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a. Abstract

The potential exists to dramatically improve the integration of physical and biological assessment models.  Linking physical and biological models is critical to supporting a science-based approach to managing natural resources.  Innovative approaches are required to overcome the structural differences that typically exist between physical models and biological models. This project will focus on developing and demonstrating the feasibility of one or more advanced tools for bridging physical and biological models which incorporates evolutionary computing approaches including fuzzy logic, neural networks, and genetic algorithms.  A successful breakthrough on this barrier will set the stage for demonstration of a fully integrated watershed analysis using a suite of advanced physical and biological models.

b. Technical and/or scientific background

Fuzzy logic is an extension of multivalued logic that utilizes the concept of a fuzzy set and has resulting in a methodology for computing that is used in numerous practical control applications.  Fuzzy control devices are used in focusing cameras and camcorders, automatic transmissions, and portfolio selection.  Recently, numerous technical papers have illustrated the value of fuzzy methods in biological models.

The concept of a fuzzy set relates to classes of objects with unsharp boundaries.  Membership in a fuzzy set is a matter of degree.   Categorical conclusions about biological habitat based on single-valued and ambiguous thresholds will bias assessment findings.  For instance, a single monthly estimate of stream temperature for a stream reach does not reflect the spatial and temporal variability of temperatures in the actual system.  However, attempting to thoroughly and deterministically characterize the spatial and temporal variability of temperature at very fine spatial scales is both impractical and not supported by current physical models and field data. Expressing the transition of stream temperatures from lethal to non-lethal as an abrupt and unambiguous change is not supported by the current understanding of fish. 

Fuzzy approaches are not inconsistent with probabilistic approaches, but represent a different type of uncertainty.  Fuzziness describes event ambiguity (the degree to which an events occurs, not whether it occurs) whereas randomness (probability) describes the uncertainty of event occurrence.   

Fuzzy logic provides a compact and flexible model representation that increases computational effectiveness while accommodating the pervasive imprecision of biological process understanding.  Fuzzy methods allow us to exploit the tolerance for imprecision and uncertainty to achieve tractable and robust solutions.  Neural network methods are also readily integrated with fuzzy computational methods.

c. Rationale and significance to Regional Programs

This project will develop tools that are directly applicable to subbasin planning. Natural resource managers are constantly attempting to balance multiple conflicting incommensurate objectives in an environment characterized by high levels of uncertainty, varying data quality and availability, and competing models and approaches. The reliability of natural resources management policy depends on the ability of measurements, response models, process models, and policy models to interact with each other across the variety of temporal and spatial scales each represents [National Research Council 1999, Linthurst 1999, EPA 1998].  It also requires a cautious, probing, adaptive management approach, the success of which depends upon improved understanding, predictive accuracy, and iterative performance assessment. Adaptive management is highly advantageous when natural resource managers face uncertainty.  But the adaptive approach is not free: the costs of improved understanding through research and the political risks of having clearly identified failures are two of the barriers to its use [Lee, 1993]. Unfortunately, due to the lack of tools, the concept of adaptive management has remained fundamentally unrealized. Several key program areas are either directed toward or depend upon better scientific methods for analyzing, understanding, and managing problems within complex (anthropogenically altered) natural systems and ultimately realizing the goals of adaptive management.  

A prototype framework was developed by Pacific Northwest National Laboratory that linked advanced watershed and river models to one another and to an innovative data management  system.  This integrated demonstration framework allowed the demonstration of land use changes on habitat , the generation of alternative predictive scenarios, and the explicit presentation of tradeoffs in a distributed computing environment.  The demonstration permitted drilldown into the spatial watershed/river data. The key technical foci were (1) data/model management, and (2) model auto-calibration. 

