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· Summary of Annual Meeting Minutes: 
The 2006/2007 annual meeting was held at Virginia Tech in the Biological Systems Engineering Department.  The goals for this meeting were to 1) discuss the history, accomplishments, and impacts of S-1004 as it comes to a close and 2) to discuss the development of group’s next multi-state project.  
The majority (approx. 8 hours) of the 1.5 day-long meeting focused on discussing the next multi-state project proposal.  That discussion resulted in a new project title, four (4) draft objectives, objective development team leaders, and a proposal development timeline.  The proposed title, the critical issue which the new project will address, and objectives developed to address this issue are:
Project title:
“Development/Evaluation of Decision Support Tools to Improve Watershed Planning and Management.” 

Issue:
There is a critical need for watershed assessment tools capable of assisting users with limited resources to achieve their target water quality outcomes.
Objective 1:
Develop, improve and evaluate process based models and other approaches for watershed based planning and management

Objective 2:
Develop tools (standards, framework, or protocol) to link the physical modeling with the economic aspects of watershed planning and management.

Objective 3:
Develop tools with social scientists and other project partners to help accelerate implementation of watershed planning and management through behavior change.

Objective 4:
Facilitate usability of watershed management planning models.
Officers for 2007-2008:
Chair – Phil Barnes (Kansas State U.)


Vice Chair – Indrajeet Chaubey (Purdue)


Secretary – Rafael Munoz-Carpena (U. of Florida)


Past Chair – Brian Benham (Virginia Tech)

Detailed minutes from the 2007 meeting can be found in Appendix A.

· Accomplishments of S1004 for the Period 2001-2007:  
This project has characterized the state of the science with respect to TMDL development, advanced the tools (models and modeling related software) used to develop TMDLs, and provided model application guidance for model users.  S-1004 disseminated its findings through various research and extension/outreach outlets producing a substantial body of work which demonstrates significant contributions to improving the science, tools and expertise available for developing, evaluating and implementing watershed planning and management processes like TMDLs, Table 1.  This record illustrates the degree of engagement S-1004 has developed with the scientific and engineering academic community (97 referred publications and 11 theses and dissertations).  The commitment of S-1004 participants to share their findings, insights, and expertise with a diverse audience that has included fellow academics, federal, state, and local government staff, engineering consultants, Cooperative Extension professionals and citizen stakeholders is illustrated by the one-hundred and twenty-nine (131) Proceedings/Papers and Presentations made by S-1004 participants.  Most of the research and outreach engaged in by S-1004 participants has involved addressing real world problems facing watershed management and the nation’s TMDL program.  To maintain that real-world connection, S-1004 participants engaged in conducting TMDL studies and preparing watershed management plans.  The majority of the thirty-two (32) “Technical Reports” shown in table 1 are some type of watershed management plan developed by S-1004 participants. 
Table 1. S-1004 publication record 2001 – 2007. 

	Reporting period
	Refereed Publications
	Book Chapters
	Proceedings/Papers and Presentations
	Theses/ Dissertations
	Technical Reports

	2001-02
	17
	─
	30
	2
	6

	2002-04
	5
	3
	11
	4
	2

	2004-05
	19
	1
	23
	1
	7

	2005-06
	24
	─
	10
	─
	11

	2006-07
	32
	─
	57
	4
	6

	Total
	97
	4
	131
	11
	32


Special Collection of TMDL Articles

The S-1004 accomplishment with perhaps the greatest national and international impact was the publication of a special collection of seven (7) integrated papers on the application and use of mathematical models in the TMDL process.  The goal of the collection was to provide regulators, policy makers, and the scientific community in general with a critical review of the models and modeling techniques currently used to simulate the most common waterbody impairment factors and emphasize the current strengths and limitations of the existing models. A discussion of the uncertainty and economic assessment of TMDL modeling results concluded the collection.  A multidisciplinary team of 42 engineers, scientists, economists, regulators, managers, and consultants and eighteen (18) institutions (universities, state and federal agencies, and industry) from 18 different states in the U.S. and abroad collaborated in this effort.  The collection of articles was published in the journal the Transactions of the American Society of Agricultural and Biological Engineers, ISSN 001-2351 Vol. 49(4) -- the premier professional journal of the majority of S-1004 participants.  The S-1004 TMDL collection was the first special collection ever published by ASABE.  The following excerpt from the introductory paper of the TMDL collection (Muñoz−Carpena et al., 2006) explains the motivation, context, and organization of the collection. 
In October 2005, a panel of experts from USDA−CSREES Multi-state Project S−1004 (entitled “Development and Evaluation of TMDL Planning and Assessment Tools and Processes”) discussed the application and use of mathematical models in the TMDL process. The conclusions of this meeting pointed to the need for an in−depth critical study of the current modeling practices used in the TMDL program in three main areas: the role of models, model selection, and model application. The group expressed concerns that the role and power of models is often overstated by users and developers. Model users need to acknowledge that modeling is only a component in a complex process. Model developers need to better clarify the proper use and limitations of their models in the user documentation to prevent misuse or abuse of these tools. Although in general terms models are better at simulating relative changes in a watershed, the panel found that they are often used as absolute value predictors. The S−1004 group accepted that although the merging of geographical information systems (GIS) with mathematical process−based models has made model application to watersheds easier, most models are based on “old” science even though improved technology exists. 

