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a. Abstract 
This project will develop a model and data information management system (referred to as MADIMS) that will directly support the Research, Monitoring, and Evaluation Program called for by the National Marine Fisheries Service Biological Opinion.  Specifically, MADIMS will maximize the “value of information” gained from the studies called for by Reasonable and Prudent Alternative (RPA) Action 183 by incorporating three essential functional capabilities:  1) spatial and temporal upscaling and downscaling of data, information, and cause-effect models, 2) hypothesis testing, and 3) information exploitation.

The proposed project couples the development of a model and data management system with comprehensive, site-specific pilot implementations to the South Fork Salmon and Methow watersheds.  The pilot implementations, in response to RPA Action 183 requirements, will establish cause-effect relationships needed to assess action effectiveness at multiple temporal and spatial scales.  Products of this project will include the fully operational MADIMS, complete transfer of MADIMS to the Washington Department of Fish and Wildlife (WDFW) and Idaho Department of Fish and Game (IDFG) along with appropriate documentation and training, development and documented methods for scaling (up and down) and information transfer across basins, as well as fully operational Internet-based data management tools to facilitate data analysis, visualization and model input/output stream processing.  

The project will be executed by an experienced team led by the Pacific Northwest National Laboratory (PNNL) and composed of Mobrand Biometrics, Inc. (MBI), the State of Washington Water Research Center (SWWRC), and the Idaho Water Resources Research Institute (IWRRI).   In addition, there will be in-kind collaboration with the WDFW, and IDFG.  Our team brings together a unique combination of expertise in physical processes, habitat-salmonid productivity models, GIS, and local knowledge with a proven track record for providing products for salmonid recovery planning in the Pacific Northwest.  The team is assembled to capitalize on the respective technical strengths, experience and regional mission of each organization, and to maximize leverage and synergies with ongoing related activities.  

b. Technical and/or scientific background
This project will develop a model and data information management system (referred to as MADIMS) capable of assessing effectiveness of alternative actions that meets three critical requirements as defined by Vail and Skaggs (2002): 

Accountability – The primary goal of such a system is to support making decisions.  To be useful, it must ensure that the tradeoffs between multiple objectives (of interest to both the decision maker and to stakeholders) are clearly articulated.  Such a system must also communicate the sources and magnitude of key uncertainties.

Accessibility – Such a system must provide rapid access to models, data, and the rationale that underpin decisions.  These are growing requirements of natural resource management.  The ability to drill-down through data and models ensures that decision makers are less likely to repeat similar decision errors.

Adaptability – This system must be able to rapidly assimilate new data and models to ensure that decisions are up-to-date with the most current information.  Specific tools to assimilate real-time data are requirements of such a system.

In addition to meeting these requirements, the model and data management system must directly support the Research, Monitoring and Evaluation Program called for by the National Marine Fisheries Service (NMFS) Biological Opinion (BO).  Specifically, the modeling and data management system must maximize the “value of information” (VOI) gained from the studies called for by RPA Action 183. Accordingly, the proposed system is designed around three essential functions:

1) Scaling

2) Hypothesis Testing

3) Information Exploitation

Scaling:  The ability to scale data, information, and cause-effect models spatially and temporally is essential to evaluating the effectiveness of alternative actions across reach-hydro/geomorphic unit-subbasin-ecoprovince-region scales.  Botkin et al. (2000) observe that salmon population responses to habitat restoration actions must be evaluated over broad spatial and temporal scales, while effectiveness of individual habitat improvement actions often must be evaluated at the local scale.  For instance, the spatial response scale  of changing reservoir operating rules encompasses all downstream reaches and has an immediate temporal response.  In contrast, the action of removing a levee to help restore historic floodplain functionality will produce a local response, but may take decades for natural flow sequences to restore many of the off-channel functions.  Further, the impact of either of these actions on salmon populations may not be manifest for several life cycles.  Another important aspect of scaling is the ability to assess cumulative effects of multiple actions that may be taken at multiple locations within a watershed (e.g., installation of woody debris) and/or at different scales (alteration in land use practices).

Utilizing approximate reasoning methods (e.g., fuzzy logic, neural networks, etc.) and a suite of advanced physical and biological process models, functional relationships will be developed between watershed attributes and hydrological, water quality, and biological responses at different scales.  From combinatorial optimization concepts, actions, environmental conditions, and outcomes can be expressed via schemata (Goldberg, 1989).  Identifying patterns in the action-environment-outcome schemata contributes to understanding the consequences of actions.  Outcomes are dependent on changes in the environment as a result of actions and other events independent of actions (e.g. climate).  Pattern recognition can help assess the relative importance of various actions and independent environmental conditions.  In addition, “scale filters” will be developed and applied to ensure that information communicated between models has been corrected to the appropriate spatial and/or temporal scale. The resultant relationships will provide the basis for sequential development, testing, and improvement of cause-effect predictions.

Hypothesis Testing:  The process for investigating and capturing cause-effect relationships for alternative actions applied to varying environmental conditions requires a cautious, probing approach founded on sound scientific principles and iterative performance assessment (i.e., adaptive management).  As opposed to a “trial-and-error” approach, adaptive management provides a framework wherein explicit model-based predictions of expected action outcomes (hypotheses) can be compared to actual outcomes.  By designing actions as experiments, stronger inferences can be derived from outcomes, whether they are positive or negative.  Further, findings can be captured and tested against the current conceptual model(s) for further validation and/or improvement of predictive model formulations (Sit and Taylor 1998).  

The sequence for implementing MADIMS as an integrated framework for watershed assessment and salmonid recovery planning includes:

1) diagnosis of the effect of current aquatic habitat conditions on the performance of a population; integrated with an

2) identification and evaluation of the habitat forming processes controlling aquatic habitat conditions; presented in an

3) adaptive, defined sequence of analysis, hypothesis generation, management action implementation, and monitoring. 
Information Exploitation:  While data are generally site-specific, process knowledge is transferable to other locations.  The analytical process developed at one location can be transferred to another location given adequate similarity.  For instance, sediment generation estimation methods developed for one location can be applied to other locations having similar geology, soils, land use practices, etc.  The proposed modeling and data management system encourages sharing by making process knowledge and data more readily available.  Sharing knowledge ensures a common basis for comparing strategies since the same (or at least consistent) approach is used for different regions.  This avoids biasing resource allocation prioritization efforts due to using different tools in different locations.

MADIMS will be implemented via the Internet.  The increased speed, bandwidth, and reliability of the Internet have radically transformed data management technologies.  Even large spatial datasets can be accessed and visualized over the Internet.  Internet-based technologies allow data users to simultaneously access, transform, and visualize multiple distributed databases.  However, to do this effectively the data user must have a metadata database that maintains a current directory of the location and format of all the data they may require to perform their analysis.  Standardized languages (e.g., Java) and data protocols (e.g., XML) are available to support platform-independent sharing of data.  In this project we view “data” in the broad sense.  Herein, data refers to conventional records corresponding to recorded field observation, models, model inputs, model outputs, etc.  As part of an EPA-funded project, PNNL has designed a metadata database schema that will be employed to maintain a directory of the location and format of data distributed over the Internet.  Data pedigree information is included in the schema to ensure that the source of the data is established.  Such a metadata database function ensures that the user can drill down through a complex sequence of data and models to understand the exact sequence of assumptions that are the basis for a given assessment or alternative selection.

The proposed project couples the development of an advanced model and data management system with comprehensive, site-specific pilot implementations in the South Fork Salmon and Methow watersheds.  The pilot implementations, in response to RPA Action 183 requirements, will establish cause-effect relationships needed to assess action effectiveness at multiple temporal and spatial scales.  Products of this project will include the fully operational system, complete transfer of MADIMS to the WDFW and IDFG along with appropriate documentation and training.  In addition, the project will develop and document methods for scaling (up and down), information transfer across basins, as well as fully operational Internet-based data management tools to facilitate data analysis, visualization, and model input/output stream processing.  The project will be executed by an experienced team led by the Pacific Northwest National Laboratory and composed of Mobrand Biometrics, Inc., the State of Washington Water Research Center, and the Idaho Water Resources Research Institute.   In addition, there will be in-kind collaboration with the Washington Department of Fish and Wildlife, and Idaho Department of Fish and Game.  Our team brings together a unique combination of expertise in physical processes, habitat-salmonid productivity models, GIS, and local knowledge with a proven track record for providing products for salmonid recovery planning in the Pacific Northwest. The team is assembled to capitalize on the respective technical strengths, experience, and regional mission of each organization and maximize leverage and synergies with ongoing related activities. 

c. Rationale and significance to Regional Programs
Under BO RPA Action 183, action effectiveness studies are deemed necessary to establish cause-effect relationships between tributary actions and physical/environmental effects
.  Establishing the relative effectiveness of respective action categories will prove essential in guiding future mitigation planning.  It is explicit in the Northwest Power Planning Council’s (NWPPC) eight guiding principals that habitat functions and biological performance are a reflection of the prevailing biological and physical processes, and that human actions directly affect these processes (NWPPC, 2000).  Thus, it is critical that we maximize our understanding from available information of how proposed actions will ultimately affect habitat function and biological performance.  Simulation models and other analytical tools are recognized as critical elements of the NWPPC’s structure for planning and coordination of actions across the hierarchy of scales within the basin by capturing our best scientific understanding and enabling the transfer of that understanding across spatial and temporal scales.  As noted by the Independent Scientific Advisory Board (ISAB), models enable the systematic, objective assessment of our ability to predict cause-effect relationships and the consequences of alternative actions (ISAB, 2001). 

Within the NWPPC’s Subbasin Planning process, key expected outcomes for each subbasin are action plans to achieve specific biological objectives toward restoration and protection of salmon habitat. As described by the NWPPC (2000), the biological objectives have two components: 1) biological performance, (i.e., population response to habitat conditions, described in terms of capacity, abundance, productivity and life history diversity), and 2) environmental conditions or changes sought to achieve the desired population characteristics.  Subbasin assessments will provide the scientific and technical basis for developing the action plans.  Initial assessments will be based on existing information about the environmental conditions and fish and wildlife populations in the subbasin. They will address both current and potential conditions in each subbasin leading to identification of limiting factors and factors for decline for key fish and wildlife populations in the subbasin, including ESA-listed populations. Data and information gaps contributing significant uncertainties will also be identified, along with associated data need and measures necessary to meet those needs.  

Providing a scientific framework for recovery planning is difficult because of the intricate life history of salmonids and the extremely complex ecosystem in which they reside.  The foundation for the framework must rest on the four population characteristics regulating the persistence of a population - productivity/growth rate, abundance, spatial structure, and diversity – or the viable salmonid population parameters (VSP) (McElhany et al. 2000).  However, these population characteristics are themselves only a manifestation of a variety of landscape, evolutionary, and ecological processes interacting over a wide range of temporal and spatial scales (Fig. 1). 
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Figure 1.  Generalized framework for the relation between processes of varying temporal and spatial scales affecting the population persistence of Pacific salmon.

The characteristics of a population are most directly linked to the aquatic habitat in which the salmonids spawn, rear, and migrate.  Salmon are apt to be found in particular local environments at particular times during their life history.  These local environments possess the combinations of physical, chemical, and biological conditions to which salmon have become adapted over the many thousands of years in the Pacific Northwest.   Assessing the current quantity, quality, and connectivity of aquatic habitat is obviously essential if we are to provide a diagnosis, or hypothesis, about the factors limiting a population.

An effective management plan must provide a diagnosis of the aquatic habitat and also address the landscape scale processes affecting that habitat (Frissell and Nawa 1992).  Failure to identify and address these processes can lead to costly site-specific restoration actions that are unlikely to persist in the face of large-scale, persistent habitat forming processes.    

The NWPPC has suggested EDT as one of the initial decision support tools for subbasin plan development.  The role of EDT and MADIMS is to assist in:

· quantifying real and expected productivity improvements from existing and planned projects,

· understanding and communicating tradeoffs between different alternatives, and 

· assessing the relative value of additional information.

