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A4. Project / Task Organization

(Identify individuals and organizations and discuss their roles and responsibilities.  Include principal data users, decision makers, project QA manager, and all persons responsible for implementation.)

Adam Mednick is the principal investigator and point of contact at the Wisconsin Department of Natural Resources (WDNR) and has responsibility to oversee: (1) all technical aspects of building real-time (“nowcast”) models for nearshore water-quality at candidate beaches; (2) all outreach and capacity-building efforts with local health departments and their contractors to facilitate the adoption of operational nowcasts; and (3) all feedback and coordination activities with software and database developers at USEPA ORD/NERL/ERD and USGS Wisconsin Water Science Center to further facilitate nowcast operation. 
Adam will assemble a master database of nowcast model inputs, including historic data on E. coli concentrations (response variable), as measured and reported by local health departments, together with temporally-matched data on various meteorological, nearshore, and onshore conditions (potential explanatory variables), as measured and reported by local health departments, NOAA, and USGS. 
Using the assembled data and USEPA’s Virtual Beach software system (www.epa.gov/ceampubl/swater/vb2), Adam will build initial nowcast models for 59 candidate beaches (see Attachment 1 and 2) and will provide the models, along with the underlying data and descriptive reports, to local health departments or their contractors charged with conducting water-quality monitoring and notification.  Adam will additionally develop step-by-step training materials for building, evaluating, operating, and refining nowcast models using Virtual Beach, and will provide hands-on training and direct technical assistance to local cooperators.

Adam is responsible for all communications with local health departments (or their contractors) charged with water-quality monitoring and public notification at candidate beaches.  These personnel are the targeted decision-makers of this project, as they are responsible for determining when to post swim advisories or issue full closures.  They are the principal users of the nowcast models and underlying environmental data.

Adam will work with the Virtual Beach software development team at USEPA ORD/NERL/ERD (Mike Cyterski, Team Leader), and the Beach Health database- and partial-least squares (PLS) modeling team at the USGS Wisconsin Water Science Center (Steven Corsi, Team Leader), providing each with structured feedback and suggestions for enhancing and integrating their modeling and database tools to facilitate the widespread and long-term operation of nowcast models. 

Adam will oversee timely and successful achievement of the grant objectives including completion of quarterly reports to the Great Lakes Accountability System and a final report on the number of operational nowcast models successfully implemented with an evaluation of their performance.

Adam reports to Dreux Watermolen, Chief of Science Information Services at WDNR, who is responsible for managing this grant, overseeing administrative staff support, and coordinating activities with the Wisconsin Beach Monitoring Program, which is overseen by Bob Masnado, WDNR Chief of Water Quality Standards. The Quality Assurance Project Plan is reviewed and approved by Dreux Watermolen, Donalea Dinsmore (Quality Assurance Manager in WDNR’s Office of the Great Lakes), John Dorkin (USEPA Quality Assurance Manager), Frank Anscombe and Holly Wirick (USEPA Technical Contacts), Daniel Samardzich (USEPA Project Officer), and Tinka Hyde (Water Division Director, USEPA Region 5).   
Figure 1. Organizational Chart
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A5. Problem Definition / Background
(Problem(s) to be solved or decision to be made, and identify the decision maker and the principal customer for results. Discuss relevant background information.)
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 (1,000 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 (Whitman et al. 1999; Olyphant and Whitman 2004; Nevers and Whitman 2005; Francy and Darner 2007; Frick et al. 2008; Mednick et al. 2009). Antecedent rainfall has similarly been shown to be a poor predictor of current E. coli concentrations (Olyphant and Whitman 2004; Sampson et al. 2006). Rapid lab-based methods including quantitative Polymerase Chain Reaction (qPCR) present a promising alternative (Chern et al. 2009); however, these techniques entail high start-up costs and can still take up to 4 hours (Bushon et al. 2009).

An statewide analysis
 of monitoring and notification data archived on Wisconsin’s Beach Health website (www.wibeaches.us) 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 (Rabinovici 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 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 (Olyphant and Whitman 2004; Nevers and Whitman 2005; Francy and Darner 2007; Frick et al. 2008; Nevers and Whitman 2008; Francy 2009; Mednick 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 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 2010 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.

Decision maker(s) and principal customer(s):  County and municipal public health officials responsible for monitoring nearshore water-quality and posting swim advisories or closures at high-priority and/or impaired water-quality beaches on Wisconsin’s Lake Michigan and Lake Superior coasts.  
A6. Project / Task Description 
     (Summarize work to be performed and schedule.  This need not be lengthy, but
Gives an overall picture of how the project will resolve the problem described in A5. Discuss secondary data requirements in relation to type of data, age, geographical representation, temporal representation, & technological representation, as applicable.)

To reduce the number of Type I and Type II monitoring errors – and the overall number of beach closures in Wisconsin – a project position will be established within the WDNR Bureau of Science Services to facilitate a significant expansion of operational nowcast modeling across the state.  Initial models will be developed at 59 candidate beaches (see Attachment 1 and 2) with a goal of local cooperators establishing 20 operational nowcasts by 2013, including 10 or more high-priority beaches.  
Additional project objectives include the development of step-by-step training materials for building, evaluating, operating, and refining nowcast models; 5 hands-on training workshops (3 in Wisconsin and 2 at regional venues); and the assembly and provision of user feedback and suggestions to USEPA and USGS on their respective beach modeling and database tools.  Regular status reports will be provided on the progress of each of the following 16 reporting elements.  See the Project Schedule and Milestones below for the project timeline.
1. Recruit project staff

2. Complete master database for nowcast model-building at candidate beaches

3. Develop nowcast models for the candidate beaches using Virtual Beach 2.0, including an alternative model for North Beach (Racine) using qPCR cell equivalents.
4. Evaluate Virtual Beach 2.0 and provide initial feedback to developers at USEPA
5. Provide initial nowcast models, along with data, to collaborating beach managers

6. Develop step-by-step nowcast training materials

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

8. Evaluate PLS/CART tool and provide initial feedback to developers at USGS

9. Conduct 3 hands-on nowcast training workshops in Wisconsin
10. Conduct 2 hands-on nowcast training workshops at the Great Lakes Beach Conference or other regional venue

11. Provide nowcasting technical assistance

12. Operational nowcasts instituted by collaborating beach managers

13. Provide technical assistance to support operational nowcasts at priority beaches

14. Operational nowcasts evaluated (and refined if needed) by collaborating beach managers

15. Compile user-feedback and provide to tool developers and USEPA and USGS

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

Project Schedule and Milestones:  Q1, Q2, Q3, and Q4 refer to quarters: January-March, April-June, July-September, and October-December.  Except where otherwise noted, all tasks will be completed by the project’s principal investigator.
	
