from our Environmental Partners (see Knowledge Transfer), on the form NCED’s River 
Restoration Initiative would take. Year 3 will involve implementation of these initiatives. The primary 
goals of this Initiative are: 

1. To facilitate communication and scientific exchange between river restoration communities, 
including agencies, consultants, scientists and policy makers; 

2. Through extensive collaboration with all stakeholders, to identify the fundamental research needs 
of the river restoration community; 

3. To provide leadership and guidance in the formation of a national network of laboratories focusing 
on river restoration research; 

4. To conduct as well as support basic research in river restoration through physical and numerical 
modeling; 

5. To support or provide opportunities for education in river restoration science; and 

6. To promote a multidisciplinary approach to restoration by including geomorphology, engineering, 
ecology, and social sciences. 

NCED’s River Restoration Initiative goals will be met through four primary initiatives. These 
initiatives involve Knowledge Transfer and Research programs.  

Initiative 1. Support an ongoing Working Group in River Restoration 
Approximately eight NCED PIs, five members of NCED’s Environmental Partners group and several 
outside experts will participate as members of a Working Group focused on River and Channel 
Restoration. The first meeting of this group will occur in the fall of 2004, and will focus on 
determining what the significant outstanding issues are in the field. Subsequent meetings of this same 
group and/or newly created groups will focus on any of these issues that would benefit from Working 
Group attention (Goal 4). 

Initiative 2. Publish a River Restoration Newsletter 
NCED will take the lead in producing a periodic newsletter whose audience will be the national 
network of river restoration practitioners. The content of the newsletter will include a main article on a 
restoration topic, a technical transfer section, an announcement section (conferences, courses, etc.) and 
an annotated bibliography of new and pertinent publications. The newsletter will serve to improve 
communication between the currently disparate river restoration communities (Goal 1) and promote a 
multidisciplinary, science-based approach to river restoration (Goal 6). 

Initiative 3. Conduct basic research in River Restoration within NCED facilities  

NCED current research projects will naturally add to the knowledge base of river restoration science. 
Starting in Year 3 new research projects will be initiated to specifically address issues relating to river 
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restoration (Goal 3 and Goal 4) highlighted by the Working Group described in Initiative 1. Research 
topics will include dam removal and bank stabilization through bioengineering techniques. 

Initiative 4. Produce a publication (book or manual) on science-based river restoration design 
considerations 
The Center will sponsor a collaborative effort between NCED PIs and outside experts in river 
restoration that will produce a publication that will support river restoration practitioners in the design 
of restoration projects (Goal 5). The publication will be available both in print and via the web, and 
will provide introductory material on river mechanics, geomorphology and ecology as well as more in-
depth information on regionally specific restoration design and project management issues (Goal 6).  
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Table 2: Focus Question / Research Project Interconnections  

 Principal Investigators Focus Questions 
  Research Project PI1 PI2 PI3 PI4 PI5 PI6 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

0 

Investigate the relationship between  
prognostic evolution equations for 
landscape evolution and the Navier-Stokes 
equations. FPA EF         

    X     X       

1 Study debris flow incision into bedrock WD GP DM                   X     

2 Investigate channel formation by sediment-
laden flows entering still water WD GP DM                   X     

3 
Study the geochemical processes involved 
in channel incision and hillslope 
development WD JB         

X           X     

4 Eel River: develop a basin-wide model that 
couples landscape and ecosystem evolution ALL           X X X X   X X X   

5 Eel River: Develop tools for land use and 
restoration geomorphology WD GP MP GW LP   X X X             

6 Field studies of river metabolism JF MH MP AW     X                 
7 Model food webs in drainage networks JF MH AW IRI     X                 

8 Investigate watershed nutrient 
biogeochemistry JF JB         X X               

9 Determine the spatial scales of food web 
interactions in rivers JF MH         X X       X       

10 Identify the spatial and temporal variability 
of nutrient fluxes at Angelo MH MP JF IRI JB     X       X       

11 Establish laws for nutrient flux at 
sediment/water interface MH JB         X         X       

12 Determine empirical scaling laws for 
distributary networks IRI CP EF       X   X X           

13 Investigate vegetation-braiding interactions CP MP JF AW MH     X               

14 Investigate how tectonic information is 
transmitted to fluvial depositional systems CP                           X 
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 Principal Investigators Focus Questions 
  Research Project PI1 PI2 PI3 PI4 PI5 PI6 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

