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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.

This project was funded by the Wisconsin Coastal Management Program and the National Oceanic and
Atmospheric Administration, Office of Ocean and Coastal Resources Management under the Coastal Zone
Management Act, Grant #NA09INOS4190107. Points of view expressed in this report do not necessarily
reflect the views or policies of the Wisconsin Coastal Management Program or National Oceanic and
Atmospheric Administration. Mention of trade names and commercial products does not constitute
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Enhancing the Wisconsin Beach Health Website

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 2000*. 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/).

WATER QUALITY ADVISORY

* Swim at your own risk
+ Do not ingest lake water Based on recent monitering for E. coll bactoria
. Z';cm.m' ;w;"r;ﬂ:"’ann Serious risk of Hiness may be present

o THIS AREA IS CLOSED

- Do not swim if you are il
Increased risk of illness may be preseat TO SWIMMING
Based on recent monitoring for E. coli bacteria
FOR MORE INFORMATION:
1480

Figure 1. Public notification signage used at beaches.

! See 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.
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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 Survey?. 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
guery 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 software®.

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/vbh2/
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14

\Wisconsin Beachideals =

Water Quality E. coli (Monitoring) Report

| Wisc Beach Health Home )
Inland Beach Water Quality
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Figure 4. Wisconsin Beach Health query results for “Water Quality E. coli (Monitoring) Report™.
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.
Virtual Beach

Software for Developing Empirical Models of
Beach Orientation Pathogen Indicators in Recreational Waters
ientation

Add 1st Beach Marker
Add 2nd Beach Marker |
A Water Marker

Beach Ori

U.S. Envirenmental Protection Agency
Office of Research and Development
National Exposure Research Laboratory

e Ecosystems Research Division
Show Station Locations
N

NCDC

Remove Station Locations

Currertt Location

395718 Lat
98.9648 Lng
loading

Project File Name: Project Name:  Beach Name: Status: ready |

Figure 5. The U.S. EPA’s Virtual Beach modeling and decisions-support software.
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Nowecast 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
Nowecast 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.

USGS Home
Contact USGS

science fora

USGS - Wisconsin GL Beaches Sanitary Survey - 7oo Beach

Beach Mon. Pt. - Zoo Beach 1 (southernmost) Mon. Pt. - Zoo Beach 2 Mon. Pt. - Zoo Beach 3 (northernmost)
Basic Information. (EARLIEST sample Date & Time.)

Date®: [

Time (HH:MM 24-Hour Time)*:

v

m
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Nowcast™ Model inputs & Outputs. (Click on 3 8 10 11 12 12 14 jutomated data for Virtual Beach.)

15 16 17 18 13 20 21 pLfservice/execute? =
_ Nn=961005600000&timelnt=128&T7Z=-
22 23 24 25 28 27 28 phapefile=RshapefileFeature=null&fill=&style=csv&download=on&Precip=178:
29 30 3 334]&Precip=178:334:98844:precip3:Sum:6!Total+precip+-+1+hr+
ip=178:334:98844: precip3:S5um:48!Total+precip+-+1+hr+[178,334]
Today -1:1:cl:::0!Cloud+cover:+[10,63]&GRID=63:10:-1:1:at:: D'A|r+temp i+

le:0!Angle: +v_water+(surface): +[10,63]&GRI
1:0:vc:uc:magnitude:! I]"Magnltude +v_water+(surface): +[10,63]&GRID=63:10:-1.
Angle:+v_air:+[10,62]&GRID=63:10:-1:1:air_v:air_u:magnitude:0!Magnitude:+v_;
B&NWIS=04087240:00060: :Max:672!Disch +(cfs)

+Continuous: +04087 240 + Max:+672hr+ &GEN=DOY:DOY::0! DOY+&GEN=Literal:Literal::!
Blank&datetime=T07:00:00-05:00

MNowrcast Est. Concentration (CFU/100mL):

r u:angle:0!
:+[1I],63]

Nowrcast Probability of >235 CFU (%):

Post an Advisory. (Click on the URL below to go to WI Beach Health.)
http:/ [/infotrek.er.usgs.gov/apex/f?p=175:11:7981296501290243::NO::: -

Cancel Reset Submit

Accessibility FOIA Privacy Policies and Notices
[Contact an Administrator: glri_beach_help@usgs.gov
U.S. Department of the Interior | U.S. Geological Survey
Page Last modified: 11/09/2012 12:57:50

https://greatlakesbeaches.usgs.gov/input_forms/form.jsp# /" Trusted sites | Protected Mode: Off fa v H100% ~

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) portal®. 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
URLSs can be constructed to download either historical data needed to build nowcast models or real-time

4 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).