The most critical research need identified and articulated in from this earlier effort  developing and demonstrating the feasibility of an advanced tool for bridging physical and biological models which incorporates fuzzy logic into the interface prototype.   Biological models used in natural resource management are structurally different from physical models.  Where physical models rely on formulas defined over a continuous range, biological models are based on categorical statements about the habitat.  Physical models provide the information on which the categorical statements of the aquatic habitat are based. Artificial neural networks were tested as an approach to develop categorical conclusions regarding biological productivity and capacity from categorical statements of the physical environment.  The categorical statements of the physical environment can be derived from the linked advanced modeling system mentioned earlier.  The neural network approach was able to effectively generalize partial and possibly conflicting set of rules provided by a variety of experts in regional fisheries biology.  Explicitly stating all of possible combinations of categorical relationships was infeasible and inflexible to any subsequent rule changes.  The neural network approach provides overall flexibility and the ability to continuously accept additions/revisions to the rules used for training that neural network.  This initial application however did not consider the vagueness of the rules or the multi-valued nature of many of the inputs. Extending this approach to include fuzzy neural networks (or other fuzzy device) approaches was identified as the priority. 

This proposal is designed to address key scientific and technology gaps in the current ability to meet the needs for advanced analysis and simulation models and tools which are necessary to achieve integrated management of natural resources at scales required to meet legal requirements and environmental quality objectives.  The Pacific Northwest’s need for a more powerful, scaleable modeling approach to salmonid habitat quality and wild stock recovery strategies represents a dramatic and visible example of this broader need. 

d. Relationships to other projects 

This project is an extension of the Multi-Species Framework Project, and it would provide enhancements to the Ecosystem Diagnosis and Treatment method.

e. Proposal objectives, tasks and methods

Objectives
 

The long-term objective of the overall  project is to develop an integrated natural resource analysis framework.  This framework should: dramatically improve the ability to integrate physical and biological models thereby encouraging the utilization of advanced physical models; allow utilization of large, sparse, and distributed data sets; communicate high-level tradeoffs and their respective uncertainties; and assess, communicate, and minimize spatial and temporal scales issues. This project will focus on the improved characterization of aquatic habitat capacity and productivity estimated by physical models in conjunction with bio-rules.  This project will focus on demonstrating the feasibility of an advanced tool for bridging physical and biological models that incorporates “fuzzy reasoning.”  Fuzzy representations will “consider” multivaluedness associated with spatial upscaling and vagueness associated with rules used to categorize physical and biological aspects of habitat.  Neural networks will be used to combine sparse site-specific knowledge and general process knowledge to provide fuzzy estimates of habitat parameters.  Although prototype efforts using neural networks have shown great promise, alternative approaches to achieving the integration of fuzzy logic into the physical-biological bridging mechanism are required to address the pervasive vagueness of biorules used to estimate biological habitat from physical models and measurements.  The outcome of this demonstration will be a determination of the approach’s merits by a technical review panel.  If successful, this will set the stage for further development of the fully integrated advanced model watershed analysis system.


Tasks and Methods
 

This research will focus on developing and demonstrating the feasibility of an advanced tool for bridging physical and biological models which incorporates fuzzy logic into the framework  prototype. Neural net methods and alternative approaches will be explored to achieve the most effective integration of physical and biological processes and knowledge. This fuzzy integration tool, “FuzzyHab,” if successful, will set the stage for the development and demonstration of a fully integrated modeling and analysis system that will dramatically increase the feasibility of applying suites of advanced physical and biological models to watershed scale habitat assessment and species recovery problems. The technical approach has the following elements: 

1. Define FuzzyHab Demonstration Problem: The FuzzyHab feasibility demonstration will be applied to an actual problem that considers the impact of water and land use management practices on aquatic habitat. Biological outcomes of interest will include genetic diversity and abundance for multiple salmonid species.  Categorical statements of the physical environment will be delivered by the linked watershed-river modeling system developed earlier by Pacific Northwest National Laboratory as part of the Multispecies Framework Process.  Categorical statements of the biological habitat addressing salmonid viability will be derived from sets of “fuzzy” and potentially conflicting rules provided by fisheries biology experts.  These biorules were recently cataloged by Mobrand Biometrics Inc., as part of the Mutispecies Framework Process.  The demonstration problem will be selected after consultation with a variety of regional resource agencies to ensure it has maximum impact and utility.

