Proposal: Expanded Beach “Nowcast” Modeling across Wisconsin
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2. Name of Proposal.
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4. Type of Organization.
State Agency

5. Proposed Funding Request.
$249,998
6. Brief Project Description.

The proposed project will significantly expand operational nowcasting of beach water quality in Wisconsin by building multivariate models for high priority and impaired beaches using EPA’s Virtual Beach 2.0. In addition, we will test a complimentary system developed by USGS and a hybrid qPCR/multivariate model. We will provide hands-on training and technical assistance to beach managers to build long-term, local capacity to operate and refine the models, and will provide user-feedback to EPA and USGS to further enhance the tools and lower barriers to their use throughout the Great Lakes.
KEY TERMS: Beach Closures, Swim Advisories, Pathogen Indicators, Nowcasting, Decision-Support Tools, Real-Time Modeling, Water Quality

7. Project Location 
Lake Michigan and Lake Superior. The project location includes 52 of the 124 monitored Great Lakes beaches in Wisconsin (see Table 1 in the Project Narrative, and the attached Project Map).
8. Full Project Description 
Background

Standard methods of monitoring beach water quality result in significant numbers of false exceedances (Type I errors) and false non-exceedances (Type II errors) of the single-day federal standard for E. coli (235 CFU/ 100 mL), as well as the Wisconsin guideline for issuing closures (1000 CFU/ 100 mL). The time required for transporting water samples to a lab and then culturing for fecal indicator bacteria (FIB) generally results in a 24+ hour lag between when samples are collected and when the results are available. Numerous studies have shown that there is little correlation between the concentration of E. coli on the day samples are collected and the concentration the following day 
 ADDIN EN.CITE 
(Whitman, Nevers et al. 1999; Olyphant and Whitman 2004; Nevers and Whitman 2005; Francy and Darner 2007; Frick, Ge et al. 2008; Mednick, Hall et al. 2009)
. Antecedent rainfall has similarly been shown to be a poor predictor of current E. coli concentrations (Olyphant and Whitman 2004; Sampson, Swiatnicki et al. 2006). Rapid lab-based methods including quantitative Polymerase Chain Reaction (qPCR) present a promising alternative (Chern, Brenner et al. 2009); however, these techniques entail high start-up costs and can still take up to 4 hours (Bushon, Kephart et al. 2009).
An analysis of statewide monitoring and notification data archived on Wisconsin’s Beach Health website
 reveals that at least 576 (63%) of the 912 beach closings issued in Wisconsin between 2003 and 2009 were reflective of Type I monitoring errors, relative to the 1,000 CFU guideline, and were therefore unnecessary.  At the same time, 1,552 (42%) of the 3,737 posted swim advisories were identified as false exceedances of the 235 CFU standard. Of the non-advisory beach-days on which water quality samples were collected
, 269 or 3% were found to have significant Type II errors (i.e., should have been closed), while an addition 928 (9%) exceeded the federal standard (i.e., should have been posted). The elimination of all Type I and Type II errors associated with the state’s closure guideline would have reduced the total number of beach closures between 2003 and 2009 by 307, or 34%.
Type I monitoring errors, particularly unnecessary closures, can have significant local as well as regional economic impacts 
 ADDIN EN.CITE 
(Rabinovici, Bernknopf et al. 2004; Pendleton 2008)
.  Type II monitoring errors result in increased public exposure to FIB and have been associated with increased gastrointestinal illness and related healthcare costs (Given, Pendleton et al. 2006; Pendleton 2008).  Both types of errors may disproportionately impact lower-income households, which have limited options for water-related recreation and relief during summer heat events.

The use of multiple linear regression (MLR) models to “nowcast” current water quality based on statistical relationships between FIB concentrations and readily-measurable meteorological, nearshore, and onshore conditions has been shown to result in considerably fewer Type I and Type II errors than either the culture-based “persistence model” or rainfall-only models 
 ADDIN EN.CITE 
(Olyphant and Whitman 2004; Nevers and Whitman 2005; Francy and Darner 2007; Frick, Ge et al. 2008; Nevers and Whitman 2008; Francy 2009; Mednick, Hall et al. 2009; Olyphant and Pfister 2009)
. Multivariate partial least squares (PLS) models have similarly been shown to be more accurate than standard FIB monitoring (Hou, Rabinovici et al. 2006). Despite these findings, the adoption of multivariate nowcast modeling has been slow among local beach managers due in part to limited funding and the lack of coordinated technical leadership (Francy 2009). As of the 2009 beach season, only 1 of the 124 monitored Great Lakes beaches in Wisconsin (Upper Lake Park Beach, Ozaukee County) had an operational model in place to inform decisions on whether or not to post swim advisories. Great Lakes-wide, just 6 of the 539 monitored U.S. beaches had similar models in operation
.
Project Objectives and Major Tasks
To reduce the number of Type I and Type II monitoring errors – and the overall number of beach closures in Wisconsin – the proposed project will establish a three-year project position within the WDNR Bureau of Science Services to facilitate a significant expansion of operational nowcast modeling across the state. The goal is to establish 20 operational nowcast models by the summer of 2013, including 10 or more high priority beaches. Major project tasks will include building initial nowcast models for candidate beaches using modeling tools and database systems developed by EPA and USGS; developing, testing, and refining step-by-step nowcast training modules; conducting 5 hands-on training workshops; providing technical assistance to beach managers and monitoring personnel engaged in operating, evaluating, or refining nowcast models; compiling and providing user-feedback and practical suggestions to EPA and USGS; and helping to coordinate complimentary tool development and database integration efforts led by EPA, USGS, and others. 

Version 2.0 of EPA’s nowcasting software Virtual Beach (scheduled for release in spring 2010) will be used to build multivariate predictive models
 for 27 high priority beaches across Wisconsin, plus 25 additional beaches that are included or proposed for inclusion on the state’s 303(d) Impaired Waters list (see Table 1 and attached Project Map). Of the 52 candidate beaches, 41 have adequate data for building nowcast models; i.e. 120+ contemporaneous observations of the response variable, E. coli, and multiple explanatory variables (e.g., wave height, turbidity, antecedent rainfall) collected during routine sanitary surveys or via USGS an NOAA hydro-meteorological stations (Francy and Darner 2006; Mednick 2009). The remaining 11 beaches will have adequate data by 2011 under separate GLRI proposals submitted by project collaborators at the University of Wisconsin (UW)-Oshkosh and Racine Health Department (HD), titled Comprehensive Sanitary Survey Project for High Risk Wisconsin Beaches – Northern Wisconsin and Comprehensive Sanitary Survey Project for High Risk Wisconsin Beaches – Southern Wisconsin.  