	2010
	2011
	2012
	2013

	Task / Description
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3

	Recruit project staff 

	X
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Create master database for candidate beaches
	X
	
	
	
	
	 
	 
	 
	 
	
	
	 

	Begin 25 MLR models using Virtual Beach (VB)
	X
	
	
	
	
	 
	 
	 
	 
	
	
	 

	Evaluate VB and provide initial feedback to EPA
	X
	
	
	
	
	 
	 
	 
	 
	
	
	 

	Complete/share 25 MLR models and data
	 
	X
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Develop nowcast training materials
	 
	X
	
	
	
	 
	 
	 
	 
	
	
	 

	Develop alternative PLS model for ULP beach 

	 
	X
	
	
	
	 
	 
	 
	 
	
	
	 

	Evaluate PLS tool, compile feedback for USGS
	 
	X
	
	
	
	 
	 
	 
	 
	
	
	 

	1st  Wisconsin nowcast training workshop
	 
	 
	X
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Provide technical assistance 
	 
	
	X
	
	
	 
	 
	 
	 
	
	
	 

	Institute operational nowcasts 

	 
	
	X
	
	
	 
	 
	 
	 
	
	
	 

	Provide operational assistance at priority sites 
	 
	 
	 
	X
	 
	 
	 
	 
	 
	 
	 
	 

	Evaluate/refine operational nowcasts 5
	 
	
	
	X
	
	 
	 
	 
	 
	
	
	 

	Provide user-feedback on tools to EPA & USGS
	 
	
	
	X
	
	 
	 
	 
	 
	
	
	 

	Begin remaining MLR models
	 
	 
	 
	 
	X
	 
	 
	 
	 
	 
	 
	 

	1st Great Lakes nowcast training workshop 

	 
	
	
	
	X
	 
	 
	 
	 
	
	
	 

	Provide technical assistance
	 
	 
	 
	 
	X
	 
	 
	 
	 
	 
	 
	 

	Complete/share remaining MLR models and data
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 
	 
	 

	Refine nowcast training materials
	 
	
	
	
	
	X
	 
	 
	 
	
	
	 

	Provide technical assistance
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 
	 
	 

	2nd Wisconsin nowcast training workshop
	 
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 
	 

	Provide technical assistance 
	 
	
	
	
	
	 
	X
	 
	 
	
	
	 

	Institute/re-institute operational nowcasts 5
	 
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 
	 

	Provide operational assistance at priority sites 
	 
	 
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 

	Evaluate/refine operational nowcasts 5
	 
	
	
	
	
	 
	 
	X
	 
	
	
	 

	Provide user-feedback on tools to EPA & USGS
	 
	 
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 

	2nd Great Lakes nowcast training workshop 6
	 
	 
	 
	 
	 
	 
	 
	 
	X
	 
	 
	 

	Provide technical assistance
	 
	 
	 
	 
	 
	 
	 
	 
	X
	 
	 
	 

	Provide technical assistance
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	 
	 

	Provide user-feedback on tools to EPA & USGS
	 
	
	
	
	
	 
	 
	 
	 
	X
	
	 

	Facilitate Web-integration of VB, data systems 6
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	 
	 

	3rd Wisconsin nowcast training workshop
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	 

	Provide technical assistance
	 
	
	
	
	
	 
	 
	 
	 
	
	X
	 

	Facilitate Web-integration of VB, data systems 6
	
	
	
	
	
	
	
	
	
	
	X
	

	Institute/re-institute operational nowcasts 5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	 

	Provide operational assistance at priority sites 
	 
	
	
	
	
	 
	 
	 
	 
	
	
	X

	Evaluate/refine operational nowcasts 5
	 
	
	
	
	
	 
	 
	 
	 
	
	
	X

	Provide user-feedback on tools to EPA & USGS
	 
	
	
	
	
	 
	 
	 
	 
	
	
	X

	Final report
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X


Secondary Data Needs:  No original environmental measurements will be taken under this project.  All of the data used to build, operate, and validate nowcast models are secondary data, collected at varying time-intervals over the course of two or more successive beach seasons (i.e., Memorial Day weekend through Labor Day weekend).  Data on different environmental conditions measured at different locations are matched by geographic and temporal proximity, as described under Section A.7. 
As detailed in Attachment 3, the data elements assembled for this project fall under three categories:  (1.) Onsite Response Variable; i.e., E. coli concentrations measured by beaches’ local health departments (or their contractors) for the purpose of routine water-quality monitoring.  These data are collected in accordance with the Wisconsin Great Lakes Beach Monitoring Program QAPP (Appendix 1).  (2) Onsite Explanatory Variables; i.e., meteorological, nearshore, and onshore conditions potentially related to E. coli levels, as measured by beaches’ local health departments (or their contractors) for the purpose of conducting routine beach sanitary surveys.  These data are collected in accordance with the Wisconsin Great Lakes GLNPO Sanitary Survey QAPP (Appendix 2).  (3) Offsite Explanatory Variables; i.e., concurrent meteorological, nearshore, and onshore conditions potentially related to E. coli levels, as measured at off-site NOAA weather stations, rain gages, data buoys, and lake level gages, at USGS river gages, or predicted by automated lake-wide hydrodynamic (surface current) models operated by NOAA as part of the Great Lakes Coastal Forecast System (GLCFS). 
A7. Quality Objectives and Criteria for Data

       (Discuss quality objectives and performance criteria -- qualitative and quantitative.
                Discuss quality objectives in relation to applicable action levels or criteria.)
Nowcast model inputs, including onsite measurements of the response variable, E. coli, and multiple explanatory variables (measured both on and off site), will be acquired from publically-available datasets developed by local health departments (or their contractors), NOAA, and USGS.  Attachment 3 details the various data elements utilized for this project.

