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Implementing Predictive Models: 
Practical Advice and New Tools
Adam Mednick, PhD
University of Wisconsin Sea Grant Institute

Abstract

Over the past 5 years, the practice of devel-
oping and implementing predictive models 
at coastal beaches has increased several-fold, 
particularly in the Great Lakes. During the first 
3 years of the Great Lakes Restoration Initiative 
(GLRI), the adoption of the U.S. Environmental 
Protection Agency’s (EPA’s) Virtual Beach 
decision-support software, among other 
tools for implementing operational nowcasts, 
expanded from a handful of sites to over 50 
beaches. Whether this expansion will continue 
in the absence of centralized model-building 
services previously supported by GLRI remains 
to be seen. At issue is whether a typical local 
government (e.g., public health or parks depart-
ment) can develop, operate, and/or maintain 
nowcast models without additional funding 
or specialized staff. Based on past experience 
and research, the presenter will argue that the 
answer is a conditional “yes” and will provide 
practical suggestions on how EPA and its state, 
local, and academic partners can overcome both 
real and perceived barriers, such as the lack of 
adequate data, technical know-how, clear deci-
sion criteria, managerial confidence, and time. 
The presentation will highlight issues relevant 
to marine beaches, where adoption to date 
has been minimal, and will conclude with an 
updated look at the suite of resources and tools 
being developed to make the process easier and 
more sustainable over time.

Biosketch

Dr. Adam Mednick is a postdoctoral fellow 
at the University of Wisconsin (UW) Sea Grant 
Institute. He received his bachelor of science 
degree in natural resources from the University 
of Minnesota, his master of forest science degree 
from Yale University, and his doctorate in urban 
and regional planning from UW-Madison. 
Dr. Mednick has worked in conservation policy 
and planning, spatial analysis, research, out-
reach, and education on a range of issues at the 
state, local, and national levels. Prior to join-
ing UW Sea Grant in 2014, he worked for the 
National Parks and Conservation Association in 
Washington, DC; the New Jersey Conservation 
Foundation in Far Hills, New Jersey; and the 
Wisconsin Department of Natural Resources 
in Madison. Dr. Mednick is an elected member 
the Great Lakes Beach Association board of 
directors, a founding cochair of the Wisconsin 
Coastal Beaches Workgroup, and the manager 
of the Virtual Beach Users’ Group. His cur-
rent professional interests include how best to 
develop and deploy environmental data and 
modeling systems to the benefit of real-world 
decision making; and, more generally, how to 
make academic and government research more 
useful through collaboration and cooperative 
extension.
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California Beach Water Quality 
Nowcasting
Leslie Griffin
Heal the Bay

Abstract

Traditional beach management that uses 
concentrations of cultivatable fecal indicator 
bacteria (FIB) may lead to delayed notification 
of unsafe swimming conditions. Predictive, 
“Nowcast” models of beach water quality may 
help reduce beach management errors and 
enhance protection of public health. This study 
compared the performances of five different 
types of statistical, data-driven predictive mod-
els—multiple linear regression model, binary 
logistic regression model, partial least-squares 
regression model, artificial neural network, and 
classification tree—in predicting health advi-
sories due to FIB contamination at 25 beaches 
along the California coastline. In total, over 
700 models were developed and evaluated. 
Multiple linear regression with threshold tun-
ing performed well, along with binary logistic 
regression with threshold tuning and classifica-
tion trees. On average, models outperformed the 
current method based on day-old FIB concentra-
tions by capturing 25% more poor water quality 
days while maintaining equivalent false nega-
tive results. Beaches with well-performing mod-
els usually have a rainfall/flow-related dominat-
ing factor affecting beach water quality, while 
beaches having a deteriorating water quality 
trend or low FIB exceedance rates are less likely 
to have a well-performing model. Based on the 
results of this study, we carried out a pilot study 
at three Californian beaches with beach man-
agers in the summer of 2015 to use daily now-
casting for public notification of beach water 
quality. Due to the success of the pilot program, 
the State of California has funded the develop-
ment of a Nowcasting system to provide daily 

information to local beach managers in an effort 
to help inform public notification decisions for 
up to 25 separate beach locations over the next 
3 years.