During the summer of 2010 WDNR will complete work underway to assemble a master database for the 52 candidate beaches comprised of historic (ca. 2003-2010) E. coli monitoring results and contemporaneous data on “beach conditions” collected via routine sanitary surveys, as well hydro-meteorological data from NOAA and USGS automated observing stations and NWS Cooperative Observer Program weather stations; i.e., antecedent rainfall, air temperature, wind speed and direction, cloud cover, stream flow, lake level. This work will be conducted in collaboration with the USGS Wisconsin Water Science (WWSC), which is assembling similar databases for selected beaches under the federal GLRI project titled: Beach Health – Nearshore Water Quality and Beach Closures, and will be guided by a comprehensive inventory of publically-accessible data for nowcasting conducted by WDNR (Mednick 2010). Continuous and categorical time variables (e.g., Julian date and “season”) will be included in order to account for potential inter- and intra-seasonal variation in FIB concentrations not explained by other variables (Mednick et al. 2009).

Table 1 (part 1).  Project Location
	Beach
	Lake
	County
	Lat.
	Long.
	Priority*
	303d†
	HUC 10‡

	Maslowski Beaches
	Sup.
	Ashland
	46.6
	-90.9
	Medium
	Impaired
	0401030111

	Baileys Harbor Ridges Park Beach
	Mich.
	Door
	45.1
	-87.1
	High
	
	0403010201

	Egg Harbor Beach
	Mich.
	Door
	45.0
	-87.3
	High
	
	0403010201

	Ellison Bay Town Park Beach
	Mich.
	Door
	45.3
	-87.1
	High
	
	0403010201

	Ephraim Beach
	Mich.
	Door
	45.2
	-87.2
	High
	
	0403010201

	Fish Creek Beach
	Mich.
	Door
	45.1
	-87.2
	High
	
	0403010201

	Murphy Park Beach
	Mich.
	Door
	45.0
	-87.3
	High
	
	0403010201

	Newport Bay Beach
	Mich.
	Door
	45.2
	-87.0
	High
	
	0403010201

	Nicolet Beach
	Mich.
	Door
	45.2
	-87.2
	High
	
	0403010201

	Otumba Park Beach
	Mich.
	Door
	44.8
	-87.4
	High
	
	0403010204

	Sister Bay Beach
	Mich.
	Door
	45.2
	-87.1
	High
	
	0403010201

	Sunset Park Beach Sturgeon Bay
	Mich.
	Door
	44.8
	-87.4
	High
	Impaired
	0403010201

	Whitefish Dunes Beach
	Mich.
	Door
	44.9
	-87.2
	High
	
	0403010201

	Barker's Island Inner Beach §
	Sup.
	Douglas
	46.7
	-92.1
	Medium
	Impaired
	0401020116

	Wisconsin Point Beach-2 §
	Sup.
	Douglas
	46.7
	-92.0
	Low
	Impaired
	0401030106

	Alford Park Beach
	Mich.
	Kenosha
	42.6
	-87.8
	Low
	Impaired
	0404000204

	Eichelman Beach
	Mich.
	Kenosha
	42.6
	-87.8
	Medium
	Impaired
	0404000204

	Pennoyer Park Beach
	Mich.
	Kenosha
	42.6
	-87.8
	Low
	Impaired
	0404000204

	Simmons Island Beach
	Mich.
	Kenosha
	42.6
	-87.8
	Medium
	Impaired
	0404000204

	Southport Park Beach
	Mich.
	Kenosha
	42.6
	-87.8
	Low
	Impaired
	0404000204

	City Of Kewaunee Beach
	Mich.
	Kewaunee
	44.5
	-87.5
	Low
	Impaired
	0403010101

	Fischer Park Beaches
	Mich.
	Manitowoc
	43.9
	-87.7
	Low
	Impaired
	0403010107

	Hika Park Bay
	Mich.
	Manitowoc
	43.9
	-87.7
	Low
	Impaired
	0403010107

	Memorial Dr. Wayside Beach - North
	Mich.
	Manitowoc
	44.1
	-87.6
	Medium
	Impaired
	0403010106

	Memorial Dr. Wayside Beach - South
	Mich.
	Manitowoc
	44.1
	-87.6
	Medium
	Impaired
	0403010106

	Neshotah Beach
	Mich.
	Manitowoc
	44.1
	-87.6
	Medium
	Impaired
	0403010101

	Point Beach St. Forest - Lighthouse
	Mich.
	Manitowoc
	44.2
	-87.5
	Medium
	Impaired
	0403010101

	Red Arrow Park Beach Manitowoc
	Mich.
	Manitowoc
	44.1
	-87.7
	Medium
	Impaired
	0403010106

	YMCA Beach
	Mich.
	Manitowoc
	44.1
	-87.7
	Medium
	Impaired
	0403010106

	Bay View Park Beach §
	Mich.
	Milwaukee
	43.0
	-87.9
	Low
	Impaired
	0404000201

	Bender Beach
	Mich.
	Milwaukee
	42.9
	-87.8
	Medium
	Impaired
	0404000201

	Bradford Beach §
	Mich.
	Milwaukee
	43.1
	-87.9
	High
	Impaired
	0404000306

	Grant Park Beach
	Mich.
	Milwaukee
	42.9
	-87.8
	Medium
	Impaired
	0404000201

	McKinley Beach §
	Mich.
	Milwaukee
	43.1
	-87.9
	Low
	Impaired
	0404000306

	South Shore Beach §
	Mich.
	Milwaukee
	43.0
	-87.9
	High
	Impaired
	0404000201

	South Shore Rocky Beach §
	Mich.
	Milwaukee
	43.0
	-87.9
	High
	
	0404000201

	Cedar Beach Rd Beach
	Mich.
	Ozaukee
	43.5
	-87.8
	High
	Impaired
	0403010112

	County Road D Boat Launch Beach
	Mich.
	Ozaukee
	43.5
	-87.8
	High
	Impaired
	0403010112

	Harrington State Park Beach - North
	Mich.
	Ozaukee
	43.5
	-87.8
	High
	
	0403010112

	Harrington State Park Beach - South
	Mich.
	Ozaukee
	43.5
	-87.8
	High
	Impaired
	0403010112

	Lion's Den Gorge Nature Preserve
	Mich.
	Ozaukee
	43.3
	-87.9
	Low
	Impaired
	0404000306

	Upper Lake Park Beach
	Mich.
	Ozaukee
	43.4
	-87.9
	High
	Impaired
	0403010112

	North Beach
	Mich.
	Racine
	42.7
	-87.8
	High
	
	0404000201

	Zoo Beach
	Mich.
	Racine
	42.7
	-87.8
	High
	
	0404000201


* 
Monitoring priority established by WDNR in accordance with the federal BEACH Act.