Local health department data consist of water-quality monitoring results (i.e., measured E. coli concentrations) and standardized beach sanitary survey results (i.e., concurrent measurements of various meteorological, nearshore, and onshore conditions that may be associated with E. coli concentrations), both of which are uploaded via a secure, password-protected data-entry form to the Wisconsin Beach Health website (www.wibeaches.us), where they are archived and can be downloaded as comma-separated value tables.
Offsite data from NOAA and USGS are measured at various automated (airport and coastal-marine) and non-automated (cooperative) weather stations, as well as automated stream flow gages, lake level gages, and data buoys.  These data can be downloaded as historic time-series and real-time data from various NOAA and USGS websites, as detailed in the report Accessing Online Data for Building and Evaluating Real-Time Models to Predict Beach Water Quality (Mednick 2009).  
In addition, the project will investigate the use of real-time predictions of surface current speed and direction from the Great Lakes Coastal Forecast System (GLCFS) as potential explanatory variables for the beach water-quality nowcasts.  Operated by NOAA’s Great Lakes Environmental Research Laboratory, hourly GLCFS predictions are based on a version of the Princeton Ocean Model (Blumberg and Mellor 1987) adapted to the Great Lakes by Schwab and Bedford (1994). Historic (2006 through 2010) and real-time predictions for all 2x2 km and 10x10 km grid cells comprising Lake Michigan and Lake Superior, respectively, are available as netCDF (gridded time-series) data files. 

It is assumed that the quality of environmental measurements and hydrodynamic model predictions used as potential explanatory variables in this project are adequate for the purpose of building and operating nowcast models.  Beach sanitary surveys are conducted using USEPA’s Great Lakes Beach Sanitary Survey Tool in accordance with the Wisconsin Great Lakes GLNPO Sanitary Survey QAPP (Appendix 2), and all of the NOAA and USGS data products are official data and subject to QA/QC procedures.  Ultimately, the criteria for whether or not a given variable is included in a particular nowcast model will be set on a beach-by-beach basis, including some combination of statistical significance (p-value) and predictive power (model accuracy rates with- and without its inclusion), as well as practical considerations of cooperating health departments, such as staff time and the cost associated with collecting data on a given variable.  Project staff will document these decisions for each beach.
It is further assumed that the quality of the E. coli data reported by local health departments is adequate for the purpose of building and validating nowcast models.  This project will use only official data generated for the purpose of beach water-quality monitoring and notification under the federal BEACH Act by responsible monitoring entities; i.e., local health departments contracted by the WDNR and/or their sub-contractors.  These data are generated in accordance with the USEPA-approved Wisconsin Great Lakes Beach Monitoring Program QAPP (Appendix 1) and are the basis for local managers’ decisions regarding whether or not to post swim advisories or issue closures on a given day.  They represent the best available data on E. coli concentrations at the 59 candidate beaches.  Re-evaluating each health department’s data collection and QA/QC procedures – or those of NOAA and USGS – is beyond the scope of this project.
Consistency of E. coli measures:  For nowcast modeling purposes, E. coli measurement procedures at a given beach should be consistent over time (Francy 2009).  As detailed in the Wisconsin Great Lakes Beach Monitoring Program QAPP (Appendix 1) water-quality sampling procedures are uniform, with the exception of sample frequency (number of daily samples per week) and follow-up sampling protocols after an exceedance.  These vary according to beaches’ monitoring priority (high, medium, or low).  Lab procedures are also uniform, except for analytical methods, which can vary from beach to beach, but must be on the list of USEPA-approved methods.

Within individual beaches, procedures are anticipated to be consistent over the time period of interest: approximately May 25th through September 5th, starting no earlier than 2006.  Data will be evaluated for internal consistency with respect to whether they are reported as colony forming units (CFU) or most-probable number (MPN), and whether they are from single sampling stations or multiple stations.  Where either protocol has changed over time, only those data following the current protocol will be used.
Sampling frequency and sufficiency of E. coli data:  As detailed in the Wisconsin Great Lakes Beach Monitoring Program QAPP (Appendix 1) the minimum sampling frequency for E. coli at Wisconsin beaches varies according to monitoring priority, with high priority beaches sampled at least 5 days per week, medium priority beaches at least two days, and low priority beaches sampled as determined by state and local authorities.  All of the nowcast candidate beaches have been sampled at least once a week since 2006 and most have been sampled at much higher frequencies.
Multiple linear regression models have been developed for individual beaches using as few as 40 E. coli samples combined with temporally-matched explanatory variables (Mednick and Watermolen 2009).  Francy and Darner (2007) recommend 120 or more E. coli measurements over at least two seasons.  This project will not undertake model-building for any beach unless at least 100 E. coli values are available, with temporally-matched explanatory variables.  The 59 candidate beaches selected for this project either meet this criteria, or will meet it by the end of the 2011 beach season. 
In addition to the overall number of samples, the timing of sample collection is important for nowcast modeling.  Diurnal variation in the density of nearshore E. coli is understood to be associated with sunlight’s effect on E. coli mortality.  In general, beach water-quality samples are taken in the morning.  Some health departments monitor several beaches, though, so that sample collection times may occur later in the day at certain beaches.  In general, the approximate time of sampling (whether early or late) will remain internally-consistent at individual beaches over the course of a season.  The responsibility for determining the appropriate time of sampling lies with the local health department.

