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1.0  Introduction

This report presents the results of a four year project, funded by the Environmental Protection Agency, to provide essential tools to better manage the Bear River and its watershed.  Following a general description of the project itself and the project partners, the report presents the findings for each of the tasks associated with the project objectives.  More detailed documents, such as academic reports and model outputs produced as part of this project appear in the appendices of the report.  The report also includes a brief discussion of important lessons learned and future recommendations.  
The first objective of the project was to develop a Watershed Information System (WIS) for the entire basin.  The watershed spans three states, two EPA regions, several National Forests and multiple other jurisdictional entities.  Providing spatial and temporal data that crossed these boundaries seamlessly was a significant challenge.  The final WIS provides a large array of fully integrated capabilities, including unprecedented access to data and data manipulation, modeling and visualization, and education and outreach to the stakeholders in the watershed and region.  It is expected that the watershed information system will promote greater cooperation across state lines and among the different regulatory agencies and stakeholder groups in the basin.  Integrated systems such as the Bear River WIS are needed in many watersheds nationwide.  For this reason the structure and format of this information system was designed to allow it to be exported to other watersheds.
The second and third objectives of this project were to conduct a detailed feasibility study of the potential for pollutant trading in this watershed.  Of particular interest was the possibility of trading across state boundaries and the potential for nonpoint to nonpoint trading.  In particular, the study built upon the water quality credit trading frameworks outlined in the EPA’s Water Quality Trading Policy issued in January 2003.  Water quality trading can be a cost-effective solution to local pollution discharge problems, and in the case of the Bear River, the credit trading approach is seen to be a tool for lower-cost management for the implementation of the TMDL’s that have been written for the Middle and Lower Bear River reaches.  Detailed information about BMP effectiveness, costs, and land uses were compiled.  A calibrated, process-based watershed modeling framework was developed and utilized to populate an extensive table of delivered loads to TMDL endpoints (i.e., receptor points) from specific farm fields.  Stakeholders within the watershed were educated on the process and specific potential trades were identified, but not yet implemented.  

Outreach and public involvement was identified as a fourth objective, but in reality was integrated into all aspects of this project.  The public involvement efforts began with a campaign to introduce the project to the stakeholders of the watershed and to identify datasets and other resources with which to populate the WIS.  Once the WIS was developed, outreach efforts shifted focus to introducing the functioning WIS to stakeholders and others in the region.  This team also populated the WIS with outreach materials and information on pollutant trading specific to the Bear River watershed.  The outreach team also provided original educational materials about the watershed and reviewed all materials posted on the WIS to assure that the information system was usable, readable and appropriately targeted for our audience.  
2.0 Project Partners
The different components of this project were led by separate teams of researchers.  Coordination and oversight was provided by a steering committee.  
The following individuals led the different major elements of this project:  

Project Management: Jack Barnett

Watershed Information System Development: Jeff Horsburgh and David Stevens

Water Quality Trading Program Development: Terry Glover, Arthur Caplan, and Jason Whitehead
Water Quality Modeling: Bethany Neilson

Education and Outreach: Nancy Mesner and Susan Anderson
A Steering Committee established at the beginning of this project included:  Jeff Horsburgh, Terry Glover, Mitch Poulsen, Mike Allred, Lynn Van Every, Jack Smith, Jack Barnett, David Stevens, and Nancy Mesner. 
Table 1.  All the individuals involved in the project, affiliations and contact information.  
	Name
	Affiliation
	Address
	Email

	Gary Kleeman
	U.S. Environmental Protection Agency, Region 8
	999 18th Street, Suite 300
Denver, CO 80202
	kleeman.gary@epa.gov

	Jeff Horsburgh
	Utah Water Research Laboratory, USU
	8200 Old Main Hill
Logan, UT 84322-8200
	jeff.horsburgh@usu.edu


	David Stevens

	Utah Water Research Laboratory, USU

	8200 Old Main Hill
Logan, UT 84322-8200
	david.stevens@usu.edu

	Terry Glover
	College of Business – Department of Economics, USU
	3530 Old Main Hill
Logan, UT 84322-3530
	tglover@econ.usu.edu


	Arthur Caplan
	College of Business – Department of Economics, USU
	3530 Old Main Hill
Logan, UT 84322-3530
	acaplan@econ.usu.edu

	Jason Whitehead
	College of Business – Department of Economics, USU
	3530 Old Main Hill
Logan, UT 84322-3530
	

	Nancy Mesner
	College of Natural Resources – Department of Watershed Sciences, USU
	5210 Old Main Hill
Logan, UT 84322-5210
	nancy.mesner@usu.edu


	Susan Anderson
	College of Natural Resources – Department of Watershed Sciences, USU
	5210 Old Main Hill
Logan, UT 84322-5210
	susan.anderson@usu.edu

	Bethany Neilson
	Utah Water Research Laboratory, USU
	8200 Old Main Hill
Logan, UT 84322-8200
	bethany.neilson@usu.edu


	Jack Barnett
	Bear River Commission
	106 West 500 South
Bountiful, UT 84010
	jbarnett@barnettwater.com


	Mitch Poulsen
	Bear Lake Regional Commission
	
	blrc@dcdi.net

	Mike Allred
	Utah Division of Water Quality
	288 North 1460 West
PO Box 144870
Salt Lake City, UT 84114-4870

	mdallred@utah.gov

	Lynn Van Every
	Idaho Department of Environmental Quality
	444 Hospital Way #300
Pocatello, Idaho 83201
	lvanever@deq.state.id.us

	Jack Smith
	Wyoming Department of Environmental Quality
	
	jsmith@state.wy.us

	Don Newton
	Wyoming Department of Environmental Quality
	
	dnewto@wyo.gov


3.0 Project Objectives and Activities
Specific project objectives are listed below.  Each objective was divided into a set of tasks with specific activities and products, which are discussed in Section 3.1.  
Objective 1: Develop a dynamic web page (the Bear River Watershed Information System) to include opportunities watershed wide coordination, a comprehensive data and document warehouse, mapping, data visualization and statistical tools, model results, real time monitoring data, and outreach and education components. 
Objective 2: Investigate the value and feasibility of a phosphorus trading program for the Bear River Watershed.  
Objective 3:  Develop a dynamic watershed model to provide important input data for a trading scheme in the watershed and to help predict the effectiveness and value of a given trade.  
Objective 4: Include partners throughout the watershed in developing the watershed information system and the trading program, and provide outreach and education on the information system and the pollutant trading program.  
3.1 PLANNED AND ACTUAL MILESTONES, PRODUCTS, AND COMPLETION DATES

A brief summary of each objective is provided below, followed by a more detailed description of each of the tasks associated with each objective.  The deliverables originally anticipated for each task are listed, followed by the actual deliverables and outcomes of each task.  Additional detailed reports associated with some of the tasks are included in the appendices of this document but are specifically referenced in the main report.  

Objective 1: Develop a dynamic web page (the Bear River Watershed Information System) to include opportunities watershed wide coordination, a comprehensive data and document warehouse, mapping, data visualization and statistical tools, model results, real time monitoring data, and outreach and education components. 
Development of the Watershed Information System (WIS) was guided by the Steering Committee, which provided input and feedback throughout the life of the project.  In addition, a significant amount of stakeholder input was solicited to help identify important components of a WIS and to help populate different elements of the information system.  Below is a simplified diagram (Figure 1) of the WIS, which identifies the different major component.  Each of these components is discussed in more detail below under Tasks 1-8.  Appendix 8.1 contains a more detailed description of the components of the WIS.
A Watershed Information System cannot be considered a static product.  To retain relevancy to the stakeholders in the watershed, new information, contacts, data and more must be added or updated on an ongoing basis.  Some of the functional elements of the WIS will also continue to be modified over time, including a revision in the map server and new data visualization and statistical tools as these are developed.  This report focuses on the elements of the WIS developed under this first contract.  The WIS will be maintained and updated under a separate funding agreement which is discussed in Section 7.0.
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Figure 1.  Overall system architecture for the Bear River WIS.  Third party data sources are consolidated within the WIS Observations Database.  The database server provides content for the web server, which serves the WIS applications.  Users interact with the WIS using an Internet browser.

 Task 1 – Develop Watershed Wide Coordination Web Pages                             
The WIS development team worked closely with the Outreach and Education team to define and develop the components of the WIS related to watershed wide coordination.  We divided this functionality into the following components:  1) watershed descriptive profiles – web pages that describe the characteristics of each of the USGS hydrologic units within the Bear River Watershed; 2) experts, organizations, and projects – web pages that present information about experts and organizations working within the watershed as well as ongoing projects;  3) online calendar of events – a dynamic calendar that lists current and upcoming events related to water quality in the Bear River; and 4) news events – a listing of news articles related to water quality in the Bear River watershed.  The experts, organizations, and projects listings, online calendar, and news events listing are dynamic and searchable, and users can submit new items for inclusion on the WIS by navigating to the appropriate page on the WIS and filling out an online form.  

Anticipated Deliverables:
1. Computer server located at the UWRL to host the Bear River WIS website.