†
Included or proposed for inclusion in the State Impaired Waters list, as of 2010, under the federal CWA.

‡ 
Watershed in which a beach is located. In some cases, adjacent watersheds will have a greater influence.

§ 
Beaches located within- or in close proximity to an Area of Concern (AOC). See attached Project Map.
Table 1 (part 2).  Project Location

	Beach
	Lake
	County
	Lat.
	Long.
	Priority*
	303d†
	HUC 10‡

	Amsterdam Beach
	Mich.
	Sheboygan
	43.6
	-87.8
	Low
	Impaired
	0403010112

	Blue Harbor Beach §
	Mich.
	Sheboygan
	43.7
	-87.7
	High
	
	0403010111

	Deland Park Beach §
	Mich.
	Sheboygan
	43.8
	-87.7
	Medium
	Impaired
	0403010111

	General King Park Beach §
	Mich.
	Sheboygan
	43.7
	-87.7
	Medium
	Impaired
	0403010111

	Kohler Andrae St. Park - Nature Ctr.
	Mich.
	Sheboygan
	43.7
	-87.7
	High
	Impaired
	0403010112

	Kohler Andrae St. Park - North
	Mich.
	Sheboygan
	43.7
	-87.7
	High
	Impaired
	0403010112

	Kohler Andrae St. Park - North Picnic
	Mich.
	Sheboygan
	43.7
	-87.7
	High
	Impaired
	0403010112

	Kohler Andrae St. Park - South Picnic
	Mich.
	Sheboygan
	43.7
	-87.7
	High
	Impaired
	0403010112


* 
Monitoring priority established by WDNR in accordance with the federal BEACH Act.

†
Included or proposed for inclusion in the State Impaired Waters list, as of 2010, under the federal CWA.

‡ 
Watershed in which a beach is located. In some cases, adjacent watersheds will have a greater influence.

§ 
Beaches located within- or in close proximity to an Area of Concern (AOC). See attached Project Map.
Large-scale model-building will be conducted in two phases – with approximately half of the 52 candidate beaches initially modeled during Year 1 (Fall/Winter 2010-2011), and the remaining beaches modeled during Year 2 (Fall/Winter 2011-2012). Once built, models will be maintained and refined by project collaborators at UW-Oshkosh, Racine HD, and the Ozaukee County Public Health Department (PHD), as well as other participating beach managers, with technical assistance from WDNR. It is unlikely that all of the models will out-perform the persistence model. The predictive ability of statistical nowcast models varies from beach to beach (Francy and Darner 2007), and is not necessarily dependent on the number or quality of observations available for model-building (Mednick 2009). The large sample size will, however, enable researchers to comprehensively evaluate the different factors that influence nowcast-ability. WDNR will share the result, models, and underlying data with interested federal and academic researchers; however, project activities will focus principally on meeting operational objectives.
The process of developing multivariate nowcast models includes data collection, exploratory data analysis, model specification (i.e., variable selection, transformation, and/or combination into interaction terms), model evaluation and selection, and model refinement as needed (Francy and Darner 2006). During extensive testing of the previous version of Virtual Beach by WDNR and its local partners in 2009 (Mednick et al. 2009), it took approximately 40 hours to build, evaluate, refine, and select optimal models per beach. Partly in response to user-feedback compiled and provided by WDNR, significant enhancements have been made to Virtual Beach 2.0. Among these is the automation of the model-building process based on exhaustive combinations of available variables, transformations, and interaction terms. By this process, thousands of models can be developed, evaluated, and ranked according to one or more user-selected criteria
. We estimate that these and other enhancements to Virtual Beach 2.0 – coupled with the assembly of a statewide master database of model-building data – will reduce the time required to build the initial models to 10-15 hours per beach. 
At North Beach in Racine, project staff will work with project collaborators at Racine HD to build an alternative nowcast model for operation starting in 2011 using qPCR cell equivalent values for E. coli in place of cultured CFU’s. Racine HD has conducted rapid assessments using qPCR since 2006 and will continue through 2012, under EPA Regional Method Project 10RMP-06: Evaluate Currently Available Rapid Methods to Improve the Effectiveness of Monitoring Fecal Indicators. The standard nowcast model and the alternative model will be compared to qPCR-only monitoring, according to their relative sensitivity and specificity (i.e., how well each predicts daily exceedances and non-exceedances). Results will help to determine whether nowcast modeling could be used in conjunction with rapid testing as a hybrid approach; e.g., to identify days when more costly qPCR testing can safely be foregone.
Project staff will additionally use a web-based tool currently being developed by USGS-WWSC (under the federal GLRI project: Beach Health –Nearshore Water Quality and Beach Closures) to build and test an alternative model at Upper Lake Park Beach (ULP) in Port Washington. WDNR partnered with Ozaukee County PHD in 2009 to develop and implement an operational nowcast model at ULP using Virtual Beach 1.0. The USGS modeling tool is complimentary to Virtual Beach, in that it builds models based on alternative Partial Least Squares and Classification and Regression Tree (PLS/CART), and the two tools could eventually be integrated into a single nowcasting system that will provide users with alternative modeling options to meet different needs and field conditions. The simultaneous testing of the Virtual Beach and PLS/CART modeling tools by WDNR will help to facilitate this integration.
While developing the initial nowcast models, project staff will evaluate Virtual Beach 2.0 and the USGS PLS/CART nowcast tool against user-defined criteria for utility and usability (Watermolen 2009), and will provide feedback and suggestions to their respective developers on possible enhancements. At the same time, project staff will develop and refine training materials for beach managers and monitoring personnel, including illustrated step-by-step learning modules on how to build and operate nowcast models. Both activities will draw on WDNR’s extensive experience in local capacity-building, outreach, and user-acceptance testing (Watermolen 2009; Mednick and Watermolen 2010). Since regular evaluation of nowcast performance and the refinement of the models over time are critical components of operational nowcasting (Frick et al. 2008; Francy 2009), these areas will receive special focus. 
Virtual Beach models and underlying data
 for the 52 candidate beaches will be made available to their respective managers and monitoring personnel, along with the step-by-step training modules, in early 2011 (for the first set of modeled beaches) and early 2012 (for the second set). To build local capacity to operate, maintain, and refine the nowcast models over time, project staff will conduct 5 hands-on nowcast training workshops for beach managers, monitoring personnel, and others. Spring workshops (2011, 2012, and 2013) will be conducted for Wisconsin users. Autumn workshops (2011 and 2012) will be conducted at the annual Great Lakes Beach Association (GLBA) conference or other venues. Each workshop will be divided into two half-day sessions: A morning session focusing on building, evaluating, and refining nowcast models. And an afternoon session focused on operating, maintaining, and refining them over time. One or more of the workshops will be recorded and made available as a streaming video together with training data and materials on WDNR’s webpage.
Daily nowcasting will be conducted by collaborating beach managers, in concert with routine monitoring and sanitary survey work. Nowcasting conducted by Ozaukee PHD at ULP beach in 2009 demonstrated that running nowcast models, once built, takes less than 5 minutes per day on top of routine data entry of monitoring and sanitary survey results on the Beach Health website (Mednick et al. 2009). Monitoring personnel at all 52 candidate beaches already enter this data, along with public notification. Project collaborators at UW-Oshkosh, Racine HD, and Ozaukee County PHD are collectively responsible for routine monitoring and sanitary surveys at 34 of the 52 targeted beaches, with up to 13 additional beaches under two separate GLRI proposals for expanded sanitary surveys (previously-noted). These partners have committed to instituting nowcasts at beaches where models are shown to be better predictors of water quality exceedances and non-exceedances than standard monitoring (see attached Letters of Collaboration). 