Biosketch

Ms. Leslie Griffin is the beach water 
quality scientist at the Los Angeles-based 
environmental organization, Heal the Bay. 
Native to the East Coast, she relocated across 
country to receive her bachelor and master 
of science degrees in environmental science 
with an emphasis in water quality from Loyola 
Marymount University. She worked on passive 
sampling of PAHs for 2 years while obtaining 
her master’s degree. While pursuing her educa-
tion, Ms. Griffin interned at Heal the Bay as an 
aquarist and a watershed educator. In 2015, she 
began working full time with the organization 
as the data analyst for the Beach Report Card 
program. Currently, Ms. Griffin manages the 
Beach Report Card program—working to ensure 
accurate and timely dissemination of weekly 
beach water quality info for over 600 locations 
along the West Coast, as well as implementing 
a daily predictive modeling—or “nowcasting”—
program for five beaches in Southern California.
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Predictive Modeling and Forecasting of 
Water Quality at Recreational Beaches 
along Gulf of Mexico Coast
Zhiqiang Deng
Louisiana State University

Abstract

A series of predictive models has been 
developed by Louisiana State University for rec-
reational beaches that have experienced frequent 
advisories over the past 10 years. The beaches 
used in the project, which was funded by the 
National Aeronautics and Space Administration 
(NASA), were Siesta Key Beach and Venice Beach 
in Florida, Orange Street Pier/Park Beach in 
Alabama, Harrison County Beach in Mississippi, 
Holly Beach in Louisiana, and Galveston Bay 
Beach and Corpus Christi Bay Beach in Texas. 
The models were constructed using an artificial 
neural networks toolbox in the MATLAB pro-
gram and can predict either daily enterococci 
levels in beach waters or risks of water quality 
standard violations at a beach site as long as 
daily data are available for the environmental 
parameters (e.g., rainfall, salinity, temperature, 
wind, tide [or gage height], and solar radiation). 
Some models require less data and some of the 
data can be replaced with NASA satellite data. 
The models were able to explain 70–86% of the 
variations in observed enterococci levels or rec-
reational water quality advisories issued by state 
beach monitoring programs. User manuals for 
state beach monitoring personnel explain how to 
use the models for real-time monitoring of recre-
ational water quality. This presentation will pro-
vide an overview of the models and their perfor-
mance in predicting water quality at the beaches. 
It is expected that the adoption and sustained 
use of the models will significantly improve the 
effectiveness of recreational water programs and 
provide better protection of public health in the 
Gulf of Mexico states and the nation.

Biosketch

Dr. Zhiqiang Deng is a professor of water 
resources engineering at Louisiana State 
University. He specializes in predicting and 
preventing the contamination of water bodies 
with high public health and economic impacts 
(primarily recreational beach waters, oyster 
harvesting waters, and rivers) through sensor 
network-based monitoring, watershed-based 
modeling, and sustainability-based mitigation. 
Dr. Deng has published over 50 refereed journal 
papers in those areas.
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Using Probabilities of Enterococci Exceedance 
and Logistic Regression to Evaluate Long-Term 
Weekly Beach Monitoring Data
Jay Fleisher, PhD
Nova Southeastern University

Abstract

Recreational water quality surveillance 
involves comparing bacterial levels to set 
threshold values to determine beach closure. 
Bacterial levels can be predicted through mod-
els which are traditionally based on multiple 
linear regression. The objective of this study 
was to evaluate exceedance probabilities—as 
opposed to bacterial levels—as an alternate 
method to express beach risk. Data were incor-
porated into a logistic regression to identify 
environmental parameters most closely cor-
related with exceedance probabilities. The 
analysis was based on 7,422 historical sample 
data points from the years 2000–2010 for 15 
beach sample sites in south Florida. Probability 
analyses showed which beaches in the data set 
were most susceptible to exceedances. No yearly 
trends were observed nor were any relation-
ships to monthly rainfall or hurricanes appar-
ent. Results from logistic regression analyses 
found that among the environmental param-
eters evaluated, tide was most closely associ-
ated with exceedances, with exceedances 2.475 
times more likely to occur at high tide than at 
low tide. The logistic regression methodology 
proved useful for predicting future exceedances 
at a beach location in terms of probability and 
modeling water quality environmental param-
eters with dependence on a binary response. 
Beach managers can use this methodology for 
allocating resources when sampling more than 
one beach.