Regarding model selection, the S−1004 experts found that although model selection should be objective−dependent and specific to each case, often this is not the case. The selection of the model should be part of an adaptive management process and subject to revision as more information is developed for each TMDL−specific study. Model selection is sometimes limited due to low expectations that can impede model development. It was also pointed out that often the “free market” does not select the best model for a specific application, but often the endorsement of models by public agencies increases the chances of the model being used. The selection and application of different models in the same study was recommended as a means to assess uncertainty in the TMDL results. The panel recommended that the terms “more accurate” and “less accurate” be preferred over “complex” and “simple” models, since the latter can be misleading. The additional effort involved in selecting and applying a more detailed and potentially more accurate model can be cost−effective for TMDLs. 

In spite of existing recommendations, model application was considered lacking, and it is advised that quality control for TMDL modeling match that of monitoring standards. The committee pointed out that although graphical user interfaces (GUIs) can help the user in selecting proper parameter values and processing results efficiently, they can also lead to a greater misuse of models since they allow potentially less qualified users to use the models. Issues related to temporal and spatial scales of model inputs are important and often not handled properly, especially when scales differ between calibration or evaluation and application. Although sensitivity analysis is useful in selecting proper parameters and models, and model uncertainty analysis provides much−needed assessment of results, these analyses are rarely used in most TMDL applications to date. It is suggested that sensitivity and uncertainty analysis be formally quantified in all TMDL modeling efforts. Finally, modelers were urged to synthesize modeling results for policy makers in a useful format. 

Given the interest of this topic to a wider audience, since in fact TMDLs are currently driving U.S. water quality policy and management, the S−1004 Project participants agreed to prepare a collection of technical articles on the topic of modeling tools used in the assessment and implementation of TMDLs. The objective of the collection presented here is to provide a critical review of the models and modeling techniques currently used to simulate the most common waterbody impairment factors, and emphasize the current strengths and limitations of the existing models. A discussion of the uncertainty and economic assessment of TMDL modeling results wraps up the collection.
The TMDL collection contained in the companion technical articles is the product of the collective effort of a multidisciplinary team of 42 engineers, scientists, economists, regulators, managers, and consultants. Eighteen institutions (universities, state and federal agencies, and industry) from 18 different states in the U.S. and abroad have collaborated in this effort. The collection is divided into two distinct groups of articles (fig. 1). The first group of four articles reviews models and modeling techniques currently used to simulate the most common waterbody impairment factors reported by the USEPA (2006), with the exception of heavy metals. These factors are sediment and nutrients (Borah et al., 2006), pathogens (Benham et al., 2006), dissolved oxygen (Vellidis et al., 2006), and biological indicators (Yagow et al., 2006). The second group of articles discusses the assessment of modeling results from an uncertainty perspective (Shirmohammadi et al., 2006) and the economic evaluation of these results to optimize the TMDL selection and application (Bosch et al., 2006).
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Figure 1. The TMDL modeling application

