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a. Abstract

Objective

The objective of this proposal is to develop and demonstrate an automated calibration tool capable of simultaneously calibrating a sequence of distributed physical and biological process models assembled to assess efficacy of salmon recovery and habitat restoration strategies.  The calibration tool will be designed to efficiently, and consistently calibrate such a modeling system for sites across the region given varying environmental and ecological characteristics, data and information availability, restoration strategies, and user expertise.   The calibration tool will consider various model parameters as well as alternative conceptual formulations of model processes.  The calibrations will explicitly consider multiple objectives (i.e., model performance metrics, such as accuracy of biological performance index predictions).  The calibration tool will be demonstrated with a sequence of models including the Ecosystem Diagnosis and Treatment Model (EDT).  While EDT is the focus of the demonstration, the calibration tool will be equally effective with other models.  EDT was selected for the demonstration because of its expected use in one or more subbasin planning processes.  When developed, the calibration tool will enable planners to efficiently, effectively and consistently assess the effect of alternative salmon recovery and habitat restoration actions on biological performance.   

Technical Approach

This project will incorporate physical process models (e.g., environmental characterization and simulation) into an integrated sequence of models including: physical and biological process models and relevant compositing schemes (e.g., approach to combine individual correlate’s sensitivities into aggregate productivity).  Thus, the project will offer an approach for treating the integrated model process.   The models will be implemented in a distributed mode using a ‘plug and play’ design.  The proposed calibration approach will employ a pareto genetic algorithm (PGA) to direct the search for superior calibration sets, while explicitly considering multiple objectives.  PGA is a genetic algorithm, a numerical combinatoric optimization procedure based loosely on the concept of natural selection, adapted for multiple optimization problems.  The calibration tool will be nonproprietary and designed to operate on small to medium-sized Local Area Networks (LANs).  

Expected Results

This project will develop and demonstrate the automated calibration tool. The demonstration will be conducted on one watershed/subbasin in a manner consistent with an approach suggested by the Council staff for subbasin planners.  The demonstration, in collaboration with the State of Idaho Department of Fish and Game (IDFG), will be conducted on an Idaho subbasin for which relatively complete data and information are available.  The subbasin will be selected for its diversity of data and its quantity of data to provide as thorough a test of the tool as possible.  The calibration tool and complete demonstration process, including all input, output and intermediated data sets, will be documented in web-accessible reports as well as in a peer-reviewed journal publication.  

Team

This project will be conducted by a team of researchers from the Pacific Northwest National Laboratory (PNNL), Mobrand Biometrics, Inc. (MBI), and the State of Washington Water Research Center (SWWRC).  In addition, there will be in-kind collaboration with the IDFG.  PNNL will provide technical and project leadership.  MBI will assist in the implementation and calibration of EDT.  Staff members from the SWWRC and IDFG who are associated with aspects of subbasin planning and EDT implementation will contribute to site selection, data assembly, data analysis, and model calibration efforts.  They will also ensure project activities are directly relevant to subbasin planning, complementary to ongoing activities (e.g., Regional Assessment Advisory Committee) and that they directly benefit the “model users” community in the region.

b. Technical and/or scientific background

The objective of this proposal is to develop and demonstrate an automated calibration tool capable of simultaneously calibrating a sequence of distributed process models [including the Ecosystem and Diagnosis Treatment Model (EDT); (MBI, 2000)] assembled to evaluate biological performance of salmon recovery and habitat restoration strategies.  This project will incorporate physical process models (e.g., watershed hydrology, in stream hydraulics, surface water quality, etc.) into an integrated sequence of models also including biological ecosystem process models and associated compositing schemes, and will provide an approach for treating the integrated process.  Figure 1 presents an example model sequence.  Models shown include: 

· Watershed hydrology model 

· Stream temperature model 

· Fuzzy logic based categorical conclusion generator 

· Biological rules generator 

· Sensitivity compositing scheme 

· EDT 

The calibration tool will address model parameters as well as basic conceptual formulations of model processes.  When developed, the calibration tool will enable planners to efficiently, effectively, and consistently assess alternative salmon recovery and habitat restoration actions.  