One of the key enhancements made to Virtual Beach 2.0 in response to user-feedback compiled by WDNR in 2009 is that data entered into the software to make daily nowcasts are automatically transformed and/or combined into interaction terms to match the model. Regardless of the complexity of the underlying model, or whether or not it is modified over time, monitoring personnel will enter the data as native variables (actual measurements) and then run the model to get a nowcast prediction. Users will note on Beach Health website whether or not a probable exceedance has occurred. Project collaborators at the USGS-WWSC have committed to making adjustments, as needed, to the format and/or content of the site’s secure data-entry forms and downloadable databases, in order to make the operation and maintenance of nowcast models as efficient as possible. The eventual goal is for nowcast models, once built, to reside on the web, so that data entry will automatically generate a nowcast prediction. 
Beginning in the spring of 2011, project staff will provide direct technical assistance to collaborating beach managers working to establish operational nowcasts at high priority candidate beaches. Time-permitting, project staff will provide technical assistance to managers or personnel working on operational nowcasts at other beaches in the following order of priority: (1) medium priority/303(d) impaired beaches, (2) low priority/303(d) impaired beaches, and (3) high priority beaches in other states. Technical assistance will include assistance and trouble-shooting with daily nowcasts, assistance compiling or formatting data for model updates, assistance evaluating models’ predictive power, and assistance refining the models following guidelines and procedures in Francy and Darner (2006), Ge and Frick (2007), and Frick et al. (2008).  
Throughout the project, WDNR will systematically compile and provide user-feedback to EPA-NERL and USGS-WWSC on the utility and usability of their respective modeling and database tools, following procedures developed during previous WDNR user-acceptance testing efforts (Watermolen 2009). As part of this process, project staff will work to facilitate coordination between these and other agencies involved in beach water quality modeling. Project staff will provide guidance to the developers of a “smart phone” application under a separate GLRI proposal titled Online Beach Data Management System submitted by the Alliance for the Great Lakes. This system will enable monitoring personnel and beach volunteers to enter beach conditions data from the field, via hand-held devices, while simultaneously streaming continuous USGS and NOAA hydro-meteorological data from the web – further streamlining the process leading from data collection to nowcasting.
Project Milestones and Timeline
The proposed project has an anticipated start date of June 1, 2010 and will last 3 years. In addition to the milestones listed below, project staff will provide regular updates and information regarding project progress relative to targeted outputs, outcomes and results, via routine communication with EPA staff and data entry on the online GLRI project-tracking database, as well as a comprehensive final report and any additional reporting required under the terms of the grant agreement.
Summer 2010 
· Recruit project staff

· Complete master database for nowcast model-building at candidate beaches
Fall 2010 
· Begin development of nowcast models for approximately 25 of the candidate beaches using Virtual Beach 2.0, including an alternative model for North Beach (Racine) using qPCR cell equivalents 
· Evaluate Virtual Beach 2.0 and provide initial feedback to developers at EPA-NERL 

· Present on Virtual Beach 2.0 at GLBA conference

Winter 2011 
· Complete initial nowcast models and provide, along with data, to collaborating beach managers 
· Develop step-by-step nowcast training materials

· Develop an alternative nowcast model for Upper Lake Park (Port Washington) in partnership with USGS-WWSC and Ozaukee PHD using PLS/CART tool 

· Evaluate PLS/CART tool and provide initial feedback to developers at USGS-WWSC

Spring 2011 
· Conduct 1st Wisconsin nowcast training workshop

· Operational nowcasts instituted by collaborating beach managers
· Provide technical assistance

Summer 2011
· Operational nowcasts evaluated (and refined if needed) by collaborating beach managers
· Provide technical assistance to support operational nowcasts at priority beaches

· Compile user-feedback and provide to tool developers and EPA-NERL and USGS-WWSC
Fall 2011
· Begin developing nowcast models for the remaining candidate beaches using Virtual Beach 2.0 (potentially revised, per user experience and feedback)
· Conduct nowcast training workshop at GLBA conference or other venue
· Provide nowcasting technical assistance
Winter 2012
· Complete the nowcast models for remaining candidate beaches and provide, along with underlying data, to collaborating beach managers
· Refine nowcast training materials to reflect enhancements to Virtual Beach and database tools.