Because the time of sampling on a given day may deviate from the normal time, for any number of reasons, project staff will consult with local health departments to determine whether there is a desired range of sampling times, outside of which historic data should be excluded from the process of model-building.  Otherwise, all E. coli values posted and archived on the Beach Health website will be considered to be of sufficient quality for nowcast model development.
Spatial matching:  The correct spatio-temporal matching of E. coli concentrations with measured explanatory variables is critical for building, operating, and validating nowcast models.  As described in Attachment 3 environmental measurements used for building nowcast models can include both data collected onsite (by local health departments or their contractors) and data collected offsite (by NOAA and USGS).  Attachment ​2 shows the locations of all candidate beaches together with all offsite data sources, including USGS river gages, NOAA lake-level gages, NOAA lake-wide hydrodynamic (surface current) model grid cell center-points, and NOAA weather stations (airport, coastal marine, and cooperative). 
Offsite data are matched to E. coli measurements according to Euclidean distance.  As described in the Wisconsin Great Lakes Beach Monitoring Program QAPP (Appendix 1) the geographic coordinates of each beach center-point have been recorded using a field GPS.  Similarly, the coordinates of all offsite weather stations, gages, data buoys, and lake-wide hydrodynamic (surface current) model grid cell center-points are publically available from NOAA and USGS.  Using GIS software, distances will be measured from each beach center-point to all offsite data observation points, of each type, to determine which are the closest.  Offsite data will be spatially matched to individual beaches accordingly.  In addition, project staff will inquire with local health departments about which if any NOAA or USGS weather stations or gages they already use as part of their routine sanitary survey work.  If these differ from the nearest gage or station, as measured in GIS, project staff will consult with the health department in question to determine which data to use for building the nowcast model, and will document the decision.
Temporal matching:  Routine monitoring and sanitary survey results reported on the Beach Health website are time-stamped as “MM/DD/YYYY, hh:mm [AM / PM]” in Central Daylight Time (CDT).  Variables measured by NOAA and USGS are reported at different time intervals (see Attachment 3) and use timestamp formats that are not always compatible.  The following universal timestamp, therefore, will be applied to all variables: “YYYY.MM.DD.hh”, where “hh” is the hour (0-23) in Universal Coordinated Time (UTC), rounded to the next highest hour for any measurement taken between 30 and 59 minutes.  For continuous data, such as wind speed, only those observations made at the top of the hour, or those closest to the top of the hour, will be used for matching purposes.  Any resulting sub-hourly differences in actual measurement times between E. coli and explanatory variables are assumed to be acceptable for the purposes of this project.
A key consideration in the temporal-matching of continuous NOAA and USGS data to E. coli concentrations is how much of a time-lag exists between when the data are measured and when they are first reported to publically-available websites.  If there is a significant time-lag, and no adjustment is made when building the models, local operators will not be able to enter time-matched explanatory data when running the nowcast model to get a daily prediction.  They would either have to use the most up-to-date data (which could be several hours old) or wait until later in the day for the data to become available, thereby delaying the nowcast.  As a solution, historic data on these variables will be staggered according to observed NOAA and USGS reporting lags.  For example, USGS hourly stream discharge rates are reported approximately 3 hours after they are measured at river gages.  Historic discharge values, therefore, will be staggered 3 hours when matching them to E. coli data.  In effect, the actual explanatory variable in the model will be the discharge rate 3 hours prior to E. coli measurement, as opposed to at the concurrent time.
Data on antecedent rainfall will be matched to E. coli measurements by day, rather than hour.  NOAA rainfall totals are reported for the 24-hour period leading up to 12:00 UTC, which marks the beginning of the “hydrologic day.”  The end of this measurement period (7am CDT) corresponds with the earliest sampling times among the candidate beaches, such that 24- and 48-hour rainfall totals will always precede sample collection.  At those beaches where sampling is conducted later in day, rainfall events more closely preceding sample collection times will not be accounted for in antecedent conditions until the following day.
Evaluating model performance: As described in Section C.1 and D.2, below, potential nowcast models for each of the 59 candidate beaches will be evaluated by retroactively comparing model predictions to measured E. coli values, as well as the previous day’s or most recent E. coli measurements, also known as the “persistence model.”  The persistence model currently serves as the principal basis for determining whether or not to post advisories and will therefore serve as a benchmark for determining the likely improvement in water-quality predictions associated with a given model, and the individual variables comprising it.
Optimal models will be identified for each beach, based on a combination of model fit (R-square), sensitivity (percentage of E. coli predictions correctly falling below the 235 and 1,000 CFU water-quality thresholds, respectively), and specificity (percentage of predictions correctly falling above 235 and 1,000 CFU thresholds).  Where different models have superior performance on different metrics, project staff will select from among the leading candidates based on best professional judgment in consultation with modeling experts at USEPA ORD/NERL/ERD and USGS Wisconsin Water Science Center.
Beaches for which the best nowcast model has sensitivity and specificity rates that are both lower than the persistence model will be removed from consideration.  All other models will be considered initial nowcast models and shared with local health departments along with the underlying data and training materials.  The ultimate decision as to whether a given model is acceptable for operational nowcasting purposes will rest with the local health department.
A8. Special Training / Certification

(Use this space to identify any special training that personnel will need.)

The project principal investigator, Adam Mednick, has over 10 years of experience in applied environmental research and analysis, including extensive water-quality modeling and database management experience using Virtual Beach and other statistical packages, Microsoft Access and Excel, and ArcGIS.  In addition, Adam will receive technical support from expert staff in WDNR’s Science Information Services Section, including Theresa Nelson and Kyle Minks (hydrologic and water-quality modeling), Paul Rasmussen (statistical analysis), and Dreux Watermolen (aquatic ecology, watershed planning, and technoclogy transfer).
A9. Documents and Records

(Use this space to create an itemized description of the information and records that must be included in a data report package, including requested lab turnaround time, and report format and requirements for storage, etc.)
Project documentation will include beach-specific reports describing each nowcast model, as well as electronic data files (spreadsheets) including all data on E. coli concentrations, explanatory variables used to develop the models, and variables excluded during the process of building and refining the models.  Model descriptions will include a list of model variables with their partial regression slope coefficients and p-values, as well as the model sample size, adjusted and unadjusted R-square values, and the percentage of Type I and Type II errors relative to both the 235 CFU advisory standard and the 1,000 CFU closure guideline.  
SECTION B – DATA GENERATION OR ACQUISITION

B1.  Rationales for Sources of Secondary data
(Sources of secondary data must be specified.  If a hierarchy of sources exists for the gathering of secondary data, this must be specified.)

No original measurements will be taken under this project.  E. coli measurements and onsite data on potential explanatory variables are generated by each beach’s local health department or its contractor in accordance with Wisconsin’s beach monitoring and sanitary survey quality assurance project plans (Appendix 1 and 2).  Data on potential offsite explanatory variables are measured by NOAA, NOAA cooperative weather observers, and USGS at various meteorological stations, river and lake gages, and data buoys, as well as real-time hydrodynamic (surface current) models operated as part of the Great Lakes Coastal Forecast System, as described under Section A.7 and summarized in Attachment 3.

Types of Secondary Data:
(1.) E. coli concentrations measured by each beach’s local health department, or its contractor, as detailed in the Wisconsin Great Lakes Beach Monitoring Program QAPP (Appendix 1).
(2) Onsite explanatory variables (concurrent meteorological, nearshore, and onshore conditions) measured by each beach’s local health department, or their contractor, as detailed in the Wisconsin Great Lakes GLNPO Sanitary Survey QAPP (Appendix 2).
(3) Offsite explanatory variables (concurrent meteorological, nearshore, and onshore conditions) measured or estimated by NOAA and USGS.  Attachment 3 lists the specific sources of each of these data elements, as well as Web links to more detailed descriptions of each.
B2. Identification of Secondary Data Sources 

(the QAPP shall state sources of secondary data will be identified in project deliverables.)