Citations and abstracts for each paper in the TMDL collection are included (below), in the order in which they were published.
Muñoz−Carpena, R. G. Vellidis, A. Shirmohammadi, W. W. Wallender. 2006 Evaluation of modeling tools for TMDL development and implementation. Trans. of the ASABE 49(4): 961-965. 
ABSTRACT. The Total Maximum Daily Load (TMDL) program, established by U.S. federal law, drives U.S. water quality policy and management today. Mathematical models, in combination with field monitoring data, are widely used when developing TMDLs since they can potentially save time, reduce cost, and minimize the need for experimentally evaluating management alternatives. This article introduces the collective effort of a multidisciplinary panel of experts to evaluate the current status of TMDL modeling technology available for the most common waterbody impairment factors, along with issues of proper model use, uncertainty of modeling results, and economic tools to optimize the selection and application of these tools for TMDL development. Each of these topics is developed in individual articles within this collection. The review indicates that the status of TMDL modeling tools for the most common stream impairments is inconsistent. Research must continue to advance our understanding of many of the processes leading to stream impairment, and to address many of the existing model limitations. Reviews of case studies within this collection of articles show that users must be better trained to improve the application of TMDL models. In some cases, lack of adequate data sets limits model development and application. Existing computer models are considered capable of simulating sediment and nutrients, lacking for dissolved oxygen, and grossly insufficient for biological indicators. Quantification of modeling uncertainty, communication to end users, and economic optimization of the results are suggested as indispensable components to improve the success of the TMDL program. 
Borah, D.K., G. Yagow, A. Saleh, P. L. Barnes, W. Rosenthal, E. C. Krug, L. M. Hauck. 2006. Sediment and nutrient modeling for TMDL development and implementation. Trans. of the ASABE 49(4): 967-986. 
ABSTRACT. At present, there are over 34,000 impaired waters and over 58,000 associated impairments officially listed in the U.S. Nutrients and sediment are two of the most common pollutants included in the list. States are required to identify and list those waters within their boundaries that are not meeting standards, to prioritize them, and to develop Total Maximum Daily Loads (TMDLs) for the pollutants of concern. Models are used to support development of TMDLs, typically to estimate source loading inputs, evaluate receiving water quality, and determine source load allocations so that receiving water quality standards are met. Numerous models are available today, and selection of the most suitable model for a specific TMDL project can be daunting. This article presents a critical review of models simulating sediment and nutrients in watersheds and receiving waters that have potential for use with TMDL development and implementation. The water quality models discussed, especially those with sediment and/or nutrient components, include loading models (GWLF and PLOAD), receiving water models (AQUATOX, BATHTUB, CE-QUAL-W2, QUAL2E, and QUAL2K), and watershed models having both loading and receiving components (AGNPS, AnnAGNPS, CASC2D/GSSHA, DWSM, HSPF, KINEROS2, LSPC, MIKESHE, and SWAT). Additional models mentioned include another receiving water quality model (WASP), watershed models (ANSWERS storm event, ANSWERS continuous, PRMS storm event, SWMM, and WEPP), and BMP models (APEX, REMM, and VFSMOD). Model sources, structures, and procedures for simulating hydrology, sediment, and nutrients are briefly described for the reviewed models along with an assessment of their strengths, limitations, robustness, and potentials for using in sediment and/or nutrient TMDLs. Applications of AGNPS, APEX, BATHTUB, CE-QUAL-W2, GWLF, and SWAT in TMDL developments are presented. Applications of some of the other models (DWSM, GSSHA, and KINEROS2) relevant to TMDL studies are also presented. The models proved to be useful; however, they require a learning process. Simple models are easy to use but have limitations; comprehensive models are labor and data intensive but offer extensive analysis tools. Finally, recommendations are offered for advancing the sediment and nutrient modeling technologies as applied to TMDL development and implementation. Advances could be made towards: making the best use of existing models, enhancing the existing models, combining strengths of existing models, developing new models or supplemental components with physically based robust routines, numerous field applications, sensitivity analyses, full documentation, and rigorous education and training. 

Benham, B.L., C. Baffaut, R.W. Zeckoski, K.R. Mankin, Y.A. Pachepsky, A.M. Sadeghi, K.M. Brannan, M.L. Soupir, and M.J. Habersack. 2006. Modeling bacteria fate and transport in watersheds to support TMDLs. Trans. of the ASABE 49(4): 987-1002. 
ABSTRACT. Fecal contamination of surface waters is a critical water−quality issue, leading to human illnesses and deaths. Total Maximum Daily Loads (TMDLs), which set pollutant limits, are being developed to address fecal bacteria impairments.  Watershed models are widely used to support TMDLs, although their use for simulating in−stream fecal bacteria concentrations is somewhat rudimentary. This article provides an overview of fecal microorganism fate and transport within watersheds, describes current watershed models used to simulate microbial transport, and presents case studies demonstrating model use. Bacterial modeling capabilities and limitations for setting TMDL limits are described for two widely used watershed models (HSPF and SWAT) and for the load−duration method. Both HSPF and SWAT permit the user to discretize a watershed spatially and bacteria loads temporally. However, the options and flexibilities are limited. The models are also limited in their ability to describe bacterial life cycles and in their ability to adequately simulate bacteria concentrations during extreme climatic conditions. The load−duration method for developing TMDLs provides a good representation of overall water quality and needed water quality improvement, but intra−watershed contributions must be determined through supplemental sampling or through subsequent modeling that relates land use and hydrologic response to bacterial concentrations. Identified research needs include improved bacteria source characterization procedures, data to support such procedures, and modeling advances including better representation of bacteria life cycles, inclusion of more appropriate fate and transport processes, improved simulation of catastrophic conditions, and creation of a decision support tool to aid users in selecting an appropriate model or method for TMDL development. 

Vellidis, G., P. Barnes, D. D. Bosch, A. M. Cathey. 2006. Mathematical simulation tools for developing dissolved oxygen TMDLs. Trans. of the ASABE 49(4): 1003-1022. 
ABSTRACT. In many regions of the U.S., low dissolved oxygen (DO) is a common freshwater impairment. States, territories, and tribes of the U.S. are required by federal law to develop Total Maximum Daily Loads (TMDLs) for waters not meeting established DO standards. Regulators and other professionals are increasingly relying on mathematical simulation models to develop these TMDLs. Because of the wide variety of potential applications and the number of models in existence, consistent and comprehensive model evaluations are needed to ensure that TMDL developers are able to select appropriate models for their application. The goal of this article is to provide a guide to mathematical simulation models available for developing DO TMDLs. For this work, a model is defined as easily available software that can be used to simulate DO dynamics in lotic systems. Four commonly used DO simulation models (QUAL2E, HSPF, EFDC, and WASP) are described in detail, while the characteristics of several others are summarized in tabular form. A case study is used to illustrate the process of developing a DO TMDL. DO models continue to become more sophisticated and thus better able to simulate the natural environment. Despite advancements, many DO models are still not capable of simulating some of the most complex drivers of DO dynamics, partly because the scientific community does not yet fully understand these processes, and continue to require user-estimated inputs for these processes. Because these processes are complex and difficult to quantify, model users are forced to rely on the few published data, which may or may not be applicable to their conditions. To overcome these limitations, future research must focus on understanding these processes and creating comprehensive and easily accessible  databases of DO parameters. 

