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Summary: This report describes grant-funded work undertaken by the Wisconsin Department 
of Natural Resources in close collaboration with the U.S. Geological Survey’s Center for 
Integrated Data Analytics and the U.S. Environmental Protection Agency’s Office of Research 
and Development to facilitate the continued expansion of beach water-quality nowcasts in 
Wisconsin. We made several enhancements to the Wisconsin Beach Health website to better 
integrate local operation of nowcast models with routine monitoring and data reporting, to make 
it easier for centralized technical assistance providers to collaborate with local partners in 
building and maintaining nowcasts, and to improve public notification and awareness of nowcast-
based advisories. Specific enhancements included: (1) customized web data-entry forms, (2) a 
downloadable Nowcast Report, (3) enhanced public notification of swim advisories and beach 
closures, (4) model metadata, and (5) updated training materials. This report describes the work 
we undertook and documents the deliverables produced. This document also fulfills final 
reporting requirements for our grant agreement.  
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Introduction 
 
Created in 2000 by the U.S. Geological Survey (USGS) Wisconsin Water Science Center, the Wisconsin 
Beach Health website (www.wibeaches.us) is a central component of Wisconsin’s Great Lakes beach 
program. This program is a collaborative effort between the Wisconsin Department of Natural Resources 
(Wisconsin DNR), local health departments, and other partner organizations to reduce beach-goers’ risk 
of exposure to water-borne pathogens. This is accomplished through water-quality monitoring and public 
notification, as well as active management and restoration. Wisconsin Beach Health was originally 
developed for local health departments in the Milwaukee area with funding from the U.S. Environmental 
Protection Agency (EPA) and the Wisconsin Coastal Management Program. The website was later 
expanded to accommodate coast-wide monitoring under the federal Beach Environmental Assessment 
and Coastal Health (BEACH) Act of 20001. The USGS continues to operate and maintain Wisconsin 
Beach Health under contract with the Wisconsin DNR. Both the website and the local monitoring and 
notification activities that it facilitates are funded currently by annual BEACH Act grants administered by 
the Wisconsin DNR. 
 
Wisconsin Beach Health serves three primary functions. The first is to notify the public of any swim 
advisories or beach closures that are posted during the 15-week beach season: Memorial Day weekend 
through Labor Day weekend. Depending on the results of recent water-quality tests, or other conditions 
known to increase health or safety risks, a beach’s status on a given day will be listed as either “open,” 
“water-quality advisory,” or “closed” (Figure 1). Health department personnel or contractors change 
beaches’ status using secure data-entry forms accessed through a password-protected “internal” section of 
Wisconsin Beach Health (Figure 2). In addition to prominently-displayed signs at the beach, the public 
can view the current status of any of the state’s 112 monitored beaches on the main (public) Wisconsin 
Beach Health page (Figure 3). Website visitors can also sign-up to receive email alerts for selected 
locations and copy automatically-refreshing RSS feeds to their web browsers. Beach statuses posted on 
Wisconsin Beach Health are also made available on mobile devices through the myBeachCast smartphone 
application (www.great-lakes.net/ beachcast/). 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 1. Public notification signage used at beaches.

                                                      
1 See http://water.epa.gov/lawsregs/lawsguidance/beachrules/act.cfm. 

http://www.wibeaches.us/
http://www.great-lakes.net/%20beachcast/
http://water.epa.gov/lawsregs/lawsguidance/beachrules/act.cfm
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Figure 2. Wisconsin Beach Health’s “internal” page showing the password login screen. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Wisconsin Beach Health’s main public page. 
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The second major function of Wisconsin Beach Health is to provide local health departments and their 
contractors with a centralized system for reporting required data to the EPA. As a condition of 
Wisconsin’s annual BEACH Act grant, all advisory- and water-quality data must be transmitted to the 
EPA’s nationwide beach database. Wisconsin Beach Health serves as the state’s data hub. As described 
above, local personnel post advisories and closures via password-protected web forms on the internal site. 
Separate web forms are used to also upload the results of water-quality lab tests. Depending on the beach, 
health department personnel or contractors will collect water samples one to five days per week and test 
them for the fecal-indicator bacterium Escherichia coli (E. coli). Swim advisories are posted when lab 
results show E. coli levels exceed the EPA recreational water-quality criterion of 235 colony-forming 
units (CFUs) per 100 mL. Beaches are closed when E. coli levels exceed the state guideline of 1,000 
CFUs/100 mL. 
 