· Provide nowcasting technical assistance

Spring 2012
· Conduct 2nd Wisconsin nowcast training workshop
· Operational nowcasts instituted or re-instituted by collaborating beach managers

· Provide nowcasting technical assistance

Summer 2012
· Operational nowcasts evaluated (and refined if needed) by collaborating beach managers

· Provide technical assistance to support operational nowcasts at priority beaches

· Compile user-feedback and provide to tool developers and EPA-NERL and USGS-WWSC
Fall 2012
· Conduct nowcast training workshop at GLBA conference or other venue
· Provide nowcasting technical assistance

Winter 2013
· Provide nowcasting technical assistance

· Provide final feedback to tool developers at EPA-NERL and USGS-WWSC
· Work with project collaborators and other partners on the integration of Virtual Beach, the PLS/CART tool, automated hydro-meterological data, and field-collected data via the Web
Spring 2013

· Conduct 3rd Wisconsin nowcast training workshop

· Provide nowcasting technical assistance

· Work with project collaborators and other partners on the integration of Virtual Beach, the PLS/CART tool, automated hydro-meterological data, and field-collected data via the Web

Relevance to Great Lakes Restoration Priorities
The proposed project addresses Nearshore Health and NPS Pollution Goal #4 (“High quality bathing beach opportunities…”) in the draft Great Lakes Restoration Initiative Action Plan for FY2010-2014. Specifically, the project will help to achieve the objective of “rapid testing or predictive modeling… at 33% of high priority beaches” by 2014, by instituting nowcast models at 10 (37%) of the 27 high priority beaches in Wisconsin, and a combined 20 (37%) of the 54 high priority and/or 303(d) impaired beaches in the state by 2013. The project directly responds to the Great Lakes Regional Collaboration Strategy’s call for state, federal, local, and tribal partners to create and improve predictive models in conjunction with sanitary surveys. Disseminating information and training tools on predictive modeling is part of both the Lake Michigan and Lake Superior LaMPs. Enhancing predictive models, model scope, and application is a goal of the interagency Ocean Research Priorities Plan - Great Lakes. Field-testing and the development of user guidelines for Virtual Beach is part of EPA’s Critical Path Science Plan. Lastly, the project will help to meet the goal of the Wisconsin Great Lakes Strategy goal of reducing closure dates at high priority beaches by 10% from base year 2006. The baseline accuracy assessment described under Project Background (Section 8) and numerous beach-specific studies (previously cited) strongly suggest that nowcast modeling will result in an overall reduction in beach closures. 
Transferability, Education, and Outreach

The modeling tools and methods utilized for this project are transferable throughout the Great Lakes. Separate proposals for enhancing the BeachGuard websites in other states, coupled with basin-wide efforts at integrating hydro-meteorological data systems, will help to facilitate this transfer. Enhancements already made to Virtual Beach 2.0, further enhancements based on expanded use and feedback, and integration with USGS tools and data systems (facilitated by our proposed project), will lower the technical and practical barriers to nowcasting beyond Wisconsin. Basin-wide education and outreach will be conducted through training workshops at the GLBA conference and recorded training workshops posted as streaming video on WDNR’s website, along with training data, step-by-step modules, and other supporting materials. Time permitting, project staff will provide technical assistance to beach managers outside of Wisconsin, as occurred during WDNR’s pilot outreach and technical assistance in 2009. Project staff will make use of the BeachNet listserve to communicate project findings and results, and will give presentations to interested audiences as opportunities arise.
Project Cost, Oversight, and Administration
By virtue of its scale, the proposed project is designed to be cost-effective and to facilitate EPA oversight and administration. Centralizing the management of efforts to expand nowcasting in Wisconsin within the WDNR will streamline reporting and progress tracking. WDNR’s collaboration with USGS-WWSC (responsible for the Beach Health website), together with beach managers at UW-Oshkosh, Racine HD, and Ozaukee PHD (collectively responsible for monitoring and sanitary survey work at 34 of the 52 candidate beaches; plus 13 under separate GLRI proposals), provides significant cost-efficiencies.
9. Outcomes, Outputs, and Results
Project staff will track progress towards the outcomes, outputs, and results listed below though regular accounting of modeling, training, and technical assistance activities (e.g., number of nowcast models developed); through communication with project collaborators on the number of operational nowcasts instituted; and through periodic analyses of data on E. coli sampling, nowcast results, and public notifications uploaded to the Beach Health website. Continuously archived Beach Health data will enable project staff to track improvements in the number and percentage of false exceedances (Type I errors) and non-exceedances (Type II errors). Estimated error reductions (outcomes) are based on a meta-analysis of available studies
. Estimated operational nowcasts (outputs) are based on commitments from project collaborators and the assumption that nowcast models will prove more accurate than the “persistence model” at 50% of the candidate beaches
.
Project outcomes will include:

· High quality bathing beach opportunities are maintained (and increased) by effective monitoring for FIB, effective modeling of environmental conditions to estimate recreational water quality, and by timely communications to the public about beach health.
· Type I monitoring errors (false exceedances) will be reduced at nowcast beaches by 40%.
· Type II monitoring errors (false non-exceedances) will be reduced at nowcast beaches by 30%.
· Results of daily nowcasts for 20 beaches will be posted on the Wisconsin Beach Health website and will be available to the public along with related swim advisories, previous days’ monitoring results, and beach conditions such as water temperature, wind, and waves.  
Project outputs will include:
· Percentage of Great Lakes beaches at which forecast, nowcast, or predictive models will be used to improve the timeliness of decisions on beach postings to better protect public health.
· The number of U.S. Great Lakes beaches with nowcast models in operation will more than triple, from 6 in 2009 to 25 in 2013.
· The percentage of monitored Great Lakes beaches with operational nowcasts in Wisconsin will increase from 0.08% (1/124) in 2009 to 16% (20/124) in 2013.
· Multivariate statistical models relating FIB concentrations to meterological, onshore, and nearshore conditions will be developed for 52 Great Lakes beaches.