2. Watershed wide coordination web pages integrated with the Bear River WIS website.

Actual Deliverables and Outcomes:
· Computer server located at the UWRL to host the Bear River Watershed Information System (WIS) website (http://www.bearriverinfo.org).

· Watershed wide coordination web pages integrated with the Bear River WIS website:

· Watershed descriptive profiles (http://www.bearriverinfo.org/description/) 

· Experts, organizations, and projects (http://www.bearriverinfo.org/guide/)

· News items (http://bearriverinfo.org/news/)

· Online calendar of events (http://www.bearriverinfo.org/calendar/) 

Task 2 - Develop Comprehensive Data Warehouse

The comprehensive data warehouse was intended to be a repository for data and information related to water quality in the Bear River watershed.  It was developed as a database driven system that houses and distributes historic temporal and spatial datasets, and their associated metadata.  The value added for these data includes both their co-location within the WIS and their coverage of the entire Bear River watershed, which crosses multiple states and administrative regions.  Datasets in the Bear River WIS comprehensive data warehouse include time series data (water quality, water quantity, and meteorological) for sampling locations throughout the Bear River Watershed, GIS data layers (hydrologic, geographic, land use, and other layers necessary for evaluating and managing water quality in the basin); a geo-referenced database and evaluation of past and current management activities in the basin, and a geo-referenced database and evaluation of past and current TMDL related activities in the basin.  The comprehensive data warehouse is used to dynamically populate the data visualization and analysis tools that are part of the Bear River WIS.  Additionally, we have developed tools for automatically updating the Bear River WIS with real time data being collected by USGS and Utah State University.

Anticipated Deliverables:
1. A collection of raw datasets or links to raw datasets for use in constructing the Bear River WIS website.

2. A data index that identifies each dataset/information source compiled and includes appropriate metadata.

Actual Deliverables and Outcomes:
· A GIS database was constructed for the Bear River WIS.  The GIS datasets have been made available for download via the WIS (http://www.bearriverinfo.org/mapping/downloads.aspx) and are also available in the WIS Map Server (http://water.usu.edu/mapviewers/bearrivermap/).

· A time series database was designed and implemented for storing and serving monitoring data via the Bear River WIS.  This database has been populated with available datasets from many different data providers including USGS, Utah, Idaho, and Wyoming Environmental Quality departments, NRCS, Pacificorp, Utah State University, and others.  These data are available on pages throughout the WIS.

· A database of past and current water quality related projects within the Bear River Basin has been assembled.  These projects are accessible at http://www.bearriverinfo.org/guide/. 

· A database of past and current TMDL related activities within the Bear River Basin, including associated GIS datasets is available through an Internet map server application (http://water.usu.edu/mapviewers/BearRiverTMDL/) and through the TMDL information viewer available at http://www.bearriverinfo.org/tools/TMDL/.  

· A data index that lists the GIS and non-GIS datasets collected by the project and made available via the Bear River WIS has been constructed.

· Windows Services have been developed that automatically ingest all of the real time stream flow data being collected by the USGS and the real time water quality data being collected by USU monitoring projects into the WIS time series database.

Task 3 – Develop Document Warehouse

The document warehouse is a database driven system that provides on-line access to an electronic collection of Bear River reports, documents, photographs, and other digital resources.  The document warehouse includes documents from the USU Natural Resources Quinney Library collection, many of which were scanned and converted to a digital format for inclusion in the WIS.  The WIS document library also provides links to other document collections, including the Bear River Watershed Historic Collection, which is sponsored by Utah State University, and the Western Waters Digital Collection.  The WIS Document Warehouse is dynamic in that users can submit new items for inclusion in the WIS database, and it is searchable so that users can find documents that they are interested in.  Individuals have used this functionality to post presentations and minutes from water quality related meetings, as well as many other water quality related documents and files.
Anticipated Deliverables:
1. The development of a dynamic, Internet-based document warehouse integrated with the Bear River WIS.

Actual Deliverables and Outcomes:
· Bear River related documents and digital objects have been collected and added to the WIS Digital Library/Document Warehouse (http://bearriverinfo.org/library/).

· Users can access and upload documents to the warehouse.

Task 4 – Develop Data Visualization and Statistical Tools

The Bear River WIS presents data visualization and statistical tools through an Internet-based map server and through links from data summary tables and lists on the Bear River WIS website.  These tools specifically include time series and summary data analysis functions for evaluating and viewing stream flow, water quality, and climate data at user-selected monitoring locations.  The time series visualization tools include a variety of plot types, including time series, box and whisker, histogram, and probability plots.  The statistical tools can generate simple statistical summaries for sampling locations that include the mean, standard deviation, minimum, maximum, median, percentile values, and other simple statistics.  The Internet map server allows visualization of geographic data, and it also links monitoring sites with their geographic context. For example, users can look at terrain, land use, etc. upstream of monitoring sites within the WIS map server and this provides them with context in interpreting the time series data that have been collected at those monitoring sites.  The map server also provides point-and-click access to many of the time series datasets included in the WIS by simply clicking on monitoring sites in the map.  Users are able download or export both the time series and GIS datasets included in the Bear River WIS.
Anticipated Deliverables:
1. Internet map server populated with GIS datasets for the Bear River Watershed.

2. Internet based time series visualization tools for viewing streamflow, water quality, and climate datasets.

3. Internet based statistical summary tools for generating statistical summaries of time series data.

4. Internet based data download tools for exporting selected time series and GIS data from the WIS.

5. Internet Based watershed characterization tools.

Actual Deliverables and Outcomes:
· An Internet Map Server populated with GIS datasets for the Bear River Watershed (http://water.usu.edu/mapviewers/bearrivermap/).

· An Internet based Time Series Analyst application for plotting, generating statistical summaries of, and exporting time series of stream flow, water quality, and climate data (http://water.usu.edu/analyst/).

· A database query interface that allows users to define and execute custom queries to the Bear River WIS database (http://www.bearriverinfo.org/tools/query_utility/). 

· A GIS data download page that allows users to download Bear River GIS data (http://www.bearriverinfo.org/mapping/downloads.aspx). 

· An Internet Map Server for TMDL related information in the Bear River Basin has been created and populated with GIS and related TMDL datasets (http://water.usu.edu/mapviewers/BearRiverTMDL/). 

· A TMDL Information Viewer that displays current TMDL related information for 303(d) listed water bodies within the Bear River Basin.  It is linked to the TMDL Information Map Server (http://www.bearriverinfo.org/tools/TMDL/). 

· A PhotoViewer application that allows viewing digital photographs taken within the Bear River basin (http://www.bearriverinfo.org/photoviewer/default.aspx?watershed=bearriver).

· A variety of watershed characterization data and information are available via the Bear River WIS watershed descriptive profiles (http://www.bearriverinfo.org/description/). 

Task 5 - Integration of Virtual Trading Room with WIS
The original intent of the Virtual Trading Room was to provide Internet based infrastructure and support via the WIS for the pollutant trading study of the full Watershed Initiative Project.  The Virtual Trading Room was to provide:

1. A public face for the water quality trading program in the form of an introductory page on the WIS that provides information about water quality trading, updates on the success of the program in the Bear River basin, links, etc.

2. An on-line means for identifying those who are interested in possible trading.

3. A water quality model developed to support the water quality trading program for the public to learn about water quality dynamics in the watershed.  

Given this, the WIS Development Team worked closely with the Water Quality Trading team to identify the functionality of the Virtual Trading Room.  It was determined that the information that would be required for such a system would be sensitive in nature and not necessarily appropriate for the public nature of the WIS.  Because of this, the scope of the Virtual Trading Room was defined to be primarily informational in nature, rather than supporting detailed information gathering and potential trading transactions.  As a result, the water quality trading section of the WIS that was developed is a public face for the water quality trading program, it provides information on water quality trading in general and in the Bear River Basin, and it provides enough information that individuals interested in trading can get involved.  Integration of the water quality model with the WIS is described under Task 8.

Anticipated Deliverables:
1. Internet based Virtual Trading Room that supports the functions of the water quality trading program.
Actual Deliverables and Outcomes:

· A water quality trading section of the WIS that supports the water quality trading program (http://www.bearriverinfo.org/wqtrading/).

Task 6 - Integrate Real Time Monitoring with WIS

Real time water quality, stream flow, and weather data are currently being collected at several locations within the Bear River Watershed.  Some of these datasets have been integrated with the WIS and linked to the data visualization and analysis components.  Others that are available on external websites from other organizations have been linked to the WIS.  Real time datasets that have been incorporated into the WIS database include realtime discharge data at several sites from the USGS, and real time discharge and water quality monitoring in the Logan River sponsored by the Utah State University Water Initiative.  Other real time data sources that have been linked to the WIS include realtime discharge, water quality, and weather monitoring in the Little Bear River by Utah State University (http://water.usu.edu/littlebearriver/), real time discharge data from Pacificorp (http://www.pacificorp.com/Article/Article40779.html), real time discharge and canal management data for the Upper Bear River (http://www.bearriverbasin.org/), MesoWest weather and climate monitoring data (http://www.met.utah.edu/mesowest/), USDA NRCS SNOTEL (http://www.wcc.nrcs.usda.gov/snotel/), and real time distribution system information from the Utah Division of Water Rights (http://waterrights.utah.gov/distinfo/realtime_info.asp).   