;4 o . Eaij U = USGS Home
. - - £ - Gang i = X - . . Contact USGS

science for a changing world B R . = T Sy Search USGS

Beach | Mon. Pt. - Zoo Beach 1 (southernmost) | Mon. Pt. - Zoo Beach 2 | Mon. Pt. - Zoo Beach 3 (northernmost)
Basic Information. (EARLIEST sample Date & Time.)

Date™: 04-Jul-2012 3
Time (HH:MM 24-Hour Time)*: 07:30
Surveyor™: mednick b E

“Nowcast” Model inputs & Outputs. (Cligffon the URL below for most recent automated data for Virtual Beach.)

https://cida.usgs.govfenddat/service/ execute?
ELake=michigan&precipOrigin= 961005600000&t|melnt -12&TZ=1
5_CDT&DateFormat=Excel&st eature=null&fill=&style=csvid: load Precip=178:
Total+precip+-+1+hr+[178,334]&Precip=178:334:98844:precip3:Sum:6!Total+ precip+-+1+hr+
[178,334]+Sum: +6hr+&Precip=178:334:98844:precip3:Sum:48!Total+ precip+-+1+hr+[178, 334'

HSum: +48hr+&GRID=63:10:-1:1:ck: n'cloud+cover +[m 63]&GRID 63 10:-1:1: at 0'Anr+temp +
[10,63]&GRID=63:10:-1:0:vc:uc:angle:0!Ang :10:4

1:0:vc:uc:magnitude:0!Magnitude: +v_wg
Do you want to open or save this file?

Angle:+v_air:+[10,63]&G6RID=63:10:-1:
‘}E Name: enddat20121109110637.csv

Nowcast Est. Concentration {CFU/100mL):

RNWIS=04087240:00060:00000:Max:6
Y T e S TP T T
Nowcast Probabiity of >235 CFU (%): Type: Microsoft Excel Comma Separated Values File

From: cida.usgs.gov

Open swe | [ Concn ]

Post an Advisory. (Click on the URL below to go to WI Beach Health.)
http:/ /infotrek.er.usgs.gov/apex/fzp=1

While files from the Intemet can be useful, some files can potentially
e’ harm your computer Iyouaono(mmlhemmnotoomm

3 e = save thia file. Yhat's t
Accessibility FOIA Privacy Policies and Notices _J-
[Contact an Administrator: gIri_lhedch_help@usgs.guv § IR‘.I 50V |
U.S. Department of the Interior | U.S. Geological Survey === ~
Page Last modified: 11/09/2012 10:34:18 Taxe Price
AMERICA
" Trusted sites | Protected Mode: Off v ®10% ~

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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Model  Help
~~ MLR Prediction -
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Obs Transform: none
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D WaveHeight #t  RRAIN1 RRAAING RRAINAS cLocv ATEMP Qmax672 CsPD [
1 o [] [] 003938 [2281 [129 [0.006705 [161] %
2
_— =
Model Variables Imported Yariables o
» itime
‘WaveHeight_ft Blank:
RRAIN1 Total precip - 1 hr (178,334)
RRAING Total precip - 1 hr (178,334) Sum- 6hr L
RRAIN43 Total precip - 1 hr (178,334) Sum: 48hr
CLDCV |Cloud cover: (10,63)
ATEMP Air temp#: (10,63)
QmaxG72 Discharge (cfs) Continuous: 04087240 Max:... |
CSPD Magnitude: v_water (surfacs). (10,63}
CDIR Angle: v_water (surface): (10,63} -
< n | "
‘ n Ok Cancel
Meodel File: Racine_Zoo_08-11a.vbmx Project Name:  Beach Name:

Figure 8. Importing current hydro-meteorological data into Virtual Beach.