EDT is intended to provide the means to link the impacts of alternatives to ecological functions.  Conceptually, the process for achieving this linkage is illustrated by Figure 2 (NWPPC, 2002).  The impact of a given alternative on the physical environment must be estimated and reflected as alterations to physical processes, which in turn impact habitat characteristics, biological processes, ecological functions, and biological performance.  To this point, the Independent Scientific Advisory Board (2001) notes that the expert-system approach (e.g., EDT) may provide a practical method for determining preliminary results upon which the adaptive management approach can be initiated, and subsequently refined through monitoring and evaluation.  

Operationally, the complete set of assessment rules and transformations required to complete detailed cause-effect analyses have not been fully developed and tested.  Thus, this project will develop an advanced model and data management system (MADIMS) to enable scaling of data, information and process models and to facilitate hypothesis generation and testing, all implemented via the Internet. The system will be demonstrated through pilot studies on the South Fork Salmon and Methow watersheds designed to establish cause-effect relationships needed to assess action effectiveness at multiple temporal and spatial scales within those watersheds and across the region.   
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Figure 2.  Ecological information structure (NWPPC, 2002)

d. Relationships to other projects 
This project will fully utilize data, information, model results, capabilities, and staff experience derived from recent and ongoing related projects.  For example, the conceptual design outlined for MADIMS is based on specifications developed under PNNL’s internally funded Integrated Natural Resources Management Initiative (Vail and Skaggs, 2002).  The WDFW and IDFG have ongoing subbasin planning and fish and wildlife restoration projects in the Methow and South Fork Salmon River watersheds, respectively.  University researchers associated with the Idaho and Washington Water Research Centers are involved in a number of studies directly relevant to the project.  Examples of these activities are described below.   

Pacific Northwest National Laboratory (PNNL)

Since 1965, Pacific Northwest National Laboratory, operated by Battelle Memorial Institute for the U.S. Department of Energy, has made significant contributions to the field of environmental science and technology.  Today the Laboratory is applying its unique facilities and expertise to solve some of the nation's most challenging environmental problems, such as global climate change, sustainable natural resource management and pollution prevention.  PNNL’s core mission is to deliver science and technology in the service of the nation and humanity. Through basic research the Laboratory creates fundamental knowledge of natural, engineered, and social systems that is the basis for both effective environmental technology and sound public policy.  Current and emerging environmental needs are addressed with innovative technologies that preserve and restore the environment, while meeting the nations and the region’s energy and natural resource management needs.  This mission is in line with the U.S. Department of Energy's Strategic Plan and Strategic Laboratory Mission Plan, where PNNL is designated as a principal laboratory in the environmental quality mission, and a major contributing laboratory in both science and technology and energy.  

Regionally, PNNL is mandated by its mission to deliver advanced science and technology to support economic development and natural resource management in the Pacific Northwest.  PNNL’s science and technology thrusts include global and regional climate change, advanced watershed and ecosystem process modeling, high performance computing, and information and decision analysis.  An important theme in the Lab’s regional science and technology delivery strategy is to partner with natural resource researchers, planners, and decision makers to fully exploit the state-of-the-art in natural resource management.  As part of this effort, PNNL recently established a memorandum of understanding (MOU) with University of Idaho’s Water Resources Research Institute, Oregon State University Center for Water and Environmental Sustainability and Institute for Natural Resources, and State of Washington Water Research Center to deliver an integrated science and technology program for development of tools and understanding leading to improved management of Pacific Northwest regional water resources to sustain or restore critical habitat components, functions, and structures.  This MOU demonstrates the long-term commitment of the participating institutions to establish a legacy of excellence in collaborative resource management research and technology development in the Pacific Northwest. 

PNNL projects related to this project include:

Adaptive Management Platform Requirements Specification Project

Based on the Laboratory’s role in advancing science and technology regionally, Pacific Northwest National Laboratory invested internal resources into its Integrated Natural Resources Management Initiative.  As part of this initiative, PNNL has defined the critical requirements and tools required to operationalize adaptive management. These critical framework requirements will be achieved through development of a set of three software toolboxes (decision toolbox, model toolbox, and data toolbox).  The decision toolbox clearly articulates the tradeoffs and controls the data and model toolboxes.  The model toolbox integrates and shares models and process knowledge, and the data toolbox enables web-based data management.  These requirements and the toolboxes are discussed in detail by Vail and Skaggs (2002).

Integrated Natural Resources Decision System (INRDS)

INRDS will support planners in making and defending their decisions while simultaneously enabling stakeholders to understand and influence the decision-making process.  Planners are currently limited in their ability to 1) understand and communicate tradeoffs between different alternatives, 2) utilize dramatically increasing volumes of data that are becoming available, or 3) utilize advanced models. By providing the necessary information infrastructure in a nonproprietary framework, INRDS will improve the environmental planning process by allowing environmental planning to: be started much earlier, be performed for significantly lower cost, and utilize advanced models and data.  INRDS is a system that pulls together data, models, and tools in order to help natural resource decision-making.  The three key themes that have driven development of INRDS are accessibility, accountability, and adaptability.  The prototype application involves long-term transportation-environmental planning issue of scheduling and allocating resources for salmon habitat restoration and protection involving consideration of the impacts of stormwater management, culvert removal, and road improvement. This demonstration analysis involves multiple objectives, a variety of disparate data sources, and state-of-the-art process models.  The INRDS project is the result of a partnership with the Tulalip Tribes, the Washington State Department of Transportation, the Northwest Indian Fisheries Commission, and Battelle. [http://inrds.pnl.gov/]
Impact of Climate on the Lower Yakima Basin

The objective of this three-year ongoing Environmental Protection Agency  (EPA) STAR (Science to Achieve Results) Grant Project is to develop and demonstrate an integrated assessment of the impact of climate variability and climate change on a diverse set of interests in the Lower Yakima Valley in Central Washington State. Considered interests include surface and groundwater supply, surface and groundwater quality, air quality, public health, farm and regional economics, and fisheries.  This project is considering the effectiveness of changes in land management (crop selection) and water management (reservoir operation) in adapting to an uncertain future climate.  A diverse set of models will be linked with an optimization procedure to ensure that the tradeoffs between various resource management objectives are clearly articulated.  As part of this effort, PNNL scientists, in collaboration with Professor Andre Journel of Stanford University, have investigated methods for downscaling spatial data (such as soils) based on topographic structures and patterns using advanced geostatistical methods.

Mobrand Biometrics Inc. (MBI)

Mobrand Biometrics, Inc. has been serving the Pacific Northwest for over twenty-five years, offering a wide variety of services in natural resources management, including ecosystem research and planning, experimental design, statistics, modeling, database management, project planning, damage assessment and impact analysis.  Resource protection and restoration programs are challenged today by the complexity brought about not only by multi-jurisdictional participation but also by the need to integrate expertise in genetics, ecology, population dynamics, statistics, water quality, and fish culture methods.  Focusing these varied fields of expertise on a common set of objectives requires the ability to balance priorities and communicate and mediate across disciplines, as well as maintain a solid grasp on the available knowledge about the biological systems.  The MBI team brings experience in all of these areas.  Examples of relevant projects being conducted by MBI are:

Entiat River EDT Analysis: Diagnosis and Analysis of Actions for Chinook Salmon
The purpose of this project for the Yakama Indian Nation is to provide analytical and consulting services needed to complete an EDT analysis (identifying factors limiting production) of the Entiat River watershed for Chinook salmon.  MBI is responsible for setting up and managing databases used in the analysis, consulting with participants designated by the Yakama Indian Nation to provide data inputs and other needed information, and performing the analyses. 

EDT Analysis of Yakima River

The purpose of this project is to develop a suite of computer tools that relate habitat conditions, supplementation, and land use activities to the production of salmon and steelhead in the Yakima River.  The first year of the project focused on development of the model framework, input module, processing module, and output module. The second year focused on performance of a diagnosis of watershed conditions for several species in the Yakima and Klickitat river systems. The current phases involve training Yakama Indian Nation staff in the use and interpretation of Yakima and Klickitat Basin EDT models. 

EDT Analysis of Sandy River
The purpose of this project is to provide City of Portland, Oregon decision makers with technical information needed to target watershed recovery efforts in line with their goals.  Activities include facilitating workshops with Technical Team members to build a model of Sandy Basin stream reaches and rankings for each of 45 ecological attributes, performing a Patient/Template Analysis for Sandy River Basin chinook and steelhead, completing a diagnosis, identifying basin problems by reach, attribute and life-stage for chinook and steelhead, and assisting the Technical Team in developing alternative strategies and evaluating their effectiveness.

Idaho Water Resources Research Institute (IWRRI)

The Idaho Water Resources Research Institute was established in 1963 by the University of Idaho Board of Regents. The following year, the Office of Water Resources Technology was established at the federal level in the Department of Interior that provided for a Water Resources Research Institute at every land grant university in the United States. Currently the institute is authorized under the Water Resources Act of 1984 and is administered by the United States Geological Survey, Department of Interior.   IWRRI supports and directs water research for the State of Idaho and the region. IWRRI research results routinely lead to cutting-edge discoveries in such vital topics as water quality, water supply, and water management. More importantly, these discoveries regularly lead to a greater understanding of our surroundings, offering sensible solutions toward maintaining a healthy balance between the economy and the environment.  Research programs at the Institute include:

· Salmonid Culture and Hatchery Management 

· Non-point Source Sediment Impacts on Aquatic-Benthic Communities in Agriculture and Forested Watersheds

· Fish Behavior and Ecology 

· Cumulative Effects Modeling for Predicting Impacts of Forest Practices on Stream Flow and Sedimentation 

· Riparian Management for Sediment Control

A brief summary of example projects involving Institute researchers is provided below:

Developing a Demonstration Model Application for the Management of the 
Coeur d'Alene River

This study will prepare a demonstration of a global 1-d/pseudo 2-d model of the main channel and associated floodplains that could be used as the foundation for simulation tools in the Coeur d’Alene (CDA).  Local 2-d or even 3-d models may be necessary to address local issues such as the interaction between floodplain aquifers and the main channel, geomorphic evolution of a particular meander or the depositional/erosion characteristics around specific features on the floodplain. This global model will demonstrate sediment transport, sections of the river that are eroding or depositing, flood hydrograph propagation through the river and lake.  This type of model is frequently used to generate the boundary conditions for the local models described above.  Based on existing information, a river model of the CDA river system will be established from the confluence of the North and South Forks through Coeur d’Alene Lake.  The purpose of the model will be to demonstrate the technology and how the model could be used for implementing adaptive management strategies or different enhancement alternatives.

Sediment Characterization Below Waste Loadings in the Mid-Snake River, South-Central Idaho:  Composition and Source Identification

The purpose of this study on the mid-Snake River is to characterize receiving water sediments in the mid-Snake River upstream and downstream of aquaculture and agriculture discharges in the Twin Falls-Hagerman reach.  The research involves two low-flow sampling seasons and subsequent analysis of collected samples.  Gathered information includes, project design, sampling parameters, and potential indictors for sediment differentiation.  The objectives of the study will be to determine sediment quality below hatcheries and agricultural drains via characterization of hatchery effluent and agricultural drain composition, characterization of deposition zones below these two types of inputs, upstream vs. downstream comparison of river sediments; explore chemical tracers which might relate effluents to benthic habitat in the mid-Snake River; compare river sediments immediately downstream of aquaculture drains vs. below agriculture effluents; and evaluate any lasting effects of historic (pre-1980’s) hatchery discharges on the riverine substrate environment.