Biosketch

Dr. Jay Fleisher received his bachelor of 
science degree in environmental health science 
and master of science degree in environmental 
science from the City University of New York, 
his master of science degree in epidemiology 
from Columbia University’s School of Public 
Health, and his doctorate in environmental 
epidemiology/biostatistics from the Institute of 
Environmental Medicine, New York University. 
Dr. Fleisher holds faculty positions at Florida’s 
Nova Southeastern University and University 
of Miami. Dr. Fleisher’s research interests are in 
the fields of chronic and infectious illnesses. He 
has focused his research efforts on the health 
effects of exposure to waters contaminated with 
domestic sewage, indicator organism variabil-
ity, indicator organism-pathogen relationships, 
risk assessment, statistical water quality sam-
pling protocols, assessing compliance, setting 
of microbial water quality standards, popula-
tion health burden assessment, risk perception, 
and risk vs. current standards. Dr. Fleisher 
has advised numerous international commit-
tees, organizations, and government agencies 
on various aspects of these recreational water 
quality issues. In addition, he has authored over 
70 peer-reviewed publications and six book 
chapters.
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Development of a Predictive Spatial Model to 
Understand the Connection between Rainfall 
Events and Beach Water Quality
Lance Larson, PhD
Natural Resources Defense Council

Abstract

Throughout coastal portions of the United 
States, rainfall events are physical mechanisms 
that deliver various urban and rural pollutants 
to coastal waterways, threatening human and 
ecosystem health. The objective of this research 
was to correlate historical beach water quality 
exceedances to rainfall events. We developed 
a spatial and temporal beach water quality 
exceedance model, which queries a database 
consisting of water quality sample results 
collected over a 10-year period (2005-2014) at 
over 8,000 U.S. beaches in 30 states. The model 
consists of a series of dynamic database queries 
based on a set of user-defined input parameters. 
In the database, each water quality sample 
record is associated with precipitation totals 
recorded on the sample collection date, as well 
as for each of the 3 days prior to that sample 
date, as measured by the nearest weather sta-
tion submitting data to the National Oceanic 
and Atmospheric Administration's Quality 
Controlled Local Climatological Data (QCLCD). 
Our results suggest a strong connection at the 
national, state, county, and beach scale between 
increased rainfall events and beach exceedance 
occurrences. For example, at the national level, 
the failure rate increased from 9% to 21% when 
a rainfall event greater than 0.5 inches was 
observed within 10 miles within 1 day. Other 
states and counties observed disproportionate 
changes in exceedance failure rates. Our model 
aims to significantly increase our understand-
ing of rainfall influences on beach water quality 
throughout the United States, improve water 
quality sampling frequencies and planning, 

and examine the effectiveness of implementing 
watershed pollution reduction strategies.

Biosketch

Dr. Lance Larson is a science center fellow 
with the Natural Resources Defense Council in 
Washington, DC. He earned a bachelor of sci-
ence degree in environmental engineering from 
the California Polytechnic State University in 
San Luis Obispo (2008) and a master of science 
degree from the South Dakota School of Mines 
and Technology (2010). Dr. Larson received a 
dual doctorate in environmental engineering 
and biogeochemistry from Pennsylvania State 
University (2013). His graduate research focused 
on acid mine drainage, arsenic and uranium 
fate and transport, and biogeochemical inter-
actions between surface and groundwater. 
Dr. Larson currently is working with the Land 
and Wildlife, Nuclear, and Water programs to 
protect U.S. water resources.
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Question & Answer Session

Comment 1
(Unknown): For Lance [Larson]. Good database and good work—I am glad you put in the lag times 
which are so important in rivers and runoff, and also the saturation of the soil which affects the effect of 
rainfall. When you have a 0.9-inch rain event, we consider the storm surge as well as the amount. It’s 
interesting to take that into account.

Answer 1
Lance Larson: This work raises many more questions than answers. We can use it to build in 
other things like that.

Question 2
(Unknown): For Lance [Larson]. How did you make sure the rainfall is in the right area and not in 
another watershed?

Answer 2
Lance Larson: You could decrease that distance, so 10 miles would be your threshold. Within 
that, it picks it up. It’s the threshold cutoff. If we can find the nearest location, we do. We can 
run them again at different locations. We did a sensitivity analysis as well.

Answer 2 (follow-up)
Adam Mednick: You said the magic word, “tide,” which is very important for incorporating 
into models. Also exceedance. In the best practices document we are putting out it’s about 
probability. One use for VB [Virtual Beach] and modeling is figuring out when whether and 
how to test. Glad Jay [Fleisher; made that point during his presentation.

Answer 2 (follow-up)
Mike Cyterski: In terms of Virtual Beach, I’d like to add some other tools, like logistical regres-
sions and neural nets, and lasso regression (where you minimize the number of variables 
that you use in your regression).
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