Model  Help

~" MLR Prediction -

LOG10(Ecali) = 0.2516+ 0 38057 (SQUAREROO T(WaveHsight fi) - 0676 (QUADROOT(RRAINT}) + 0 3208"(POWER(RRAING.0 3333333)) + .
Model:  0.09746%(SQUAREROOT(RRAIN48)) + 037517 (POWER(CLDCV.0.3333333)) - 6.203(INVERSE(ATEMP.3.28725)) + 0.08553"(QUADROO T

Model Evaluation Thresholds

Threshold Transform Prediction Form
235 Decision Criterion (Horizontal) © Nene
R ® Log10
235 | Regulstory Standard {Vertical) ow e ——
8 For I Obs Transform: none [ Plot l l Glear ] [E‘D"dkcsv]
Prediction Form
D WaveHeight_ft RRAIN1 RRAING RRAIN43 CLDCV ATEI | IDI Model_Prediction  Exceedance_Probability

07/04/2012730... 15 [}

Model File: Racine_Zoo_08-11a.vbmx Project Name:  Beach Name: Status: ready = P

Figure 9. Making a nowcast prediction with Virtual Beach.
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USGS Home
Contact USGS
= Search USGS

Gl Beaches Sanitary Survey - oo Beach Logout mednick

Beach | Mon. Pt. - Zoo Beach 1 (southernmost) || Mon. Pt. - Zoo Beach 2 || Mon. Pt. - Zoo Beach 3 (northernmost)
Basic Information. (EARLIEST sample Date & Time.)

»

Date™: 04-1ul-2012 (o]
Time (HH:MM 24-Hour Time)*: 07:30
Surveyor®: mednick A4 =

“Nowcast” Model inputs & Outputs. (Click on the URL below for most recent automated data for Virtual Beach.)

https:/ [cida.usgs.gov/enddat/service/ execute?
&l ake=michigan&precipOrigin=961005600000&timeInt=12&T7=-
5_CDT&DateFormat=Excel&shapefile=8&shapefileFeature=null&fill=&style=csv&download=on&Precip=178:
Total+precip+-—+1+hr+[178,334]&Precip=178:334:98844:precip3:Sum:6!Total+precip+-—+1+hr+
[178,334]+Sum:+6hr+&Precip=178:334:98844:precip3:Sum:48!Total+ precip+-+1-+hr+[178,334]
+Sum:+48hr+&GRID=63:1 0!Cloud+cover:+[10,63]&GRID=63:10:-1:1:at:::0!Air + temp.: +
[10,63]&GRID=63:10:-1:0:vc:uc:angle:0'Angle:+v_water+(surface):+[10,63]&GRI 3:10:-
1:0:vc:uc:magnitude:0!Magnitude: +v_water+({surface): +[10,63]&GRID=63:10:-1:1:air_v:air_u:angle:0!
Angle:+v_air:+[10,63]&GRID=63:10:-1:1:air_v:air_u:magnitude:0!Magnitude: +v_air:+[10,63]
BNWI. 7240: :: :Max:672!Discharge+(cfs)

_ :DOY::0! DOY+&GEN=Literal:Literal::!

Blank&datetime=T07:00:00-05:00
Mowcast Est. Concentration (CFU/100mL): ‘

Mowecast Probabilty of >235 CFU (%): 1.6

Post an Advisory. (Click on the URL below to go to WI Beach Health.)
http:/ finfotrek.er.usgs.gov/apex/f?p=175:11:7981296501290243::NO::: -

| Cancel || Reset || Submt |

bility FOIA Privacy ies and Notic
Contact an Administrator: glri_beach_help@usgs.gov k;
U.S. Department of the Interior | U.S. Geological Survey
Page Last modified: 11/09/2012 10:34:18 TAKE PRIDE
MAMERICA)
+/ Trusted sites | Protected Mode: Off S v ®10% -

Figure 10. Entering nowcast results.