Treasure Valley Hydrologic Modeling

This study will encompass groundwater flow model development and integration of groundwater chemistry analysis results.  The research will include conducting steady-state calibrations of the Treasure Valley groundwater flow model, using trial and error and automated parameter estimation methods (e.g. PEST); with Idaho Department of Water Resources (IDWR) to implement parallel computer processing for PEST, using IDWR’s local area computer network; guide development of two transient groundwater modeling data sets; transient calibration of the Treasure Valley groundwater flow model, using trial and error an automated parameter estimation; identify scenarios for groundwater flow model runs; and integration of geochemistry investigation results into groundwater flow models.

State of Washington Water Research Center (SWWRC)

The State of Washington Water Research Center (SWWRC) was established in 1964 by federal legislation along with 54 other centers and institutes throughout the United States and its territories.  Located at WSU in Pullman, the Center is a joint agency of Washington State University and the University of Washington, with input from other state research universities. From its inception, the core mission of the SWWRC has been to: 1) facilitate, coordinate, conduct, and administer water-related research within the State of Washington, 2) educate and train engineers, scientists, and other professionals through participation in research and outreach projects, and 3) disseminate information on water-related issues through technical publications, newsletters, reports, sponsorship of seminars, workshops, conferences as well as other outreach and educational activities.  

In fulfilling this role, the SWWRC has been involved with numerous projects support salmon recovery efforts in the Columbia and Snake River basins.  As a multidisciplinary Center, the SWWRC involves researchers from agriculture through zoology as necessary to successfully complete the objectives of assignments.  These assignments have ranged from information transfer, outreach, field data collection, modeling, and theoretical laboratory analysis.

A brief summary of example projects involving Water Center researchers is provided below:

Evaluation and Modeling of Planktonic Productivity and Associated Limnological Parameters on the Lower Snake and Columbia Rivers

This project included conducting field measurements of water quality and biological parameters such as nitrogen, phosphorus, TDG, dissolved oxygen, algae, zooplankton, temperature and other factors affecting the productivity of the Snake and Columbia Rivers.  Data was used in support of modeling and other activities associated with the US Army Corps of Engineers’ EIS for the Snake River Dams.  Effort also involved review of modeling activities associated with current and potential future reservoir operation and dam scenarios on the lower Snake.  QA/QC protocols were established and reports were delivered.

Hemlock Dam Fish Passage Evaluation and Restoration Development

The US Forest Service contracted us to perform an assessment of removal and restoration alternatives for the Hemlock Dam.  The dam is located on the Wind River system.  Project involved evaluation of existing fish ladder, irrigation intake, and reservoir area.  Project included design alternatives for channel based on sediment transport characteristics, large woody debris requirements, pool and run needs of steelhead, and various combinations of dam breaching/removal.  A schedule of activities and several cost estimates were also generated.

Development of Water Quality Module for Watershed Assessment

This project involved synthesis and evaluation of the numerous water quality approaches and considerations to Level 1 watershed planning.  Factors such as temperature, nutrients, metals, and dissolved oxygen were thoroughly examined.  The WQ Module was constructed to fit with modules involving hydrology, forestry, agriculture, and other watershed activities.   Module was then tailored to fit tribal activities.  A demonstration was presented to four tribes throughout the US.

Idaho Department of Fish and Game (IDFG)
Riparian Conservation Easement Purchase of Scarrow Property on Lake Creek a Tributary to the Secesh River, Idaho

[Note:  this project was proposed for funding in FY 2002, and the NWPPC recommended that the Bonneville Power Association (BPA) fund the project.  A final funding decision has not been made by BPA.]

Idaho Department of Fish and Game proposes to purchase a riparian Conservation Easement on a private inholding on Lake Creek, a headwater tributary to the Secesh River, Idaho.  The property lies about three miles upstream of wild summer chinook spawning grounds on Lake Creek.  The landowner has a timber sale proposed along with home site development.  The landowner is interested in a Conservation Easement in lieu of some timber and mining development along Lake Creek.  IDFG proposes to purchase an easement on approximately a 12-acre riparian section of the property to protect the critical summer chinook spawning grounds downstream.

The riparian area on this property is of significance because of its close proximity upstream (approximately three miles) to the summer chinook spawning ground in Lake Creek, a headwater of the Secesh River.  Summer chinook do not spawn on the private property, but this area is important to help maintain good water quality downstream.  This spawning population of summer chinook is genetically pure without past influence from hatchery planted chinook stocks.  The Lake Creek Chinook are part of the larger Secesh River summer chinook spawning population that has been estimated to provide 24-53% of all wild summer chinook in the Snake River Basin.  

By protecting an approximated 12 acres of riparian area on the Scarrow property with a Conservation Easement, the owners could build their family cabins and would not log the sensitive riparian community.  Purchase of mineral rights from the Scarrow family would preclude any future further mineral extraction, thus protecting water quality and quantity.  By protecting the upper watershed, less sediment would impact the spawning area.

Idaho Supplementation Studies

The goal of the Idaho Supplementation Studies (ISS) Project is to evaluate the usefulness of supplementation as a recovery/restoration strategy for depressed stocks of spring and summer chinook salmon in Idaho.  The project is a multi-agency effort, covering 31 streams throughout the Salmon River and Clearwater River basins, working to help define the potential role of chinook salmon supplementation in managing Idaho’s natural spring and summer chinook populations, and identifying genetic and ecological impacts to existing natural populations.  The ISS experimental design is split into three main approaches: 1) large-scale population production and productivity studies designed to provide Snake River basin wide inferences, 2) using study streams to evaluate specific supplementation programs.  3) small-scale studies designed to evaluate specific hypotheses.  Approaches one and two measure population responses to supplementation, and are long-term studies.  Approach three determines specific impacts of supplementation such as competition, dispersal, and behavior; and are short-term studies conducted in “controlled” environments.  We expect this research to demonstrate the best methods for supplementing existing natural populations of chinook salmon and re-establishing natural populations in streams where chinook salmon have become extirpated.  We expect supplementation effects and recommendations to be different for each stream.  The study design calls for a minimum of 15 years (three generations) of research (Bowles and Leitzinger 1991).  Sampling was initiated in 1991, and implementation began in 1992. Supplementation effects are monitored and evaluated by comparing juvenile production and survival, fecundity, age structure, genetic structure, and variability in treatment and control streams of similar ecological parameters.  This comprehensive database will provide a useful context to test a broad set of cause-effect hypotheses.

In the upper South Fork Salmon River, this project is entering the third phase, evaluation of supplementation effects. The supplementation smolt release treatment has been completed.  For brood year 2000, 43,000 fish were released as supplementation smolts at Knox Bridge.  Brood year 2001 supplementation production is reduced to 50,000 summer parr for release into Stolle Pond.  Stolle Pond was identified in the experimental design as a natural rearing, volitional release pond for supplementation juveniles.  Full use of the pond was implemented later than originally planned, so releases into the pond will be continued for another two to three years.

Salmonid response to fertilization: an experimental evaluation of alternative methods of fertilization
This project will experimentally evaluate the effects of marine-derived nutrients on populations of Snake River spring/summer chinook salmon using three enhancement strategies: carcasses, carcass analogs, and inorganic nutrients.  The efficacy of using salmon carcass analogs to benefit salmonid populations will be tested in three sub-basins of the Columbia River.

Other Activities

· Assess benefits of riparian conservation easement on Lake Creek (tributary to Secesh River).  Develop baseline monitoring.

· Assess restoration benefits in upper East Fork South Fork Salmon River.  Reclamation/restoration of past mining impacts was completed.  Document fish use and production following restoration.

· USFS – continued monitoring of sedimentation in South Fork Salmon River, changes in sediment composition over time.  USFS closed a section of road immediately adjacent to the river and paved other portions of the road to reduce sediment input.  

Washington Department of Fish and Game (WDFW)

The WDFW has the statutory authority to “preserve, protect, perpetuate and manage food fish and shellfish in state and offshore waters” of Washington.  To accomplish this task, WDFW has a wide array of resources, including biologists with in-depth knowledge of watersheds and extensive data on current and historical fish populations. 

Salmon Scape, Synthesis and Web Delivery of Aquatic and Terrestrial Recovery Planning Data

A fundamental responsibility of WDFW is to provide other government agencies with immediate access to accurate, comprehensive information on fish, wildlife, and their habitats.  For example, effective implementation of Washington’s Growth Management Act and county comprehensive land use plans requires current information on species distribution and habitat utilization.  While WDFW has extensive data on fish and wildlife in Washington, their value is often diminished by poorly integrated, arcane, or limited distribution methods.  By distributing key agency data through an integrated internet web page, we can assure that each of our citizens, volunteer partners, and other government agencies have immediate access to the most current WDFW data, and that the data is presented in a coherent, understandable manner.  The goal of this project is to develop an interactive, internet web site that can be used to access, integrate, and graphically display key data for the identification and evaluation of aquatic and terrestrial ecoregional conservation opportunities. 

Recovery Goals for Listed Species

WDFW, western Washington tribes, and the NMFS are evaluating an innovative approach to establishing recovery goals for listed species of salmon in Washington State.  The Habitat-Productivity Viability Analysis (HPVA) recognizes that one purpose of the ESA is to conserve and promote the recovery of threatened and endangered species in their natural ecosystems, and that the quality and quantity of habitat will ultimately determine if recovery is possible.  It also recognizes the limitations of simple, single species models to adequately capture the complex interactions of the biotic and abiotic components of an ecosystem.  Our objective is to identify the abundance, productivity, and diversity of a population associated with the habitat conditions necessary to assure the survival and recovery of a species.  Developing mathematical models that relate habitat characteristics to fish populations is a very active, if difficult, field of research.  One model that has been applied extensively in the Pacific Northwest is the Ecosystem Diagnosis and Treatment (EDT) model.  Based upon an assessment of habitat at the river reach scale, the model can be used to develop hypotheses about the characteristics of fish population associated with alternative habitat characteristics.  In this case, the model was used to develop hypotheses about the abundance and productivity of fish populations associated with the minimum characteristics of habitat associated with the long-term survival of a population.

Benefit-Risk Assessment Procedure for Artificial Production

Artificial production has been often been identified as a factor in the listing of salmonids, but a policy context for considering the acceptable risks of artificial propagation, and a scientific assessment of the risks and benefits of each proposed hatchery program has been lacking.  The Benefit-Risk Assessment Procedure (BRAP) provides technical staff, managers, and policy leaders with a consistent framework to evaluate the risks and benefits of artificial production in the ecological context of each watershed, with integrated assessment and decisions for hatcheries, harvest, and habitat.  The procedure includes: a) a scientific assessment of the potential risks posed by an artificial production program (developed with the western Washington tribes and National Marine Fisheries Service); b) a framework for balancing the potential risks and benefits of the program in the ecological context of the watershed; and c) a planning tool to describe alternative future scenarios and the management actions required to reach each scenario.

e. Project history (for ongoing projects) 

This will be a new project.

f. Proposal objectives, tasks and methods
Objectives: 

The objective of this project is to develop and implement an advanced model and data information management system (MADIMS) capable of 1) spatial and temporal upscaling and downscaling of data, information, and cause-effect models, 2) hypothesis testing, and 3) information exploitation.  MADIMS will be implemented on the South Fork Salmon and Methow watersheds to demonstrate methods for developing cause-effect relationships needed to assess action effectiveness at multiple temporal and spatial scales.  Products of this project will include the fully operational MADIMS, complete transfer of MADIMS to the WDFW and IDFG along with appropriate documentation and training, development and documentation of methods for scaling (up and down) and information transfer across basins, as well as fully operational Internet-based data management tools to facilitate data analysis, visualization, and model input/output stream processing.
Tasks and Methods:

Background

This project will be executed in three phases over three years.  Each phase will address separate, progressively more complex scaling and information utilization needs that collectively constitute some of the most important challenges associated with RPA 183.  The phases are sequenced to align with and support the ongoing planning and assessment needs of IDFG and WDFW in the South Fork Salmon and Methow River basins, respectively.  A separate phase is planned for each year of the project.  Figures 3 and 4 illustrate the three-phase approach.  In year one, the team will develop and demonstrate methods for downscaling from the subbasin scale to the upland plot or stream reach (segment) scale.  Cause-effect relationships will be developed as the basis for assessing action effectiveness for current recovery strategies derived from subbasin planning results within each of the basins.  The second year will address extending data, information, and models at the reach plot or stream reach scale, and upscaling to the ecoprovince scale.  Methods will be established for systematic sharing of data, information, models and model results, and action assessment findings with others having similar problems within the subbasin and other subbasins within its respective ecoprovince.  In addition, a consistent analytical framework and rationale will provide the basis for comprehensive tradeoff analyses for regionally prioritizing investments.  The third and final year will 

integrate results from years 1 and 2 to demonstrate the transfer of process understanding and assessment results across ecoprovinces and across the Columbia River Basin.  In addition, MADIMS will be used in an adaptive approach to revisit previous actions at multiple scales for reassessment based on updated regional priorities.
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Figure 3.  Illustration of year-by-year project focus.
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Figure 4.  Phase composition and year-to-year focus.
This project will develop and apply MADIMS to two key watersheds in the States of Washington and Idaho.  The basins chosen as the basis for pilot application by IDFG and WDFW are the South Fork Salmon and the Methow, respectively.  Each phase of the project will include an evaluation task to assess the efficacy of the system in a real-world decision making process.  Each phase of the project will also involve systematic technology transfer in the form of software installation, training, and publishing in open, peer-reviewed journals.