Embracing the unavoidable information gaps and uncertainties, a guiding principal for the NWPPC’s approach to planning at the subbasin, province, and basin scales incorporates provisions for adaptive management, research and evaluation (NWPPC, 2000).  The National Research Council (NRC) describes adaptive implementation as the process of “…taking actions of limited scope commensurate with available data and information to continuously improve our understanding of a problem and its solutions, while at the same time making progress toward attaining a water quality standard” (NRC, 1999).  Adaptive implementation is founded on the concept of adaptive management which is defined by Walters and Holling (1990) as a systematic, rigorous, and scientifically defensible program of learning.  Adaptive management learns from the outcomes of management actions, while accommodating change and improving management. Although generally advocated, adaptive management has proven difficult to implement in part due to the lack of readily available, easily implemented tools for resolving critical natural resource management issues (i.e., scientific methods for analyzing, understanding, and managing problems within complex and anthropogenically altered environmental systems). The NRC (1999) discusses the need to provide resource managers the means to apply such tools (e.g., simulation models) more routinely.  Such systems have been developed for a variety applications [e.g., pest management (Berry et al., 1991); simulation model parameterization (Ritchie, 1989); and natural resource planning (Schmoldt and Rauscher, 1996)]; and Thom (2000) describes a conceptual approach for adaptive management of ecosystem restoration projects.  However, there remains the need for system tools to “operationalize” the adaptive management process for comprehensive ecosystem management.

The NWPPC has suggested the use of EDT as one of the initial decision support tools for subbasin plan development (RAAC, 2001).  Given the relatively limited collective experience in the application of EDT across the region and the diverse range of expertise levels for potential users, there are many unanswered questions concerning the effective implementation of EDT as part of an integrated modeling system to evaluate alternative habitat restoration alternatives.  Specifically, an approach or methodology is needed to efficiently, and consistently calibrate such a modeling system across the region given varying environmental and ecological characteristics, data and information availability, restoration strategies, and user expertise.   
Model calibration consumes a significant portion of the time and labor involved in any credible integrated environmental modeling effort.  Being able to consider an adequate number of feasible calibration options imposes a significant burden on the individuals performing the calibration, if appropriate automation tools are not employed.  Figure 2 shows an example of the output from a run of the autocalibration tool applied to a single model, PNNL’s DHSVM hydrology model (Wigmosta, et al., 1994: Wigmosta and Perkins, 2001).  Shown are results for over 1000 parameter sets.  The points on the lower gray line represent the non-inferior set of possible calibration parameters, where the x-axis represents fraction of the short term (daily) variability explained by the model and the y-axis represents the annual cumulative mass balance error.  Executed manually, such an effort would require many hours of staff time to arrive at a calibration for a single set of objectives for a single model. 

Calibration of integrated modeling systems also requires a diverse set of experts to define the appropriate criteria for expressing the degree of model calibration for each of their specific components.  Model calibration is further complicated by the fact that integrated model systems are generally over parameterized (i.e., they have more model ‘knobs’ to adjust than data to calibrate against) guaranteeing a degree of non-uniqueness in any calibration process.

A recent effort by the Pacific Northwest National Laboratory (PNNL) to define the functional requirements of an information platform capable of operationalizing adaptive management identified an automated calibration tool as a critical requirement (PNNL, 2001). As the scope of this proposed effort is solely to provide a tool to assist regional and subbasin planners in their model calibration efforts, it is a critical element in the longer term goal of providing a comprehensive suite of decision, model, and data tools to enhance accountability, accessibility, and adaptability to regional and subbasin planning processes.

Though it may seem attractive to merge the disparate suite of models in the integrated modeling system into a single model, such a merge typically leads to inefficiency and is no longer necessary given the advances in distributed interprocess communication provided by the Web and modern operating systems.  Alternatively, the ‘plug and play’ design for the distributed modeling system facilitates the calibration of conceptual models, in addition to the more typical and mundane model parameter calibration.  Individuals performing the calibration will find it easy to exchange individual component models with different models representing an alternative conceptual model.  While parameter uncertainty is significant, it is generally far less significant than conceptual model uncertainty.  For instance, the model calibrator will be able to exchange the model currently used to express habitat diversity with an alternative formulation to see the impact that the alternative formulation has on model’s ability to match observed data.  Of course, the calibration tool will also manage model parameter calibration.

Implementing models in a distributed mode also allows specific models (e.g. hydrologic process model) to remain associated with a specific discipline’s scientific community (e.g. hydrology) thereby allowing the model to undergo continuous improvement without requiring constant rewriting of a merged ‘megamodel.’  This distributed ‘plug and play’ design to modeling systems shifts responsibility for interprocess communication to the operating system and away from the limited staff resources tasked to perform the integrated assessment.  Whereas, less than a decade ago this would have required high-end scientific workstations to provide the computational resources, currently most small groups with a LAN have access to considerable underutilized computational power in their own LAN.  This calibration tool reduces the need for access to advanced computational resources such as provided by universities and national laboratories.