USGS Home
Contact USGS

science for a changing world P J - =" Search USGS

SGS - Wisconsin Beaches Sanit Survey - 700 Be Logout mednick

Beach Mon. Pt. - Zoo Beach 1 (southernmost) Mon. Pt. - Zoo Beach 2 Mon. Pt. - Zoo Beach 3 (northernmost)

Part I - General Beach Conditions

Air Temperature: 25
Air Temperature Units: Celsius Degrees v
Wind Speed: 7
Wind Speed Units: mph ¥
‘Wind Direction (® From N): 180
Hours Since Last Rain Event: =72 v B
Rainfall Measurement: 0
Rainfall Units: Inches ~ =
Rainfall Intensity: v
Weather Conditions: Sunny (No Clouds) A4
‘Wave Height (ft)*: 1.5
Wave Intensity: ‘V‘
Wave Direction: Galm
Lakeshore Current Direction (® From N): Nogre]
Rough
Comments / Observations - Part I: -

Cancel || Reset || Submi

Contact an Administrator: glri_beach_help@usgs.gov
U.S. Department of the Interior | U.S. Geological Survey
Page Last modified: 11/09/2012 10:34:18

Done /" Trusted sites | Protected Mode: Off fy v H100% o~

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
Nowecast 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.

Internal Home Logout *
MEDHNICK
Nowcast Report
Municipality/County Manitowec -
Beach Neshotah Beach - . Saarch) .Cancel {Return to Main HEITU_.)

DATETIME ECOLI_LAB ECOLI_METHOD_UNITS BEACH COUNTY NOWCAST_ECOLI NOWCAST_PROB_235 NOWCAST_PROB_1000 NOWCAST_ID

08/29/2012 MNeshotah

09:00 171 MPNM00 mL Emrn Manitowoc | 10.66 06 329

08/28/2012 *

e 359 MPNA00 mL File Downioad T [

- .

08/27/2012

12:30 L CRUAEE 0TS Do you want to open or save this file?

08/26/2012

1855 58.8 MPNA0O mL “—7@ Name: Mowcast_Report.csv 324

08/23/2012 cl Type: Microsoft Excel Comma Separated Values File

. 332 MPNMOO mL N 314
12:00 From: infotrek.er.usgs.gov
Shgaan2 | 74 MPN/M00 mL 313 3
- Open ] [ Save ] [ Cancel

08/21/2012

11:00 73 MPN/M00 mL 312

33{%812012 12 MPNM00 mL = 1 While files from the Intemet can be useful, some files can potentially 308

H g harm your computer. f you do not trust the source. do not open or
- e, What's the i
3?13312012 295 4 MPINMOD mL save this file. What's the risk? 294
— — — =
TS

0BMSI2012 | 155 MPN00 ML w——— Wanltowee | 77.23 o22d 290

10:00 Beach

SR | oy MPN/100 mL Nesnotan | yanirawoc | 120.52 2426 281

10:00 Beach

TFERTH || o MPNM00 mL Nesnotan | yanitowoc | 27523 5656 275

1318 Beach

QBM092012 | 1445 MPN/00 mL Neshotan | anitgwoc | 96.21 1752 268

09:30 Beach

P s MPN/M00 mL Nesnotan | . nitowoc | 48.05 505 267

12:30 Beach

08072012 | 55 MPNM00 mL Mesnotah - nitowoe | 2216 58 263

12:35 Beach

Download to CSV
1 [ m o b
%, start downloading from site: http://infotrek.er.usgs.gov/apex/fip=175:211551246227. /" Trusted sites | Protected Mode: Off 3 v H100% ~

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

e 27 R |

Model  Help

- MLR Prediction -

LOG10(Ecali) = 0 2516 + 0 3805*(SQUAREROOT (WaveHeight fi) - 0676*(QUADROOT(RRAINT) + 0 3208*(POWER{RRAING.0 3333333)) + -
Model: 0097467 (SQUAREROOT(RRAIN48)) + 0 3751 (POWER(CLDCV.0 3333333)) - 6 203" (INVERSE(ATEMP 3 28725)) + 0 06553"(QUADROO T

Model Evaluation Thresholds
Threshold Transform Prediction Form

235 Decision Criterion (Harizontaly © Nene
1 el —
235 Regulatory Standard (Vertical)
O ln Ve RV Tranisfomn: Log10
) Rz I Predicions | g Transfom: none [ Plot ] [ o= l [BW“ASCSVI