· Virtual Beach model files (including standardized/non-standardized coefficients) available to beach managers and interested researchers – which will help identify and estimate of relative contribution of different FIB sources and environmental factors
· 5 nowcast training workshops
· Recorded nowcast training workshop(s) and training materials posted on the Web
· Feedback and suggestions to EPA-NERL and USGS-WWSC on tools and data systems
Project results will include:

· The development of new nowcast models to estimate beach water quality
· Development of a system for implementing the use of models at local beaches
· [Enhancement of existing] tools for building beach water quality prediction models
· Linkage of hydro-meteorological processes to water quality predictions
· Improvement of beach managers’ familiarization with nowcast models 

· Contribute to broader applicability of nowcast models to multiple source and beach types
· More timely and meaningful water quality results
· Improved public health protection and understanding of the use of nowcasts
· More consistent, reliable, and cost-effective predictions
· A better informed public on water quality issues at beaches and the use of predictive models.
10. Collaboration, Partnerships, and Overarching Plans
WDNR Sciences Services will work through existing partnerships with key collaborators (listed below) and will communicate with these on a regular basis to coordinate activities and ensure progress toward project objectives. See attached letters of collaboration.  
USGS Wisconsin Water Science Center – Provide data support, beta versions of the PLS/CART nowcasting tool, and modifications to the Beach Health website as needed to facilitate daily nowcasting as part of their routine monitoring and sanitary survey activities
University of Wisconsin-Oshkosh (UW-Oshkosh) – Operate nowcast models, provide guidance and practical suggestions regarding integrated monitoring/nowcast protocols. (Presently responsible for monitoring and routine sanitary surveys at 24 [+5 pending GLRI funding] of the 52 candidate beaches, in Ashland, Door, Douglas, Kewaunee, and Manitowoc Counties.) 
Racine Health Department – Operate nowcast models, provide guidance and practical suggestions regarding integrated monitoring/nowcast protocols. Provide qPCR data, technical guidance, and evaluation of an alternative (cell equivalent-based) model at North Beach. (Presently responsible for 5 candidate beaches [+7 pending GLRI funding] in Racine, Milwaukee, and Kenosha Counties.)
Ozaukee County Public Health Department – Operate nowcast models, provide guidance and practical suggestions regarding integrated monitoring/nowcast protocols. Partner on the development of an alternative model using the PLS/CART tool at Upper Lake Park Beach. (Responsible for 5 candidate beaches in Ozaukee County.)
Additional Partners and Overarching Plans
The proposed project responds directly to several overarching plans and strategies, as discussed under Relevance to Great Lakes Restoration Priorities (Section 8). In addition, it builds on a recently completed, multi-agency Advanced Monitoring Initiative (AMI) project titled: Developing Water and Land Tools to Forecast Bacterial Exposure in Beach Settings, for which WDNR conducted extensive testing, outreach, and technical assistance on the original Virtual Beach (Mednick and Watermolen 2010). That effort resulted in five recommendations for facilitating a significant expansion of nowcast modeling across the Great Lakes:

1. Enhance modeling and decision-support tools like Virtual Beach based on applied user-testing
2. Provide local users with modeling services, training, and technical assistance on a regional basis
3. Maintain and expand routine beach sanitary surveys

4. Develop a basin-wide, web-based data upload and retrieval system for field-collected data (routine monitoring and sanitary survey) to facilitate building and operating nowcast models
5. Seamlessly integrate nowcast modeling tools with automated hydro-meteorological data and data on field-collected FIB and beach conditions housed on the Web
The proposed project has been coordinated with several complimentary Nearshore Health and NPS Pollution GLRI projects that address one or more of these recommendations. These include Comprehensive Sanitary Survey Project for High Risk Wisconsin Beaches – Northern Wisconsin (Part 1) and Southern Wisconsin (Part 2) (UW-Oshkosh); Beach Health – Nearshore Water Quality and Beach Closures (USGS-WWSC); and Online Beach Data Management System (Alliance for the Great Lakes). The proposed project is additionally integrated with WDNR’s separate NPS proposal: Enhanced L-THIA Nearshore Decision-Support System, which will create real-time streaming estimates of FIB other pollutant loads discharging from nine Wisconsin tributaries located at or near 18 of the candidate beaches.
Under the proposed project, WDNR will continue to exchange nowcast modeling data, methods, and lessons-learned with federal and academic partners from the AMI beach modeling project. These include: EPA-NERL, USGS Great Lakes Science Center, USGS Ohio Water Science Center, USGS Michigan Water Science Center, NOAA Great Lakes Environmental Research Laboratory, and the University of Michigan Cooperative Institute for Limnology and Ecosystem Research. The last of these partners has separately proposed the development of 60-hour water quality forecasts, including 3 of this project’s 52 candidate beaches. Project staff will provide assistance in support of that project and coordination to avoid duplication of effort at those beaches.
11. Programmatic Capability and Past Performance.
Programmatic Capability - This project will be carried out by WDNR’s Science Information Services team, which has extensive experience in the development, evaluation, dissemination, and promotion of web-based and water quality modeling tools. Through WDNR’s Internet Tools for Planning, Conservation, and Environmental Protection effort, this team has been working with various target audiences to build capacity to use these types of tools for nearly 10 years. The team also has extensive experience using Virtual Beach. As part of a pilot outreach and technical assistance program on beach forecasting tools conducted in 2009 (Mednick and Watermolen 2010), WDNR provided feedback and suggestions for improving the software, which have informed the development of Version 2.0. The proposed work plan builds on these earlier accomplishments. This organizational experience and our detailed work plan (Section 8) will enable us to successfully achieve project objectives in a timely manner. Key project personnel and their primary roles and responsibilities are outlined below.