Development of evolutionary computing schemes (e.g., artificial neural networks, fuzzy logic, and genetic algorithms) and other pattern recognition approaches has considerably enhanced the tools available for model calibration.  Such approaches are capable of providing useful results even in situations subject to nonuniqueness. This proposed calibration approach employs a pareto genetic algorithm (PGA) to direct the successive search for superior calibration sets, while explicitly considering multiple objectives.  PGA is a genetic algorithm, a numerical combinatoric optimization procedure based loosely on the concept of natural selection, adapted for multiple optimization problems.  Genetic algorithms are extremely robust and ideally suited for parallel computing in a distributed computing environment.
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Figure 1.  Illustration of “typical” model sequence.
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Figure 2.  Results from DHSVM autocalibration.
c. Rationale and significance to Regional Programs

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.  

The NWPPC has suggested EDT as one of the initial decision support tools for subbasin plan development.  There are many unanswered questions concerning the effective implementation of EDT to assess alternative habitat restoration alternatives.  This project will leverage the information and evaluation of EDT currently being developed by the Regional Assessment Advisory Committee
 (RAAC) in its EDT Validation project.  The RAAC project is focusing on evaluating baseline information of the various ecological attributes and other analyses leading to survival estimates.  In a complementary fashion, this project will incorporate physical process models [i.e., environmental characterization and simulation] and provide an approach to treat the integrated modeling process.  Timely completion of the project will ensure that the findings from the RAAC project can be immediately utilized to improve the overall integrated assessment system. While this autocalibration tool will be demonstrated using EDT, it is equally capable of supporting the calibration needs of other ecological models.
The role of EDT and the integrated modeling system 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.

Salmon restoration alternatives will produce both intended and unintended changes to environmental controlling factors that can potentially impact aquatic habitats, fish, and mammals in the region as suggested by Figure 3 (Williams and Thom, 2001).  As a means of assessing the significance of these changes, 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 4 (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) note 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.  However, operationally, the complete set of assessment rules and transformations required to complete such the analysis sequence shown in Figure 3 have not been fully developed and tested.  
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Figure 3.  Illustration of linkages between environmental change and impacts to ecological functions (from Williams and Thom, 2001).
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Figure 4.  Ecological information structure (NWPPC, 2002)

d. Relationships to other projects 
The RAAC will advise the Northwest Power Planning Council and the region on technical aspects of the biological assessment of subbasins conducted as contemplated in the assessment template developed for the region by the subbasin assessment team. The Committee’s primary function is to 1) advise the Council on how to conduct subbasin assessments that are technically sound, and 2) deliver outputs that are understandable and manageable by a non-technical audience that will participate in the development and implementation of subbasin plans ultimately incorporated into the fish and wildlife program and used as the basis for ESA recovery planning. The Committee will also be advising the Council on optimal ways to coordinate its required assessment work  with similar or related work conducted by other entities in the region.  

The RAAC is currently involved in a technical evaluation of the EDT model. Specific objectives of this evaluation are to: determine the extent to which EDT accurately predicts the impact of environment on fish production, provide recommendations for improving EDT, and provide guidance regarding the use of EDT in subbasin planning.

This project will leverage the information and evaluation of EDT currently being developed by the RAAC in its EDT Validation project.  The RAAC project is focusing on evaluating baseline information of the various components for steps beginning with categorical conclusions and working through to survival estimates.  This project will be different but complementary.  (Project team member, Dr. Charlie Petrosky, Idaho Department of Fish and Game, is a contributor to the RAAC effort and is very familiar with its objectives, scope, and activities.)  This project incorporates physical process models and provides an approach to treat the integrated process.  This project will support these RAAC missions by: providing a tool critical to the successful application of EDT in integrated assessments, demonstrating the level of calibration and model integration readily available to subbasin planners, ensuring that physical process modeling is incorporated into subbasin planners suite of analysis tools, and providing a comprehensive baseline “ecological attribute” data set for the entire region.