Prediction Form

D WaveHeight RRAIN1 RRAINE RRAIN48 CLDCV ATEMP CSPD  ( * Observation  + Model_Prediction  Exceedance_Probabilty *
1 05/24/2012 743 |1 o o ] 005091 | 1286 01313 1 » ({10 4 14.08 05126
2 05/25/2012736.. |05 o o o 006414 1346 00317 |12 10 - 1249 0.372 L
3 05/29/20127:33. 025 o o 4625 004615 1443 002421 1 1 10 [ 16.73 07971 1
4 |05/30/20127.29... |0.25 0 0 4625 00508 | 13.01 0.02077 | 1] 10 L4 1468 0.5715 L4
5 05312012725 |2 025 2625 2625 0877 1017 0.03524 |1 87 2513 2073
& 0012012734 |2 o 0875 975 1 mn7n 01681 |1 1 1303 2954
7 06/04/20127:26.. (05 o o 0.125 0.666 128 01336 | 1 17.61 0.9053
8 ge/05/20127:29.. 05 o o 0125 001608 | 13.09 0.04336 |- 1 8456 01213
5 06/06/20127:32.. 075 0 0 0 001333 | 13.08 0.07607 |-1 1 1071 0.2427
10 o6/07/2012737. (025 i} o 0 o 1369 0.06508 |-1 1 6489 0.05302
1 Jos/08/2012737. [0 o o o 002825 1613 0.065955 |1 1 6273 0.04752
12 pe/mi/2012732. 05 o o 0 02777 |18 0.0%004 |2 1 13.84 043
13 06/12/20127:35.. (05 0 0 0 0 1546 01127 |1 10 9.046 0.1484
4 lo6/12/201211:3.. (05 0 0 0 0.01627 |16.67 01593 |-1 10 121 0.3413
15 06/13/2012734_ (075 i} o 0 003324 | 1461 0.04352 |1 1 M 0.0672%
16 06142012732 |1 o o o 003123 1572 omn -1 80 1186 0.3032
17 0g/15/20127:45... 1 o o 0 003259 | 1651 007293 1 32 1168 0.2094
18 lneromninzno Inae n n 1140 nn7ne 1700 nnofos (n T 1 S ae o 2 200 S
< | n 3 A fom | 3 4| mn | 3
Model File: Racine_Zoo_08-11a.vbmx Project Name:  Beach Name: Status: ready |

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 webpage®.

~

=

WisconsiniBeachiealfis

‘., YO AT T
RN R AL

The report below shows Beach Advisories for Great Lakes Beaches. Great Lake beaches receive funding from the US EPA to su|

Wisc Beach Health Home ) monitoring and issuing public Advisories

Inland Beach Water Quality )

ReatTime Data Links: W1 Coastwide / Ifyou are interested in beaches that are not on a Great Lake, click the "Inland Beach Water Quality” button on the left. Each county
- 4 advisories independently. Links to the counties are available through the "City and County Health Department Contacts™ link on i

Beach Advisories 2003-Present )]

Beach Advisory Email Sign Up /

RSS Feeds of Beach Advisories. )] Wisconsin Interactive Map Wiew advisories by county Ozaukee

Water Quality E. coli Wonitoring Data 2003-Present Launch the map interface to view the latest Beach UpperLal -

Beach Historical Conditions 2003-2008 ) beach advisory and water quality data by Search )

Astencal Bota 868 2002 clickin? Beach Name Adviso! Reason ites Of This Advisol

City and County Health Department Contacts J on the Wisconsin image shown below. y i y

m

Questionnaire
Reasons for Advisories/Closures. ) Upper Lake

Park Beach

Nowcast
Prediction

BI10/2012 -
BI10/2012

Beach Nowcasts

.

FAQ (Frequently Asked Questions)
About Beach Health Website
Dals Entry (For Beach Managers)

>
Click image to see /
4 current advisory !

)
J
News and Events J)
J
l
J

Check outthe great BEACH POSTERS froma
group of Kenosha students! Click here for Beach
Pasters

i

Printed reports on this website require Adobe Reader. Click the following link to visit the Adobe Reader Download Web Page. Adobe Reader Link

Beach Health is coordinated by the Wisconsin Department of Natural Resources,
and is funded by the United States Environmental Protection Agency. 2
. G

& €D Intemet | Protected Mode: On 5 = ®100% -

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.