Yagow, G., B. Wilson, P. Srivastava, C. Obropta. 2006. Use of biloigcal indicators in TMDL assessment and implementation. Trans. of the ASABE. 49(4): 1023-1032. 
ABSTRACT. Most states in the U.S. have a general water quality standard intended to protect water from all potential pollutants not specifically named or identified in other standards. Biological indicators are used, in part, to assess the level of water quality with respect to this general standard. Under EPA’s Total Maximum Daily Load (TMDL) program, impaired waters based on a biological assessment require an additional step compared with non-biological TMDLs. In non-biological TMDLs, the “pollutant” is typically the parameter being monitored, with a direct link to the impairment. In biological TMDLs, cause and effect must first be established between one or more pollutants and the impacted biological community. This article presents examples of approaches taken in different states to monitor and assess the biological health of our streams based on varying combinations of algal, macroinvertebrate, and fish communities. While fish are the ultimate integrator of lower ecological organisms, their occurrence and abundance has been greatly manipulated by humankind. Periphytic algae are perhaps the fastest responding biological population and can be used for some pollutant-specific diagnoses, but most states lack the expertise required for detailed taxonomic classification. Macroinvertebrates, the most commonly monitored biological community, are abundant in most streams, but most metrics are not diagnostic of specific stressors. Within the TMDL framework, issues are discussed related to setting TMDL targets, linking biological impairments with pollutants, and defining biological target endpoints. Although surrogate measures are often used for setting TMDL target loads, biological recovery is measured against biological endpoints. The use of biological indicators for assessment and development of biological TMDLs can be improved through modeling procedures that better define cause-and-effect relationships, through a better understanding of the limits of restoration, and through a more unified national policy that focuses on restoration. 

Shirmohammadi, A., I. Chaubey, R. D. Harmel, D. D. Bosch, R. Muñoz-Carpena, C. Dharmasri, A. Sexton, M. Arabi, M. L. Wolfe, J. Frankenberger, C. Graff, T. M. Sohrabi. 2006. Uncertainty in TMDL models. Trans. of the ASABE 49(4): 1033-1049. 
ABSTRACT. Although the U.S. Congress established the Total Maximum Daily Load (TMDL) program in the original Clean Water Act of 1972, Section 303(d), it did not receive attention until the 1990s. Currently, two methods are available for tracking pollution in the environment and assessing the effectiveness of the TMDL process on improving the quality of impaired water bodies: field monitoring and mathematical/computer modeling. Field monitoring may be the most appropriate method, but its use is limited due to high costs and extreme spatial and temporal ecosystem variability. Mathematical models provide an alternative to field monitoring that can potentially save time, reduce cost, and minimize the need for testing management alternatives. However, the uncertainty of the model results is a major concern. Uncertainty is defined as the estimated amount by which an observed or calculated value may depart from the true value, and it has important policy, regulatory, and management implications. The source and magnitude of uncertainty and its impact on TMDL assessment has not been studied in depth. This article describes the collective experience of scientists and engineers in the assessment of uncertainty associated with TMDL models. It reviews sources of uncertainty (e.g., input variability, model algorithms, model calibration data, and scale), methods of uncertainty evaluation (e.g., first-order approximation, mean value first-order reliability method, Monte Carlo, Latin hypercube sampling with constrained Monte Carlo, and generalized likelihood uncertainty estimation), and strategies for communicating uncertainty in TMDL models to users. Four case studies are presented to highlight uncertainty quantification in TMDL models. Results indicate that uncertainty in TMDL models is a real issue and should be taken into consideration not only during the TMDL assessment phase, but also in the design of BMPs during the TMDL implementation phase. First-order error (FOE) analysis and Monte Carlo simulation (MCS) or any modified versions of these two basic methods may be used to assess uncertainty. This collective study concludes that a more scientific method to account for uncertainty would be to develop uncertainty probability distribution functions and transfer such uncertainties to TMDL load allocation through the margin of safety component, which is selected arbitrarily at the present time. It is proposed that explicit quantification of uncertainty be made an integral part of the TMDL process. This will benefit private industry, the scientific community, regulatory agencies, and action agencies involved with TMDL development and implementation. 