We will improve the physical process procedures initially developed by PNNL, as part of the Multi-species Framework Project, to estimate environmental correlates used to initiate the EDT assessment process.  Incorporation of the process models is crucial to planners, since  processes connect policies and actions to actual changes in habitat.  Analysis of physical processes require involvement of scientists with backgrounds in hydrology, geomorphology, and environmental hydraulics.  New climate datasets and improved soil and vegetation are available to support improved hydrologic process simulations.  While the scope of this demonstration effort is limited to a single watershed/subbasin, we will provide an improved “ecological attribute” data set for each of the over 7000 HUC6 watersheds in the Columbia Basin using the improved calibration.

e. Proposal objectives, tasks and methods
Objectives 

The objective of this proposal is to develop and demonstrate an automated calibration tool capable of simultaneously calibrating a sequence of distributed process models assembled to evaluate biological performance of salmon recovery and habitat restoration strategies and actions.  The calibration tool will be designed to efficiently, and consistently calibrate such a modeling system for sites across the region given varying environmental and ecological characteristics, data and information availability, restoration strategies, and user expertise.   The calibration tool will address model parameters as well as basic conceptual formulations of model processes.  The calibrations will explicitly consider multiple objectives (i.e. model performance metrics, such as accuracy of biological performance index predictions).  The calibration tool will be demonstrated with a sequence of models consistent with those currently planned for use in subbasin planning, including EDT.  When developed, the calibration tool will enable planners to efficiently, effectively and consistently assess the affect of alternative salmon recovery and habitat restoration actions on biological performance.  



Tasks and Methods 


Scope

Subsequent to its development and testing, we will demonstrate the autocalibration tool on one watershed/subbasin consistent with the approach suggested by the Council staff for subbasin planners.  The basin will be selected for its diversity of data over its quantity of data to provide as thorough a test of the tool as possible.  The goal of this project is not to develop a new suite of process models, but to illustrate how models can be calibrated and how improved models can be added to the calibration procedure.  

The software developed as a result of this project will be nonproprietary.  The scope of the project does not include long-term support of the project.  A reasonably experienced system administrator is expected to be required to install and maintain the autocalibration tool software. While the software is designed to work on any other networked environment (Mac, Linux, Unix), we are only expecting to test it on the Windows environment, as this seems to be the most common platform used by regional and subbasin planning groups.


Tasks and Methods

The objectives and work scope for this project will be accomplished in four tasks.  

Task 1.  Characterize data requirements.

The objective of this task is to characterize data requirements and the relative importance of individual parameters for evaluating biological performance of salmon recovery and habitat restoration strategies and actions.  The approach to be used is that of developing a detailed relationship matrix that identifies the data types required, and their relative importance, for characterizing the physical environment (i.e., habitat), its ecological attributes, and biological performance attributes. 

An example of a relationship matrix is shown in Figure 5, below.  The symbol (dot) in each cell of the diagram represents two aspects of the value of a given attribute (row) in estimating a given variable (column).  The size of the dot corresponds to the sensitivity of a variable to the corresponding attribute, while the shading represents the pedigree (i.e., degree of directness) of an attribute in estimating the variable.  For example, the cell at the intersection of the attribute precipitation with the variable runoff is a large black dot.  This indicates that runoff is highly sensitive to precipitation, and precipitation is used directly in calculating runoff.

The starting point for development of the relationship matrix will be the information database used in the Multi-Species Framework Analysis (NWPPC, 2002).  These data, assembled at the HUC-6 scale, include original source data, derived data, and assumed values.  Original source data include data obtained directly from primary data sources such as USGS streamflow data and EPA STORET water quality data, as well as secondary sources including Streamnet and Interior Columbia Basin Ecosystem Management Project (ICBEMP).  In addition to identifying causal relationships between data types and the environmental correlates, available rules, models and/or other transformational analysis methods will be cataloged.  For instance, in the MSF runoff was generated at the HUC-6 level using PNNL’s DHSVM hydrology model.  The data used in the MSF analysis and their origin are summarized in Table III.A.1 by the  NWPPC (2000). 

The MSF-based work will be augmented by findings associated with related activities including the RAAC (see RAAC, 2000), PATH (ISAB, 2001), and other studies deemed relevant.  This effort will also take full advantage of activities being conducted by the Idaho Department of Fish and Game (IDFG) as part of their involvement in the RAAC and subbasin planning.

The final product of this task will be a comprehensive relationship matrix that will serve as a template delineating possible data requirements to assess impacts of restoration alternatives on physical and biological processes, and lifecycle stage dependent productivity and capacity.
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Figure 5.  Example relationship diagram.