2.  Develop, Test and Refine FuzzyHab Tool: An advanced tool, FuzzyHab, will be developed to overcome the critical barrier to reliable integration of physical and biological models.  FuzzyHab will provide the translation between the physical categorical statements and biological categorical statements developed for the sample problem.  The FuzzyHab development effort will extend the neural network approach to incorporate explicit consideration of the fuzziness (multi-valuedness, vagueness) of the categorical statements of the physical habitat and the fuzziness in the rules relating physical habitat to biological productivity and capacity. Fuzzy logic allows inclusion of information that in a non-fuzzy system would be treated as incomplete or contradictory.  Such contradictions are frequent where the process understanding is confounded a complex suite of interacting processes, as is typical in biological models used in natural resource assessments.  Fuzzy logic can also explicitly capture the multivaluedness of many physical habitat parameters.  Considering such multivaluedness is important when analyses must span a range of spatial and temporal scales.  For instance, many categorical statements about stream width are possible over a relatively short stream segment.  The FuzzyHab tool will be designed to consider fuzziness at various stages of the analysis.  Most of the effort with the FuzzyHab tool will be focused on the generation of fuzzy categorical biological definitions of the habitat.   The ultimate research objective is to achieve incorporation of fuzzy logic into the “bridging device” that spans the physical and biological dimensions.  Neural networks are simply one promising device for attacking this critical barrier.   Accordingly, various neural network approaches will be considered, as will alternative statistical approaches. 

3. Perform and document demonstration:  FuzzyHab will be demonstrated to a qualified set of technical reviewers to show:

· The ability to incorporate fuzzy logic and successfully translate physical habitat statements to biological habitat statements;

· Suitability for integration with the other data management tools and autocalibration features developed for the model linkage and watershed analysis system in a distributed computing environment;

Readiness to incorporate and scale up FuzzyHab in the “phase three” demonstration of the Yakima River Basin land use impact and biological productivity/genetic diversity tradeoff problem.

The key features of the framework are:

· Tradeoffs expressed explicitly

· Ability to drill down through data – including spatial data

· Ability to communicate uncertainty from errors in measurement, sampling, and models

· Support Value-Of-Information (both data and models)

· Web based

Distributed and advanced computing integration

f. Facilities and equipment

N/A
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Section 4. Key personnel

Lars E. Mobrand, Ph.D.

Biometrician -- 100 hrs

Project coordination and conceptualization.

Lance Vail.

Civil Engineer/Hydrologist -- 500 hrs

Design and coding of software tools to integrate physical and biological models.

Larry Lestelle

Biologist -- 100 hrs

Develop biological rule sets for incorporation in fuzzy logic models.

Kevin Malone

Biologist -- 100 hrs

Develop demonstration problem.

Greg Blair

Biologist/Programmer -- 100 hrs

Design and code interface with EDT model.

Rick Paquette

Programmer/Biometrician -- 100 hrs

Computer programming and interface design.

LARS E. MOBRAND, Ph.D.