15 
Investigate interactions between autogenic 
and external processes in creating the strat 
record CP           

                X 

16 Quatify/model fluvial bedrock channel 
incision GP WD                     X     

17 Quantify/model submarine channel incision GP DM                 X   X     

18 
Develop new techniques for the use of 
cosmogenic radionuclides as channel and 
basin tracers GP LP         

          X       

19 Apply LES modeling to channelized 
turbidity currents FPA GP DM                 X       

20 
Improve quantitative measures of 
environmental conditions, ecosystem 
productivity and food web response MP MH JF JB     

X X               

21 
Study the effect of fines on juvenile 
steelhead and the food webs that support 
them MP MH         

                  

23 

Investigate connections between 
geomorphic structure and hydrology, and 
the special distribution of vegetation/soil, 
microbial populations, and biochemical 
fluxes IRI JB  MP       

X X  X             

24 
Based on the project above, investigate 
drainage network metabolism, measure at 
Angelo MP MH JF IRI JB   

  X               

25 Develop continuum mechanics description 
of surface transport laws across scales VV CP WD EF     X         X X     

26 
Develop tools that allow communication 
between domains and track domain 
boundaries VV CP GP       

          X       
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 Principal Investigators Focus Questions 
  Research Project PI1 PI2 PI3 PI4 PI5 PI6 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

27 Develop analytical tools for evaluating 
bank stabilization techniques GW VV         X         X X     

28 
Quantify spatial variability of 
geomorphic/hydraulic processes over a 
range of scales EF FPA         

X   X     X       

29 
Study generalized statistical-physical 
connections between runoff and sediment 
production, and channel network geometry EF           

X         X       

30 Model hydrology of braided river systems EF CP         X   X             

31 Investigate interactions of microbes and 
environmental conditions in food webs JB MP MH         X               

32 
Investigate the influence of river patterns 
on organism distributions and species 
interactions MP JF MH       

  X               

33 

Manipulate carbon sources to headwater 
food webs to find out how food web 
structure, energy flow to predators, and 
carbon retention change with source 
conversion MP JF MH       

  X X             

34 
Study scaling of metabolism with drainage 
area and associated changes in organisms 
and species interactions MP JF MH       

  X X             

35 Investigate seepage channel formation on 
Mars as possible sites for life WD JB         X                 

36 Model the interactions of rivers and 
shoreline VV CP GP           X           X 

37 

Investigate how ecological, 
geomorphological and hydrological 
dynamics govern spatial patterns of 
vegetation in semi-arid river basins. IRI           

X X X             
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 Principal Investigators Focus Questions 
  Research Project PI1 PI2 PI3 PI4 PI5 PI6 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

38 
Describe quantitative signatures of 
ecological and hydrological features in 
drainage networks IRI           

    X             

39 Measure the equilibrium time required to 
establish steady-state submarine landscape DM CP         

        X       X 

40 Channel incision and sediment transport in 
mountainous landscapes WD GP CP                   X   X 

42 
Develop Large-Eddy Simulation techniques 
(LES) to solve landscape evolution 
problems FPA EF         

          X       

43 
Parameterize subgrid-scale fluxes based on 
self-similarity and fractal characteristics of 
river networks EF CP VV       

    X     X   X   

44 Compare the evolutions of submarine and 
terrestrial channel networks DM                   X         

45 Modeling and analysis of  bed form 
evolution in river channels DM VV CP                         

46 Development of Meandering Channels in a 
Laboratory: Initial Experience GW               X       X     

47 
Measuring and Scaling Streambank 
Resistance to Shear Using the Vane-Shear 
Test GW           

            X     

48 

Establishing long-term baseline erosion 
rates: calibrating cosmogenic nuclide-
derived erosion rates in steep, temperate 
basins (Eel River). LP           

          X   X   

49 

Sedimentary sleuthing: statistical 
distribution of sediment near-surface 
residence times to trace sediment 
production, transport, and deposition. LP           

          X X X   
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 Principal Investigators Focus Questions 
  Research Project PI1 PI2 PI3 PI4 PI5 PI6 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9