It should be noted that this task was funded entirely by matching funds provided by the Utah State University Water Initiative.
Anticipated Deliverables:
1. Real time datasets (USU Water Initiative and USGS real time flows at a minimum) integrated with the WIS databases and data visualization components.
Actual Deliverables and Outcomes:
· The USU Water Initiative real time datasets for the Logan River have been integrated with the Bear River WIS databases and data visualization components (http://bearriverinfo.org/tools/). 
· Links have been provided from the WIS to other sources of real time data within the Bear River Basin (http://bearriverinfo.org/data/). 
Task 7 – Integrate Outreach and Education with the Bear River WIS

The full USU Watershed Initiative project includes a large outreach and education component addressed by an Outreach and Education Team.  The associated effort under this task was focused on both providing a web-presence for the Outreach and Education Team and the materials that they have developed.  The Outreach and Education Team also assisted in improving the aesthetic quality, usability, and information content of the WIS.  Specifically, this has included: development of informational and training materials; providing links to watershed-wide and sub-watershed water quality outreach efforts; developing on-line help in interpreting data and information about the watershed; and providing links to youth and other outreach programs in the watershed.  The WIS Development Team has worked closely with the Education and Outreach team in developing these materials and in incorporating the educational and outreach components with the WIS.
Anticipated Deliverables:
1. Web pages with links to outreach efforts and programs.

2. Dynamic Q&A expert system for guiding users through the WIS.

3. Training materials to teach individuals how to use the WIS.

4. Assist the USU Education and Outreach Team with WIS training as specified in Tasks 22 and 23 below.

Actual Deliverables and Outcomes:
· An education and outreach section of the WIS (http://www.bearriverinfo.org/outreach/) that provides information, training materials, and links to additional educational resources.
Task 8 - Integrate Water Quality Modeling with WIS

A dynamic water quality model was developed for the water quality trading focus area by the Water Quality Modeling Team.  This model was designed to support the water quality trading program and provides the necessary information to evaluate the environmental equivalence of potential water quality trading scenarios.  The model has a complex structure, with components that represent the hydrology of the model focus area, loading of phosphorus from point and nonpoint sources, and in-stream routing of phosphorous loads to receptor points.  Because of the complexity and computational requirements of the model, and because it incorporates potentially sensitive information about farm fields and farm ownership, it was impossible to implement it in its native form to run online simulations through the WIS.  Instead, we constructed a set of examples that illustrate the results of the water quality model and articulate how they are used in the context of water quality trading.  These examples were incorporated into the water quality trading section of the WIS.

Anticipated Deliverables:
1. Executable dynamic model integrated with the WIS.

Actual Deliverables and Outcomes:
· Examples of the results of the water quality model have been integrated with the water quality trading section of the WIS (http://www.bearriverinfo.org/wqtrading/). 

Objective 2: Investigate the value and feasibility of a phosphorus trading program for the Bear River Watershed.  

The work of this group was closely aligned with the water quality modeling efforts, which provided the necessary water quality loads and delivery ratios.  The members of this team were tasked with determining the potential for a water quality trading market in the Bear River basin.  One requirement of this effort was an identified water quality target.  Sections of the watershed with existing TMDLs or TMDLs in development became the focus of this effort because these TMDLs provided the necessary endpoints.  

The Bear River watershed contains a small number of total phosphorus point sources and a much larger number of distributed nonpoint sources.  The discussions below and in the appendices, therefore, address the feasibility and necessary elements of trading scenarios between point sources, between point and nonpoint sources, and between nonpoint sources.  
Below is a description of the different elements of the Trading Feasibility Study.  Detailed reports and compilations of background data are found in Appendices 8.2- 8.9, and specifically referenced under each task.  
Task 9 – Data and Information Collection

Information is needed in order to determine the conditions and basis for water quality trading as it would apply in the Bear River Watershed.  This information includes the potential suitability of total phosphorus (TP) for a market in reduced load credits or allowances tied to a regulated discharge.  Information is needed on the loading of TP in a spatial distribution throughout the focus trading area of the watershed which has been designated in this study as Little Bear River and Spring Creek in the southern part of  Cache Valley and which streams flow to the Cutler Reservoir, and the main stem of the Bear River, starting from the Oneida Narrows Dam, and including the Cub River drainage as these streams systems flow into the Cutler Reservoir from the north just over the border in Idaho to the Cutler Reservoir.  Moreover information on attenuation of the loading of TP is needed to understand the effect of both baseline loads, load reductions and delivery of the same to the main receptor (Cutler Reservoir) has on the level credits or allowances that can be traded.  Therefore, delivery ratios have to be developed.  Information is also needed on abatement cost conditions and levels of both point source dischargers and projections of possible nonpoint abatement possibilities through the projected installation of best management practices (BMPs).  Abatement cost differences amongst discharge sources become a basic driver, as does the load regulation, of trading activity. 

Anticipated Deliverables:
1. The development of the Bear River Watershed discharge/loading profile.
2. Identification of total phosphorus (TP) reduction capability and suitability for initiating trading under U.S. Environmental Protection Agency’s “Water Quality Trading” provisions (U. S. Environmental Protection Agency, 2003).

Actual Deliverables and Outcomes:
· Determination of total phosphorus suitability for trading:
  
Trading programs are promoted as a cost-effective approach of reducing most nutrients, including total phosphorus.  The potential spatial relocation of nutrient discharges within a river system that may result from trading is less likely to cause localized water problems than is the case for trading in other pollutants (for example pollutants with toxic effects).  The ‘commodity’ (total phosphorus) can be measured and traded in the form of tradable load credits which reflect discharge reductions that match the regulated water quality standard written into the TMDL.  The ‘commodity’ can also be in the form of allowances whereby the sum of the allowances allocated to source dischargers.  Trading programs are also an attractive policy alternative for nutrients such as total phosphorus because extensive conventional programs have not been developed for nutrient discharges. 

To evaluate the suitability of trading phosphorus in this particular setting, we conducted a preliminary study using a simplified export coefficient model.  A much more detailed process-based model was ultimately used and is described in detail in Tasks 15–21.  

The preliminary study assumed baseline flow and concentration conditions and relied on literature values for export coefficients.  The model, developed in a M.S. Thesis completed in the Department of Economics at Utah State University, was applied to the Cub River drainage.  Appendix 8.4A contains the results of this preliminary modeling study as well as an evaluation of the financial feasibility of phosphorus trading in the larger Bear River watershed.  
Nonpoint phosphorus loads were estimated using an export coefficient methodology related to land use types coupled with the use of the PLOAD GIS tool.  The study also developed estimates of the point source discharges and loads that would have to be attained in order to meet the Utah point source regulation plan and the Idaho regulation plan since one of the water treatment plant was located in Idaho.  Data on alternative farm operations was also developed in the study as well as BMP implementation cost information.  

· Development of a loading profile and delivery ratios:


Information regarding loading profiles and delivery ratios were necessary to set up the trading program for the final, process based modeling approach used.  These calculations were completed by the water quality modeling team.  Details of the approaches and results are included in Appendix 8.2 and Appendix 8.3.

· Compilation of BMP information and Costs:
For the preliminary study the following information was compiled:  literature coefficients, BMP cost and effectiveness, point source technology cost and effectiveness, land use distribution.  This information was partially used in the final process-based modeling approach.
Task 10 - Evaluate Financial Attractiveness of Trading
                                    

Information on phosphorus abatement alternatives and the primary drivers of incentives to engage in trading activities is important in order to assess the viability of trades and their effectiveness in reducing effluent discharges.  Abatement cost information is necessary since decisions to trade will be based on cost levels and the opportunities afforded the participants in a trade to adopt innovative ways to reduce loads and the costs abatement.  The trading activity has to be able to develop incentives in the trading process in order to be economically attractive to potential partners to a trade. 

Anticipated Deliverables:
1. The development of an alternative abatement technology database.
2. An estimation of the incremental cost of control of the alternative abatement strategies.
3. A financial attractiveness assessment of water quality trading with the Bear River Watershed.
Actual Deliverables and Outcomes:
· Summary of cost of abatement levels incurred by point source dischargers and projections of costs associated with the implementation of BMPs by nonpoint source dischargers (refer to Appendix 8.5).
· Development of a manuscript describing a cooperative agreement algorithm that can be used to simulate cost sharing, agreement considerations and project outcomes of agreement and/or conditions that bring about cooperative agreement in trade-like processes (refer to Appendix 8.6).

· Assessment of financial attractiveness for water quality trading in the focus trading area in the Bear River watershed (see Appendix 8.7).
Appendix 8.5 Estimates of Phosphorus Abatement Costs:
A summary of information on the cost of phosphorus abatement was developed in order to determine if there were significant differences in costs of control.  Nutrient trading programs have been promoted as cost-effective approaches to achieving water quality control objectives and to specifically reduce discharges in the nation’s waterbodies.  Cost effectiveness generally refers to the cost savings achieved by a trade.  That is, a low control cost source discharges less effluent in order to for a high cost discharge source to be able to discharge more within the rules of the regulatory reduction mandate.  Typically it has been assumed that the nonpoint source, and in specifically the agricultural nonpoint source, is the low cost discharge source.  In such cases, the nonpoint source is in the position as the seller when a trade is to be initiated.  The cost information derived and reported in this appendix verify that this is the case,  but there is considerable variation in the costs of abatement both at the wastewater treatment plant level (the point source) and at the nonpoint source level.  We conclude that there is a case for financial attractiveness and viability to water quality trading in the Bear River Watershed.