Many beaches are also routinely surveyed for “sanitary” conditions, such as water clarity, gull 
concentrations, and tributary discharge, along with various hydro-meteorological conditions, using the 
EPA’s Routine On-site Sanitary Survey2. Data from sanitary surveys funded through the Great Lakes 
Restoration Initiative (GLRI) must be submitted to the EPA’s GLRI Sanitary Survey database. Again, 
Wisconsin Beach Health serves as the hub for these data, including secure sanitary survey web forms 
corresponding to the paper forms used in the field. During the off-season, all three beach health datasets: 
advisories, water quality, and sanitary conditions, are electronically transmitted to their corresponding 
EPA databases.  
 
Finally, Wisconsin Beach Health provides a readily-accessible, statewide archive of data that can be used 
for beach program analysis, research, and the development of real-time, predictive models. Data are 
organized into separate “reports” for advisories, water quality, and sanitary conditions. Site users can 
query these reports by date and location, with the results displayed as online tables (Figure 4) that can 
also be downloaded as comma-separated value (.CSV) files. The Beach Advisory and Water Quality E. 
coli (Monitoring) reports are available on both the internal and main Wisconsin Beach Health pages and 
include data for beach seasons dating back to 2003. The Sanitary Data Report is available only on the 
internal site and includes data dating back to 2007. For all three reports, data records (rows) include date 
and time, such that the downloaded .CSV tables can be temporally-matched in software packages such as 
MS Excel or Access. Downloaded .CSV tables are also compatible with the EPA’s publically-available 
Virtual Beach software3. 
 
Virtual Beach (Figure 5) is a critical component of efforts to develop and implement “nowcast” models 
for predicting real-time beach water quality at high-use beaches around the Great Lakes. Developed by 
the EPA’s Office of Research and Development and enhanced with assistance and input from the 
Wisconsin DNR, USGS, and others, Virtual Beach guides users through the process of building, 
evaluating, and operating multivariate statistical models that can estimate current water quality based on 
readily measurable nearshore, onshore, and hydro-meteorological conditions. Typically, 100 or more 
concurrent measurements of E. coli and related sanitary and hydro-meteorological conditions, collected 
over two or more beach seasons, are needed to build a valid nowcast (Francy and Darner 2006). The 
existence of a centralized archive of these data is a pre-requisite for the widespread adoption of nowcasts 
in Wisconsin and around the Great Lakes (Mednick and Watermolen 2009). 
 
 
 
 

                                                      
2 http://water.epa.gov/type/oceb/beaches/upload/2008_05_29_beaches_sanitarysurvey_survey-routine.pdf 
3 www.epa.gov/ceampubl/swater/vb2/ 

http://water.epa.gov/type/oceb/beaches/upload/2008_05_29_beaches_sanitarysurvey_survey-routine.pdf
http://www.epa.gov/ceampubl/swater/vb2/


Enhancing the Wisconsin Beach Health Website 

Page 6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Wisconsin Beach Health query results for “Water Quality E. coli (Monitoring) Report”. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. The U.S. EPA’s Virtual Beach modeling and decisions-support software. 
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Nowcast models have been routinely demonstrated to be more accurate in estimating current water-
quality conditions than traditional monitoring, which entails transporting samples to a lab and conducting 
18-hour tests for E. coli (Nevers and Whitman 2005, Frick et al. 2008, Francy 2009). Using yesterday’s E. 
coli to make today’s decision frequently results in false exceedances (unnecessary advisories), as well as 
false non-exceedances (missed-advisories) (Whitman et al. 1999). Together, these errors increase beach-
goers’ exposure to potentially unhealthy conditions, while negatively impacting coastal economies. Using 
data archived on Wisconsin Beach Health, Mednick and Watermolen (2009) report that over 40% of 
advisories and 60% of closures posted in Wisconsin between 2003 and 2009 were unnecessary, while 
over 10% of non-advisory beach days should have been posted with an advisory or closure. Nowcast 
models may also present local health departments with a cost-effective alternative to sample-based 
monitoring at a time when beach health funding is declining at all levels (Mednick 2012a). 
 