Task 2. Select demonstration basin.

The objective of this task is to select the stream that will provide the best opportunity for development and demonstration of the proposed assessment methodology.  Stream selection will be based on completeness and extent of both environmental characterization data as well as survival and recruitment data.  For the latter, we will coordinate our effort with those of the IDFG related to the RAAC project.  To this end, the shortlist of candidate stocks for the demonstration includes the following from the Salmon River Basin (e.g., Bear Valley, Marsh, Sulphur, Poverty Flat, Johnson, upper Big, Secesh/Lake, Lemhi and upper Valley).  From personal communication with Dr. Charles Petrosky (Idaho Department of Fish and Game), preliminary spring chinook salmon spawner and recruitment data for these streams are available for the following years:

Population



Spawner years


Recruit Years
Bear Valley


   
    1957-99


    1957-94

Marsh Creek


    1957-99


    1957-94

Sulphur Creek


    1957-99


    1957-94

Poverty Flat


    1957-99


    1957-94

Johnson Creek


    1957-99


    1957-94

upper Big Creek

    1957-00


    1957-95

Secesh River/Lake

    1957-00


    1957-95

Lemhi River 


    1957-00


    1957-95

upper Valley


    1957-00


    1957-95

Thus, for each of these locations, guided by IDFG’s firsthand experience with each of these locations, a subset of two to four streams will be selected for a detailed assessment of data availability relative to the template developed in Task 1.  For this subset of locations, a comprehensive inventory of available data and information will be compiled.  The demonstration stream will then be selected based on, but not limited to, the following criteria:

· Completeness of available data - giving highest priority to those data perceived to have the strongest causal relationships to the critical environmental correlates.

· The extent to which spawning and recruitment data can be distinguished between native and hatchery fish

· Quality of data – noting any quality issues associated with priority data.

· Perceived completeness of record concerning important historical defining events.

· Understanding of key changes in the stream and watershed that may influence important physical and biological process affecting habitat

The results of this analysis and the rationale used in making the final selection will be documented in a letter report.

Task 3.  Develop and demonstrate the autocalibration tool.

The following sequence of actions will be performed to develop, demonstrate and document the autocalibration tool.  Please note that for convenience, the following terminology will be used:

Level 1 – measured and derived physical habitat data

Level 2 – categorical conclusions regarding biological habitat conditions, and

Level 3 – species- and life stage-specific habitat productivity sensitivities.

Subtask 3.1.  Implement revised Multi-species Framework (MSF) ecosystem characterization  (i.e., Level 1-Level 2) procedure

· Recode the existing MSF code from FORTRAN into Java, C or Perl.   This recoding activity will result in a code that is far more modular and accessible than the current code.  Breaking the existing code into numerous explicit modules makes it much easier to exchange and upgrade individual process models.  This also provides an opportunity to make limited revisions in the process representations included based on improved understanding.

· Develop comprehensive Entity Relationship Diagram (ERD) for revised MSF models.  An ERD is a database construct that ensures models are connected properly and that interprocess data communication is handled properly.  Figure 5 is an example of an ERD for a similar integrated modeling assessment.

· Document options for managing subscale spatial and temporal variability in observations.  Field sampling will likely occur at spatial and temporal scales different from those explicitly modeled. Suggestions on how to manage these scale inconsistencies will be documented.

· Document options for managing categorical findings.  Biological models often are structurally different from physical models.  Where physical models rely on formulas defined over a continuous range, biological models are often based on categorical statements about the habitat.  Relationships in biological models are often expressed as rules. The ambiguity that often results from rule-based system involving categorical findings involves both fuzzy and random aspects.  Suggestions on how to manage such ambiguities will be documented.

Subtask 3.2.  Link models using sockets

· Develop socket-based software design for Level 2 through Survival estimates. Sockets are interprocess communication capabilities available via Web.  The socket design will be implemented using Java and XML. We will work closely with Mobrand Biometrics Inc. to ensure that design is consistent with the current efforts to develop a web-based version of EDT.

· Develop comprehensive Entity Relationship Diagram (ERD) for Level 2 to survival modules.  An ERD is a database construct that ensures models are connected properly and that interprocess data communication is handled properly.  

· Test the integrated system on a single platform.  While sockets can function across multiple networked machines, at this point we will only test and improve the system on a single machine.  