There is considerable cost variation, for example, even for the implementation of the same type of BMP that might be adopted by the nonpoint source.  These costs were derived from different sources of information and location which, of course, introduces considerable variation in cost level.  Appendix 8.4A also contains a summary of both point, source costs and the costs of adopting certain BMPs as applied to the Cub River drainage area.  BMP effectiveness information is also presented.  

Appendix 8.6 Cooperative Surplus Sharing:
A manuscript which develops a solution algorithm for cooperative agreement simulation is contained in this appendix.  The solution algorithm follows the concepts of cooperative equilibrium.  Now that the cost and load data for the Bear River Watershed are available, simulations of cooperative agreement impacts and the conditions that lead to cooperative agreements, that is the conditions on how discharge sources come together to initiate a trade or that do not provide for cooperative agreement, can be run in order to develop information on the steps that lead up to a negotiation and an agreement.  Simulation results are not available at this point but are to come at a future time using the Bear River focus trading area and information as a case study.

Appendix 8.7 Examples of Pollutant Trading:
This appendix reports an example of point source-nonpoint source credit trading that works to reduce phosphorus loading in the Cub River watershed of the focus trading area.  An example of a nonpoint-to-nonpoint source trade in credits is worked out using the cost data estimated for the Cub River area, but there is less impact shown by such a trade relative to the point-to-nonpoint source trade.  These illustrations of trading show the viability of trading in credits using the information on cost differences between discharge sources.  Trading in credits is one mechanism among a set of trading approaches that could be implemented.  The trades that are illustrated in this appendix assume that the nonpoint source dischargers have been brought in under the umbrella of the phosphorus reduction regulation under some form of provision or the exercise of state powers to bring them under such regulation.  These examples, along with point-nonpoint abatement cost differences shown in appendices 8.4 and 8.5, do show the financial attractiveness of trading at least in the Cub River area which is a significant area of phosphorus load concentrations within the Bear River Watershed.  The Cub River drainage, among other drainages, is certainly an area that needs attention in developing a phosphorus reduction program as shown by the projections of the field data loading using the water quality modeling that has been applied in this study.  
Task 11 - Assess Market Infrastructure and Strategy for Water Quality Trading
All viable markets, whether trading water pollutant reductions or more familiar commodities, must efficiently create benefits for market participants.  Markets are social constructs or results of contracts that facilitate interactions among participants or attract participants who have incentives to trade goods or services.  Viable water quality trading, sometimes referred to by the acronym, WQT, or WQT markets, operate like conventional markets with the exception that water quality markets work to exchange nutrient loading reductions that are created by regulations and administrative processes.  The loading reductions only derive value because of regulatory mandate.  Therefore, water quality markets are responses to regulatory mandate or oversight.  To complete this particular task of the study, a review is made of alternative market strategies and their projected impact on phosphorus reductions that could be achieved in the Bear River Watershed.

Anticipated Deliverables:  

1. Projection of market operation and frictions.
2. Identification of feasible water quality trading alternatives.
Actual Deliverables and Outcomes:
· Assessment of market structure, alternative trading strategies, and the efficiencies of these alternative strategies in reducing total phosphorus (refer to Appendices 8.8).
Appendix 8.8 Trading Strategies:
This appendix provides a description of the trading strategies that are market-based or market-like and those that are labeled as market-like but are really not market-like in their initiation and operations.  There is a review of the role that the regulator “should” play and the other possible roles that the regulator could take up or that is taken up under certain water quality trading processes.  Descriptions of the trading operations of each strategy and the frictions in the market are also provided.  The investigation concludes that trading in allowances is the most market-based trading strategy with the role of the regulator solely focused on the water quality standard in effluent discharge.  Under this market-like mechanism of control all sources (point and nonpoint) are brought under the regulatory mandate in a fully capped system.  The market operation of this system is termed a cap-and-allowance market or CAM as the acronym for such a trading system, see Figure 2.
In this market system, the commodity being traded, that is, an allowance to discharge a limited level of phosphorus is defined in advance of program implementation by the regulating agency.  The allowance program can be written into a memorandum of understanding which outlines the trading program and its details and intended operation.  Dischargers know exactly how much they own in allowances and how the ownership can be used.  The discharge source is given both exchange flexibility and effluent control flexibility which, along with the opportunity to buy and sell creates financial incentives internal to the control process that promote innovation to find lower cost solutions to meet the water quality standard.  Exchange flexibility is the permission to transfer discharge to different contract locations and across time periods.  Waste control flexibility gives the discharge source discretion to choose the control technology, innovate to find new control technology that matches specific production processes, and lower the cost of control.  However, the discharge still has to meet the water quality standard and the sum of the allowances has to equal the standard.

Clean Water Act (CWA) provisions are basically set up as a partially cap system of control through the NPDES permitting system.  So ways have to be found to work with this type of system to make trading and control programs more market-like in order to allow trading to work to meet water quality levels and to provide incentives to lower the costs of meeting the discharge reductions that meet the regulatory mandate of the TMDL.

The investigation into alternative trading approaches then derived four basic trading mechanisms that could be structured to operate within CWA provisions within which alternative approaches could be designed.


Figure 2.  The four major types of trading programs.
Trading in credits and allowances appear to be the same trading procedure.  However, credit programs present some barriers to achieving exchange flexibility.  A new and expanding discharger who is in need of credits cannot know whether there will be any credits to buy at the end of any one accounting period when they enter the market because the number of credits is variable.  Under these uncertain conditions the discharge source is less likely to rely on the purchase of credits in a long term control strategy.  There can be uncertainty created as well on the supply side of the market because of the uncertainty that there will be buyers.  CAM-type programs create a certain number of transferable allowances in advance of the trading which modifies some of the demand and supply uncertainty. 
Task 12 - Evaluate Stakeholder Readiness 

The evaluation of Bear River watershed stakeholder readiness and understanding of the benefits of trading either in allowances or credits is essential for operating water quality trading programs.  This evaluation includes the identification and prioritizing of potential participants, including potential coalitions and associations.  The task of determining the financial attractiveness of trading is part of this participant identification.  The evaluation effort has to also identify advising (legal or otherwise) individuals or agencies that can provide design and contractual information to parties of potential trading activities. 

This effort of evaluation and identification has included input from stakeholder meetings and a workshop on water quality trading.  It has involved several presentations on alternative trading programs and their effectiveness as discharge control mechanisms to various agencies and public stakeholder meetings to solicit input and to provide explanations on the trading approaches to control and the CWA provisions for control.  Presentations on the alternative programs of trading and discharge control have been presented to the Water Quality Board and to other individuals who are involved in water quality standard regulation.  The study steering committee members from the three state regulatory agencies have been instrumental in identifying individuals or entities interested in the potential point and nonpoint source trading issue.  

The Utah Division of Water Quality (UDWQ) has been engaged in a series of meetings with point source dischargers who are concerned about the alternatives they have for meeting the requirements of completed or draft TMDLs that affect point source discharge control operations in the Utah portion of the Bear River Watershed.  Cost impacts on as well as the impacts of alternative forms of trading have been discussed with community officials and waste water treatment plant operators.  Discussions have been held with NRCS personnel about alternative BMP implementations and their apparent effectiveness uncertainties and the costs involved in installation by nonpoint source dischargers.  The Utah Association of Conservation Districts has been developing cost estimates of potential BMPs for point and nonpoint sources. 
Anticipated Deliverables:
1. Evaluation of Bear River watershed stakeholder readiness and understanding of the benefits of trading programs. 

2. Identification of trading participants, coalitions, and advisors.

Actual Deliverables and Outcomes:
· Assessment of stakeholder’s readiness (see discussion above).
· On July 19, 2007, the Bear River Initiative Steering Committee hosted a water quality trading workshop to explore the concepts of pollutant trading and specifics being explored in the Bear River Watershed.  Thirty seven representatives from Idaho, Wyoming and Utah, including agencies, educators, and producers attended the workshop.  These presentations are available in Power Point format at http://www.bearriverinfo.org/library/.   

· Identified potential traders in the Bear River watershed:  

The Cutler Reservoir/Bear River Advisory Group has been meeting for the past four years to assist in the development of a TMDL for dissolved oxygen and nutrients (total phosphorus).  The Logan City Waste Water Treatment facility that handles the municipal waste for seven of the largest communities in Cache Valley is a major source of nutrients to the reservoir.  The Advisory Committee is currently attempting to develop a Memorandum of Agreement with the stakeholders that would allow a water quality trade via a water quality allowance for the waste water treatment facility.  The allowance will be based on the equivalent cost of reduction from nonpoint sources.  The exchange rate that is being used is $205 per pound of total phosphorus.  The plan on the table now includes an allowance to the WWTP in exchange for a one million dollar a year trade to address the nonpoint sources.  An irrigation project has been identified that would reduce the summertime nutrient loading to the reservoir by thirty-eight percent.  If all goes well the framework for the trade will be in place by mid October. 