Methods 

Information Infrastructure Development 

MADIMS will provide the information infrastructure required to ensure optimal utilization (exploitation) for existing models and data, while also ensuring that new models and data can be easily incorporated.  MADIMS involves the linkage of an integrated suite of software tools in three toolboxes: data toolbox, model toolbox, and decision toolbox.  The software will be implemented through a web-based interface to ensure accessibility.  The tools will leverage PNNL’s established capabilities and experience in advanced computing, including distributed data management, evolutionary computing, pattern recognition, anomaly detection, and optimization methods.  

MADIMS is realized through a metadata database (MDDB) and suite of software programs designed to interact specifically with the MDDB.  The database and programs are transportable.  The database is defined in terms of the entity relationships (database schema) and therefore can be applied using any standard database system (commercial or public domain).  PNNL and the Idaho/Washington Water Research Centers will work closely with IDFW and WDFW to ensure that the database will leverage off their existing computational infrastructure, and not represent a significant new software mortgage.  The software will be implemented in Java, using standard language features to ensure the software elements are also fully portable.  The interface to MADIMS will be entirely through standard web development languages (e.g., HTTP), thereby, ensuring users only need a web browser and access to the INTERNET (or INTRANET) to perform all operational functions.  

A MDDB is like a catalog in a library.   It describes the data and points to the data location, but is not a depository or storage for actual data   Some data may be remotely distributed via the INTERNET or INTRANET; some may be local on the same platform as the MDDB.  The design and structure of the MDDB is a generalized product that ensures the MADIMS can be easily transferred to other environmental management problems.

The suite of software modules provided with MADIMS provides generalized functions and, therefore, is readily transferred to other environmental management functions.  Physical, chemical, biological, and ecological process models are a critical element of any application of MADIMS.  Such process models may be transferable to other applications and are not per se part of the MADIMS itself, but are coordinated through MADIMS’s intrinsic Task Scheduler capabilities.  [Indeed one of the benefits of MADIMS is easy transfer of models and process understanding from one application to another.]

The suite of software modules intrinsically included in MADIMS provides a variety of functions including:

· Task Scheduling

· Pattern Recognition

· Automated Calibration (proposed separately through the Innovative Grant program)

· Event Detection

· Value of Information Assessment

· Multiple Objective Tradeoff Analysis

Due to the sequential nature of adaptive management, MADIMS must efficiently coordinate very large sets of feasible action sequences and their predicted outcomes.  If the action sequences are too numerous to feasibly define or manage, as they generally will be, MADIMS must manage patterns of actions (e.g., the number of possible unique action sequences for ten separate actions that can occur in any of ten time periods is 1010).  Clearly, even this relatively simple environmental problem would exceed the ability of current computers (and likely for computers for many years).  However, the size of this combinatorial problem does not mean that we cannot find valuable information to support sequential decision-making in the patterns provided with only a few hundred random realizations.  Pattern recognition can detect common patterns in the optimal next action, or identify the need and value to resolve specific conceptual model uncertainties.  To provide these pattern recognition functions, MADIMS provides a variety of intrinsic functions ranging from standard statistical tests to evolutionary computing tools such as artificial neural networks, fuzzy clustering, and genetic algorithms.  

MADIMS represents the multitude of feasible realizations (actions and outcomes) via schemata.  The length of the schemata may change as process understanding improves and endpoints change.  In a simplified example, a schemata may be thought of as a vector of 0,1, and *.  ‘0’ signifies ‘no’, ‘1’ signifies ‘yes’, and ‘*’ signifies ‘I don’t care’.  A realization such as 0011*1*0011 can represent a sequence and/or set of actions.  Outcomes estimated can be concatenated to the schemata to define a realization and its outcomes.  The MDDB is able to map specific realizations of the schemata completely back to the actual data, assumptions, and models from which they were derived.  Schemata are the basis of genetic algorithms.  Therefore, such an approach is ideally suited to genetic algorithms and other evolutionary computing methods of optimization and pattern detection, such as artificial neural networks.

MADIMS will provide users the ability to view tradeoffs between multiple objectives (assessment outcomes) and understand the impact of parameter uncertainty on these objectives.  A Java-based multiple objective tradeoff tool will communicate with the MDDB via XML to visually display the tradeoffs.  Users interested in understanding the pedigree of the specific outcomes will be able to drilldown from the tradeoff tool and understand the complete history of the assessment.  This entire capability will be web-based to ensure transportability and easy of access.  While ease of access is important, it does not imply that certain data might not require protection.  Using the MDDB, provides help ensure that sensitive data cannot be accessed inadvertently by MADIMS. 

Actions, environmental conditions, and outcomes can also be expressed via schemata.  Identifying patterns in the action-environment-outcome schemata are critical to understanding the consequences of actions.  Outcomes are dependent on changes in the environment as a result of actions and other events independent of actions (e.g. climate).  Pattern recognition can help assess the relative importance of various actions and independent environmental conditions.  

The MADIMS approach melds together the perspective of the mechanist and the empiricist.  The current state-of-process models are not reliable enough to take a purely mechanistic perspective.  A purely empirical perspective is unable to extrapolate process knowledge, particularly the impacts of actions outside the limits of past monitored experience.  MADIMS fuses models and observations into an augmented set of realizations.  

MADIMS’s ability to continuously monitor newly arrived data provides an opportunity to detect anomalies.  Rapid identification of anomalies between the patterns representing new data with the patterns in the existing baseline, allows MADIMS to advise users of the occurrence such anomalies.  Anomalies may signify a need to adapt the conceptual, recalibrate the models, or reassess the validity of the new data itself.  If the anomalies are significant enough, the Event Manager (another intrinsic function of MADIMS) sends messages to the appropriate queues or may automatically undertake a specified response (e.g. recalibrate models).

Adaptive management attempts to balance the desire to minimize adverse impacts with the desire to maximize increased process understanding.  Since cost is the universal adverse impact, assessing the value of information is a crucial function of any framework that attempts to implement adaptive management.  MADIMS will provide this capability by assessing associated life-cycle costs with various action/monitoring strategies and identifying the likelihood that the specified monitoring would reduce the likelihood of taking the improper action.  MADIMS does not attempt to associate a cost directly with the associated impact but instead communicates the multi-objective tradeoffs with life-cycle cost as one objective and the sequence of actions considered reflects the improved understanding afforded by the new information.

Given the complexity of the software development process involved, this project will employ the Software Systems Engineering Process (SSEP).  The SSEP was developed by PNNL to managed large software development efforts.

Implementation

The pilot implementation of MADIMS will be on the Methow and South Fork Salmon River watersheds.  These basins were specifically selected because they are targets for intensive study as part of the fisheries management plans in their respective states.  By utilizing these basins, this project will benefit directly from cost-shared efforts in data assembly, analysis, ongoing surveys, assessment of past, ongoing and future restoration actions, etc., that are planned over the proposed project duration.  In turn, the Washington and Idaho efforts will benefit from the implementation of the advanced MADIMS capabilities and associated analyses of cause-effect relationships and alternative effectiveness to be conducted by the project team.

The proposed approach involves 3 phases.  Each phase involves development, implementation, evaluation, and technology transfer activities.  In the spirit of adaptive management, the technology transfer activities include activities to monitor and change the overall MADIMS framework and project plan to support the evolving planning needs.  This phased approach is designed to support regional and local assessments for both short-term (subbasin planning) and long-term (operationalizing adaptive management) needs.

For this project, the IWRRI  and SWWRC will take the lead on implementing and  demonstrating MADIMS.  The project will involve collecting and synthesizing all reasonably available existing data for the South Fork Salmon and Methow River watersheds in order to demonstrate the various levels of downscaling and upscaling modeling being developed by PNNL.  They will work closely with the representatives from the respective States to insure that multiple perspectives are included in the analysis and interpretation.  Results will be interactively provided to PNNL so that model adjustments can be incorporated as necessary.  They will also work jointly to compare and contrast the demonstration results of this watershed to their results from the South Fork of the Salmon and the Methow Rivers.  Finally, they will develop educational tools needed to support technology transfer and wider application of the scaling and information transfer capabilities of the project.

In the section below, for each of the pilot implementation basins, a basin overview is presented along with representative restoration objectives and actions.

SOUTH FORK SALMON RIVER 

Overview

The South Fork Salmon River (SFSR) drainage lies in central Idaho in Valley and Idaho counties.  The drainage flows northerly through the Idaho batholith and enters the Salmon River at Mackay Bar. Resident fish species, including rainbow trout, cutthroat trout, bull trout, mountain whitefish, brook trout, lake trout, kokanee, and numerous nongame fish species, occupy 515 miles of streams and 37 lakes.  They provide popular fisheries for many anglers. 

Anadromous fish species (chinook salmon, steelhead trout) have access to most of the drainage.  Historically, the steelhead spawning run exceeded 3,000 fish.  Current estimates are 500 to 800 spawners.  The SFSR historically supported the largest summer chinook run in the state of Idaho.  Salmon fishing was a major economic resource in the SFSR prior to 1965, when anglers harvested 1,700‑4,000 salmon annually.  Steelhead anglers harvested 750‑800 fish per year.  These runs have dwindled considerably since then, and run sizes are about one‑tenth of their former abundance.  The seasons were closed in 1965 for chinook and in 1968 for steelhead.  The decrease in numbers of SFSR chinook and steelhead were caused by two major problems:  1)  unstable soil conditions caused by logging and road construction activities in the SFSR that have damaged the aquatic habitat, and 2) serious fish passage problems and increased mortality caused by construction of hydroelectric dams on the lower Snake and Columbia rivers.

The SFSR is one of only three drainages in the Columbia Basin that supports populations of wild, native steelhead classified as B‑run.  These fish are predominantly large steelhead that spend two or three years in the ocean, compared to the smaller A‑run steelhead that inhabit much of the rest of the Salmon River drainage.  Preservation of this native gene pool is a high priority.    

Resident salmonids were seriously impacted by aquatic habitat degradation, as well as excessive harvest.  Catch-and-release regulations, implemented in 1998, have increased protection of these populations.

Representative Salmon Recovery Objectives and Actions

Statewide Fisheries Management Goal:  restore and maintain wild native populations and habitats of resident and anadromous fish to preserve genetic integrity, ensure species and population viability, and provide sport fishing and aesthetic benefits

Objective:  Maintain or enhance the quality of fish habitat.

Action:  Restore channel function and connectivity for native salmonids in the Stibnite mining district of the South Fork Salmon River.