Subtask 3.3.  Establish calibration parameters and calibration objectives

· Develop and prioritize a list of calibration parameters. Based on consultation with the entire project team, we shall develop a list of prioritized calibration variables. Calibration parameters will be prioritized based on their demonstration value and their expected impact to possible decisions. Generally, calibration parameters are selected based on sensitivity analyses.

· Develop and prioritize list of calibration objective functions. Based on consultation with the entire project team, we shall develop a list of possible calibration objectives. Calibration objectives will be prioritized based on their demonstration value and their expected impact to possible decisions.

· Code objective functions. Priority objective functions will be coded and tested. Objective functions will be coded in a consistent and generalized fashion to ensure future users will be able to readily develop there own objectives functions.

Subtask 3.4.  Test Autocalibration Tool

· Implement Pareto Genetic Algorithm (PGA).  The PGA will be provided in standard C.  Source code and executable will be provided.

· Incorporate memory into PGA.  Genetic algorithms can lose track of some superior calibration sets throughout their progression.  Adding memory to the algorithm ensures that all superior sets are preserved and that the same calibration sets are not analyzed multiple times.

· Couple the PGA and the socket-based system.  The coupled system will be provided through a web-based interface.  This ensures that only a web browser is required to utilize the tool.  

· Test the calibration system for priority calibration parameters defined and estimate each of 2-4 priority objective functions.

Subtask 3.5.  Demonstrate AutoCalibration Tool in Distributed Computing       Environment

· Implement calibration tool in a fully distributed environment. The tool will be tested distributed to approximately 10 PCs using a conventional LAN. 4-6 objectives will be optimized over approximately 100 generations of approximately 100 individual parameter sets per generation.

· Document possible improvements to PGA procedure. Several methods have been shown to improve the performance of genetic algorithms including artificial neural networks and fuzzy logic.

· Link Tradeoff Tool to calibration tool. The Tradeoff Tool was developed earlier as part of the Integrated Natural Resources Decision System (http://inrds.pnl.gov) project for The Washington State Department of Transportation, the Tulalip Tribe, and the Northwest Indian Fisheries Commission.  The Tradeoff Tool was recently enhanced and is currently implemented in Java and XML and allows the user to view the multiple objectives and to explore the same dataset with others remote via the web to negotiate and collaborate on selecting preferred calibration datasets from the pareto set of calibration sets.

Subtask 3.6.  Estimate Level 2 Data for Entire Columbia Basin

· Simulate runoff and routed flows, temperature, sediment, and nutrients for each of the over 7000 HUC6 subbasins in the Columbia Basin.  Using the calibration parameters selected from the prior calibration demonstration, the hydrologic process model DHSVM (Distributed Hydrologic Soil Vegetation Model) will be used with the recently improved gridded 50-year daily climate data and improved soil and vegetation data.  Due to scope limitations, only unregulated, undiverted flows estimates will be provided.

· Using revised MSF Level 1- Level 2 procedures with selected calibrated parameters and models, a revised set of Level 2 parameters will be developed for each of the HUC6s in the Columbia Basin.

· Provide Level 2 to RAAC.  The Level 2 data will provided to the RAAC electronically.

Subtask 3.7.  Provide software and documentation via web

· Software will be posted on a publicly accessible website.  All documentation will be provided electronically on a website and on CD.  Documentation will describe procedures for installing the autocalibration tool (for system administrators), coding objective functions, adding new models.

Task 4.  Documentation and Reporting

The results of the project will be documented in two ways.  A project report will be prepared describing in detail the project technical approach, tools and methods developed, inclusion of all data utilized, and results obtained.  In addition, a paper will be presented to a relevant journal for peer review and publication.   The peerreviewed publication will highlight the innovative aspects of the developed methodology, new findings, lessons learned, and contributions to the region’s overall performance assessment capabilities.  Finally, a 1-day workshop be conducted with the IDFG and other selected resource managers to facilitate technology transfer of project results and tools. 

f. Facilities and equipment
No special facilities or equipment will be required to implement this project.
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Section 4. Key personnel

This project will be conducted by a team of researchers from the Pacific Northwest National Laboratory (PNNL), Mobrand Biometrics, Inc. (MBI), and the State of Washington Water Research Center (SWWRC).  In addition, there will be in-kind collaboration with the (Idaho Department of Fish and Game (IDFG).  PNNL will provide technical and project leadership (Mr. Lance Vail and Dr. Richard Skaggs).  MBI will assist in the implementation and calibration of EDT (Dr. Lars Mobrand).  Staff members from the SWWRC (Mr. Thomas Cichosz) and IDFG (Dr. Charles Petrosky) who are associated with aspects of subbasin planning and EDT implementation will contribute to site selection, data assembly, data analysis, and model calibration efforts, while ensuring project activities are directly relevant to subbasin planning, complementary to ongoing activities (e.g., Regional Assessment Advisory Committee) and will directly benefit the “model user” community in the region.