50 Study linkage between erosion and 
deposition in alluvial fan systems LP                 X       X X 

51 Study rates and processes of floodplain 
formation WD GP         X X             X 

52 Conduct physical modeling studies to guide 
stream restoration WD GP GW                   X     
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Research Focus Area 1: Channel Network Dynamics and 
Scaling 

Lead PIs:  

Rodriguez-Iturbé and Foufoula-Georgiou 

Participating PIs: 

Paola, Porté-Agel, Parker, Dietrich 

Focus Area Mission:    

The mission of the Channel Network Dynamics and Scaling focus area is to understand the space-time 
organization of channel networks, including morphology, hydrology, and ecology, in order to: 

1. Determine how small-scale processes interact to produce large-scale self-organized patterns; 

2. Extend and integrate existing understanding by exploiting similarity and scaling; and 

3. Gain insight into physical and ecologic processes and couplings that manifest themselves via 
spatial patterns, similarity and scaling. 

Research Accomplishments: 

In the last year, research in this focus area has concentrated on two main themes: 

1. Quantify the spatial organization of geomorphologic and hydrologic fluxes, storages, and forms in 
channelized systems over a range of scales. In particular:  

• Seek statistical-physical connections between channel/floodplain geometry and streamflow-
sediment loads. 

• Quantify the geomorphologic signature on flood statistics. 

2. Develop a quantitative framework for the integration of the geomorphological, ecological and 
hydrological dynamics within channel networks.  In particular: 

• Understand the coupled manner by which ecological, geomorphological and hydrological 
dynamics govern spatial patterns of vegetation in semi-arid river basins. 

• Describe the quantitative signatures of ecological and hydrological co-organization arranged 
around the template of the drainage network and its accompanying system of hillslopes. 

Major accomplishments in the channel morphology/hydrology connections  
Generalization of the classical Hydraulic Geometry (HG: relationships between channel morphometry 
and discharge) to account for scale-frequency dependence (Dodov and Foufoula-Georgiou, 2004a).  

Based on recent empirical evidence that the parameters of at-site HG depend systematically on the 
contributing area (scale) and that the parameters of downstream HG depend on the frequency of 
discharge, we proposed a multiscaling formalism within which to model and interpret both at-site and 
downstream HG in a homogeneous region. In particular, we postulated and tested multiscaling models 
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for cross-sectional area and discharge and derived generalized HG relationships that explicitly account 
for scale-frequency dependence. The multiscaling formalism was tested in several basins in Oklahoma 
and Kansas for drainage areas ranging from 2 to 20,000 km2 and showed good agreement with 
observations (see Figure 1). To quantify the effects that scale-dependence in HG has on the hydrologic 
response of a basin, a geomorphologic non-linear cascade of reservoirs model was used to compute 
attributes of a representative hydrologic response function for various levels of catchment-averaged 
effective rainfall and different basin orders. The numerical experiment showed substantial differences 
in hydrologic response when using classical versus generalized HG.  

Provided a physical explanation for the scale-dependence of HG in terms of fluvial instability (Dodov 
and Foufoula-Georgiou, 2004b).  

We posed the hypothesis that the scale-dependent HG arises from the scale-dependence of fluvial 
instability which induces systematic variation in river planform geometry (e.g., sinuosity, meander 
wavelength and radius of curvature) and consequent variations in channel cross-sectional area with 
scale.  To test this hypothesis we employed a physical model of meandering rivers which is based on 
linearization of the fully coupled equations of mass and momentum balance of water and sediment.  
We showed that the HG emerging from this physical model is scale-dependent and agrees with the 
empirical observations and the statistical model.  This work provides a much needed connection 
between physical and statistical theories.  It also provides the means to generate physically-based HG 
in ungauged catchments for the purpose of hydrologic modeling. 

Interpretation of the scaling theory of floods in terms of channel/floodplain dynamics (Dodov and 
Foufoula-Georgiou, 2004c). 

We provided a connection of a specific parameter in the scaling theory of floods, namely, the critical 
area Ac at which scaling in the flood statistics breaks and variability of floods starts decreasing with 
area, to a geomorphologic signature of the landscape, namely the appearance of a well-developed 

Figure 1. Demonstration that at-site Hydraulic Geometry (HG), mV kQ= , depends on scale (left 
panel shows the empirical exponents m as a function of scale) and that downstream HG depends 
on frequency of discharge (right panel).  A generalized HG model was derived and the 
predictions are shown by the lines in the above Figures. 