Resident Fish Management Goal:  ensure that native species are well distributed and represented in the aquatic communities of the Salmon subbasin, such that these species are not prone to extinction.

Objective:  Maintain or restore wild native populations of bull trout, westslope cutthroat trout, resident rainbow trout, and white sturgeon to ensure species viability and sport fishing opportunity.

Action:  Evaluate the interaction of Riordan Lake bull trout with the South Fork Salmon River metapopulation.

METHOW RIVER 

Overview
  

The Methow Subbasin is located in north-central Washington and resides entirely within Okanogan County, draining an area of approximately 1,890 square miles.  The middle and upper reaches of the Subbasin’s tributaries and the mainstem Methow River provide the majority of spring chinook salmon, steelhead/rainbow, and bull trout spawning and rearing habitat.  The lower reaches of the Methow River function primarily as a migration corridor but also provide the majority of summer chinook spawning habitat and rearing habitat for all salmonid species.

Substantial changes to overall habitat conditions caused by human activities have taken place in the mid and lower reaches of the Methow basin during the last century.  Historic and current logging, mining, agriculture, grazing, and residential and commercial development activities are largely responsible for degraded habitat conditions within the basin.  Examples of actions that have altered the habitat include: construction of diversion dams, dikes and other irrigation related structures; diversion of water from creeks and streams for irrigation purposes; conversion of riparian habitat to agricultural and residential uses; removal of large woody debris to reduce potential flood damage; log drives; construction of logging roads and associated timber harvest; highways; and housing developments.

Representative Salmon Recovery Objectives and Actions

Objective 1.  (Fiscal Year 2003) Characterize the physical environment for each subbasin under the historic (pre-European) and current reference conditions.  

Objective 2.  (Fiscal Year 2003)  Identify, by using the EDT model, key habitat factors hypothesized to limit the potential production of indicator species (chinook salmon and steelhead in all subbasins, including coho salmon in the Wenatchee) in each subbasin.

Objective 3.  (Fiscal Year 2003)  Evaluate the benefits and risks of artificial production programs, identify programs with risks inconsistent with the benefits and the ecological context of the basin, and recommend program modifications.

Objective 4.  (Fiscal Year 2004)  Develop a working hypothesis regarding the condition and processes affecting the ecosystem within each subbasin and identify alternative management strategies to protect, or restore to, healthy aquatic and riparian characteristics. 

Objective 5a.  (Fiscal Year 2004)  Identify potential Alternative Management Strategies and estimate, using the EDT model, changes in the carrying capacity, species productivity, and habitat diversity of indicator species (associated with reference conditions in each subbasin).  

Objective 5b.  (Fiscal Year 2004)  Evaluate and describe expected Costs, Benefits, and Risks for potential Alternative Management Strategies relative to attainment of subbasin goals towards salmonid recovery.

Objective 6.  (Fiscal Year 2005)  Using information derived from the EDT evaluation and other available information (State 2514 process, NMFS Technical Review Team findings, etc.), identify a preferred Management Strategy for each subbasin, and highly refine the Cost, Benefit, and Risk assessment for potential site-specific projects consistent with a prioritized strategy.

Objective 7.  (Fiscal Year 2005)  Develop a preferred Subbasin Management Strategy, for each subbasin, that will best attain stated long-term goals and objectives towards protection and restoration of aquatic/riparian resources.  

Candidate actions may include the following: improving artificial production programs, adding fish screening facilities, restoring wetlands, removing constrictions and constraints within the channel migration zone, preservation of key habitat, adding or improving fish passage facilities, restoring riparian and floodplain habitat, restoring access to side channels, augmenting instream flow, assuring appropriate inputs of large woody debris, improving logging practices, and reducing road densities.

Evaluation

An important aspect of the activities for each phase will be a detailed evaluation of the MADIMS implementation results.  The evaluation effort will include a detailed analysis and documentation of all implementation results for each of the two pilot basins.  Topics to be considered include all aspects of MADIMS performance ranging from user interface; data management; pre- and post- model processing; physical and biological process model performance; adequacy in scaling of data, information, models, etc.  In addition, all findings from the pilot implementations will be evaluated as input to the ongoing planning and assessment activities within the respective basins.  

Subsequent to draft documentation of the detailed evaluations, a workshop involving all team members (and others designated by BPA) to discuss findings and make recommendations for modifications to MADIMS functionality and formulations, identify data and information gaps and their significance to findings and associated conclusions, and develop detailed plans for the next phase efforts.

Technology Transfer 

The technology transfer effort for each phase of the project will involve several activities:

· As each phase of MADIMS development is completed, the process of transferring the software to the Water Research Centers, IDFG and WDFW will commence.  In addition to the system itself, PNNL will provide necessary documentation, instruction, and user training.  

· PNNL and MBI staff will work closely with the Water Research Centers and state agency staff throughout the implementation activities to ensure the system is properly deployed.

· A major element of technology transfer will be the reporting and publication of results.  Periodic written reports will be generated as requested (e.g., quarterly reports  summarizing progress to-date, findings, challenges, etc.).  Results from each phase of the development, implementation, and evaluation will be documented and published in at least one peer-reviewed journal manuscript.  

Tasks (Phases)

Phase 1

The first phase activities will focus on downscaling from the subbasin scale to the plot/reach scale.  Our analysis will begin where the earlier Multispecies Framework (MSF) project ended (http://www.edthome.org/framework/default.htm).  We will utilize the spatial discretization (6th level hydrologic unit – HUC6), baseline data (ICBEMP) and models (developed by PNNL for the MSF project).  We will update this for the analysis where new baseline data/models are available.  For instance, we will rerun the hydrologic model with recently improved grided historical meteorological records and improved soil and vegetation data with the current version of the hydrologic model that was employed in the MSF.  However, the general sequence of the analysis will be the same as was used in the MSF project.  The motivation for updating this analysis is to prevent expending effort on obsolete data and models in MADIMS.  While the MSF project considered the entire U.S. portion of the Columbia River Basin, this phase will only consider the two pilot basins (Methow and South Fork Salmon).  We will estimate both “natural” and “current” conditions using the MSF approach.  Whereas in the MSF project we, ultimately expressed categorical conclusions about the biological suitability of each HUC6 for an average year, we will estimate the same categorical conclusions but for each month in the 50 year historical meteorological record.  We will evaluate the model results by comparing the derived physical estimates (e.g., stream flow, water temperature) and estimated categorical conclusions about biological conditions with observed data (e.g., measured streamflow, earlier limiting factors studies).

The first downscaling example will be to move from subbasin to hydro/geomorphic units. Whereas MSF’s spatial discretization was based exclusively on watershed divides, we will further subdivide the system into finer watersheds in a manner to highlight the differences between subwatersheds with different geomorphic backgrounds.  While routing of water is adequately analyzed based on watershed divides, the geomorphic conditions are critical to defining the habitat forming processes and the impacts of actions on habitat forming processes. We will illustrate downscaling on the two pilot basins by leveraging recent collaboration with Stanford University (Professor Andre Journel) in downscaling soils data in the Yakima Basin using (high resolution) digital elevation data and a geostatistical pattern recognition scheme.  The same modeling system will be adapted to estimate “natural” and “current” conditions for the downscaled system.

At this point we will begin to define the decision needs.  The project team will define the set of action alternatives and the set of assessment endpoints (i.e., objective metrics) which would be used to select a specific action.  The assessment endpoints will be codified and incorporated into MADIMS.  Using the integrated modeling sequence defined for the downscaled system, we will perform an adequate number of simulations (driven by a pareto genetic algorithm) to define the multi-objective tradeoff curves based on the multiple assessment endpoints.  Using the Java-based tradeoff tool (developed earlier by PNNL) state agency staff (likely in concert with stakeholders) will select a preferred action.  For a selected action, MADIMS will allow complete drilldown through models and data to ensure full disclosure of the pedigree of assessment endpoint results.

Action alternatives can either be expressed in broad programmatic terms (restore logging roads on federal forest lands) or site-specific terms (replace an individual culvert).  Specific actions imply a very localized assessment.  Detailed process models may be used to assess such actions.  However, it is unnecessary and impractical to use highly detailed models over the entire domain.  Therefore, the final stage of downscaling will rely on classification and pattern recognition techniques to consider reach/plot scale effects.

This first phase effort will provide a working MADIMS to the respective Idaho and Washington implementation teams.  Using MADIMS, the teams will be able to generate, as necessary, a variety of products such as stream reach impact data bases (i.e., relative index of historic to current physical/ecological change), assessments of potential stream reach improvement, and supporting graphics and tables.  In addition, the initial application will provide tradeoff relationships to assist the state agencies in prioritizing actual restoration activities.  

MADIMS will be developed by enhancing the MDDB scheme developed by PNNL as part of an EPA STAR grant.  We will review the existing and projected information infrastructure of the state agencies to adopt the design to minimize any long-term maintenance mortgages once the MADIMS is transferred to the state agencies.

Most new software tools developed will be implemented in Java to minimize and cross-platform concerns.  The MDDB scheme will be readily transferred to any (public domain or commercial data system).  During Phase 1 development efforts will be predominately focused on tools required for spatial downscaling.  The tools include statistical classification and pattern recognition.  Fuzzy-logic methods will also be incorporated to overcome some of the structural differences between physical models and ecosystem models.

Task 1.1 Information Infrastructure Development

· A dynamic version of EDT will be implemented as a module in MADIMS.  Currently, EDT just considers the survival landscape of an average year.  This dynamically downscaled version of EDT will illustrate the importance of inter and intra year variability on survival estimates.

· The downscaling tools (primarily spatial downscaling in this phase) will be developed and implemented as scale filters and incorporated into MADIMS.

· The Java-based Tradeoff Tool (developed under a different project) will be incorporated into MADIMS and a demonstration database will be included to allow users to test and suggest improvements to the existing tool.  This Java tool will be further enhanced to enable web-based multiple user consultation and collaboration on tradeoff analyses and input to the decision making process.

· An Entity Relationship Diagram (also called a database schema) for the MDDB will be revised based on requirements specifications developed as part of this phase.

· Implement modules to enable web-based drill-down.

· Pattern recognition and anomaly detection procedures will be reviewed and documented.  The review will focus on the role of pattern recognition and anomaly detection in operationalizing adaptive management through MADIMS.  Simple pattern/anomaly recognition modules will be developed and implemented into the Tradeoff Tool to assist in identifying robust dynamic alternatives.

Task 1.2 Implementation 

· Update MSF integrated physical/biological models and database for South Fork Salmon and Methow basins using available data and information.

· Map geohydromorphic units for both basins.

· Apply modeling system at watershed to geomorphic unit scales.

· Generate database for each basin containing physical habitat attributes for current and historic conditions for each reach. 

· Generate database for each basin containing physical and ecological changes (from historic to current conditions) and their respective impacts on species productivity, equilibrium run size, and habitat diversity.

· Conduct analysis for each basin to identify the relative value of improving habitat attributes for each reach.

· For subset of selected strategies, evaluate relative effectiveness of alternative actions within each basin.

· Evaluate impacts of data and information gaps on effectiveness assessments.

Task 1.3 Evaluation

· Phase 1 MADIMS implementation results will be evaluated and documented in draft form.

· A workshop will be convened to discuss implementation results, findings and recommendations for subsequent work.

· Documentation of results and findings for Phase 1 will be finalized and plans will be developed for Phase 2.

Task 1.4 Technology Transfer

· The Phase 1 version of MADIMS will be transferred to the Water Research Centers, IDFG, and WDFW. 

· Documentation, instruction, and user training will be provided.  

· Periodic written reports will be generated as requested. 

· Phase 1 results will be documented and published in at least one peer reviewed journal manuscript.  