 

There is also a private contractor working with Lewiston City, Preston City and Franklin City to determine what options are available to them.  One of which would be working a trade perhaps with the Richmond WWTP or through NPS trades.  In the Cub River Basin in Utah and Idaho there are 6 PS permit holders and a large agricultural component.  This scenario makes the potential for trading feasible.  Overall the development of TMDL's in the Bear River Basin has raised the level of stakeholder awareness of water quality issues and the potential for pollution trading. 

Viable water quality trading for phosphorus in Idaho tends to be complicated as follows.  Idaho DEQ does not have NPDES primacy and therefore is somewhat caught in the middle of developing TMDL’s with enforceable waste water treatment plant waste load allocations but DEQ is not in the driver seat for implementing NPDES permit actions.  EPA Region 10 has been favoring very stringent phosphorus limits based on what they believe are achievable technologies (both technically and economically) which may likely be an impediment for municipalities to manage a trading scenario with nonpoint sources of phosphorus.  Reasonable assurance that a point source to nonpoint source phosphorus trade would achieve the same level of treatment is a much harder burden of proof (the burden of proof would be borne by the municipality) than installing “best available technology” that achieves measureable results at the end of the pipe.
Task 13 - Initiate Water Quality Trading 
There are several procedures and contractual elements that have to be developed in order to set up a trading program for the focus trading area as part of the Bear River Watershed.  Guidelines to meet the TMDL regulation, procedures of engagement, and contractual steps many of which have legal implications have to be identified and worked out with both point and nonpoint source dischargers, the regulator and community waste water treatment officers and operators.  All of these functions have to be worked out prior to the initiation of a program and program rules.

Anticipated Deliverables:
1. The development of projected outcomes of alternative trading strategies.

2. Set up of the trading format for the Bear River Watershed, if trading is feasible.

3. Determination of trading functions such as paying for total phosphorus reductions, level of abatement and match to TMDL requirements, and allocation of abatement among dischargers in the watershed.

Actual Deliverables and Outcomes:

· Projected outcomes of alternative trading programs (see Appendix 8.8).
· A mapping of steps to be taken to progress toward the initiation of two different forms of a trading program for the Bear River Watershed (refer to Appendix 8.7, Appendix 8.8, and Appendix 8.9).

· Summary of documentation and rules for trading proposed by other trading programs that have been proposed or initiated (see Appendix 8.8).

Appendices 8.7 and 8.8 – Previously reported under, respectively, Task 10 and Task 11.

Appendix 8.9 Steps to Trading

This appendix reports on steps to be taken by parties of a trade, the regulator, and other stakeholders covering two alternative approaches to trading that can be implemented in the focus trading area of the Bear River Watershed.  These two major alternative approaches to trading include the “Cap and Trade” approach which can be instituted with consideration of the usual provisions of the Clean Water Act (CWA) as a partial cap arrangement and the cap-and-allowance market (CAM) approach.  There are alternative plans that can be developed within these major program approaches.  The steps for trading in credits as well as allowances are also outlined.  An actual trade has not been initiated.  However, the steps and documentation to go forward to a trade program, either in the form of trading in allowances or in the form of trading credits, are outlined.  Reference is also made to documentation, rules of trading, legal implications, and memoranda processes for initiating a trade developed by other efforts within the U.S.  
· The water pollutant trading workshop held in July 2007, a subsequent summary of the workshop (see Appendix 8.17) was sent to an extensive list of stakeholders.  The information section on pollutant trading of the WIS is part of a strategy to increase understanding of trading potential in the Bear River watershed.

Task 14 - Evaluate Operations and Impacts of Water Quality Trading
                                 

This task involves the assessment of general economic gains, losses, and tradeoffs that are involved with the initiation of water quality trading programs as a new policy to improve the nation’s water quality and particularly to improve the water quality of the Bear River Watershed which is a special resource of a three-state area in the western U.S.

Anticipated Deliverables:
1. The development of a framework to evaluate the impact of trading activity on total phosphorus reduction and its use in the watershed.

2. The development of an empirical economic welfare evaluation model to evaluate trading program economic impacts.

Actual Deliverables and Outcomes:

· Summary of projected impact of trading by trading/allocation strategy (refer to Appendix 8.6).

· Summary of projected economic impacts of trading programs and the asymmetric information frictions and other market operation influences that limit the viability of water quality trading (Appendices 8.6, 8.7, 8.8, and 8.9).

Objective 3:  Develop a dynamic watershed model to provide important input data for a trading scheme in the watershed and to help predict the effectiveness and value of a given trade.  

In order to set up a water quality trading framework, the primary informational requirements of the Water Quality Trading Team from the Water Quality Modeling Team were current conditions seasonal total phosphorus loads at a farm or field spatial scale (i.e., seasonal farm/field loads) and seasonal fractions of the total phosphorus farm/field loads that reach a receptor point (i.e., seasonal delivery ratios).

Each of these components is necessary to complete the calculations required for a water quality trading framework.  The driving force behind these requirements was that each individual stakeholder in a basin needs to know the amount of phosphorus he or she has available to trade.  This quantity is dependent on the amount of a stakeholder’s total phosphorus load delivered to a designated receptor point that can be offset through management actions.  

For a watershed model to support a water quality trading program, it must be able to simultaneously capture the physical hydrology at the watershed scale, while representing the spatial variability of loads at the field scale.  Generally, watershed models are developed for either broad watershed applications or field specific applications.  This led to the development of a modeling framework that coupled a number of models, modeling approaches, and processing tools to provide the necessary information to facilitate water quality trading.  The framework includes: TOPNET (Bandaragoda et al., 2004) as the hydrology model; variable source area (VSA) calculations (Lyon et al., 2004) to resolve spatial areas contributing saturation excess flow; a sub-basin Loading Model component based on the VSA calculations, event mean concentrations (EMCs), and land use; and a Water Body Response (WBR) component that incorporates QUAL2E (Brown and Barnwell, 1987) to determine delivery ratios.  The most comprehensive explanation of the modeling effort and its role in developing a water quality trading program is included in Appendix 8.11.  In order to achieve this end goal of supporting the Water Quality Trading team, there were a number of tasks that had to be completed first.

Task 15:  Coordination with the Water Quality Trading Team
                      

The Water Quality Modeling Team worked closely with the Water Quality Trading Team to identify the specific modeling needs, requirements, and objectives of the water quality trading study.  Important decisions were made based on the geographic extent of the water quality trading program and the water quality model (hereafter called the Water Quality Trading focus area), the required spatial and temporal resolution of the model, and the required model input and output options.  

The water quality model was required to provide sufficient information to enable: 1) evaluation of individual trading viability by incorporating total phosphorus discharges from reach-specific point and nonpoint sources, 2) tracking of the effects of potential trades under different meteorological inputs and flow regimes, 3) examination of the general changes in water quality over time and distance, 4) examination of the effects of timing, river distance between potential seller’s and buyer’s locations, river conditions, and operational activities such as withdrawals and diversions, and 5) comparison of the outcomes of different management options.

Anticipated Deliverables: 
1. To develop a technical memo describing the specific requirements of and objectives for the water quality model.

Actual Deliverables and Outcomes:
· The technical memo (Appendix 8.10) describing the specific requirements of and objectives for the water quality model was completed and submitted on 9/8/2005.

Task 16:  Selection of an Appropriate Modeling Approach                              
The water quality model was used to assess and project future outcomes of total phosphorus loading and loading distribution within the Water Quality Trading focus area as a result of total phosphorus credit trading.  The model was also used to support the evaluation of environmental equivalence of potential trades.  In order to facilitate this, an appropriate water quality modeling approach was selected.

The specific requirements for the water quality model identified under Task 15 guided the selection of an appropriate water quality modeling approach for the Water Quality Trading focus area.  Due to the number and types of point and nonpoint sources of pollution in the Bear River Basin, the potential diversity in the physical system to be modeled (i.e., small tributary stream reaches, main stem river reaches, reservoirs, etc.), and the anticipated requirements for the water quality model, it was determined that a single model would not be sufficient or appropriate to represent all of the pollutant sources, watershed components, and pathways of interest.  A combination of tools working together within a structured framework was needed to capture the spatial and temporal variability in each pollutant source and the interaction among sources and the resulting impacts on water quality.  A review of existing, peer reviewed, and public domain water quality models was conducted to identify potential models or model components that could be used within the Water Quality Trading focus area.  This review considered simple screening level approaches as well as more sophisticated, mechanistic watershed models.  Based on this review and the requirements identified under Task 15, an appropriate modeling approach was selected and described in a technical memo included in Appendix 8.11. 

Anticipated Deliverables: 
1. Technical memo describing the selected water quality modeling approach, including a description of the specific model or models selected and how they will be implemented in the Water Quality Trading focus area.

Actual Deliverables and Outcomes:
· The technical memo (Appendix 8.11) describing the selected water quality modeling approach was completed and submitted on 11/7/2005.  