Bosch, D.J., C. Ogg, E. Osei, A.L. Stoecker. 2006. Economic models for TMDL assessment and implementation. Trans. of the ASABE. 49(4): 1051-1065. 
ABSTRACT. The TMDL assessment and implementation process is designed to achieve designated uses for water bodies, which are set by states based on criteria including perceived costs and benefits. Setting water quality goals based on designated uses and plans to achieve these goals have important implications for public welfare. Both treatment and damage costs should be considered in simultaneously determining the desired water quality goal and allocating pollution reductions among sources to achieve that goal. Assessing and implementing TMDL plans are complicated by uncertainties about pollution damages and stakeholder responses. Economic optimization or simulation models linked to water quality models allow water quality impacts and costs of TMDL standards to be assessed. Higher water quality thresholds may be reserved for watersheds with higher estimated benefits. Costs of achieving standards can be reduced by targeting reductions at pollution sources with the lowest costs of achieving reductions. Trading programs can help achieve efficient targeting of pollution reductions while distributing costs equitably. The effectiveness of economic models to assist in setting water quality goals and in TMDL program planning and implementation can be improved by using economic models to analyze costs and benefits of water quality improvements and to assist with pollution targeting and trading programs to minimize costs of reducing pollution. Multi-media impacts of pollution should be included within economic and environmental water quality models. Given uncertainties about benefits and costs of achieving TMDL standards, policymakers and program managers need to collect more data on stakeholder responses to TMDL programs as well as better monitoring data on pollutant levels and functioning of aquatic systems. 
· Impact Statements: 
· Provided information on proper model use, model uncertainty and the availability of economic analysis tools to optimize the selection and application of available modeling tools through special collection of seven (7) integrated papers published in the journal the Transactions of the American Society of Agricultural and Biological Engineers, ISSN 001-2351 Vol. 49(4).  Modelers, regulators, and federal and state agency staff, users of the information contained in this collection, will be able to make better-informed decisions when selecting tools and approaches for developing TMDLs and TMDL implementation plans.
· Created a web-based, searchable TMDL Knowledgebase Clearinghouse to make TMDL and watershed management planning information more accessible. The clearinghouse contains data on 1) TMDL programs by state, territory, and tribe; 2) impairments for which TMDLs have been developed and relevant state water quality standards; 3) TMDL development methodology; 4) TMDL development guidance resources; and 5) synopses of TMDL technical and trade literature. The clearinghouse is hosted at the Center for TMDL and Watershed Studies at Virginia Tech website (www.tmdl.bse.vt.edu). On average, 532 “first-time” visitors access the Clearinghouse per month.
· Developed a decision support system (DSS) for the Beaver Lake watershed located in northwest Arkansas. Beaver Lake is a multi-use reservoir and supplies drinking water to more than 300,000 residents in northwest Arkansas. Two other DSS for the Eucha-Spavinaw and L’Anguille watersheds were also developed. Local government officials are using these decision support systems to assist them in making watershed management decisions that protect water quality long-term while permitting continued economic development.
· Assembled a comprehensive best management practice (BMP) database as an add-on tool for the SWAT (Soil and Water Assessment Tool) model. The add-on database tool is available to TMDL developers and watershed managers to evaluate the effect of various BMPs on streams in Alabama and other southern states.  
· Developed and published a protocol for assessing calibration endpoints when modeling in-stream bacteria concentrations for TMDL development. The protocol grew out of experience gained from developing dozens of bacterial impairment TMDLs in Virginia. The protocol includes calibration statistics and criteria for those statistics for assessing the sufficiency of a model calibration.  When applied, the protocol will result in more efficient and objective model calibrations and more accurate bacterial impairment TMDLs.  Estimates place the time savings that could accrue from using the protocol from several person-days to a few person-weeks depending on watershed complexity.  For TMDL projects that typically take less than a year, savings of several days or a few weeks is significant.
· Modified the Soil Water Assessment Tool (SWAT) model to more accurately represent water flow and pollutant transport from higher positions in the landscape to lower positions. The revised watershed model was tested for a hillslope in a small Georgia watershed.  The model simulates important changes in the hydrologic water balance as the water moves from the field area at the top of the hillslope, through grass and wooded buffers, and eventually into the stream. These modifications have improved the accuracy of the SWAT model for TMDL assessments within the southeastern Coastal Plain.
· Investigated the potential of using remotely sensed data to determine stream channel geometries (FTABLES) needed by the Hydrological Simulation Program FORTRAN (HSPF), a watershed-scale model widely used to develop bacterial impairment TMDLs. Results suggest that using remotely sensed digital data to generate FTABLES produced significantly higher long-term average in-stream fecal bacteria concentrations when compared to traditional survey-based methods.  While using remotely sensed data is more efficient, that method produceed TMDL bacteria allocation scenarios that called for excessively restrictive bacteria load reductions.  Implementation of these excessively restrictive scenarios would waste scarce implementation resources (staff time and funding used to incentivize best management practice adoption).  This research will discourage TMDL developers from making a false choice of saving time and effort during TMDL development (i.e., using a less costly method to develop FTABLES) at the expense of increased implementation costs.
· Created the Bacteria Source Load Calculator (BSLC) to assist TMDL developers in the source characterization and TMDL allocation scenario development process for bacterial impairment TMDLs. The BSLC uses externally generated inputs, such as land use distribution and livestock, wildlife, and human population estimates, to calculate monthly bacterial land loadings and hourly bacterial stream loadings. The BSLC software greatly simplifies the creation of required data files needed by watershed-scale simulation models and provides consistency in data development. The BSLC was released in 2005 and is being used by universities, consultants, and agencies in several states and in Europe.
· Evaluated 17 detailed TMDL implementation case studies. Determined that the characteristics of successful TMDL implementation efforts around the nation were available funding, government agency interest and involvement, stakeholder engagement, and the existence of a TMDL where the pollutant source and needed reductions were systematically assessed and quantified.  This information will aid policy makers and federal and state agency staff in developing guidance to facilitate future TMDL implementation.
· Developed statistical methods for combining ecological data from different regions into a common dimensionless database of dependent and independent variables.  Developed two-zone population dynamic models to predict the impact of changes in watershed conditions on the ecological health of streams.  Increased awareness that Fish (Index of Biotic Integrity) IBI scores can vary substantially with time for the same stream location.  Established that streams that meet numeric standards for dissolved oxygen and total suspended solids can still result in unhealthy fish populations in Minnesota’s streams.  Illustrated that clustering ecological indicators of stream health is best done within a watershed framework.  Showed that distance to upstream water bodies is important in understanding fish populations in streams.
· Ninety-one percent of coastal plain streams considered impaired in Georgia between 2001 and 2004 were included on the 303(d) list because of low dissolved oxygen (DO) concentrations.  TMDLs were developed for all of these streams as a result of a federal court order.  Research by projects-1004 members showed that low DO in the spring, summer, and fall is primarily the result of natural causes such as high temperature, low gradient, high dissolved organic carbon, residence time in in-stream swamps, and tremendous rates of sediment oxygen demand.  As a result of this work, more than half of the listed streams were proposed to be delisted during 2007 by the Georgia Environmental Protection Division.  This finding will have regional impact as many southeastern states ranging from Virginia to Texas face similar conditions.
· Fecal coliform (FC) and fecal streptococci (FS) concentrations were compared in the waterways of two large agricultural watersheds in the Suwannee River Basin.  Significantly higher FC and FS concentrations were found in waterways draining watersheds with concentrated animal feeding operations (CAFOs), in watersheds where even low densities of livestock had access to streams, and in watersheds were land application of manures took place near streams.  These findings provide evidence that both concentration and the positioning of livestock within the landscape affects fecal bacteria concentrations in receiving waters and can provide guidelines for developing FC TMDL implementation plans.
· Atrazine is a widely used herbicide which has been found in concentrations far exceeding EPA’s maximum contaminant level in the waterways of the U.S, and in particular, in the Mississippi River basin.  Atrazine and some of its metabolites are toxic to aquatic life as well as a human health threat.  A comprehensive transport study in Georgia found that forested riparian (streamside) forests with the proper hydrology can effectively attenuate atrazine and its three major metabolites (hydroxyatrazine, deethylatrazine, and deisopropylatrazine) in water and in soils.  Forested riparian buffers can be a valuable best management practice (BMP) for watersheds with atrazine TMDLs.
Appendix A:

Minutes of 2007 S-1004 Meeting

Virginia Tech, Blacksburg, VA.

09/05/07

1. Meeting was called to order by Brian Benham.  Followed by the introduction of the members present, Craig Nessler (Virginia Tech College of Ag and Life Sciences Dean of Research), Roland Mote (Administrative Advisor) and Mike O’Neill (USDA-CSREES Representative) gave opening remarks.  Mike circulated S-1004 funding information to all members. 

2. Mike told attendees that S-1004 has created a forum to meet and discuss several other projects.  For example, five of the CEAP (Conservation Effects Assessment Project) PIs participate in S-1004.  Mike encouraged the group to consider what they will be doing for the next five years when developing the new proposal.  He also informed that the total investment in S-1004 project is almost $4 million in 2006.  Mike encouraged the group to consider CEAP efforts in partnership with NRCS.  The next efforts will be to evaluate where the BMPs should be put to have the maximum water quality benefit.  The S-1004 group has the modeling expertise to accomplish this goal.  How can we have more involvement with the social and economic components/scientists to develop integrated management solutions?  Mike suggested that CEAP funding could also be included in the S-1004 funding by various universities.

3. Jon Bartholic had a question about where do we send our impact statements.  Mike suggested that CSREES collects those impacts.  One audience is CSREES and the other is OMB.  It is very important to convince people that what S-1004 does benefits the society (Roland).  Any time we are working on the problem, have some idea about how that may help the society.  

4. December 1st is deadline for the impact statement.  It will be a 1-2 pager.  March 1 is deadline for the termination report to be submitted.