Phase 2

Phase 2 of this project focuses on upscaling from the reach to the ecoprovince scale.  If detailed representations of each subwatershed of the entire basin were available, upscaling might be as direct as a weighted averaging process.  However, such comprehensive detailed data cannot be expected, nor is it essential, for a defensible upscaled assessment.  This project will illustrate how the detailed information from the two pilot basins can be exploited by sharing this local process understanding with readily available landscape information (e.g., elevation, soil, vegetation) to create an integrated ecoprovince scale understanding consistent with the need to help the states prioritize resource allocations between states, as well as between subbasin units.  A rational prioritization of the allocation of these resources provides an accountability consistent with maximizing the return on investment.  

The upscaling technique employed in Phase 2 will include pattern recognition, anomaly detection, and geostatistical methods.  Similarity in watershed response and function will be inferred from patterns in terrain (elevation), lithology (soils), and vegetation.  The downstream consequences of these local responses will be represented with a simple hydrological routing approach (similar to that employed in the MSF project).  This routing approach ensures conservation of mass is maintained.

We will incorporate a programmatic type description of alternatives into the upscaled assessment.  Following the approach used in the MSF, alternatives will be expressed as a set of strategies (e.g., the categories noted by RPA 183 such as remove blockages, reduce sediment, restore riparian function, etc.
) Intensities will be expressed for each land use (e.g., forest) and landownership (e.g., federal) group.  The intensities will be combined with the projected effectiveness (e.g., reduction in fine sediment) to estimate the consequence of the alternative on habitat.  Experience from monitoring (or detailed modeling studies) about the effectiveness can therefore be exploited and shared throughout the region.

Task 2.1 Information Infrastructure Development

· Distributed data access tools will be implemented to access priority data from distributed site.  The tools will be implemented using Java and XML to maximize portability.  Less verbose communication options than XML will be evaluated, if the bandwidth requirements of large datasets becomes too burdensome.  However, priority will generally be given to portability over speed.  Distributed data access tools will be used to obtain and process (using the integrated modeling system developed in Phase 1) the assessment for the entire ecoprovince.

· A module to perform sensitivity analyses will be developed and incorporated into MADIMS to quantify impact of action-effectiveness assumptions on assessment endpoints.  Such sensitivity analysis results will be used to help identify the action-effectiveness assumptions most in need of monitoring and/or advanced modeling assessments.  Specific detailed modeling studies will be performed based on the needs of the pilot basins and with discussions with the respective state agencies.

· A comprehensive review of upscaling approaches will be performed and documented.

· A comprehensive review of current and projected distributed data management tools will be performed and documented.  The goal is to help ensure that new technology has not made MADIMS obsolete by the time the project is over.

· Through an Innovative grant proposal (anticipated to be funded based on 5th place overall ranking), PNNL and IDFG will be developing an automated calibration procedure.  This procedure will be incorporated into MADIMS.

· Pattern recognition and anomaly detection modules will be incorporated into MADIMS to support spatial and temporal upscaling.  The modules will be tested by classifying landscape patterns to upscale characterization and modeling of habitat forming process within each of the ecoprovinces.

Task 2.2 Implementation 

· Update database for the South Fork Salmon and Methow River databases, and extend to the ecoprovince scale.  

· Implement upscaling from plot/reach scale to ecoprovince scale for the respective watersheds and ecoprovinces.  

· Conduct analysis of pattern recognition, anomaly detection, and geostatistical methods at the ecoprovince scale.

· Demonstrate sharing of information between data rich and data poor watersheds within each of the ecoprovinces to transfer action effectiveness experience and understanding across subbasins within the respective ecoprovinces.

· Identify correlations in watershed response and function from patterns in terrain (elevation), lithology (soils), and vegetation.  The downstream consequences of these local responses will be represented with a simple hydrological routing approach (similar to that employed in the MSF project) that maintains conservation of mass.

· Conduct ecoprovince scale assessment of relative effectiveness of alternative actions/strategies as aide in prioritizing state resource allocations within each ecoprovince.   

· Conduct hypothesis generation and testing:

· Develop hypotheses that identify the underlying landscape processes affecting the key habitat factors limiting the production of indicator species. 

· Information supporting these statements, including the underlying data, assumptions, and analyses that provide the scientific rational for the hypotheses.

· Preliminary evaluation of costs, benefits and risks of various alternative strategies that might be employed within the respective subbasins and ecoprovinces.

· Conduct “value of information” assessment to determine impact of data/information gaps on assessment and selection of alternative strategies/actions.

Task 2.3 Evaluation

· Phase 2 MADIMS implementation results will be evaluated and documented in draft form.

· A workshop will be convened to discuss implementation results, findings and recommendations for subsequent work.

· Documentation of results and findings for Phase 2 will be finalized and plans will be developed for Phase 3.

Task 2.4 Technology Transfer

· The Phase 2 version of MADIMS will be transferred to the Water Research Centers, IDFG, and WDFW 

· Documentation, instruction, and user training will be provided.  

· Periodic written reports will be generated as requested  
· Phase 1 results will be documented and published in at least one peer reviewed journal manuscript.  

Phase 3

Phase 3 provides a comprehensive model and data information infrastructure capable of supporting the assessment needs of the entire region.  MADIMS is designed to support the range of needs from small local watershed groups to agencies such as the Northwest Power Planning Council with responsibilities for prioritization of regional assets.  MADIMS does not mandate the use of any specific models or any specific data set but provides an infrastructure that encourages information sharing.  Process knowledge, experience with a specific actions effectiveness, and assessment procedures can easily be shared given the power of the Internet.

Phase 3 will provide the additional web tools to allow others to access and contribute information to the regional knowledge base.  This does not imply that they will be contributing data or models to centralized database.  Instead they will be providing portals to their data/models through websites and/or accessing others data/models.  Some groups may wish to control information they make available or ensure some certification of information they utilize.  Incorporation of certification into the pedigree information within the MDDB allows users to qualify data.  Similarly, certification data can be used to control access to sensitive, preliminary, and/or proprietary data/models.  While the primary goal of MADIMS is not to limit access to data/models, it is essential to provide some level of protection from data loss or liability to those groups we are encouraging to make their data more accessible.

We will upscale from the ecoprovince to the entire U.S. portion of the Columbia Basin by leveraging the ICBEMP datasets and repeating the MSF-type assessment with MADIMS for the entire basin.  While the primary purpose here is demonstrative, it is expected that the results could be of some direct use in regional planning.  The regional assessment will be used to identify reach-scale actions that are expected to be effective within the two pilot basins.  This assessment will also quantify the likely value of monitoring information from the specific actions in reducing uncertainty on the action throughout the region.  By capitalizing on the plug-n-play modeling structure of the MADIMS system we will illustrate an assessment of the impact of conceptual model uncertainty by replacing one or more modeling components with alternative models.
Task 3.1 Information Infrastructure Development

· A comprehensive review of distributed modeling systems will be performed and documented.  

· A set of distributed modeling tools will be assembled and incorporate into MADIMS.  PNNL has developed a robust Java-based application to support high-throughput computing on modest networks of computers which will also be included in MADIMS.

· A comprehensive review of data and model security and certification procedures will be performed and documented.  The risks to information systems will be documented and, based on discussions with the respective state agencies, some security/certifications procedures will be implemented.  

· Once security and certification procedures are developed and tested, the project website will be rolled out to the entire Internet.

· Real-time database updating tools will be incorporated into MADIMS.  While the updated data is actually distributed (not local), the metadata will be updated to reflect the newly available data (and models).  Several options are available for implementing this some more automated than others.  These options will be evaluated and the specific implementation incorporated into MADIMS will be based on consultation with all team members.

· Pattern recognition and anomaly detection modules will be incorporated into MADIMS to support upscaling and downscaling of process models.  The modules will be tested by considering alternative conceptual process models into the integrated modeling procedure to assess the impact of conceptual model uncertain and the value of information in reducing the conceptual model uncertainty.

Task 3.2 Implementation 

· Update ecoprovince databases and expand to the Columbian River Basin scale.  

· Implement upscaling from plot/reach scale to Columbia River Basin scale.

· Conduct analysis of pattern recognition, anomaly detection, and geostatistical methods at the Columbia Basin scale.

· Demonstrate sharing of information between data rich and data poor watersheds between ecoprovinces to transfer action effectiveness experience and understanding for the Columbia River Basin.

Task 3.3 Evaluation

· Phase 3 MADIMS implementation results will be evaluated and documented in draft form.

· A workshop will be convened to discuss implementation results, findings and recommendations for subsequent work.

· Documentation of results and findings for Phase 3 will be finalized.

Task 3.4 Technology Transfer

· The Phase 3 version of MADIMS will be transferred to the Water Research Centers, IDFG, and WDFW 

· Documentation, instruction, and user training will be provided.  

· Periodic written reports will be generated as requested  
· Phase 3 results will be documented and published in at least one peer reviewed journal manuscript.   

g. Facilities and equipment
No special facilities or equipment will be required to implement this project.
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This project will be conducted by a team of researchers from the Pacific Northwest National Laboratory (PNNL), Mobrand Biometrics, Inc. (MBI), the Idaho Water Resources Research Institute (IWRRI), and the State of Washington Water Research Center (SWWRC).  In addition, there will be in-kind collaboration with the Washington Department of Fish and Wildlife (WDFW), and Idaho Department of Fish and Game (IDFG).  PNNL will provide overall technical and project leadership (Mr. Lance Vail and Dr. Richard Skaggs).  MBI (Dr. Lars Mobrand) will assist in the implementation and interpretation of EDT.  Research staff from the IWRRI (Dr. Peter Goodwin and Dr. Vladimer Aizen) and the SWWRC (Dr. Michael Barber and Dr. Shulin Chen) will lead the pilot implementations of MADIMS to the South Fork Salmon and Methow River basins, respectively.  They will work closely with their state counterparts at the IDFG (Mr. Pete Hassimer and Dr. Charlie Petrosky) and WDFW (Mr. Jim Scott), technical leads in their respective state’s characterization, planning, and assessment activities.  

LANCE W. VAIL

Senior Research Engineer 

Battelle, Pacific Northwest Division

Pacific Northwest National Laboratory

PROJECT RESPONSIBILITIES

Mr. Vail will serve as co-Principal Investigator.  His primary responsibilities will be to lead the development of the model and information management system (MADIMS), and coordinate activities with Mobrand Biometrics, Inc.

EDUCATION
M.S.
Civil Engineering, Montana State University
1982

B.S.
Environmental Resources Engineering, Humboldt State University
1979

EXPERIENCE

Mr. Vail’s research has focused on advanced physical/biological process modeling, linkage of physical and biological models in fisheries management, and use of neural networks, fuzzy logic, and genetic algorithms to conduct multiple objective tradeoff analysis for natural resource management.  For a recent internally-funded project, Mr. Vail developed an integrated natural resource analysis framework that: dramatically improves the ability to integrate physical and biological models, thereby encouraging the utilization of advanced process models; allows utilization of large, sparse, and distributed data sets (including model output); communicates high-level tradeoffs and their respective uncertainties; and assesses, communicates, and minimizes scales issues.  For another project, he led the development of the Integrated Natural Resources Decision Systems (INRDS), an advanced, web-based environmental information system that will promote public understanding of natural resource management issues and assist planners and decision makers in accessing the most relevant information and analytical tools and evaluating the tradeoffs of alternate actions. In addition, Mr. Vail, as part of the Multi-Species Framework Project, was responsible for development and implementation of a series of models to transform definitions of alternative salmon recover strategies and measures into estimates of changes in the physical environment and, in turn, into estimates of changes in habitat suitability.
Recent Publications

Vail LW. 2001 "Application of Fuzzy Logic in Estimating Impact of Water and Land use Practices on Aquatic Habitat Diversity ."   PNNL-SA-34213, Pacific Northwest National Laboratory, Richland, WA.

Vail LW, Wigmosta MS, and Prasad R. 2001 "Impact of Climate on Aquatic Habitat in the Yakima River."   PNNL-SA-35194, Pacific Northwest National Laboratory, Richland, WA.