For transparency, all secondary data sources, as listed in Attachment 3, will be discussed and/or footnoted in project deliverables.  

B3.  Data Acquisition Requirements

(Define criteria for use of non-direct measurement data, such as data that come from databases or literature and acceptance criteria for their use.  Describe any limitations of such data.)

In terms of E. coli measurements, this project will use only official data generated by local public health departments, or their contractors, for the purpose of beach water-quality monitoring and notification, as detailed in the Wisconsin Great Lakes Beach Monitoring QAPP (Appendix 1), and published by USEPA as part of annual Beach reports.  These data are posted daily to the Wisconsin Beach Health website, where they archived for download as historic time-series, and from which they are shared with USEPA for inclusion in WQX/STORET.  E. coli data obtained by other collectors will not be included in this project.
In terms of onsite explanatory variables, this project will use only official data generated by local public health departments, or their contractors, for the purpose of identifying potential E. coli contamination sources and/or contributing factors through standardized sanitary surveys, as detailed in the Wisconsin Great Lakes GLNPO Sanitary Survey QAPP (Appendix 2).  Onsite meteorological, nearshore, and onshore conditions data obtained by other collectors will not be included in this project.

In terms of offsite explanatory variables, this project will use only official data published by NOAA, USGS, or NOAA-designated cooperative weather observers as measured at automated (i.e., airport and coastal marine) and non-automated (i.e., cooperative observer) weather observing stations, automated stream and lake-level gages, and in-lake data buoys, or modeled (real-time surface currents) as part of the Great Lakes Coastal Forecast System.  Data generated or published by other entities will not be included in this project.
Data on E. coli and onsite explanatory variables are available for download from the Wisconsin Beach Health website (www.wibeaches.us).  Web links to all of the other potential explanatory variables are listed in Attachment 3.  Mednick (2009) provides detailed instructions for accessing and formatting these data for building water-quality nowcast models.
B4.  Data Management

(Outline data management, including path and storage of data, and data record-keeping system.  Also use this space to identify all data handling equipment and procedures that will be used to process, compile, and analyze the data.  Attach a checklist or standard forms to QAPP, if applicable.)
A master database will be created in Microsoft Access, including all E. coli and sanitary survey measurements made by local health departments or their contractors at each of the 59 nowcast candidate beaches, together with meteorological and nearshore data reported by NOAA for the nearest weather station(s) measuring rainfall and wind speed and direction, the nearest lake-level gage, and the nearest hydrodynamic (surface current) grid cell center-point, as well as river discharge data reported by USGS for the nearest automated river gage.  Attachment 2 maps the locations of these sites relative to candidate beaches.  

Where available, historic E. coli and explanatory data will be assembled for as far back as 2006, coinciding with the earliest output of the NOAA lake-wide hydrodynamic models operated for the Great Lakes Coastal Forecast System.  Using this date as the historic cutoff also ensures that all E. coli measurements conform to the current beach monitoring quality assurance project plan (Appendix 1).  Nowcast models operated during a given beach season (e.g., 2011) will be based on data from the previous two or more beach seasons.  At the end of each beach season, project staff will update the master database to include all of that season’s data on E. coli and all potential explanatory variables.
Attachment 3 lists all of the data elements that will be included in the master database.  Each data element will be included as a separate table, for each beach or offsite observation site, within the Access database file.  Data queries will be used to temporally- and spatially-match the data to create dynamically-linked data tables for each of the 59 candidate beaches, following the decision-rules described under Section A.7.  These tables will include the universal timestamp “YYYY.MM.DD.HH” (where “HH” is the hour of day in Universal Coordinated Time), the local timestamp of the E. coli measurement, the measured E. coli concentration, and data on all potential onsite and offsite explanatory variables.  These tables will be exported to Microsoft Excel spreadsheets for nowcast model-building in Virtual Beach.  If file size becomes an issue, the master database may be broken up into several separate databases according to geographic groupings of the candidate beaches.  

SECTION C – ASSESSMENT AND RESPONSE
C1.  Assessment and Response Actions
(Assessment activities may include Model Development evaluation, etc.  List assessments with dates and responsible personnel.  Identify individuals responsible for corrective actions.)
Nowcast models will be evaluated during the model development process by comparing model-predicted E. coli to measured E. coli using diagnostics within the Virtual Beach software.  These diagnostics will be run during the model-building process, which will be conducted for approximately one-half of the candidate beaches during the winter of 2010-2011 and the other half during the winter of 2011-2012 (see Project Schedule and Milestones under Section A.6).

Alternative models for each beach will be evaluated for:  
(1) Goodness of Fit.  Models will be evaluated for their respective coefficients of determination (R-square values), which measure the proportion of variation in E. coli concentrations explained by a given model.  Adjusted R-square will be measured as well to reduce the bias toward models with higher numbers of explanatory variables.
(2) Sensitivity.  Models will be evaluated for the percentage of E. coli predictions correctly falling below the 235 and 1,000 CFU water-quality thresholds, respectively. 

(3) Specificity.  Models will be evaluated for the percentage of E. coli predictions correctly falling above the 235 and 1,000 CFU thresholds, respectively.
Following Ge and Frick (2007), these metrics will be used in tandem to determine the optimal model for each beach; i.e., the model that maximizes fit, sensitivity, and specificity.  Sub-optimal models will be removed from consideration for use in operational nowcasts.  Where there is no single optimal model (i.e., where different models have superior performance on different metrics), project staff will select from among the leading models using best professional judgment in consultation with modeling experts at USEPA ORD/NERL/ERD and USGS Wisconsin Water Science Center, and will document all of their decisions.  Project staff will additionally consult with support staff in WDNR’s Science Services Bureau on an as-needed basis.