Administrative Oversight – Dreux Watermolen, WDNR’s Chief of Science Information Services, will provide administrative oversight and coordination. Mr. Watermolen has led the Science Information Services program for the past 12 years and has an extensive background in watershed management and the application of Internet and GIS technologies to support decision making (see attached resume). He will be responsible for recruiting and hiring, providing direction and oversight, and preparing and submitting project progress reports. 
Principal Investigator – Adam Mednick, a research scientist with the WDNR’s Bureau of Science Services, will serve as the principal investigator. Mr. Mednick has a master’s degree in Forest Science and is presently a PhD candidate in Urban and Regional Planning at the University of Wisconsin-Madison. A member of the American Institute of Certified Planners, with expertise in environmental planning, he has more than 10 years experience conducting spatial analyses and building and executing models in order to estimate the environmental and public health impacts of land use/management decisions (see attached resume). Mr. Mednick led the successful 2009 pilot outreach and technical assistance program focused on Virtual Beach (Mednick and Watermolen 2010).
Project Advisors – In addition, we will consult with WDNR colleagues as the project is developed and implemented. Specifically, we will engage WDNR’s beach program staff under the direction of Robert Masnado, Chief of the Water Evaluation Section; Sally Kefer, WDNR’s Land Use Team leader; and Jerry Sullivan, a GIS specialist; as well as other DNR colleagues with expertise in spatial analysis, hydrology, and modeling. Although we did not include specific hour commitments for these staff in our match contribution, we are committed to tapping into their expertise. In addition, we will consult with staff and collaborators in other agencies (EPA, NOAA, USGS) and academia through our active participation in the Midwest Spatial Decision-Support System Partnership (www.epa.gov/waterspace).
Past Performance - The WDNR has received considerable EPA grant funding over the past three decades and consistently has been able to demonstrate satisfactory performance/accountability. WDNR grant management includes multiple institutional mechanisms to ensure agreed upon outputs and outcomes are achieved. 

Dedicated grant project officers provide oversight and coordination and are responsible for meeting technical reporting and periodic project status requirements conveyed though routine updates/communications with EPA. These project officers have been able to meet reporting requirements satisfactorily as outlined in grant programmatic and administrative conditions (e.g., quarterly, semi annual, annual, and final reports) for all grants received to date. 
Financial accountability has been demonstrated through systematic tracking by WDNR grant accountants and financial accountants. The State’s budgetary information systems track project activity and related expenditures in order to provide accurate fiscal reporting. State procurement policies and processes ensure funds are managed appropriately. Financial reporting is completed on a quarterly basis as required in programmatic terms and conditions to include a Final Federal Financial Reports (SF-425). WDNR’s financial representation also has established credibility for providing additional final reporting requirements: MBE/WBE reporting, Property Reports, Disclosure of Inventions, etc.

WDNR’s Science Information Services team has completed several information technology and research projects dealing with hydrologic modeling and bacterial forecasting over the past several years. To date, WDNR has met all performance and reporting requirements for these projects. Representative recent projects include:
Technical Assistance and Outreach for Bacterial Forecasting Tools – This project sought to improve bacterial forecasting tools. We worked closely with EPA, NOAA, USGS, local health departments, and academic collaborators as they developed and refined the Virtual Beach software. Funded by EPA ($21,000) through a Federal Assistance Agreement (#X700E54401). This project was successfully managed and completed. Semi-annual and final reports were submitted. 
Environmental Protection through Sound Land Use Decisions: A Federal-State-Local Partnership – This grant supported development and implementation of WDNR’s nationally recognized Internet Tools for Planning, Conservation, and Environmental Protection program. Funded by EPA ($240,000) through a Federal Assistance Agreement (#C6-96539401). This project was successfully managed and completed. Quarterly and final reports were submitted. Results have been presented and shared nationally.
Web-based, Decision-Support System Using STORET Data Flows – This National Environmental Information Exchange Network Challenge Grant is allowing us to develop a web-based decision-support system for use by Great Lakes Region decision makers. The STORET data access tool developed under this agreement is being touted as an Exchange Network “success”. WDNR also is serving as a pilot for the exchange of water quality assessment and TMDL tracking data. Funded by EPA ($750,000) through a Federal Assistance Agreement (#OS83320901). This project has been successfully managed and is nearing completion (project ends March 31, 2010). Semi-annual reports have been submitted. A final report has been drafted.
Development of a Tool for Predicting and Reducing Bacterial Contamination at Great Lakes Beaches – This project is allowing us to link the L-THIA and Virtual Beach modeling tools on a pilot basis. The prototype tool, being developed for the lower Root River and North Beach in the City of Racine, will enable users with limited resources and technical expertise to predict potential beach water quality impacts from land use change in contributing watersheds. We are testing the prototype for transferability to other coastal watersheds. Funded by the NOAA/Wisconsin Coastal Management program ($40,295 grant funding; total project cost = $101,463). This project has been successfully managed and is nearing completion (grant period ends June 30, 2010). Quarterly reports have been submitted. A final report is being prepared.
12. Budget
WDNR is requesting $249,952 in EPA funding, primarily to support the salary and fringe benefits for a 3-year project position. This employee will carry out the work described in the Project Narrative. A small amount of grant funding is also requested to support project-related travel. WDNR will commit a total of $40,402 in nonfederal matching funds, largely through salary, fringe, and indirect matches for supervisory oversight and administration for the 3-year duration of the project (approximately $12,000 annually). WDNR will also cover supplies and additional travel costs associated with the conduct of the project activities. Costs associated with providing quarterly progress reports and inputting data into the online database being developed for GLRI project transparency and accountability are anticipated to be minimal and will be covered by the WDNR’s match. WDNR’s match contribution will come from the Bureau of Science Services’ base budget (i.e. the state’s segregated Conservation Fund account). Expenses are detailed in the chart below.

	 
	Project Period 
	 
	Year 1 Grant Request
	Year 2  Grant Request 
	Year 3 Grant Request
	Year 1 State Match
	Year 2 State Match
	Year 3 State Match

	A.
	Personnel
	 
	 
	 
	 
	 
	 

	 
	FTE 
	FTE Oversight
	$0
	$0
	$0
	$6,050
	$6,050
	$6,050

	 
	 
	Project Position
	$47,840
	$48,797
	$49,773
	 
	 
	 

	 
	 
	FTE subtotal
	$47,840
	$48,797
	$49,773
	$6,050
	$6,050
	$6,050

	 
	LTE
	LTE Positions
	$0
	$0
	$0
	$0
	$0
	$0

	 
	 
	LTE subtotal
	$0
	$0
	$0
	$0
	$0
	$0

	 
	 
	Salary Total
	$47,840
	$48,797
	$49,773
	$6,050
	$6,050
	$6,050

	 
	 
	 
	 
	 
	 
	 
	 
	 

	B.
	Fringe
	 
	 
	 
