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∗ Funding (at various times) from NOAA, SECOORA, 
NPS, EPA, NIEHS and SCDHEC

∗ Collaboration among:

Who we are

NC STATE UNIVERSITY
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Introduction

Clean swimming / recreational waters – 
• Mom and dad happy!
• Chambers of Commerce  
       happy!

Exposure to bacterial-laden 
swimming / recreational waters – 

• Mom and dad happy!
• Chambers of Commerce happy!

   Ain’t no one happy!!!



Swimming advisories are issued if 
Enterococcus levels

• >500 MPN/100mL
– Issue advisory

• >104 MPN/100mL 
– Resample

So … today’s advisory 
is based on yesterday’s 
water quality!

Introduction
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∗ The ultimate goal of our work is to assist public health, 
beach management, and tourism officials in support of 
improved decision making.

∗ Our objectives are to:
∗ Develop locally-relevant decision-support tools to support 

our goal, and
∗ Demonstrate the geographic and thematic transferability 

of our tool development approach.

Goal and objectives



∗ In our previous efforts, a water quality tool (app) was 
developed for beach managers and beach-goers:
∗ Designed to predict bacteria concentrations in swimming beach 

waters and shellfish harvesting waters
∗ The forecasting tools synthesize data from multiple data 

platforms (e.g., remote sensing, sampling, Integrated Ocean 
Observing System, NERRS, etc.) 

∗ Statistical models are developed to create predictions
∗ The tool is automated and updates the database where decision 

rules are applied to generate the forecasts
∗ Forecasts are provided to local officials and displayed via the 

website and mobile app

Developing a tool



Data integration and processing

∗ Data collected from a variety of sources
∗ Collated, summarized, and processed
∗ Historical data used to develop water 

quality algorithms 
∗ Statistical modeling done with both:

∗ R statistical software
∗ EPA’s Virtual Beach software

∗ Statistical techniques include
∗ Multiple Linear Regression (MLR)
∗ Classification and Regression Trees (CART)
∗ Ensemble Modeling integrated with EPA’s VB
∗ Gradient Boosting Machine Learning (GBM)

∗ Algorithms applied to new data and water 
quality predictions/forecasts made

∗ Results uploaded for use in app/website



Data integration and processing

Unknown and/or overwhelming!

Observations? …  what 
observations?



Data integration and processing

Field programs Observing systems Remote sensing / Models

• Bacteria density
• Salinity 
• Air/water temp 
• Tide 
• Weather

• Rainfall
• Currents
• Salinity
• Wind

• Salinity
• Air/water temp
• Rainfall
• Currents
• Wave activity

The real value is in integrating observing systems! 



Data assimilation        Data integration 

Data integration and processing



Predictive Forecasts

Forecasts have to be 
accurate, reliable,
understandable and 
implementable!



• Errors of omission
• Fail to issue advisory when 
     water quality is poor
• Public health risk

Predictive Forecasts

Forecast complexity is … 
•   Location
•   Availability of data
•   Acceptable error

True Negatives

False Positives True Positives

False Negatives

• Errors of commission
• Issue advisory when water 
      quality is good
• Poor image / revenue loss 
     (i.e., the Chamber of Commerce  
      is not happy)
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How’s the Beach tool

∗ Water quality advisory 
app

∗ Provides near real-time 
forecasts along 
beaches of interest

∗ Provides quick “go/no-
go” recommendations 
for swimming and 
water activities

∗ Resulting in …



How’s the Beach tool
… a win – win situation for public health and economic vitality!



Current status

Sarasota, FL

Kill Devil Hills, NCGrand Strand, SC

Charleston & Folly Beach, SC Radio Island, NC



… But not the end of the story …



Challenges, opportunities and looking ahead



Challenges, opportunities and looking ahead



∗ Questions?
∗ Concerns?
∗ Suggestions?

Questions



For more information
Dwayne E. Porter 

porter@sc.edu

Heath Kelsey
hkelsey@umces.edu 

Dan Ramage
ramaged@mailbox.sc.edu

Natalie Nelson
nnelson4@ncsu.edu

Aspen Cook 
acook@mote.org

Lauren Burk 
lburk@mote.org
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