In the event that data become available on additional explanatory variables (i.e., variables not listed in Attachment 3) that are found to increase the predictive power of one or more of the potential nowcast models, project staff will consult with WDNR’s Quality Assurance Manager to determine whether or not a QAPP revision is needed to allow for the their incorporation into the project.  
C2.  Reports to Management

(Identify the frequency, content, and distribution of reports to keep management 
informed.  Include preparer and recipients of reports, project status, results of performance evaluations and audits, results of periodic data quality assessments, and any significant QA problems.)
Quarterly progress reports will be prepared by the project principal investigator (Adam Mednick) and provided to USEPA through the Great Lakes Accountability System.  In addition, Adam will communicate regularly with USEPA’s project officer (Daniel Samardzich) and technical contacts (Frank. Anscombe and Holly Wirick) to keep them apprised of project progress relative to the project schedule and milestones (Section A.6).
Adam will also communicate regularly with the WDNR Beach Monitoring Program and cooperating local health departments.  A final report on the results and performance of the operational nowcast models will be provided to beach modeling experts at USEPA, USGS and elsewhere, for review and comment, with a revised report submitted for publication in a peer reviewed journal.
SECTION D – OUTPUT VALIDATION AND MODEL USABILITY

D1.  Data Reduction

(data reduction procedures specific to the project shall be described, including calculations and equations.)
E. coli measurements are grab sample maximums from single samples collected at either the central location of a beach, or at the location(s) with the highest use.  At some longer beaches, samples are collected at two or more fixed stations and either composited (mixed in equal parts) prior to lab analysis, or analyzed separately and combined in value by taking the arithmetic mean.  These procedures are conducted prior to reporting and no further E. coli data reduction is necessary for nowcasting.
Field-collected data on explanatory variables (from routine sanitary surveys) may be collected only once per beach, or may be collected and reported for individual stations.  Where values are reported for each station, data reduction procedures will be applied according to the type of measurement used (see Attachment 3).  Interval data, such as air and water temperature, will be reduced by taking the arithmetic mean.  Ratio data, such as wave height and turbidity, will be reduced by taking the maximum value, as null values reported for such variables are difficult to distinguish from zero and can skew mean values.  Nominal data, such as wind direction, will be reduced by taking the first value reported, according to the timestamp entered with the data.  (The same procedure will be applied to wind speed.)  In addition to the fact that arithmetic means are not valid for nominal data, the earliest-reported values can be reasonably assumed to represent conditions prior to (as opposed to after) water-quality sample collection. 
D2.  Data Review, Verification and Validation

(State criteria used to accept, reject, or qualify the model, based on quality.  Include project-specific calculations or algorithms, if applicable.)
Responsibility for reviewing, validating, and verifying the primary data used to build the models lies with the entities that collect and report them: local public health departments, NOAA, and USGS.  It is assumed that the data quality of these agencies will be satisfactory for the purposes of building and operating nowcast models.

Once identified, each of the 59 candidate beaches’ optimal models (as described in Section C.1 above) will be compared to the “persistence model” (i.e., the previous day’s or otherwise most-recent E. coli measurements), according to:
(1) Sensitivity (i.e., the percentage of model-estimated E. coli concentrations correctly falling below the 235 and 1,000 CFU thresholds, respectively); and 
(2) Specificity (i.e., the percentage of model-estimated E. coli concentrations correctly falling above the 235 and 1,000 CFU thresholds, respectively).
These evaluations will be conducted using the same historic data used to build the models, so they will provide an indication of likely, as opposed to actual, predictive capacity (Frick et al., 2008).  These diagnostics will be the basis for determining whether candidate beaches are in fact good candidates for operational nowcasting.  Beaches for which both the sensitivity and the specificity of the best nowcast model are lower than the associated persistence model will be removed from consideration.  Otherwise, each beach’s optimal model will constitute its “initial” nowcast model and will be shared with local health departments during the winter of 2011 or 2012, and will be followed-up with step-by-step training materials, hands-on training workshops, and direct technical assistance to those local health departments who choose to use the models – as is, or modified – to institute operational nowcasts during the beach season. 

D3.  Verification and Validation Methods

(Describe the process for validating and verifying the model and output data.  Identify issue resolution procedure and responsible individuals, and the method for conveying these results to data users.)
For those models selected by local health departments for operational use, project staff will work with the local operators to validate the models by comparing predicted E. coli concentrations to temporally-matched E. coli measurements, as they become available.  This process is integrated with routine data collection and reporting procedures in place at all monitored Great Lakes beaches in Wisconsin.  Specifically, once monitoring personnel have collected water-quality samples and taken concurrent sanitary survey measurements (or accessed them via the Web from NOAA or USGS), they will run the nowcast model using Virtual Beach and upload the results – together with the previous day’s E. coli measurement – to the Beach Health website, where they will be archived.
After each beach season, project staff will download participating beaches’ nowcast predictions and E. coli measurements from the Beach Health website and will use these data to evaluate the models’ post-operation goodness-of-fit, sensitivity, and specificity (as described in Section C.1) for the nowcast model, as well as the persistence model (previous day’s or otherwise most-recent E. coli measurement), relative to both the 235 and 1,000 CFU water-quality thresholds.  Project staff will share the results of these validation analyses with the participating local cooperators, include them in status reports to USEPA and WDNR’s Beach Monitoring Program, and include them in the final project report on operational nowcast adoption and performance.
D4.  Reconciliation with User Requirements
(Describe how the results will be evaluated to determine if Data Quality Objectives have
been satisfied.  Discuss process for reporting limitations on the use of data.)
This project aims to facilitate the widespread establishment of beach-specific nowcasts in Wisconsin via models that can be shown to improve on the accuracy of the persistence model (i.e., the previous day’s or most recent lab results).  Because E. coli counts generally become available within 24 hours of sample collection, these actual results can be used to evaluate the accuracy of the nowcast predictions made at any beach where operational nowcasts have been instituted. 
Participating local health departments or their contractors will receive nowcast results immediately upon entering daily data on their beaches’ explanatory variables into Virtual Beach.  Afterward, they will upload the nowcast results – along with the previous day’s E. coli results, current day’s sanitary survey results, and any advisory decisions made – to the Wisconsin Beach Health website, where they will be used for immediate public notification and archived for full validation at the end of the season (as described in Section 3.D above).  Beach-specific model limitations, in terms of relative accuracy rates, will be revealed through this validation.   

While model validation will provide a reliable perspective on nowcast accuracy, nowcast operation is voluntary on the part of local health departments.  It is possible that models otherwise shown to have significantly higher accuracy rates than the persistence model will not be used operationally for various reasons; e.g., staff time, coast, or real/perceived technical limitations.  A significant component of the project, therefore, will be to conduct outreach and capacity-building efforts, including hands-on training workshops and direct technical assistance to local cooperators, and to synthesize participants’ feedback on the utility and usability of Virtual Beach, as well as other beach modeling and database tools, to their developers at USEPA and USGS.