Task 17:  Development of the Water Quality Model                                            

The water quality modeling approach designed as part of Task 16 was implemented in a portion of the Water Quality Trading focus area (i.e., the Little Bear River watershed and the Bear River watershed between Oneida Narrows and Cutler Reservoir).  The Water Quality Modeling Team worked closely with the WIS Development Team to identify and obtain appropriate and available datasets that were used in populating and calibrating the water quality model.  Where possible, monitoring data associated with water quality and stream flow monitoring sites were used as model inputs, to estimate model parameters, and to test predicted results.  Where no data were available, literature values were used.    
Anticipated Deliverables: 
1. Executable water quality model that can be used to run water quality trading scenarios, specific to the Bear River Watershed.

2. Technical memo describing the results of the model population, calibration, and sensitivity/uncertainty analysis.

Actual Deliverables and Outcomes:
· Figure 3 shows a simplification of the modeling structure that was developed and implemented to assist in testing the feasibility of water quality trading in a portion of the Water Quality Trading Focus Area.  This structure was based primarily on the Task 16 technical memo.  However, additional modeling steps were added to meet the modeling needs for the water quality trading structure.  This included the implementation of Variable Source Area (VSA) calculations that facilitated the estimation of farm/field loads by season.  More information about the modeling structure and details are provided in Appendix 8.3 and Appendix 8.12.  As shown in Figure 3, the modeling results include seasonal farm/field total phosphorus loads, seasonal delivery ratios by sub-watershed, seasonal delivered loads to various receptor points, and the ability to calculate seasonal farm/field tradable loads from local knowledge of remediation potential.
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Figure 3. Water Quality Trading Modeling Structure

· Only the Little Bear River watershed and the Bear River watershed from Oneida Reservoir to Cutler Reservoir (including tributaries) were modeled.  The Spring Creek watershed was excluded from the modeling effort due to data limitations (including ungaged interbasin transfers) that limited the ability to predict the hydrologic responses in the drainage.  

· A journal article (see Appendix 8.3) was completed to provide information regarding the connectivity of the modeling structure and its utility in setting up a water quality trading program.  Appendix 8.12 provides details about the model structure and the passing of information between components.

Task 18:  Execution of Water Quality Modeling and Trading Scenarios            
The results from the completed water quality model have been used to examine potential Water Quality Trading scenarios as specified by the Water Quality Trading team.  The existing TMDL documents have been instrumental in identifying pollutant sources.  The data and modeling results provided current conditions upon which future trading scenarios can be based.  

Anticipated Deliverables: 
1. Summarize output from the water quality model for the scenarios specified by the Water Quality Trading Team.
Actual Deliverables and Outcomes:
· The technical memo (Appendix 8.2) describing the integration of the water quality modeling results into the WIS was completed and submitted on 8/18/2008.

· The modeling results were presented to the WIS Development and Water Quality Trading Team as a number of look-up tables that are used to complete the necessary trading scenarios for the Little Bear River and Bear River drainages.  As shown in the Figure 3 above, the tables resulting from the modeling effort include seasonal farm/field loads of total phosphorus and seasonal delivery ratios.  These tables are the driving forces behind the trading program and the integration of the model results into the WIS.

The ability to determine how certain trading scenarios affect in-stream concentrations has not been implemented into the WIS modeling interface.  In addition to the lingering questions concerning how best to implement a trading ‘worksheet’ in the WIS, the data included in the final modeling results could reveal information about individual operations that are sensitive and not appropriate for public access.  It was therefore determined that each trading scenario assessment would be best carried out by a water quality trading facilitator in response to requests for specific trades.  The state TMDL coordinators for the Bear River in Utah and Idaho have agreed to facilitate this process.  In Utah, the watershed coordinator for this portion of the watershed will be the primary contact with potential traders.  

Task 19:  Develop Documentation and Training Materials                                 

Documentation was developed for the water quality model to aid in the understanding of its structure and function.  This documentation provides sufficient information to personnel from the other project components (i.e., WIS Development Team, Water Quality Trading Team, Outreach Team) so that they have a basic understanding of the model’s structure and function.  The documentation produced has aided the WIS Development Team in implementing results from the water quality model in the WIS and it has aided the Water Quality Trading Team in specifying and understanding the modeling results.

Anticipated Deliverables: 
1. Technical memo documenting the water quality model developed for the Water Quality Trading focus area, including model inputs, model outputs, and model parameters that can be changed in developing scenarios.

Actual Deliverables and Outcomes:
· Appendix 8.2 contains a memo that provides detailed documentation of how to use the modeling results to facilitate a water quality trading program.

· Appendix 8.3 is a journal article that provides documentation about the water quality modeling structure and its role in assessing the feasibility for water quality trading.

· Appendix 8.12 is a technical memo that shows detailed flow charts for the water quality modeling framework.  These charts were developed to: 1) document the required information for the WIS Development and Water Quality Trading Teams; 2) provide information regarding the inputs and outputs from each component; and 3) to demonstrate intermediate steps or calculations required.

Task 20:  Coordination with the Watershed Information System Development Team

This task consisted of coordinating with and providing support to the WIS Development Team in implementing results of the water quality model within the WIS.  A straight forward approach to integrating the model results into the WIS was developed that provides for the quantification of the amount of total phosphorus a stakeholder has available for trading.  However, we were unable to do this in a way that would protect sensitive land/farm ownership information.  Because of this, a fully functional version of the model was not incorporated into the WIS.  Instead, we worked to create concrete examples of what the model results are and how they support trading.  These examples have been implemented within the trading section of the WIS.  

Anticipated Deliverables: 
1. Functional water quality modeling component that can be implemented within the WIS.

2. Feedback to the WIS Development Team regarding the functionality of the water quality model within the WIS.

Actual Deliverables and Outcomes:
· The technical memo (Appendix 8.2) describing the proposed approach for integration of the water quality modeling results into the WIS was completed and submitted on 8/18/2008.

· Modeling results have been provided for the calculation of tradable phosphorus loads at a farm/field level.  However, due to the sensitivity of the modeling results, data for individual property owners will only be made available by identified facilitators (state TMDL coordinators, working with watershed coordinators when appropriate).  The modeling results will provide each farm/field owner with the delivered load from their property.  Once the delivered load is calculated, the farm/field owner can work with a local Water Quality Trading Facilitator to determine the amount a farm/field load can be offset by implementing BMPs.  This amount is considered to be the “tradable load” or the amount of phosphorus that a farm/field owner has to sell on the market for each season.

Task 21:  Investigate the Scalability of the Selected Modeling Approach            

Although the bulk of the work associated with this project was focused on providing a detailed model to support the water quality trading program in the Water Quality Trading focus area selected by the Water Quality Trading Team, the Water Quality Modeling Team investigated the ability to scale and expand the model to the entire Bear River basin from its headwaters in the Uinta Mountains to its mouth at the Great Salt Lake.  This was primarily tested by first applying the modeling approach to a relatively small watershed, the Little Bear River watershed (~ 286 mi2), and then scaling the effort to a larger watershed, the Bear River Watershed from Onieda Reservoir to Cutler Reservoir (~840 mi2).  
Anticipated Deliverables: 
1. Technical memo documenting the results of the investigation on the scalability of the selected modeling approach and its usefulness and feasibility on a Bear River Basin Wide scale.

Actual Deliverables and Outcomes:
· Appendix 8.13 contains a memo about the scalability of the water quality trading modeling approach.

Objective 4: Include partners throughout the watershed in developing the watershed information system and the trading program, and provide outreach and education on the information system and the pollutant trading program.  
Task 22:  Outreach and Coordination with Partners                                           
USU has coordinated with the Bear River Water Quality Committee, the Bear River Water Quality Task Force, Bear Lake Regional Commission, federal stakeholders (NRCS, Forest Service, BLM, and USFWS), state and local stakeholders (conservation districts, watershed groups, municipalities, PacifiCorp, irrigators, and more) in providing information ongoing information for the WIS.  These groups are continually informed on the progress of the different components of the project and provide feedback on the different aspects of the project.  We have attempted to be responsive to the various needs of the stakeholders and the public.  

Anticipated Deliverables: 

1. Introductory meetings, conference calls, and mailings (electronic and printed).   

2. Ongoing presentations, printed and electronic communications throughout the contract period on progress of the WIS, the water quality trading program, and other technical elements of the Watershed Initiative.

3. To gain input from stakeholders throughout life of project.

4. Support of WIS development, water quality program, and water quality modeling through identification and acquisition of data sources, printed and electronic materials, contact information, and more.  
5. To provide training workshops and materials on the WIS and the water quality trading program.

Actual Deliverables and Outcomes:
· Approximately 300 public relations fliers were distributed detailing the development and use of the WIS.

· Over 150 WIS public relations email were sent to state and local stakeholders.

· The team received over 50 emails with detailed feedback for the WIS Resource Guide databases.  

· Over 50 phone contacts were made for additional information. 

· The WIS Resource Guide houses 100 organizations and 150 individual contacts.  

· Water quality data acquisition was completed.

Task 23:  Develop Outreach Materials                                                                  
Bear River WIS outreach materials have been produced and will continue to be generated according to the needs of the stakeholders.  These materials have been distributed via mailings, handouts, and emails.  Some of the materials were existing components of the USU Water Quality Extension programs (e.g. Journey Through the Bear River Watershed: middle school curriculum based on Project WET materials).