5. Each state should submit a termination report.  Brian has sent the template to everyone.  They are due back to Brian.  Deadline to submit is November 5th.  Bruce Wilson suggested that this report should summarize activities from all 5 years.  Brian needs just the annual report in 60 days.  Each state should submit their termination report to Brian.  This report, after compiled, will be circulated to all members for their input. 

6. Termination report is same format as the annual report.  Trans. ASABE papers need to be reported as one of the activities of this project.  This will be a small (~1 page) report.  The termination report requires progress against each objective from the proposal.    

7. Roland suggested that the final report can have attachments.  In addition, the report may contain all the abstracts from the collection of TASABE papers.  All the pdf files can be appended.  

8. Brian circulated the multistate project impact statement guidelines to the group.  Sunday Tim, Chris, Brian, Mary Leigh and Art volunteered to write the impact report.  Brian will chair the group.  Other federal agencies may be an audience for this statement (Phil Barnes) as we start to see more collaboration with these agencies.  The impact statement has to be only one, but can have multiple specific examples (Roland).  

9. All multistate projects are intended to be research, extension, and education.  We have some opportunity to involve more people from extension and education (Mike O’Neill). 

10. Brian discussed specific examples of the impacts.  Phil had many specific examples from Kansas.  Bruce suggested we have examples in the bullet format.  Some examples could include how many students trained, how many different projects worked on, etc.  We need to look at how our activities together support each objective followed by the specific examples (George).  

a. Collection of papers will have a significant contribution toward first objective.  Summarize how different states have developed and utilized some of these models.  Impact on advancing the discipline.  What impacts the tools have on developing the TMDLs.  Show the final report to the evaluation specialists available at the VT.  Biological indicator paper could be example of ‘other approaches’.  

b. Second objective: one of the papers also directly addresses this objective.  CEAP projects also address economic components.  Nutrient trading and some of the economic tools and optimizations could be included.  A lot of software development has been done (Art).  Art has done some statewide assessment of economic impacts.  Policy implications (Art) of the economic analysis could be an impact.

c. Ecological benefits of TMDL implementation (3rd objective).  Bruce will write an impact statement.  There are other similar examples (Marty Matlock) from Arkansas.  Also, some follow up monitoring in Virginia.  When the report is sent to the group, individual members can type in some information under each objective.  Mike wants specific examples of accomplishments and encouraged the group to send that to him.  He can use the information in his reports.  This can be more elaborate than the CRIS reports. 

11. Phil Barnes led the discussion after lunch on the new proposal.  Mike had a question on objective 1 and suggested that it had to be a research objective.  

12. Indrajeet suggested discussing the grand challenges that we can address.  Mike suggested that we develop tools that help with the BMP implementation to maximize water quality benefit.  Develop/evaluate tools to efficiently optimize BMP placements in a watershed (Art).  

13. We also need to evaluate models in addition to SWAT and HSPF.  Mike suggested that it will be a long time before NRCS adopts a new model.  Brian suggested that some social science and economic research needed to be done to find out what information was needed to influence  the decision making process.  Bruce suggested we also look at how long it will take before water quality improvement due to BMP implementation can be observed.  Model uncertainty analysis should also be included in the assessment.  Deva suggested that we should continue to improve the models because currently we don’t have adequate number of good models.  Chris suggested we continue to look at model uncertainty.  This topic was part of the S-1004 project, and may need to be included in the new project.  Sunday suggested that we need to continue to refine the models and evaluate uncertainty (reduction) with the model refinement.  Chris had a note on different issues and impacts.  Jon suggested that we can think about organizing workshops to train people on a number of these issues and tools.  Mike suggested that we may want to think about having joint meetings with other regional projects.  

14. We should make the new project what we think we will be doing ourselves to make it success (George).  Our work is going to be driven by what we get the grant funding to do.  

15. Mary Leigh asked if there are social scientists already working on some of these problems and we need to just bring them in the group.  

16. Indrajeet suggested that we should look at the impact of biofuel production on water quality and quantity.  Can our modeling efforts help shape public policy in this area?  Mike suggested that we may not be able to look at watershed scale impacts in the immediate future.  CSREES may be looking at regional analysis in the immediate future.  Water resources may include ecosystem services (Mike).  

17. What are the emerging issues (such as biofuels, the rapidly changing landscape, TMDL, geographic prioritization of BMPs, etc.) and what long term impacts will these issues have on water quality and quantity.  Can our modeling efforts help shape public policy in this area?

18. There were several titles suggested for the new project.  The new title that seemed to be acceptable for the new project was “Development/Evaluation of Decision Support Tools to Improve Watershed Planning and Management.”

Issue:
There is a need to develop watershed assessment tools capable of assisting users to use limited resources to achieve beneficial water quality outcomes.
Action Needed (Resolution):
Develop evaluation tools to efficiently target locations of best management practices. 

Impact:
Number of tools developed.
Number of organizations that used these tools.