Biometrician
CURRICULUM VITA

EDUCATION

Ph.D., Biomathematics, 1977

University of Washington, Seattle, WA

B.S., Chemistry, 1967

University of Washington, Seattle, WA

PROFESSIONAL HISTORY

President, Mobrand Biometrics, Inc., Vashon, WA, 1969-present. Heads 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. 
Chairman, Fisheries Advisory Board, US vs. Washington Court Case, Seattle, WA, 1983-84. Served as chairman of the Fisheries Advisory Board on appointment by the Federal Judge in the US vs Washington Court case regarding treaty/non-treaty harvest allocation (Boldt case); served as technical advisor to the judge.
Research and Development Chief, Wash. Dept. of Fisheries, Olympia, WA, 1981-83. Managed salmon research programs and tagging operations for WDF, responsibilities included research planning, supervision and budget management.
Harvest Management Chief, Wash. Dept. of Fisheries, Olympia, WA, 1980-81. Responsible for management of commercial and recreational salmon fisheries for the state of Washington including development of management objectives, implementation of harvest plans, and promulgation of harvest regulations.
Fish Biologist 4, Univ. of Wash., Seattle, WA, 1977-80. Conducted post-doctoral research in fisheries population dynamics supported by grants from private (Northwest Area Foundation), tribal (STOWW), state (WDF) and federal (NMFS and USF&WS) sources.
Biometrician, Small Tribes Organization of Western Wash., Sumner, WA, 1976-77. Served as fisheries management advisor to Washington Indian tribes.

Research Associate, University of Washington, Seattle, WA, 1973-74. Developed stochastic run-prediction models for salmon.

Research Scientist, Inter-American Tropical Tuna Commission, La Jolla, CA, 1969-70. Conducted research on mark-recapture methods for tuna.

LAWRENCE C. LESTELLE

Biologist


CURRICULUM VITA

EDUCATION

M.S., Fisheries Science, 1978

University of Washington, Seattle, WA

B.S., Fisheries Science, 1972

University of Washington, Seattle, WA

PROFESSIONAL HISTORY

Senior Fisheries Biologist, Mobrand Biometrics, Inc., Vashon, WA, 1992-present. Assisted in development of the Ecosystem and Diagnosis Treatment (formerly RASP) model with application in watersheds of the Pacific Northwest. Provides technical assistance in resource restoration and development of analytical methods for planning potential supplementation and habitat improvement initiatives.
Independent Fisheries Consultant, Poulsbo, WA, 1992. Provided technical expertise to the Quinault Indian Nation (QIN) in the planning and evaluation of a coho salmon supplementation project in the Queets River.
Senior Fisheries Biologist, MJM Research, Bainbridge Is., WA, 1990-92. Provided technical expertise on a variety of fishery management and environmental projects in Washington and Alaska.
Senior Fisheries Biologist, Quinault Indian Nation, Taholah, WA, 1985-90. Responsible for programmatic planning and technical review of various research, enhancement and management projects. Supervised staff biologists and support technicians.
Harvest Manager, Quinault Indian Nation, Taholah, WA, 1983-1985. Provided planning, data analyses, and modeling functions in developing harvest plans.
Fisheries Division Manager, Quinault Indian Nation, Taholah, WA, 1980-1983. Provided technical and managerial oversight to the QIN Fisheries Division. Developed management plans and environmental protection procedures, prepared policy analysis and management alternatives. 
Environmental Biologist, Quinault Indian Nation, Taholah, WA, 1974-1980. Provided oversight on studies to assess logging impacts, monitored land use activities, assessed fish population sizes and developed policies and regulations for land use activities.
Fisheries Biologist, University of Washington, Seattle, WA, 1972-1974. Served on Fisheries Research Institute’s research team studying the logging effects on the aquatic resources of the Clearwater River.

GREG R. BLAIR
Biologist

CURRICULUM VITA

EDUCATION

M.S., Fisheries, 1989

University of Washington, Seattle, WA

B.S., Fisheries, 1985

University of Washington, Seattle, WA

PROFESSIONAL HISTORY

Fisheries Biologist, Mobrand Biometrics, Inc., Vashon, WA, 1997-present. Has a key role in the development of the Ecosystem Diagnosis and Treatment Method (EDT), including development and maintenance of the EDT computer model. His responsibilities also include workshop facilitation, research in habitat biology, and conducting workshops.