Vail LW. 2001 “A Preliminary Screening Procedure for Estimating the Terrestrial Habitat Resulting from Various Alternatives in the Multispecies Framework Process.”  PNWD-3077, Pacific Northwest National Laboratory, Richland, WA..

Vail LW. 2001 "Adapting to Climate Change in the Yakima Basin."   PNWD-SA-5488, Pacific Northwest National Laboratory, Richland, WA.

Vail LW. 2001 "Impact of Climate on the Lower Yakima Basin."   PNWD-SA-5489, Pacific Northwest National Laboratory, Richland, WA.

Vail LW. 2001 "Drought 2001 Water Management Implications for the Yakima River Basin."   PNWD-SA-5326, Pacific Northwest National Laboratory, Richland, WA.

Vail LW, Jaksch JA, and Stockle CO. 2001 "Regional Climate Forecasts and Water Markets in Irrigated Agriculture."   PNWD-SA-5375, Pacific Northwest National Laboratory, Richland, WA.

Scott MJ, Vail LW, Kemanian A, and Stockle CO. 2001 "Integrated Impact of Climate Warming on Irrigated Crop Production."   PNWD-SA-5468, Pacific Northwest National Laboratory, Richland, WA.

Scott MJ, Vail LW, Jaksch JA, Anderson KK, and Stockle CO. 2000 "Climate Forecasts and Water for Regional Irrigated Agriculture ."   PNWD-SA-5050, Pacific Northwest National Laboratory, Richland, WA.

Scott MJ, Vail LW, Jaksch JA, and Anderson KK. 2000  "Considerations for Management of Irrigation Water with Climate Variability ."   PNWD-SA-5069, Pacific Northwest National Laboratory, Richland, WA.

RICHARD L. SKAGGS, Ph.D., P.E.

Senior Program Manager, Natural Resources

Battelle, Pacific Northwest Division

Pacific Northwest National Laboratory

PROJECT RESPONSIBILITIES
Dr. Skaggs will serve as co-Principal Investigator.  His primary responsibilities will be to 1) ensure project milestones are met on time and within budget; 2) coordinate all activities with the Idaho and Washington State Water Research Centers, the Idaho Department of Fish and Game, and the Washington Department of Fish and Wildlife; and 3) lead project documentation and reporting.
EDUCATION
Ph.D.
Water Resource Systems, Arizona State University
1995

M.S.
Civil Engineering, Stanford University    
1986

B.S.
Civil Engineering, Arizona State University
1975

EXPERIENCE

Dr. Skaggs joined PNNL in 1979.  He is a civil engineer responsible for development, management, and implementation of natural resource management programs.  His current research and program development efforts are focused on adaptive management of engineered and natural systems and development and application of predictive tools for delivery of scientific understanding to engineered solutions.  Recent work includes development of adaptive management concepts and decision analysis tools for water and natural resource planning, application of adaptive management to water resource systems in Mexico City, and development of optimization methods for groundwater management.  Previously, Dr. Skaggs managed and lead a research department containing a diverse group of scientists conducting research applied to environmental problems of national concern.  Programs were focused on fate and transport of environmental contaminants and integrated environmental management 

Recent Publications

Skaggs, R.L., L.W. Vail, and S. Shankle, 2002.  Invited book chapter, “Chapter 15, Adaptive Management for Water Supply Planning:  Sustaining Mexico City’s Water Supply”  for Urban Water Supply Infrastructure Management Handbook.  McGraw-Hill, Larry W. Mays, Editor-In-Chief.

Vail, L.W. and R.L. Skaggs.  2002.  “Adaptive Management Platform for Natural Resources in the Columbia River Basin.”  PNNL-13875.  Pacific Northwest National Laboratory, Richland, WA.

Skaggs, R.L., L.W. Mays, and L.W. Vail, “Simulated Annealing with Memory and Directional Search for Ground Water Remediation Design,” in Journal of the American Water Resources Association, Vol. 37, No4, August 2001.

Skaggs, R.L., L.W. Mays, and L.W. Vail, “Application of Enhanced Annealing to Ground Water Remediation Design,” in Journal of the American Water Resources Association, Vol. 37, No 4, August 2001.

LARS MOBRAND, Ph.D.

President

Mobrand Biometrics, Inc

PROJECT RESPONSIBILITIES
Dr. Mobrand, one of the principle authors of EDT, will be a subcontractor to PNNL.  He will serve as technical lead for implementation and calibration of EDT on Task 3.   He will also contribute to project documentation and reporting.  

EDUCATION

Ph.D.
Biomathematics, University of Washington
1977

B.S.
Chemistry, University of Washington
1967

EXPERIENCE

Dr. Mobrand serves as the President of Mobrand Biometrics, Inc., a consulting firm specializing in the fields of fisheries management, population dynamics, experimental design, statistical analysis and modeling, consensus building and coordination of multi-agency projects, and identification, separation, and resolution of technical issues in fishery management. Recent work involves ecosystem planning, resource restoration, cumulative impact analysis and facilitation of cooperative resource projects for several watersheds in the Pacific Northwest.   Previously, he served as the Research and Development Chief, for the Washington Department of Fisheries (WDF), where he managed salmon research programs and tagging operations.  In an earlier position for the WDF, Dr. Mobrand served as the Harvest Management Chief, responsible for management of commercial and recreational salmon fisheries for the state of Washington.

PETER GOODWIN, P.E.




DeVlieg Presidential Professor in Ecohydraulics

University of Idaho


  

      


College of Engineering, Boise 

Telephone:  (208) 364-4081



800 Park Blvd., Suite 200 

Fax:  (208) 387-1246



Boise, ID 83712 

e-mail:  pgoodwin@uidaho.edu
PROJECT RESPONSIBILITIES
Dr. Goodwin will serve as the principal investigator for the IWRRI portion of the proposed study.  He will be responsible for synthesizing available data, leading the preparation of the Idaho demonstration project on the South Fork Salmon River, interacting with the State agencies, and dissemination of project findings.  

EDUCATION

Ph.D.
Hydraulic Engineering, University of California, Berkeley 
1986

M.S.
Hydraulic Engineering, University of California, Berkeley 
1982

B.Sc.
Civil Engineering, University of Southampton, U.K. 
1978

RELEVANT EXPERIENCE 

Dr. Goodwin has been the PI, lead hydrologist, or project manager of several large scale river or watershed management studies including: 'Living River Strategy' for the Napa River Watershed (1991-present), Sediment Management Plan for the North Fork Feather River (1993-96), Russian River Enhancement Plan (1992-95), Review of the Sedimentation issues of the Three Gorges Dam (1995), and San Lorenzo Flood Management Plan (1985-1996).  These projects utilized adaptive management strategies.  He is scientific advisor to several related projects including the San Dieguito Wetland Enhancement Project and the Napa River Salt Ponds restoration in California. Recent related research grants include projects funded by NSF, NATO, and NOAA.

RELATED ACTIVITIES 

Dr. Goodwin is the founder of the Ecohydraulics Research Group at the University of Idaho.  He is involved in several national and international activities including the International Association of Hydraulic Research (IAHR) Ecohydraulics Committee and is former chair of the American Society of Civil Engineers committee on wetland restoration. He was the co Organizer of the NATO Advanced Research Workshop on “New Approaches to River and Estuarine Management” in April 2001.

VLADIMIR B. AIZEN 

College of Mines and Earth Resources

University of Idaho, Moscow

P.O. Box 443025, ID 83844_3025

Tel 208-885-5888   Fax 208-885-5724 

E-mail: mailto:aizen@uidaho.edu
EDUCATION

Certified Professional Hydrologist (No. 1451), American Institute. 
1997


of Hydrology, USA


PhD.
Hydrology, Glaciology. Institute of Geography, Russian Academy 
1988
of Sciences, Moscow, Russia. 


MSc.
Geography. Kyrghyz State University, Bishkek, Kyrghyz
1981
Republic. Engineering Hydrology. Tashkent Engineering Institute of Hydro-Melioration, Tashkent, Uzbekistan. 

BSc.

1975

EXPERIENCE

2001-present ( Professor, Department of Geography, College of Mines and Earth Resources, University of Idaho, Moscow, USA 

1994-2001 ( Associate, Research Professor. Donald Bren School of Environmental Science & Management and Department of Geography, University of California at Santa Barbara, USA 

1996-12 months ( Visiting Professor, Researcher. Niigata and Morioka Universities, Japan 

1993-8 months ( Visiting Researcher. Scott Polar Research Institute, University of Cambridge, U.K

1982-94 ( Senior Scientist, Institute of Geography the Russian Academy of Sciences, Moscow, Russia

1975-82 ( Researcher, Head. Ala Archa Watershed Station, Tien Shan, Kyrghyz Republic. 

Field of Specialization  

Main field: alpine hydrology, climatology and glaciology

Other fields: water and chemical cycle in alpine watersheds, hydrologic environmental impact analysis, runoff modeling in alpine areas, GIS development land atmosphere interactions, paleoclimatic reconstructions based on deep icecore physical stratigraphy and isotopic geochemistry analyses, glacier mass balance, glacier dynamics. 

Research Projects 

· DOE Glaciological and meteorological monitoring at high altitudes firn fields. 

· NSF Simulation of Snow and Glacier Runoff in Central Asia Alpine Watersheds. 

· National Geographic. Dynamics of southern monsoons and regime of the southeastern Tibenan glaciers 

· NSF/DOE Paleo-climatic and glaciological reconstructions in Central Asia. 

· NATO Collaborative Linkage Grant Long-term environmental changes in Central Asia.  

· JSPS (Japan Society for the Promotion of Science) award Dynamic of precipitation in Central Asia and Japan in relation with the global climatic change. 

· EOS NASA multi-year project. Glacio-Hydrological Regime in Central-Asian alpine basins. Present state and future trends in water resources. 

· Russian Academy of Sciences Grant. Tien Shan, Tibet, Himalayas glaciological project. 

UNESCO International Hydrological Program Grant. Atlas of the World Snow and Ice Resources. Associate
MICHAEL ERNEST BARBER

State of Washington Water Research Center

Washington State University

Pullman, Washington 99164-3002

Phone: (509) 335‑5531 - Email: meb@wsu.edu
PROJECT RESPONSIBILITIES
Dr. Barber will serve as the principal investigator for the State of Washington Water Research Center portion of the proposed study.  He will be responsible for synthesizing available data, leading the preparation of the Washington demonstration project on the Methow River, interacting with the State agencies, and dissemination of project findings.  FTE allocation = 8.3%.  

EDUCATION

Ph.D.
University of Texas at Austin 
1991  

MSCE
Purdue University
1983  

BSCE
University of New Hampshire
1981  

EXPERIENCE
12/01 to Present
Director, Washington Water Research Center, Pullman, WA

8/99 to Present
Associate Professor, Washington State University, Pullman, WA

8/94 to 8/99
Assistant Professor, Washington State University, Pullman, WA

8/91 to 8/94
Assistant Professor, Tulane University, New Orleans, LA

9/88 to 8/91
Research Assistant, University of Texas, Austin, TX

6/83 to 7/88
Project Engineer, KKBNA Inc., Wheat Ridge, CO

Overview of Sponsored Research Projects

Dr. Barber has participated in numerous projects on the Columbia and Snake Rivers including the measurement of primary productivity data, water quality collection and analysis, minimum instream flow requirement studies, Hemlock Dam removal evaluation, and a Dworshak Reservoir modeling project.

Professional

Registered Professional Engineer in State of Colorado

Associate Member of American Society of Civil Engineers

Selected Publications

S. Juul and M.E. Barber, “Lateral and Vertical Variations in Dissolved Gas Concentrations,” Joint Conference on Water Resources Engineering and Water Resources Planning and Management, ASCE, Minneapolis, MN, July 2000.

M.E. Barber, S.T.J. Juul, R.E. Wierenga, and W.H. Funk, Determining Primary Productivity of Lake Roosevelt with 14C, Journal of Environmental Engineering, American Society of Civil Engineers, Vol. 125, No. 8, pp 747-754.