In order to facilitate the continued expansion of beach water-quality nowcasts in Wisconsin, the 
Wisconsin DNR contracted with the USGS Center for Integrated Data Analytics (CIDA) to make several 
enhancements to Wisconsin Beach Health. The objectives of this project were to better integrate local 
operation of nowcast models with routine monitoring and data reporting, to make it easier for the 
Wisconsin DNR and other centralized technical assistance providers to collaborate with local partners in 
building and maintaining nowcasts, and to improve public notification and awareness of nowcast-based 
advisories. Specific enhancements included: (1) customized web data-entry forms, (2) a downloadable 
Nowcast Report, (3) enhanced public notification of swim advisories and beach closures, (4) model 
metadata (descriptive information), and (5) updated training materials. These enhancements are described 
in the following section. 
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Enhancements 
 
Customized Data-entry Forms 
 
Using a flexible web platform implemented by USGS CIDA programmers, Wisconsin DNR staff created 
a series of customized data-entry forms (Figure 6) for uploading time-specific nowcast inputs (i.e. 
standard sanitary survey data plus additional predictive variables), outputs, and E. coli lab results to the 
Wisconsin Beach Health internal page and archive. The secure web forms allow local personnel to report 
water-quality data, sanitary conditions, and advisories, as well as additional nowcast inputs and outputs, 
via a single interface – as opposed to three or more separate forms. Also, rather than include space for all 
possible data that could be reported, the customized forms include only those variables that are routinely 
measured at the beach in question. For beaches with more than one water-quality monitoring station, the 
forms include a general beach tab plus separate tabs for each individual station. Since the forms can be 
edited, variables can easily be added, removed, or re-ordered to meet the needs of the local users.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Newly developed customized data-entry form for Zoo Beach, Racine, Wisconsin. 
 
 
Prominent on the main tab is a lengthy URL, which provides direct online access to real-time hydro-
meteorological data via the Environmental Data Discovery and Transformation (ENDDAT) portal4. Also 
created by the USGS CIDA, ENDDAT enables users to create custom URLs for accessing location-
specific NOAA and USGS data, including radar-estimated rainfall, tributary stream flow, cloud cover, air 
and water temperature, and the magnitude and direction of wind, waves, and surface currents. ENDDAT 
URLs can be constructed to download either historical data needed to build nowcast models or real-time 
                                                      
4 https://cida.usgs.gov/enddat/ 

https://cida.usgs.gov/enddat/
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data needed to operate them. When launched from one of the web forms (Figure 7), the beach-specific 
URL downloads a one-row .CSV table of the most recent values for various nowcast model inputs. The 
tables are formatted to be imported directly into Virtual Beach models (Figure 8). For most models, some 
additional field-measured data must be manually entered (e.g., water clarity), after which the user clicks 
“Make Prediction,” to generate a point-estimate of the current E. coli concentration, plus a statistical 
probability of exceeding the 235 CFU/100 mL water-quality threshold (Figure 9).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Clicking the custom URL downloads real-time hydro-meteorological data. 
 