Lance W. Vail

Senior Research Engineer 

Battelle, Pacific Northwest Division

Pacific Northwest National Laboratory

PROJECT RESPONSIBILITIES

Mr. Vail will serve as co-Principal Investigator (0.26 FTE/432 hours).  His primary responsibilities will be to develop and implement the detailed technical approach for each objective, lead the development and demonstration of the autocalibration tools, 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 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.
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PROJECT RESPONSIBILITIES
Dr. Skaggs will serve as co-Principal Investigator (0.12 FTE/234 hours).  His primary responsibilities will be to 1) ensure project milestones are met on time and within budget; 3) coordinate all activities with the Washington State Water Research Center and Idaho Department of Fish and Game; and 4) and lead project documentation and reporting.
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 ground water 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, RL, LW Mays, and LW 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, RL, LW Mays, and LW Vail, “Application of Enhanced Annealing to Ground Water Remediation Design,” in Journal of the American Water Resources Association, Vol. 37, No 4, August 2001.

Submitted:  Invited book chapter, “Operationalizing Adaptive Management for Water Supply Planning:  Sustaining Mexico City’s Water Supply.”  Richard L. Skaggs, Lance W. Vail, and Steve Shankle for Urban Water Supply Infrastructure Management Handbook to be published by McGraw-Hill, Larry W. Mays, Editor-In-Chief.
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President
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1977
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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.  

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.
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Fisheries Biologist 
Washington State University – Center for Environmental Education
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1996 
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PROJECT RESPONSIBILITIES
Mr. Cichosz will lead the Washington State Water Resources Center (WSWRC) effort on the proposed project.  His primary responsibilities will be to coordinate data identification, assembly and analysis in Task 1 (in cooperation with the IDFG), and data analysis and interpretation for selection of the demonstration basin in Task 2.   Mr. Cichosz will also contribute to project documentation and reporting.  
EXPERIENCE

Project biologist and principal data analyst for watershed assessment efforts at various scales.  Duties include interagency coordination, data collection and analysis and report writing.  Also provides assistance with project development and design, and aids in environmental education when necessary.  Recent projects include the following:


2001 Newsome Creek EAWS--Aquatics team leader for ongoing Ecosystem Assessment at the Watershed Scale (EAWS) conducted through cooperative effort of WSU, U.S. Forest Service, and Nez Perce Tribe.  


2001 Clearwater Subbasin Summary--Principal coordinator for subbasin summary compiled under the Northwest Power Planning Council’s Fish and Wildlife Program.  Provides a descriptive characterization of landscape, fish, wildlife, and other resources over approximately 9,350 mi2.


1999-2001 Clearwater Subbasin Assessment--Participated in development and implementation of theoretical framework for conducting watershed assessment at the subbasin scale.  Final product will build on the descriptive nature of the Subbasin Summary, adding additional data analysis and synthesis of information to facilitate future subbasin planning efforts.


2000-2001 Lapwai Creek Aquatic Assessment--Watershed scale assessment of aquatic resources and conditions in an area dominated by agricultural and range uses.  


2000-2001 Big Canyon Creek Aquatic Assessment--Watershed scale assessment of aquatic resources and conditions in an area dominated by agricultural and range uses.  

Recent Publications:
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Anonymous co-author.  2001.  Big Canyon Creek Aquatic Assessment.  Prepared by the Center for Environmental Education, WSU for the Nez Perce Tribe Watershed Department.


Cichosz, T.A., J.P. Shields, and K.D. Underwood.  1999.  Lake Roosevelt fisheries and limnological research.  Annual Report - 1997.  Bonneville Power Administration, Portland, Oregon.
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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.  
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.
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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.
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� Regional Assessment Advisory Committee.  RAAC is currently focused reviewing Level 2 data (ecological attributes) through to EDT’s survival estimates.  Level 1 (physical process) information is not being explicitly considered by the RAAC.
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