T. Koob, M.E. Barber and W.E. Hathhorn. (1999).  Hydrologic Design Considerations of Constructed Wetlands for Stormwater Runoff, Journal of the American Water Resources Association, Vol. 35, No. 2, pp 323-331. 

T. Perkins and M.E. Barber, “Evaluating Stream Restoration Options after Dam Removal Using HEC-RAS,” Symposium on River Restoration, Joint Conference on Water Resources Engineering and Water Resources Planning and Management, ASCE, Minneapolis, MN, July 2000.

T.N. Panapicolaou and M.E. Barber. (1999). Effectiveness of Grate Orientation in Flow Channels, Experimental techniques, Experimental Mechanics, Vol. 23, No. 2, pp. 21-24.

SHULIN CHEN

Department of Biological Systems Engineering

Washington State University

Pullman, WA 99164-6120

Phone: (509)335-3743 - Email: chens@wsu.edu
RESPONSIBILITIES ASSOCIATED WITH THE PROPOSED STUDY

Dr. Chen will serve as will serve as the co-principal investigator for the State of Washington Water Research Center portion of the proposed study.  He will assist in providing technical assistance and guidance in the demonstration phases of the project.  FTE allocation =  4.2%.  

EDUCATION
Ph.D.
Cornell University
1991  

BSCE
Agricultural University of Hebei
1981 

EXPERIENCE

Associate Professor, July, 2000 to present, Department of Biological Systems Engineering, Washington State University, Pullman, WA 99164-6120, Teaching and research in the areas of water quality, wastewater treatment and waste management.

Assistant Professor, October 1995 to June 2000. Department of Biological Systems Engineering, Washington State University, Pullman, WA 99164-6120 

Research Assistant Professor, Department of Civil and Environmental Engineering, Louisiana State University, Baton Rouge, LA 70803 November 1992 to September 1995

Professional

Registered Professional Engineer in Civil Engineering, Louisiana, 26370

Member of Water Environment Federation

  Member of American Society of Agricultural Engineers

Overview of Sponsored Research Projects

Dr. Chen has participated in over $4.6 million dollars worth of research involving field and laboratory investigation of agricultural impacts to watersheds.  His experience has included studying erosion and best management practices for from agricultural lands, the use of constructed wetlands, and the development watershed analysis tools and methodologies.

Publications Closely Related to the Project

Wang, G.-T. and Chen, S. 1996. New models describing convective-dispersive phenomena 
derived by using mixing-cell concept. Applied Mathematical Modeling 20:209-320.

Wang, G.-T. and Chen, S. 1996. A linear spatial distributed model for the surface
 rainfall runoff system. Journal of Hydrology 185:183-198.

Wang, G-T, Singh, V.P., and Chen, S. 1998. Mixing-cell method for solving solute transport equation with spatially variable coefficients. Hydrological Processes 12:781-795.

Wang, G.T., Li, B.Q., and Chen, S. 1999. Semi-analytical model for dimensional 
solute transport equation in porous media. Mathematical and Computer Modeling 30(9/10):63-74.

Wang, G-T., Chen, S., Boll, J., Stöckle, C., McCool, D. (In press). Modeling overland flow based on Saint-Venant equations for a discretized hillslope system. Hydrological Processes.

PETER F. HASSEMER

Columbia River Policy Coordinator

Idaho Department of Fish and Game

PROJECT RESPONSIBILITIES

Mr. Hassemer will coordinate activities of this project with ongoing and planned IDFG projects and actions in the South Fork Salmon River watershed.

EDUCATION

M.S.
Fishery Resources, University of Idaho
1985

B.S.
Fishery Resources, University of Idaho
1979

EXPERIENCE

Mr. Hassemer’s work with IDFG over the past 11.5 years has almost entirely concerned anadromous fish (steelhead and chinook and sockeye salmon, all life stages). Since 1990, his work with IDFG has required involvement in activities including the Pacific Salmon Commission, Pacific Fishery Management Council, Oregon Columbia River Fish Management Plan, Washington and Oregon Columbia River Compact, Pacific States Marine Fisheries Commission, National Marine Fisheries Service, Columbia Basin Fish and Wildlife Authority, Northwest Power Planning Council, U.S. Fish and Wildlife Service, and Pacific Northwest state and British Columbia provincial resource agencies and Indian tribes. Working in these arenas, he has completed technical assessments, written technical reports, participated in policy level discussions and negotiations, and represented the state of Idaho’s position on technical and policy issues through written or oral testimony on many occasions

For eight years, he organized, managed, supervised, or developed research monitoring and evaluation activities that encompass natural and artificial fish production.  He directly supervised all salmon and steelhead mitigation hatchery evaluation programs conducted by IDFG, and chinook salmon supplementation studies (assessing a combination of artificial and natural production).  He also directly supervised the overall IDFG Natural Production Monitoring program (salmon and steelhead) for four to five years.

Recent Publications

Hassemer, P.F., P. Kline, J. Heindel, K. Plaster, and D. Venditti. 2001. Captive rearing initiative for Salmon River chinook salmon. Annual Progress Report, January 1999 – December 1999, submitted to Bonneville Power Administration. Idaho Department of Fish and Game Report Number 01-16. Boise, Idaho

Hassemer, P.F., K. Plaster, J. Abrams, and D. Cannamela. 2000. LSRCP Chinook salmon hatchery evaluations – Idaho. 1994 Annual Report for U.S. Fish and Wildlife Service contract number 14-48-0001-94500. Idaho Department of Fish and Game Report Number 00-32. Boise, Idaho

Hassemer, P.F., P. Kline, J. Heindel, and K. Plaster. 1999. Captive rearing initiative for Salmon River chinook salmon. Annual Progress Report, January 1998 – January 1999, submitted to Bonneville Power Administration. Idaho Department of Fish and Game Report Number 99-03. Boise, Idaho

Hassemer, P.F., S.W. Kiefer, and C.E. Petrosky.  1997.  Idaho’s Salmon: can we count every last one?  in Stouder, D.J., P.A. Bisson, and R.J. Naiman, eds.  1997. Pacific Salmon and Their Ecosystems, Status and Future Options.  International Thomson Publishing.  Florence, KY.

Rhine, T. Dean, J.L. Anderson, R.S. Osborne, and P.F. Hassemer.  1997.  Length of hatchery steelhead smolts released in Idaho with implications to residualism.  Idaho Department of Fish and Game Issue Paper.  Submitted to National Marine Fisheries Service, Portland, OR.

CHARLES E. PETROSKY, Ph.D.

Fisheries Staff Biologist 

Idaho Department of Fish and Game 

PROJECT RESPONSIBILITIES

Dr. Petrosky will serve as the lead for the IDFG’s participation in the project.  His contributions will include coordination of the project to maximize synergy between this project and ongoing IDFG activities, recruit-spawner data assembly, assistance in demonstration basin selection, and periodic review of project findings and results.  
EDUCATION

Ph.D.
Fishery Resources, University of Idaho 
1984

M.S.
Fisheries, University of Minnesota 
1973

B.S.
Fisheries, University of Minnesota 

1970
EXPERIENCE

Dr. Petrosky’s  primary responsibilities are to provide analytical and technical support for Snake River salmon and steelhead recovery and restoration.  He is a member of the Interior Columbia Basin Technical Recovery Team, which deals with scientific aspects of recovery planning for ESA-listed salmon and steelhead.  Research interests include evaluation of salmon and steelhead status, trends, population dynamics, effects of the Federal Columbia River Power System, and assessment of recovery options.  He has worked in a number of Columbia Basin technical salmon recovery and restoration forums during the past 15 years, including the Plan for Analyzing and Testing Hypotheses (PATH), evaluation of the Ecosystem Diagnosis and Treatment (EDT) model, IDFG v. NMFS technical groups, subbasin/system planning, coordinated information, monitoring and evaluation workgroups.

Recent Publications

Bouwes, N., C. Petrosky, H. Schaller, P. Wilson, E. Weber, S. Scott, and R. Boyce.  2001.  Comparative Survival Study (CSS) of PIT tagged spring/summer chinook: status report for migration years 1997 – 2000 mark/recapture activities.  Prepared by Comparative Survival Study Oversight Committee representing the Columbia Basin Fish and Wildlife Agencies and Columbia Basin Tribes.  Bonneville Power Administration Contract #8712702.  

Budy, P., G.P. Thiede, N. Bouwes, C.E. Petrosky, and H.A. Schaller.  2002.  Evidence linking delayed mortality of Snake River salmon to their earlier hydrosystem experience.  North American Journal of Fisheries Management 22:35-51. 

Hassemer, P.F., S.W. Kiefer, and C.E. Petrosky.  1997.  Idaho's salmon: can we count every last one?  In:  D.J. Stouder, P.A. Bisson, and R.J. Naiman (eds.).  1997.  Pacific Salmon and their Ecosystems: Status and Future Options. Chapman and Hall, New York.

Petrosky, C.E., H.A. Schaller, and P. Budy.  2001.  Productivity and survival rate trends in the freshwater spawning and rearing stage of Snake River chinook salmon (Oncorhynchus tschawystcha). Canadian Journal of Fisheries and Aquatic Sciences 58:1196-1207.

Schaller, H.A., C.E. Petrosky, and O.P. Langness.  1999.  Contrasting patterns of productivity and survival rates for stream-type chinook salmon (Oncorhynchus tschawystcha) of the Snake and Columbia Rivers. Canadian Journal of Fisheries and Aquatic Sciences 56:1031-1045.

JAMES B. SCOTT, JR.

Chief Fish Scientist

Science Division, Fish Program

Washington Department of Fish and Wildlife 

PROJECT RESPONSIBILITIES

Mr. Scott will serve as the principal contact and coordinator for WDFW contributions to the project.

EDUCATION

M.S.
Fisheries, University of Washington
1982

B.S.
Fisheries, University of Washington
1980

EXPERIENCE

Mr. Scott joined the Washington Department of Fish and Wildlife (WDFW) in 1999 to lead the newly created Science Division.  His primary area of expertise is simulation and analytical models of biological systems.  This expertise has been applied in a variety of applications in domestic and international forums.  He served as co-chair of the Pacific Salmon Commission Chinook Technical Committee from 1991 through 2001, and was a technical advisor for the renegotiation off the Pacific Salmon Treaty in 1999.  Since joining WDFW, his work has focused on developing procedures to evaluate the risks and benefits of artificial production and providing the technical basis for recovery goals for listed species.  As manager of the Science Division, comprised of over 130 FTEs, he has the responsibility of assuring that the production and management of fish resources by WDFW is grounded on a sound scientific basis.  

Example Publications

Scott, J.B., C.R. Steward, and Q.J. Stober.  1983.  The effects of urban nonpoint source pollution upon stream fish population dynamics.  TAFS 115:  555-567.

Scott, J.B., Jr.  1990.  Design of fishery sampling programs.  In. P. Knudsen (editor), “14th Northeast Pacific Pink and Chum Workshop,” pages 10-13.  Washington State Department of Fisheries.

Puget Sound Salmon Stock Review Group.  1992.  Assessment of the status of five stocks of Puget Sound chinook and coho as required under the PFMC definition of overfishing.  Pacific Fishery Management Council.  113pp. (co-author)

� Paulsen, C., et al.  Draft, March 27, 2002.  “Guidelines for Action Effectiveness Research Proposals for FCRPS Offsite Mitigation Habitat Measures.”


� This overview is excerpted  from the Idaho Department of Fish and Game 5-year Fisheries Management Plan, 2001-2006.


� This overview of the Methow Subbasin is excerpted from the Methow Subbasin Summary prepared for the NWPPC.  


� Paulsen, C., et al.  Draft, March 27, 2002.  “Guidelines for Action Effectiveness Research Proposals for FCRPS Offsite Mitigation Habitat Measures.”
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