	 
	 
	 

	 
	FTE 
	Salary*48.59%
	$23,245
	$23,710
	$24,185
	$2,940
	$2,940
	$2,940

	 
	LTE
	Salary * 27.23%
	$0
	$0
	$0
	$0
	$0
	$0

	 
	 
	Fringe Total
	$23,245
	$23,710
	$24,185
	$2,940
	$2,940
	$2,940

	 
	 
	 
	 
	 
	 
	 
	 
	 

	C.
	Travel
	 
	 
	 
	 
	 
	 

	 
	 
	Travel Total
	$400
	$350
	$350
	$1,000
	$1,500
	$1,500

	 
	 
	 
	$0
	$0
	$0
	$0
	$0
	$0

	 
	 
	Travel Total
	$400
	$350
	$350
	$1,000
	$1,500
	$1,500

	 
	 
	 
	 
	 
	 
	 
	 
	 

	D.
	Equipment
	 $0
	 $0
	 $0
	 $0
	 $0
	 $0

	 
	 
	Equipment Total
	$0
	$0
	$0
	$0
	$0
	$0

	 
	 
	 
	 
	 
	 
	 
	 
	 

	E.
	Supplies
	 
	 
	 
	 
	 
	 

	 
	 
	General Supplies
	$0
	$0
	$0
	$1,500
	$1,500
	$1,500

	 
	 
	Supplies Total
	$0
	$0
	$0
	$1,500
	$1,500
	$1,500

	 
	 
	 
	 
	 
	 
	 
	 
	 

	F.
	Contractual
	 
	 
	 
	 
	 
	 

	 
	 
	Contractual
	$0
	$0
	$0
	$0
	$0
	$0

	 
	 
	Contractual Total
	$0
	$0
	$0
	$0
	$0
	$0

	 
	 
	 
	 
	 
	 
	 
	 
	 

	G.
	Construction
	Construction Total
	$0
	$0
	$0
	$0
	$0
	$0

	
	 
	 
	 
	 
	 
	 
	 
	 

	H.
	Other
	 
	 
	 
	 
	 
	 
	 

	 
	Administration:  Allocable share of general office supplies and expenses (such as pens, pencils, printer paper, note paper, tape, postage, copy machine costs, computer usage, etc.)
	$300
	$350
	$350
	$0
	$0
	$0

	 
	 
	Other Total
	$300
	$350
	$350
	$0
	$0
	$0

	 
	 
	 
	 
	 
	 
	 
	 
	 

	I. 
	Total Direct Charges (sum of A - H)
	Grant Funds = 86%      State Match = 14%
	$71,785
	$73,207
	$74,658
	$11,490
	$11,990
	$11,990

	 
	 
	 
	 
	 
	 
	 
	 
	 

	J.
	Indirect
	 
	 
	 
	 
	 
	 
	 

	 
	
	Salaries + Fringe * Indirect Rate (.1441)
	 
	 
	 
	 
	 

	 
	 
	Indirect Total
	$10,100
	$10,100
	$10,100
	$1,644
	$1,644
	$1,644

	 
	 
	 
	 
	 
	 
	 
	 
	 

	K.
	Totals (sum of I and J)
	 
	$81,886
	$83,308
	$84,758
	$13,134
	$13,634
	$13,634

	
	
	 
	
	
	
	
	
	

	L.
	PROJECT TOTAL (SUM K)
	Grant Funds = 86%      State Match = 14%
	$290,354
	
	
	
	
	

	
	Percent
	
	28.20%
	28.69%
	29.19%
	4.52%
	4.70%
	4.70%

	M.
	TOTAL GRANT FUNDS REQUESTED
	$249,952
	
	
	
	
	


13. ACORN Statement. 
The WDNR and our sub-awardees will not be entities associated with Association of Community Organizations for Reform Now (ACORN) or any of its affiliates, subsidiaries, or allied organizations. Therefore receiving a federal grant for this project would not be in violation of the prohibition for granting with the Association of Community Organizations for Reform Now (ACORN) or any of its affiliates, subsidiaries, or allied organizations.  
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� � HYPERLINK "http://www.wibeaches.us" ��www.wibeaches.us�. Due to limitations with other states’ monitoring and notification sites, this baseline assessment was limited to Wisconsin. The findings are consistent with studies of individual beaches in Illinois, Indiana, and Ohio (cited above) and are assumed to be reflective of the baseline accuracy of the current monitoring regime across the Great Lakes, which is biased toward Type I errors. Analyses are planned for other states.


� A “beach-day” represents one day per one beach. Between 2003 and 2009, there were 10,432 non-advisory beach days on which water quality samples were collected. The total number of non-advisory beach days during this time period is not known, as managers do not report all non-advisory days.


� Prior to 2009, five additional beaches in northwestern Indiana had operational nowcast models under the USGS Project S.A.F.E. (Swimming Advisory Forecast Estimate).


� Virtual Beach 2.0 includes options to develop standard MLR models for predicting point estimates of log-transformed FIB concentrations, as well as logistic regression models for predicting binary responses; i.e., likely exceedances (1) and non-exceedances (0). Which method to use will be determined in consultation with project collaborators and stakeholders during the project period.





� Adjusted coefficient of determination (R-squared), Mallows’ Cp, Akaike's information criterion, and model sensitivity/specificity (relative to user-specified thresholds of the native response variable; e.g., 235 CFU/100 mL). Ge and Frick (2007) recommend using multiple criteria for model selection and evaluation.   


� One of the enhancements to Virtual Beach 2.0 resulting from WDNR’s testing of Version 1 with local partners (Mednick et al. 2009) is the creation of a portable file type to save selected models separate from underlying data. Nowcasting requires only these files; however, refining (re-fitting) the models will require the underlying datasets.


� These include studies that report Type I and Type II errors under nowcasting versus the persistence model (Nevers and Whitman 2005; Francy and Darner 2008; Mednick et al. 2009; and the Ohio Nowcast website). The mean and median percent reduction in Type I errors, relative to the “persistence model,” reported in these studies are 48% and 43%, respectively. For Type II errors, mean and median reductions are 43% and 39%. 


� This is a conservative estimate, relative to the base-line accuracy assessment of the current monitoring regime described under Project Background (Section 8) and the numerous beach-specific studies cited previously.   
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