 
The process of downloading real-time data from the ENDDAT URL, importing them into a Virtual Beach 
model, and running the nowcast takes less than 5 minutes. Once this short process is completed, the user 
can enter any remaining routine data into the web form, starting with the just-completed nowcast results 
(Figure 10). If necessary, the user can also click on the link immediately below the nowcast results to post 
an advisory or closure. The remainder of the form includes spaces for entering general beach conditions 
(Figure 11), station-specific conditions (if needed), and water-quality results (for the previous day, unless 
a rapid lab method is used). When completed and submitted, the web form fulfills all of the data-reporting 
requirements of the BEACH Act and GLRI, while simultaneously uploading nowcast inputs and outputs. 
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Figure 8. Importing current hydro-meteorological data into Virtual Beach. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Making a nowcast prediction with Virtual Beach. 
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Figure 10. Entering nowcast results. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Entering general beach conditions. 
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Downloadable Nowcast Report 
 
Building on previously-created Sanitary Survey and Water Quality reports, USGS CIDA programmers 
created a new Nowcast Report on the internal Wisconsin Beach Health site. Like the other reports, the 
Nowcast Report is continuously updated with data entered via the password-protected web forms. The 
Nowcast Report can also be queried by date and beach, with the results displayed in online tables or 
downloadable .CSV files (Figure 12). A key difference is that the new report includes model outputs as 
well as inputs, plus lab results, in a single table. This avoids time-consuming data requests and data 
assembly, including the often tedious process of temporally matching data tables from multiple sources. 
Moreover, the data are formatted for direct import into Virtual Beach. Following requirements of that 
software, the left-hand column is the record identifier (date-and-time), followed by observed E. coli (the 
response variable), and then the various other data (potential explanatory variables). The report also pre-
translates qualitative sanitary measures such as Water Clarity (field-reported as “clear,” “somewhat 
turbid,” “turbid,” or “opaque”) into quantitative ordinal variables (ranked values of 0-3) and binomials 
(presence-absence values of 1 or 0), so that they can be used in Virtual Beach. Together, these formatting 
elements significantly reduce the time and effort required to update historical datasets for model 
calibration during the off-season.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. “Nowcast Report,” web view and data download. 



Enhancing the Wisconsin Beach Health Website 

Page 14 

In addition to standard inter-year calibration (i.e. model rebuilds) conducted during the off-season, 
changes in climate and beach conditions underscore the importance of validating, and if necessary re-
calibrating, models during the beach season. In 2012, this was illustrated by prolonged periods of extreme 
heat (air and water) and a number of dry-weather E. coli exceedances that initial nowcast models were 
unable to predict (Mednick 2012b). Without a central archive of model inputs, outputs, and lab results 
available through the Nowcast Report, it would be virtually impossible for centralized technical assistance 
providers at the Wisconsin DNR to validate and calibrate models operated by multiple local health 
departments. With the new report, pre-formatted .CSV tables can be readily downloaded and imported 
directly into Virtual Beach (Figure 13), which in turn can be used to quickly generate standard metrics 
and graphics of model performance. These include model sensitivity (correctly predicted exceedances), 
specificity (correctly predicted non-exceedances), and overall accuracy. Poorly performing models can 
then be re-calibrated using these metrics as the basis for optimization. Because it exists online, the 
Nowcast Report makes it easier for the Wisconsin DNR to coordinate this process with its local partners 
throughout the state. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. “Nowcast Report” imported into Virtual Beach, with validation results. 
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Enhanced Public Notification of Swim Advisories and Beach Closures 
 
A key objective in updating the Wisconsin Beach Health website was to raise awareness of water-quality 
nowcasts. In 2010, the site received 1.8 million hits from 15,000 unique visitors; however, none of the 
posted swim advisories or beach closures included a reason for the decision (i.e. whether it was the 
previous day’s lab results, a nowcast, or some other consideration). Health department staff and 
contractors have always been required to report one of six standard reasons for posting an advisory (for 
EPA reporting purposes), but these were not included in the public postings. USGS CIDA programmers 
changed this so that the reason for any advisory is now listed in all electronic postings, including the main 
page (Figure 14), RSS feeds (Figure 15), email alerts, and the myBeachCast mobile application. A 
separate webpage was also created to provide more detailed explanations of the standard reasons (Figure 
16). This additional page is launched from hyper-links embedded in each advisory and includes links to 
additional resources such as the Wisconsin DNR’s Predicting Beach Water Quality webpage5.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Posted swim advisory, August 10, 2012.  
 