Farm Bill dollars that were spent on sites that were targeted using these tools.

Measured and/or estimated load reduction that resulted from these targeted practices.

Improved assessment/understanding of the uncertainty of models and the implications for TMDL development, TMDL implementation, and water trading and water allocation. 

19. Meeting adjourned at 3:45 pm.

9/6/2007

20. Meeting started at 9 am.  Brian distributed handouts on issues and objectives identified on 9/5/07.  There was a discussion on who are the target audiences for modeling tools.  Bruce suggested that introductory paragraphs under each issue may identify the relevant audiences.  Mike encouraged the group to think about what we can accomplish in next five years when drafting the next proposal.  If all our objectives are science based, then the impacts will be mostly in the scientific community (Bruce).  We should be ready to have some objectives that are broader in scope.  We need to think about things that we are doing, and things that we can develop as new proposals (Brian).  We should include both science and outreach.  We should include need assessment of the stakeholders in the proposal (Mary Leigh).  There may be need to do this at a large scale.  Roland commented that this was very appropriate for a regional project.  Consider models that may identify sites suitable for restoration by NGOs and other organizations (Mike).  This group represents major modeling expertise in the nation.  What service do we provide to a broader national audience?  This may include evaluating needs, improving existing tools and developing new tools.  Even though models have been evaluated before, there is a continued need to evaluate models and suggest/develop improvements.  There is a big need to identify and report uncertainty.  There is also a need to develop methods to reduce the uncertainty in the models. 

21. Discussion re: possible objectives to include in new project those interested in a specific objective.

Objective 1:
Develop, improve and evaluate process based models and other approaches for watershed based planning and management (Bruce, Deva, Dave, Sunday, Puneet will develop this).
· Hold regional forums to assess needs of local stakeholder groups.  (Deliverables:  Summary of these regional forums.  White paper that discusses the collective findings of these forums.  Impact:  # of projects that are conducted to address these needs.)
· Hold forums for model users to share their experiences and facilitate the use of the models

· Critical review of models

· Review, evaluate and improve how the models simulate BMPs (Deliverables: Peer reviewed paper(s) that discusses the results of this review and evaluation with recommendation on how to improve the models.    New models or model enhancements that allow for a “better” simulation of BMPs.  Impacts:  # of models or model enhancements that were made.  # of organizations using these models and/or enhancements.)
· Develop models that generate specific locations for BMPs in a watershed that meet environmental targets at least costs (Deliverables:  Models that optimizes BMP location and selection based upon environmental targets and least costs.  Impacts: # of models or model enhancement that were made.  # of organizations using these models and/or enhancements.  # of BMPs sited based upon these models.  # of dollars spent on these appropriately sited BMPs.  Load reductions associated with the BMPs.  # of dollars saved per pound of pollutant removed by appropriately locating BMPs versus using the methodology that it is currently being done.)
· Develop relationships between BMP efficiencies and the economics of BMP implementation and maintenance  (Same as the previous bullet)
· Conduct a literature review of ALL BMP effectiveness  

· Expand existing models to handle the fate and transport of emerging contaminants

· Identify where the uncertainty exists in current models

· Identify which uncertainties are important to address the issue

· Improving the understanding of model parameter and data uncertainty and incorporate this understanding in model predictions

Objective 2:
Develop tools (standards, framework, or protocol) to link the physical modeling with the economic aspects of watershed planning and management. Art and Indrajeet will develop this objective. 

· We need to recruit more economists at the National Water Conference in Reno to meet with us and join the project.  We may also want to recruit economists from W1190.  
Objective 3:
Develop tools with social scientists and other project partners to help accelerate implementation of watershed planning and management through behavior change.  Brian and Phil will work on this objective.  

· KSU and Purdue have Social Scientists who may be interested to join this group to work on this objective. We should try to meet with them at the National Water Conference in Reno – Brian will take the lead to organize this meeting. 
Objective 4: 
Facilitate usability of watershed management planning models.  Mary Leigh, Phil will lead the development of this objective. 
· Target model users and how models are used to change public policy.  Provide training for model users.  Develop decision support systems for models. 

22. It will be a good idea to develop this proposal further before the USDA January meeting.  Leaders identified for the objectives sated above were : 

Objective 1: Bruce, Sunday, Deva, Dev, and Puneet 

Objective 2: Indrajeet and Art  

Objective 3: Brian and Phil 

Objective 4: Mary Leigh

23. New project development timeline: 

· Dec 07:  Draft outline for each objective circulated to the group   

· March 08: Follow up from Reno.  Decide on the number of objectives and role of social science in the project.  We also need to have impacts in forefront 

· June 08: Draft proposal ready

· September 08: SDC324 meeting.  Finalize proposal.  

· December 08: submit for peer review. 

24. Rafa Munoz-Carpena elected unanimously to be the next secretary.  

25. Next meeting location: KSU (Manhattan). Phil will work out the dates.  

26. Meeting adjourned at 11:15 AM.  
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