Anticipated Deliverables: 

1. To provide a collection of existing printed and electronic outreach materials for the WIS.

2. Develop new printed and electronic materials, including specific Bear River watershed fact sheets, information about the elements of the project (the WIS, the water quality trading program, and the water quality model), information about practices and management approaches, help in interpreting data, and more.  
3. To provide a dynamic QA expert system integrated into the WIS.

Actual Deliverables and Outcomes:

· Provided introductory Bear River WIS fliers directing users to the website (www.bearriverinfo.org). 

· Six Bear River sub-watershed descriptions were developed and are posted on the WIS, and formatted for a printable copy (http://bearriverinfo.org/description/).   

· A middle school curricular material has been developed Bear River watershed (http://extension.usu.edu/waterquality/files/uploads/Part%201%20%20and%20Part%202%20Final.pdf). 

· Distributed over 1500 BRWIS bookmarks directing users to the website (Appendix 8.15).
· An electronic newsletter was distributed in August 2007 (Appendix 8.16).
· The BRWIS website (www.bearriverinfo.org) continues to demonstrate significant usage:

· Average Daily Unique Visitors: 24.5

· Average Daily Page Views: 121.5

· Average page Views Per Visitor: 4.94

· Monthly Total Visits (2008):

· July: 972

· August: 609

· September: 587
Task 24:  Public Outreach Activities                                                                      

We worked with our partners and stakeholders on organizing the Bear River Symposium in September of 2007.  This symposium was offered in coordination with the statewide Nonpoint Conference, and was open to the general public as well.  Over 150 individuals attended.  The symposium included two tours of the watershed and presentations specific to the watershed and the Watershed Information System.  

We have also attended public meetings, demonstrations, and other outreach activities throughout the life of the project to highlight activities and solicit input and we will continue to do this after the official end of the project.  These types of activities help the public better understand the issues in the watershed, and help them understand how management changes or efforts such as the water quality trading program can be used to better and more efficiently move toward improved water quality.

Anticipated Deliverables: 

1.
Informational meetings held throughout the Bear River watershed to inform the public about various elements of the project, to obtain feedback, and to provide updates.  Formats of meetings will be dependent on audience needs.  Number of meetings:  anticipate ~ 12/year for years 1 and 2.

2.
Training opportunities to supplement printed and electronic information about the WIS and water quality trading program.  Number of trainings anticipated: Up to 6/year in the final year of the project.

3.
Public tours throughout the basin.  Number of tours anticipated: Up to 3 / year as needed. 

4.
Assistance with a symposium and other outreach public meetings will be given to the Bear Lake Regional Commission and the Water Quality Committee.

Actual Deliverables and Outcomes:

· Expanded contacts and presentations of project information throughout the watershed and the state.  We presented at least 15 water quality meetings discussing the WIS, with an estimate 150 total stakeholders in attendance.

· Initial planning work for the Bear River Symposium began in February 2007.

· On July 19, 2007, the Bear River Initiative Steering Committee hosted a water quality trading workshop to explore the concepts of pollutant trading and specifics being explored in the Bear River watershed.  37 representatives from Idaho, Wyoming, and Utah, including agencies, educators, and producers attended the workshop.  These presentations are available in Power Point format at http://www.bearriverinfo.org/library/.   
· Distribution of Bear River Water Quality Trading Workshop Summary (Appendix 8.17).
· 153 participants attended the Bear River Symposium in September 2007 (http://www.bearriverinfo.org/symposium/) (Appendix 8.18).
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4.0 Public Involvement

Public involvement was identified as a separate objective, but in reality was integrated into all aspects of this project.  The public involvement efforts began with a campaign to introduce the project to the stakeholders of the watershed.  Public meetings were conducted by various members of the outreach team or steering committee.  Power point presentations detailed different components of the WIS, and all those present at the meetings were asked to provide input into elements of the WIS that they thought would be most useful for their purposes.  During this phase, we also compiled as complete a list of names and contacts as we could for our resources section and our mailing lists.  We requested and collected datasets, reports, copies or summaries of completed and ongoing projects, and information about other water related efforts within the watershed.  The process of collecting and updating information continued throughout the life of the project.  

Once the WIS was developed, the outreach effort shifted focus to introducing the functioning WIS to stakeholders and others in the region.  This again involved public meetings as well as a number of presentations at professional meetings.  We distributed electronic information sheets and developed revised presentations that demonstrated the functionality of the WIS.  At this time, the outreach effort also included soliciting input on modeling efforts and on interest in water pollutant trading.  Specifically, we conducted two major public outreach events.  We conducted an all day workshop on pollutant trading, attended by 37 stakeholders from the watershed and region.  This meeting was extremely helpful in both educating interested stakeholders on pollutant trading possibilities in the basin, but also in soliciting input on some of the strategies being considered.  We also organized and ran a Bear River water quality symposium, partnering with the annual Utah NPS water quality meetings.  This symposium included research presentations, as well as a general session with a demonstration of the WIS, presentations of modeling efforts, and early results on the trading component of the model.
Originally, we had intended to conduct training on trading options in the watershed, but timing of the final trading models and the completed feasibility study did not allow sufficient time to conduct this effort.  Instead, we developed a web outreach page on trading which provides information on pollutant trading concepts, examples of trades that could be conducted in the Bear River watershed, links to trading documents and other materials, and links to the trading facilitators who will work with individual landowners or point sources on initiating actual trades.    

The outreach effort also included ongoing review of all materials posted on the WIS to assure that the information system was usable, readable and appropriately targeted for our audience.  We identified broken links and missing information.  We wrote outreach materials on the watershed itself, and developed a section of other outreach materials from other sources.   

5.0 Long Term Results
· Over the course of this project, much was learned about the development of watershed information systems and the presentation of technical data and information to a variety of audiences that range from University researchers to students in local primary and secondary schools.  For more information regarding “lessons learned” specifically referencing the Bear River WIS development see Appendix 8.1 The Bear River Watershed Information System, section 5.0.

· Because of enhanced partnerships facilitated through the steering committee of this project, the three states (Utah, Wyoming, and Idaho) have agreed to contract with Utah State University to continue WIS maintenance and improvement.
· Pending trades:  Several highly probably trades have been identified, including a trade involving a significant point source and nonpoint sources as part of the Cutler Reservoir TMDL in Utah (in development).  

· A mechanism for delivering sensitive model results to potential traders.  Throughout the duration of the project, it was suggested that a person or entity become the water quality trading facilitator.  The role of this person would be to interpret modeling results, assist in determining the potential to offset nonpoint source loads (i.e., use site specific information to more accurately identify the possible percent reduction due to BMP implementation), and to monitor the impacts of the potential water quality trades on in-stream water quality concentrations. 

· Water Quality Trading Modeling framework developed for this project can be used in other future watershed management activities.  In particular, it will assist in identifying and prioritizing “critical areas” for BMP implementation.  Critical areas are those areas that have the highest potential for nonpoint source loading and have already been identified by season from the modeling results.

· Other groups have made contact with the study team to inquire about water quality trading and how it would be set up.  These inquiries have come from conservancy district officers representing conservancy districts in Utah and from landholders such as banks and developers who may be facing compliance with TMDL’s in Utah as a result of the land that they hold in transition to development. 

· Officers of the U.S. section of the International Boundary and Water Commission (USIBWC) have inquired about the trading possibilities in the Bear River Watershed.  This agency is interested in salinity as well as possible nutrient trading in parts of the Rio Grande River Basin and the Pecos River Basin.  This agency operates the Clean Rivers Program under contract with the State of Texas.

· Officers of the Utah Conservation District worked with the study team to develop cost information on BMP implementation in the Bear River Watershed, including cost information on a BMP possibility to handle summer phosphorus reduction for a major regional waste water treatment plant point source.
· Increased public awareness of the potential for water pollutant trades.  
· Significant outcomes of the feasibility study of pollutant trading

· The Bear River WIS provides unprecedented access to data and information related to water quality in the Bear River.  The WIS contains a collection of over 50 GIS datasets that cover the entire watershed, most of which are available for download via the WIS.  The WIS also contains a comprehensive database of environmental observations data (i.e., discharge, water quality, meteorology, snow, etc.) that contains data from 17 different organizations, for nearly 2000 different variables, measured at nearly 2500 different data collection sites, and that has over 7.8 million records.
· The public involvement aspect of the WIS has huge potential in Wyoming.  We work under a widespread level of apprehension and suspicion by much of the public concerning non-point source issues in Wyoming even though most of the non-point source pollution comes from voluntary or non-regulated activities.  As we spend great pains to inform the public that our non-point source programmatic efforts are voluntary, it remains difficult to reach the broad public in a geographically large state like Wyoming.  The ability to provide detailed information in a user-friendly, web-based format has strong application in Wyoming.  Many of the Watershed Steering Committees across the state could provide information into a statewide system and use the data within the system in the development of their own locally developed projects.