 
The explanation given for Nowcast Prediction-based advisories reads:    
  

 The results of a predictive model, based on historical observations, indicate a high 
probability that E. coli levels exceed recreational water-quality standards or guidelines. Nowcast 
predictions are based on a combination of factors correlated to water quality, such as rainfall, 
wave height, water clarity, nearby river discharge, and lake currents. The advisory or closure is 
preemptive, since lab results will not be immediately available.  

                                                      
5 http://dnr.wi.gov/topic/beaches/ predicting.html 

http://dnr.wi.gov/topic/beaches/%20predicting.html
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Figure 15. RSS feed showing swim advisories, August 10, 2012. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Web page with explanations of reasons for swim advisories and beach closures. 
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Model Metadata and Training Materials 
 
To provide additional information on nowcast models to both the interested public and those tasked with 
building and operating them, USGS programmers created a new Beach Nowcasts section on the public 
Wisconsin Beach Health site (Figure 17). This page includes links to Wisconsin DNR’s Predicting Beach 
Water Quality page, case studies of implemented nowcasts, model metadata, and illustrated training 
materials. Nowcast metadata (Figure 18) are short documents presenting key details of current and 
previous year models, such as the explanatory variables used, data sources, size and historical period of 
the training dataset, model statistics, dates of operation, and performance metrics. Metadata will be 
particularly important in the future as nowcasting is expanded to more beaches, as mid-season calibration 
becomes more common, and as locales begin to implement two-tiered nowcasts, including separate 
models for days when field data are collected and days when they are not.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. Newly developed “Beach Nowcasts” section of Wisconsin Beach Health.  
 
 
Training materials include a step-by-step user guide titled “Nowcasting” Current Water-quality 
Conditions as Part of Beach Health Reporting (Figure 19). This illustrated guide provides users with 
instructions on how to operate a nowcast model in conjunction with routine beach health reporting, 
including the web data-entry form, using the ENDDAT URL to download and import current hydro-
meteorological data into a Virtual Beach model, making a nowcast prediction and entering the results into 
the web form, posting advisories, completing and submitting the web form, querying the Nowcast Report, 
and importing query results into Virtual Beach for model validation. These instructions will be revised to 
reflect future updates to the Virtual Beach software. 
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Figure 18. Nowcast metadata, example from Zoo Beach, Racine, Wisconsin. 
 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19. Illustrated user guide and training materials. 
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Abbreviations and Acronyms 
 
 
BEACH Act – Beach Environmental Assessment and Coastal Health Act of 2000 
 
CFU – colony-forming unit 
 
CIDA – Center for Integrated Data Analytics, U.S. Geological Survey  
 
.CSV – comma-separated values, a way of storing tabular data (numbers and text) in plain-text form 
 
DNR – Department of Natural Resources, Wisconsin 
 
ENDDAT – U.S. Geological Survey’s Environmental Data Discovery and Transformation system 
 
EPA – Environmental Protection Agency, U.S. 
 
GLRI – Great Lakes Restoration Initiative 
 
mL – milliliter 
 
NOAA – National Oceanic and Atmospheric Administration, U.S. 
 
RSS – really simple syndication or rich site summary, a family of web feed formats used to publish 
frequently updated works 
 
URL – universal resource locator or uniform resource locator, a specific string of characters that 
constitutes a reference to an Internet resource 
 
USGS – United States Geological Survey 
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We develop and deliver science-based information, technologies, and 
applications to help others make well-informed decisions about natural 
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Our Mission: The Bureau of Science Services supports the Wisconsin 
Department of Natural Resources and its partners by: 
• conducting applied research and acquiring original knowledge. 
• analyzing new information and emerging technologies. 
• synthesizing information for policy and management decisions. 
• applying the scientific method to the solution of environmental and natural 
  resources problems. 
• providing science-based support services for management programs 
  department-wide. 
• collaborating with local, state, regional, and federal agencies and academic 
  institutions in Wisconsin and around the world. 
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