By tying nowcast operation to routine data collection and reporting via the Beach Health website, it will be possible to integrate nowcasting into beach management procedures already in place at all of Wisconsin’s monitored Great Lakes beaches, thereby increasing the likelihood that the project goal of establishing 20 operational nowcasts by 2013 will be achieved.  In addition, nowcast models could serve as a cost-effective means of meeting future BEACH Act requirements for rapid testing.  Nowcast predictions could be used as a screening tool for determining whether and when to use more costly rapid lab methods such as qPCR.   
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Attachment 1.  Candidate Beaches for Nowcast Models
[image: image1.emf]Beach Lake County Lat.* Long.* Priority† 303d ‡ HUC 8

Bayview Park Beach  Superior Ashland 46.6 -90.9 Low 4010301

Kreher Park Beach §

Superior Ashland 46.6 -90.9 Low 4010301

Maslowski Beaches Superior Ashland 46.6 -90.9 Medium Impaired 4010301

Baileys Harbor Ridges Park Beach Michigan Door 45.1 -87.1 High 4030102

Egg Harbor Beach Michigan Door 45 -87.3 High 4030102

Ellison Bay Town Park Beach Michigan Door 45.3 -87.1 High 4030102

Ephraim Beach Michigan Door 45.2 -87.2 High 4030102

Fish Creek Beach Michigan Door 45.1 -87.2 High 4030102

Murphy Park Beach Michigan Door 45 -87.3 High 4030102

Newport Bay Beach Michigan Door 45.2 -87 High 4030102

Nicolet Beach Michigan Door 45.2 -87.2 High 4030102

Otumba Park Beach Michigan Door 44.8 -87.4 High 4030102

Sister Bay Beach Michigan Door 45.2 -87.1 High 4030102

Sunset Park Beach Sturgeon Bay Michigan Door 44.8 -87.4 High Impaired 4030102

Whitefish Dunes Beach Michigan Door 44.9 -87.2 High 4030102

Barker's Island Inner Beach Superior Douglas 46.7 -92.1 Medium Impaired 4010201

Wisconsin Point Beach-1 § Superior Douglas 46.7 -92 Low 4010301

Wisconsin Point Beach-2 Superior Douglas 46.7 -92 Low Impaired 4010301

Wisconsin Point Beach-3 § Superior Douglas 46.7 -92 Low 4010301

Wisconsin Point Beach-4 § Superior Douglas 46.7 -92 Low 4010301

Wisconsin Point Beach-5 § Superior Douglas 46.7 -92 Low 4010301

Alford Park Beach Michigan Kenosha 42.6 -87.8 Low Impaired 4040002

Eichelman Beach Michigan Kenosha 42.6 -87.8 Medium Impaired 4040002

Pennoyer Park Beach Michigan Kenosha 42.6 -87.8 Low Impaired 4040002

Simmons Island Beach Michigan Kenosha 42.6 -87.8 Medium Impaired 4040002

Southport Park Beach Michigan Kenosha 42.6 -87.8 Low Impaired 4040002

City Of Kewaunee Beach Michigan Kewaunee 44.5 -87.5 Low Impaired 4030101

Fischer Park Beaches Michigan Manitowoc 43.9 -87.7 Low Impaired 4030101

Hika Park Bay Michigan Manitowoc 43.9 -87.7 Low Impaired 4030101

Memorial Dr. Wayside Beach - North Michigan Manitowoc 44.1 -87.6 Medium Impaired 4030101

Memorial Dr. Wayside Beach - South Michigan Manitowoc 44.1 -87.6 Medium Impaired 4030101

Neshotah Beach Michigan Manitowoc 44.1 -87.6 Medium Impaired 4030101

Point Beach St. Forest - Lighthouse Michigan Manitowoc 44.2 -87.5 Medium Impaired 4030101

Red Arrow Park Beach Manitowoc Michigan Manitowoc 44.1 -87.7 Medium Impaired 4030101

YMCA Beach Michigan Manitowoc 44.1 -87.7 Medium Impaired 4030101

Bay View Park Beach Michigan Milwaukee 43 -87.9 Low Impaired 4040002

Bender Beach Michigan Milwaukee 42.9 -87.8 Medium Impaired 4040002

Bradford Beach Michigan Milwaukee 43.1 -87.9 High Impaired 4040003

Grant Park Beach Michigan Milwaukee 42.9 -87.8 Medium Impaired 4040002

McKinley Beach Michigan Milwaukee 43.1 -87.9 Low Impaired 4040003


(Continued on next page) 

_______

*
GPS coordinates of beach center-point, recorded by WDNR field staff.

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

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

§
Urban beaches adjacent to high priority or impaired waters beaches.  

Attachment 1 (continued).  Candidate Beaches for Nowcast Models
[image: image2.emf]Beach Lake County Lat.* Long.* Priority† 303d ‡ HUC 8

South Shore Beach Michigan Milwaukee 43 -87.9 High Impaired 4040002

South Shore Rocky Beach Michigan Milwaukee 43 -87.9 High 4040002

Watercraft Beach § Michigan Milwaukee 43.1 -87.9 Low 4040002

Cedar Beach Rd Beach Michigan Ozaukee 43.5 -87.8 High Impaired 4030101

County Road D Boat Launch Beach Michigan Ozaukee 43.5 -87.8 High Impaired 4030101

Harrington State Park Beach - North Michigan Ozaukee 43.5 -87.8 High 4030101

Harrington State Park Beach - South Michigan Ozaukee 43.5 -87.8 High Impaired 4030101

Lion's Den Gorge Nature Preserve Michigan Ozaukee 43.3 -87.9 Low Impaired 4040003

Upper Lake Park Beach Michigan Ozaukee 43.4 -87.9 High Impaired 4030101

North Beach Michigan Racine 42.7 -87.8 High 4040002

Zoo Beach Michigan Racine 42.7 -87.8 High 4040002

Amsterdam Beach Michigan Sheboygan 43.6 -87.8 Low Impaired 4030101

Blue Harbor Beach Michigan Sheboygan 43.7 -87.7 High 4030101

Deland Park Beach Michigan Sheboygan 43.8 -87.7 Medium Impaired 4030101

General King Park Beach Michigan Sheboygan 43.7 -87.7 Medium Impaired 4030101

Kohler Andrae St. Park - Nature Ctr. Michigan Sheboygan 43.7 -87.7 High Impaired 4030101

Kohler Andrae St. Park - North Michigan Sheboygan 43.7 -87.7 High Impaired 4030101

Kohler Andrae St. Park - North Picnic Michigan Sheboygan 43.7 -87.7 High Impaired 4030101

Kohler Andrae St. Park - South Picnic Michigan Sheboygan 43.7 -87.7 High Impaired 4030101


_______

*
GPS coordinates of beach center-point, recorded by WDNR field staff.