6.0 Aspects of the Project that did not Work Well

It was determined that to implement a “Virtual Trading Room” as originally envision that the information to be required for such a system would be sensitive in nature and not necessarily appropriate for the public nature of the WIS.  Because of this, the scope of the Virtual Trading Room was defined to be primarily informational in nature, rather than supporting detailed information gathering and potential trading transactions.  As a result, the water quality trading section of the WIS that was developed is a public face for the water quality trading program, it provides information on water quality trading in general and in the Bear River Basin, and it provides enough information that individuals interested in trading can get involved.  

Data availability for the modeling effort limited the extent of the application of the water quality and water quality trading models.  This was particularly the case for the application of these models in the Idaho portion of the main stem of the Bear River.  Field and boundary data used to identify fields and to project phosphorus loads did not become available.  This deficit in data availability limited the study team’s ability to project the impacts of possible water quality trading in a two-state setting.  
The confidence in modeling results is very closely related to data availability for both forcing and calibrating the model.  In this application, data availability for modeling effort was limited.  The lacking data types included in-stream flows, diversion return flows, dam release flows and water quality, in-stream water quality data, and farm/field boundary information in Idaho.  With more data, the uncertainty associated with farm/field loads may be reduced and assist in better determining the feasibility of trading.

As mentioned in section 5.0, it was determined that in order to establish a water quality trading program, there is a need for a “neutral moderator” that can facilitate some of the local decisions required to determine the tradable load associated with a farm/field (e.g., ability to offset a farm/field load via BMP implementation).  Without this person in place, the ability to set up a point to nonpoint or nonpoint to nonpoint trade is difficult.

In order to determine farm/field loads and the associated delivery ratios, this effort has shown that a large investment of time and expertise is required.  If however, the framework developed was automated and streamlined where possible, the time requirements could be substantially reduced.

7.0 Future Activity and Recommendations
· The Bear River WIS is a dynamic website.  Because of this, and because of the desire from the Steering Committee participants to maintain the WIS as a resource well into the future, updating and continued development of the Bear River WIS will occur on a stakeholder and public needs basis under funding from Utah State University and the water quality divisions from the states of Utah, Idaho, and Wyoming.  Contracts for this work are currently being put in place.  We will work to maintain the relationships that we have built as part of this project and advance the Bear River WIS so that the databases, software, and application architecture remain current.

· Ongoing Projects that Have been Influenced by the EPA Targeted Watersheds Grant:

· Little Bear River Environmental Observatory Test Bed – USU received funding from the National Science Foundation in 2006 to develop an environmental observatory test bed in the Little Bear River.  Much of the proposed work was influenced by the components of the Bear River WIS that we had already developed, including the Bear River WIS comprehensive data warehouse, the Bear River WIS Internet map server, and the Time Series Analyst application.

· Development of a Great Salt Lake Information System (GSLIS) – USU has received funding from the State of Utah to develop an environmental information system for the Great Salt Lake and its surrounding watersheds.  The GSLIS will reuse many components of the Bear River WIS, including the comprehensive data warehouse, the Internet map server, the digital library, the resource guide, and the Time Series Analyst.

· CUAHSI Hydrologic Information System Project – On a national scale, the Consortium of Universities for the Advancement of Hydrologic Science, Inc.’s (CUAHSI) Hydrologic Information System (HIS) project has benefitted from our work through the development of an advanced data model for environmental observations data and through the use of the Time Series Analyst application that is part of the WIS.

· Trinity River IIMS Project – USU has received funding from the U.S. Bureau of Reclamation to build portions of an Integrated Information Management System (IIMS) for the Trinity River of Northern California.  This project has benefitted from our work related to the comprehensive data warehouse and through the reuse of the Time Series Analyst application that was developed for the Bear River WIS.

· A Utah State University Water Initiative Grant was awarded for 2008-2009 titled “Assessing a Variable Effective Source Area (VESA) Modification of TOPMODEL for Predicting Soil Moisture.”  This seed grant will assist in addressing some of the concerns associated with the use of the VSA methods applied within this project by collecting data to test the predictive capabilities of the modeling framework.  Although, the grant is only $40,884, an extra $35,000 for equipment purchases has been acquired from the Utah Water Research Laboratory. 
· Identified potential pollutant trades in the Bear River watershed:  

The Cutler Reservoir/Bear River Advisory Group has been meeting for the past four years to assist in the development of a TMDL for dissolved oxygen and nutrients (total phosphorus).  The Logan City Waste Water Treatment facility that handles the municipal waste for seven of the largest communities in Cache Valley is a major source of nutrients to the reservoir.  The plan on the table now includes an allowance to the WWTP in exchange for a one million dollar a year trade to address the nonpoint sources.  An irrigation project has been identified that would reduce the summertime nutrient loading to the reservoir by thirty-eight percent.  If all goes well the framework for the trade will be in place by mid October. 

 

There is also a private contractor working with Lewiston City, Preston City and Franklin City to determine what options are available to them.  One of which would be working a trade perhaps with the Richmond WWTP or through NPS trades.  In the Cub River Basin in Utah and Idaho there are 6 PS permit holders and a large agricultural component.  This scenario makes the potential for trading feasible.  Overall the development of TMDL's in the Bear River Basin has raised the level of stakeholder awareness of water quality issues and the potential for pollution trading. 

8.0 Appendices
Annotated list:

Appendix 8.1 The Bear River Watershed Information System
This appendix provides a description of the overall system architecture, technical details, and features of the Bear River Watershed Information System (WIS).  
Appendix 8.2 Technical Memo: Integration of the Water Quality Modeling Results into the Watershed Information System
This technical memo provides a description of the approach agreed upon by the Water Quality Modeling Team  and the Bear River Watershed Information System Team on a straight forward approach to integrating the model results into the WIS.  

Appendix 8.3 Assessing the potential for water quality trading in the Bear River watershed This appendix contains:  1) Appendix 8.3A from Jason Whitehead M.S. Thesis, Dept of Applied Economics, USU, 2006; and 2) Appendix 8.3B, the survey instrument developed for obtaining this information (Survey of Effluent Managers).
Appendix 8.4 Estimates of Phosphorus Abatement Costs

Appendix 8.5 Cooperative Surplus Sharing:  Caplan-Sasaki paper submitted to J. of Economic Education 
This appendix contains a manuscript by Arthur Caplan and Yuya Sasaki submitted for review to the Journal of Economic Education which develops an algorithm for the sharing of economic surplus generating by exchange opportunities using cooperative game theory concepts.

Appendix 8.6 Examples of Pollutant Trading 

This appendix contains an example of a point source to nonpoint source trade and an example of a nonpoint source to nonpoint source trade.  
Appendix 8.7 Trading Strategies 

This appendix contains an assessment of market structure, alternative trading strategies, and the efficiencies of these alternative strategies in reducing total phosphorus

Appendix 8.8 Steps to Trading 
This appendix outlines the trading issues that the regulator needs to consider in order to select a trading strategy for reducing phosphorus loading in the Bear River Watershed and then reviews the steps that need to be taken to initiate the trading program.

Appendix 8.9 Technical Memo: Specific Requirements of and Objectives for the Water Quality Model to Support Water Quality Trading in the Bear River Basin 

This technical memo describes the specific requirements of and objectives for the water quality model to be developed as part of the Environmental Protection Agency (EPA) Targeted Watersheds grant in the Bear River Basin.  
Appendix 8.10 Technical Memo: Review and Summary of Water Quality Modeling Approach to Support Water Quality Trading in the Bear River Basin 
This technical memo details the water quality modeling approach that has been selected for implementation in the Bear River Basin to support a detailed study of the feasibility for and mechanisms of water quality trading.  

Appendix 8.11 Technical Memo: Watershed Modeling for Water Quality Trading (Journal Article, JAWRA) 
This memo/paper provides information regarding the modeling framework developed to facilitate trading.  Additionally, the application of the modeling results into a trading program is presented.

Appendix  8.12 Technical Memo: Flow Chart of Water Quality Trading Modeling Structure 
This memo describes the water quality trading model structure through a series of flow charts.


Appendix 8.13 Technical Memo: Scalability of the Selected Modeling Approach  
This appendix discusses the how the selected modeling approach may be scaled for use in different sub-basins.
Appendix 8.14 Bear River Outreach Presentation 

This appendix contains a typical outreach presentation given to hundreds of stakeholders in the watershed during the first two years of the project.  
Appendix 8.15 Other outreach materials produced 
This appendix contains examples of fliers and giveaways produced to get the word out to stakeholders about the Bear River Watershed Information System.  

Appendix 8.16 Bear River WIS Newsletter, August 2007 

This appendix contains a newsletter sent out to the stakeholders in the Bear River watershed that describes the Watershed Information System and the project in general

Appendix 8.17 Bear River Water Quality Trading Workshop Summary, August 2007 
This appendix contains a factsheet sent out to the stakeholders in the Bear River watershed that describes Water Quality Trading concepts and a summary of the water quality trading workshop that occurred in July 2007.
Appendix 8.18 Bear River Symposium Agenda and photographs, September 2007
This appendix contains Appendix 8.18A) the Bear River Symposium agenda, Appendix 8.18B) abstracts of the symposium poster and oral presentations, and Appendix 8.18C) photographs from the Bear River Symposium.
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