® http://dnr.wi.gov/topic/beaches/ predicting.html
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-
Wisconsin Beach Health Displaying 11143
You are viewing a feed that contains frequently updated content. When you subscribe to a feed, it is added to the ozaukee
Common Feed List. Updated information from the feed is ically downloaded to your ¢ and can be
viewed in Internet Explorer and other programs. Learn more about fee All 143
€W Subscribe to this feed Sort by:

~ Date
Title
08/10/2012 - Lion's Den Gorge Nature Preserve, Ozaukee: Contamination Advisory, .
012, 4 hours ago <
This notification is active until a new notification is posted. For more information about this beach and cothers check the =
Wisconsin Beach Health website at http://www.wibeaches.us
08/10/2012 - County Road D Boat Launch Beach, Ozaukee: Contamination Advisory, .
Today, August 10, 2012, 4 hours ago <
This notification is active until a new notification is posted. For more information about this beach and others check the
Wisconsin Beach Health website at http://www.wibeaches.us
08/10/2012 - Harrington State Park Beach North, Ozaukee: Contamination Advisory, .
day, August 1 12, 4 hours ago
This notification is active until a new notification is posted. For more information about this beach and others check the
‘Wisconsin Beach Health website at http://www.wibeaches.us
- Park Beach, Ozaukee: Contamination Advisory, determined by a
l Nowcast Prediction. l
jay, August 10, 2012, 4 hours ago %
This notification is active until a new notification is posted. For more information about this beach and others check the
Wisconsin Beach Health website at http://www.wibeaches.us
08/10/2012 - Cedar Beach Rd Beach, Ozaukee: Contamination Advisory, .
Protected Mode: On G v~ ®10% -

Figure 15. RSS feed showing swim advisories, August 10, 2012.

Wisconsinibeachiieaiiiesmga
rEETET ,  Reasons for Swim Advisories or Beach Closures
| Inland Beach Water Quality )]
Real-Time Data Links: W1 Coastwide ))
| Beach Advisories 2003-Present )
Beach Advisory Email Sign Up In order to alert the public about potentially unhealthy water quality conditions at Great Lakes beaches, local health
| "RSS Feeds of Beach Advisories J departments sometimes post swim advisories. Depending on the severity of conditions, orif there are other safety concerns
Water Qualty E. coll Monl, Dats 2003P T such as high waves, beaches may be closed. In Wisconsin, cities and counties that receive federal funding for beach
'w] monitoring and notification under the BEACH Act are required to report their advisories and closures through the Wisconsin L
| _Beach Historical Conditions 2003-2008 J Beach Health Website. On this website you can find all current beach advisoriss and water quality data. You can also sign- J
|_Historical Data 1598-2002 up for advisory email alerts or RSS feeds.
City and County Health Department Contacts )]
| Questionnaire Beginning in 2012, nofifications made through the Wisconsin Beach Health Website, email alerts, and RSS feeds will
Reasons for Advisories/Closures. ) include the principal reason reported for any swim advisory or closure. These include:
| Beach Nowcasts )
\ Elevated Bacteria
il d Events
S ) Lab results indicate elevated levels of E. coli bacteria in nearshore water. Levels higher than recreational water quality
|_FAQ (Frequently Asked Questions) J standards or guidelines require either a swim advisory or a beach closure, depending on the levels found. Bacteria levels
About Beach Health Website J can fluctuate over several hours and since conventional lab analyses take 18-24 hours, results may not be reflective of
| Data Entry (For Beach Managers) ) present bacteria levels. At some locations, however, rapid lab tests are routinely conducted, with only a 2-4 hour lag
Check outthe great BEACH POSTERS from a Nowcast Prediction
group of Kenosha students! Click here for Beach The res_u\ts of a predictive model, based on h!SIUFICaI observations, indicate a high prubablllty_lha? E. coli levels exceed
Shaiis 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 -

Rainfall

An ongoing or recent rainfall event (for example, within the past 24 hours) may increase the likelihood of unhealthy water
quality conditions due to urban stormwater runoff, agricultural runoff, andior sewage discharges. The advisory or closure is
preemptive since lab results will not be immediately available

Sewage Discharge/Spill
Adischarge or spill of untreated sewage has occurred, which could cause unhealthy water quality conditions. The closure is
preemptive since lab results will not be immediately available

Chemical Discharge/Spill
Adischarge or spill of chemicals or oil has occurred, which could cause unhealthy water quality conditions. The closure is
nreemntive since lah results will not he immediatal ilahl

& Intemet | Protected Mode: On 5 v H10% -

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.