Fish Biologist - Section Manager, Quinault Indian Nation, Taholah, WA, 1993-97. Responsible for development of project objectives and implementation of field activities for assessment of natural production of salmonids. Develop and review stock production and limnological assessments related to sockeye salmon in the Quinault River. Develop and implement research projects in the Queets River system related to the Pacific Salmon Treaty. Document project findings in annual contract reports and policy and technical presentations.

Fish Biologist - Project Leader, Quinault Indian Nation, Taholah, WA, 1990-93. Responsible for developing strategy and implementing supplementation of coho salmon in the Queets River. Collect, compile and analyze fish assessment and stream habitat data to determine productivity of coho salmon in the Queets River.

Graduate Research Assistant - Project Leader, Univ. of Wash., Seattle, WA, 1986-89. Conducted research in Alaska to assess variation of life history characteristics and homing behavior of sockeye salmon. Compiled and analyzed existing population and life history data of Kvichak River sockeye. Supervised field assistants. Assisted in development of an outside test fishery to estimate in-season run size of sockeye salmon returning to Bristol Bay.

Fishery Technician, Wash. Dept. of Fisheries, Olympia, WA, 1986. Enumerated and coded-wire tagged coho salmon smolts migrating from the Skykomish River.

Fishery Biologist, National Marine Fisheries Service, Seattle, WA, 1985-86. Collected catch data from Japanese fishing vessel in the Bering Sea. Collected biological data on selected fish species and monitored ship for compliance with U.S. fishing regulations.

Fishery Biologist, Univ. of Wash., Seattle, WA, 1984-86. Assisted in sampling of juvenile and adult sockeye salmon and limnological data at Alaskan field stations. Collected data from nearshore habitat of Bristol Bay.

KEVIN M. MALONE
Biologist


CURRICULUM VITA

EDUCATION

M.S., Biology, 1985

Central Washington University, Ellensburg, WA

B.S., Biology, 1980

Central Washington University, Ellensburg, WA

PROFESSIONAL HISTORY

Fisheries Biologist, Mobrand Biometrics, Inc., Vashon, WA, 1999-present. Mr. Malone is involved in conducting EDT analysis throughout the Columbia River basin. He is also involved in developing and analyzing fish passage systems at Columbia River hydroelectric projects as well as the Lewis River, Cowlitz River, and other basins throughout the Northwest. 

Harza Engineering Company. Bellevue, WA. 1990-99. Mr. Malone’s duties at Harza included analyzing the impacts to salmonid populations from hydroelectric development and operation and conducting environmental assessment work, fish entrainment studies and habitat surveys for 13 hydroelectric projects located across the United States.

Hydroacoustic Technology Incorporated. Seattle, WA, 1988-90. Performed hydroacoustic work for Priest Rapids and Wanapum Dams.

Washington Department of Fisheries. 1987-88. Worked for the Washington Department of Fisheries as a Scientific Technician 3 at the Priest Rapids Salmon Hatchery.  Duties included assisting hatchery personnel with the care and feeding of juvenile fall chinook, spawning of adults, adult trap operations including transport and other hatchery practices. Additionally, Mr. Malone was responsible for a crew of three technicians conducting spawning and carcass surveys in the Hanford Reach of the Columbia River.

Grant County PUD. 1986-87. Performed fyke net testing to determine fish guidance efficiency, and descaling analysis and species composition of juvenile salmon being diverted by a prototype in-turbine stationary screen.  Conducted redd surveys for fall chinook at Vernita bar on the Columbia River and collected biological data on steelhead at the Priest Rapids coded-wire-tag trap.  Assisted hatchery personnel with adult spawning of fall chinook.

RICK PAQUETTE

Biometrician

CURRICULUM VITA

EDUCATION

Post Master Studies, Biomathematics, 1969-1974

University of Washington, Seattle, WA

M.S., Microbiology, 1969


University of Washington, Seattle, WA

B.S., Microbiology, 1966

University of Minnesota

PROFESSIONAL HISTORY

Mobrand Biometrics, Inc., Vashon, WA, 2000-present. Mr. Paquette recently (March 2000) joined the staff at MBI, where he develops Visual Basic tools for accessing and displaying information for Access databases.