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

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

§
Urban beaches adjacent to high priority or impaired waters beaches.  

Attachment 2.  Candidate Beaches and Offsite Observation Locations
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Attachment 3.  Data Elements
[image: image3.emf]Element

1

Type

2

Prec.

3

Units

4

Duration

5

Frequency

5

Time

5

Source

6

Desc.

7

Onsite Response (Y) Variable:

E. coli  concentration

Ratio 0.1

CFU/100mL*

Instantaeous Daily (1-7X/ wk) Beach specific LHD A

Onsite Explanatory (X

k

) Variables:

Wave Height Ratio 0.01 ft Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Turbidity Ratio 0.1 NTU Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Wind Speed Ratio 0.1 mi/hr Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Total Stream Discharge Ratio 100 gal 24 hours Daily (1-7X/ wk) Beach specific LHD B

Water Temperature Interval 0.1 deg F Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Air Temperature Interval 0.1 deg F Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Wind Direction Nominal 10 deg (0-360) Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Wind Direction (Cardinal):

West Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Northwest Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

North Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Northeast Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

East Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Southeast Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

South Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Southwest Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Water Clarity:

Clear Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Somewhat Turbid Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Turbid Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Opaque Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Sky Conditions:

Sunny Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Mostly Sunny Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Partly Sunny Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Mostly Cloudy Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Overcast Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Nearshore Algae:

None Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Low Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Moderate Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

High Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Onshore Algae:

None Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Low Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

Moderate Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B

High Nominal  - 1(true) or 0 Instantaneous Daily (1-7X/ wk) Beach specific LHD B


(Continued on next page) 
_______

*
Depending on the beach, colony forming units (CFU) are either actual counts or the most probable number (MPN), both of which are approved by USEPA for beach monitoring and notification purposes, and are covered under the Wisconsin Great Lakes Beach Monitoring Program QAPP.

Attachment 3 (continued).  Data Elements
[image: image4.emf]Element

1

Type

2

Prec.

3

Units

4

Duration

5

Frequency

5

Time

5

Source

6

Desc.

7

Offsite Explanatory (X

k

) Variables:

Antecedent Rainfall (24-hour) Ratio 0.01 in 24 hours Daily 07:00 CDT NOAA C

Antecedent Rainfall (48-hour) Ratio 0.01 in 48 hours Daily 07:00 CDT NOAA C

Wind Speed (airport) Ratio 1 mi/hr Instantaneous Sub-hourly Every 6-60 min. NOAA C

Wind Speed (coastal marine) Ratio 0.1 m/sec Instantaneous Sub-hourly Every 6-60 min. NOAA D

Lake Level Ratio 0.001 m Instantaneous Sub-hourly Every 6 min. NOAA E

Average River Discharge Ratio 1

m

3

/sec

1 hour Sub-hourly Every 15 min. USGS F

Surface Current (N-S flow rate) Ratio 1.E-06 kt Instantaneous Hourly Every hour NOAA G

Surface Current (W-E flow rate) Ratio 1.E-06 kt Instantaneous Hourly Every hour NOAA G

Air Temperature Interval 1 deg F Instantaneous Sub-hourly Every 6-60 min. NOAA C, D

Due Point Interval 1 deg F Instantaneous Sub-hourly Every 6-60 min. NOAA C, D

Wind Direction Nominal 10 deg (0-360) Instantaneous Sub-hourly Every 6-60 min. NOAA C, D

Seasonal Explanatory (X

k

) Variables:

Day-of-Season Ratio 1 day - - - WDNR H

Stage-of-Season

"1st Quarter" Nominal  - 1(true) or 0 - - - WDNR I

"2nd Quarter" Nominal  - 1(true) or 0 - - - WDNR I

"3rd Quarter" Nominal  - 1(true) or 0 - - - WDNR I

"4th Quarter" Nominal  - 1(true) or 0 - - - WDNR I


______
1. Database Elements / Potential Nowcast Variables. "Onsite" refers to data collected at the beach, as part of routine water-quality monitoring and standardized sanitary surveys. "Offsite” refers to data collected at stations, gages, and buoys located at varying distances from the beach (see Attachment 2 for a map of candidate beaches and offsite observation sites.)
2. "Ratio" data are quantitative starting from an absolute zero value. "Interval" data are quantitative without an absolute zero. "Nominal" data are categorical and un-ranked.

3. Measurement precision. For onsite measurements, some beaches measure/report at lower precisions than the values listed here, which are maximums.

4. Actual onsite measurements can be in English or metric units, but are converted to common units for modeling purposes.

5. Refers to the duration, frequency, and time of environmental observation or sample collection, as opposed to data reporting.

6. "LHD" refers to the local health departments (and/or their contractors) responsible for monitoring the different beaches.

7. Detailed descriptions of each data element can be found in:

a. Wisconsin Beach Monitoring Program (http://dnr.wi.gov/org/water/wm/wqs/beaches) and Wisconsin Great Lakes Beach Monitoring QAPP
b. USEPA Beach Sanitary Survey Tool (www.epa.gov/waterscience/beaches/sanitarysurvey) and Wisconsin Great Lakes GLNPO Sanitary Survey QAPP
c. National Climatic Data Center (www.ncdc.noaa.gov/oa/ncdc.html)

d. National Data Buoy Center (www.ndbc.noaa.gov)

e. Center for Operational Oceanographic Products and Services/ Tides & Currents (http://tidesandcurrents.noaa.gov)

f. National Water Information System (http://waterdata.usgs.gov/nwis).

g. Great Lakes Coastal Forecasting System (www.glerl.noaa.gov/res/glcfs).

h. Note:  Beach Season day 1 = May 25; i.e., the earliest possible Memorial Day weekend.

i. Note:  Beach Season quarters (approx. 25 days) begin on May 25, Jun. 21, Jul. 16, and Aug. 11.







� 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. 


� 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.


� Dreux Watermolen (Chief of Science Information Services, WDNR)


� With Dan Ziegler (Ozaukee Public Health Dept.); Steve Corsi, Mike Fienen, and Wesley Brooks (USGS)


� With cooperating local public health departments and other beach monitoring agencies and personnel


� With USEPA, USGS, and/or other federal, state partners
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