Wisc Beach Health Home )| - - -
inond Beach Viater Gualty i WDNR: Predicting Water Quality
Real-Time Data Links: W Coastwide
Beach Advisories 2003-Present
Beach Advisory Email Sign Up
RSS Feeds of Beach Advisories
Water Quality E. coli Monitoring Data 2003-Present
Beach Historical Condttions 2003-2008
Historical Data 1999-2002
City and County Health Department Contacts
Questionnaire
Reasons for AdvisoriesiClosures
Beach Nowcasts
News and Events «ee County ULP
FAQ (Frequently Asked Questions) ) Ozaukee County Harrington S
About Beach Health Website ) (o) County Harrington N
Racine Zoo
Racine North

Click here to visit the Wisconsin Department of Natural Resources website to leamn more about Predicting Water
Quality

Nowcast Metadata

201
Ozaukee County
Racine County

[

2012
O

Data Entry (For Beach Wanagers) )

Check out the great BEACH POSTERS from a
group of Kenosha students! Click here for Beach Train i ng Materials

Posters

Mowcasting” Current Water-Quality Conditions as part of Beach Health Reporting

Ozaukee County "Virtual Beach” Case Study

Ozaukee County Virtual Beach' Case Study

Printed reports on this website require Adobe Reader. Click the following link to visit the Adobe Reader Download Web Page. Adobe Reader Link

Beach Health is coordinated by the Wisconsin Department of Natural Resources,
and is funded by the United States Environmental Protection Agency. -

& Internet | Protected Mode: On v W100% v

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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& http:/fwwwwibeaches.us/Racine Zoo_08-11a.pdf

File Edit GoTe Favorites

Help

% @ Convert = [ Select

57 Favorites ‘ 7% @ MyDNR &) Web Slice Gallery + Suggested Sites ¥

(@ hitp:fuvwewwibaches.usfRacine Zoo 08-11a.pdf ‘7|

- < [ ® v Page~v Safetyw

Teols~ @~

Nowcast ID:
Metadata creation date:
Metadata created by:

County, Beach
Nowcast model created by:
Nowecast model created with:
Nowcast model type:
Nowcast model operated by:
Operational start-date:
Operational end-date:

Model-building Seasons (Year]l — Year N):
Model-building Observations:
Model-building Data Filters:

Model Statistics (Yearl — Year N)
R-square:
Adjusted R-square:
Sensitivity =235 CFU/ 100 mL:
Specificity <235 CFU/ 100 mL:
Accuracy </ > 235 CFU/ 100 mL:

Nowecast Description (Model “Metadata™)

“Racine_Zoo_08-11a”
Kim Ness, Wisconsin DNR
09/24/2012

Racine County, North Beach
Stephan Kurdas, Racine Health Dept.
Virtual Beach (V 2.2)
OLS/MLR
Stephan Kurdas, Racine Health Dept.
June 28, 2012
August 31, 2012

4 (2008 —2011)

n=253

Removed dates missing explanatory data
Removed 2 influential outliers

49.24 %
47.36 %
50.00 %
99.14%
95.26 %

Done

“
)

& Unknown Zone | Protected Mode: On

Figure 18. Nowcast metadata, example from

(& nttpy/wwwwibeaches.u

& http://www.wibeaches.us/Nowcasting_Beach_Health_1.pdf

Zoo Beach, Racine, Wisconsin.

St

< Favorites | @ hitp://www.wibeaches.us/Nowcasting_Beach_He... | |
B.5. A pop-up window will open indicating that the data are being accessed. This may
take between 10-30 seconds.
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[
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Figure 19. lllustrated 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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Science Services

Center for Excellence -
providing expertise for science-based decision-making

We develop and deliver science-based information, technologies, and
applications to help others make well-informed decisions about natural
resource management, conservation, and environmental protection.

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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