Weyerhaeuser, 1991 –2000. Timberlands Strategic Planning—Forest Management Analyst. 

· Primary responsibility: develop, enhance and maintain FORTRAN timber growth and management applications. 

· Other Software Development Projects: 

– Developed an individual tree model for thinning Douglas fir stands to allow more accurate financial analysis of product flows.  

– Implemented a method for tracking software development and version control.
· In addition to software development, used the applications for analysis in a number of strategic plan activities.

Georgia Lands and Timber, April-October, 1997. Temporary Assignment.
· Purpose: to gain operational Experience as part of a GIS team in Georgia.

· Used ARC/INFO and AMLs.  Imported, exported, built and modified coverages.  

Building Materials Distribution Support, 1988-1991.  Information Analyst.
· Developed a methodology for monitoring and maintaining HP computer equipment for lumber distribution centers across the U.S.

· Created questionnaires to access customer acceptance of software that was being developed and to set direction for further software development.  Submitted and presented a paper on this process at the 1990 Interex meeting in Reno.

· Developed course materials and supervised training to sales and administrative staff.
Pierce Junior College, Fall Quarter, 1997. Evening Instructor.

· Taught a course in Basic PC Operating Systems.

LANCE W. VAIL
Senior Research Engineer II


Environmental Technology Division

Battelle, Pacific Northwest Division

Pacific Northwest National Laboratory

EDUCATION
B.S.
Humboldt State University, environmental resources engineering
 1979

M.S.
Montana State University, civil engineering



 1982

CURRENT PROJECTS

Impact of Climate on the Lower Yakima Basin.   Principal Investigator and Project Manager. The objective of this three-year EPA STAR 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. Interests considered include: surface and groundwater supply, surface and groundwater quality, air quality, public health, farm and regional economics, and fisheries.  The project will consider 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. http://inrm.labworks.org/yakima/ 

Linking Physical and Biological Models.  Principal Investigator and Project Manager.  The objective of this three-year Laboratory Directed Research and Development project to develop and demonstrate an integrated natural resource analysis framework.  This framework: 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.  

Use of NOAA’s Seasonal Climate Forecast for Water Resource Management.  Task Manager of Reservoir Optimization Task. The objective of this NOAA funded project is to show the potential value of improved climate forecasts in managing surface water reservoirs for multiple objectives. Using a pareto genetic algorithm the reservoir operating rules will be optimized to define the tradeoff curves for hydropower, flood control, and instream flow requirements in the Tennessee River basin.  

Accelerated Climate Prediction Initiative. Task Manager of Water Resources and Habitat Task. This project will provide a limited, systematic assessment of the potential effects of anthropogenic climate change over the next half-century on water resources in the western United States. This objective will be accomplished by “downscaling” the results of the global-scale simulations described above to the spatial and temporal resolution needed to drive impact assessment models. Water management models will be used to study the effect of reservoir operations and understand the implications of climate variability and change on the water resources of the west. http://inrm.labworks.org/acpi 

Integrated Natural Resource Data System. Contributor. This project is to demonstrate INRDS. INRDS is 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. http://inrm.labworks.org/inrds 

Acid Rain TMDL. Principal Investigator and Technical Project Manager. The objective of this work assignment for Region II of the U.S. Environmental Protection Agency is to develop a preliminary assessment approach for TMDLs for pH impaired waters listed on the New York State Section 303(d) list. The intent is to enhance and further develop TMDL program capabilities by providing expertise in both acid deposition and TMDL development. The development of such an assessment approach requires that available models and data resources be reviewed. Systems engineering methods will be used in developing a conceptual model to ensure the relationships between models and data are fully understood. The assessment approach will be tested on one or more representative watersheds to be determined in close coordination with EPA, NYSDEC and Battelle.  http://inrm.labworks.org/acidrain 
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