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An estuary is a partially enclosed body of water formed by 
fresh water from rivers flowing into and mixing with ocean 
saltwater

Relevance of estuaries

•  Estuaries are  partially enclosed bodies of water formed by fresh water from 
rivers flowing into and mixing with ocean saltwater.

• Estuaries provide important ecosystem services: 
• Clean water and abundant wildlife
• Tourism and recreation
• Protection from the impacts of flooding and climate change
• Sustainable fisheries
• Job generation and economy
• ….
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Major processes driving estuarine ecosystems

• Hydrodynamics (e.g., salinity, water 
circulation, mixing and flushing)

• Sediment dynamics 
• Nutrient cycling and trophic transfer 
• Hydrological connectivity

These processes are changing as  
result of climate change and direct 

anthropogenic stressors

We need short-term (week) and long-term (years) prediction systems

Chilton et al., 2021. Front. Environ. Sci.

https://u.osu.edu/coasts/


Nearshore and Estuarine Hazard prediction system 
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CLEW: Coupling lake, watershed, and 
estuarine models to better understand 
the role of engineered freshwater 
discharges in driving the severity, 
location, and timing of harmful algal 
blooms. 

SLEW: Integrating Modeling Tools and 
Observations for Prediction and 
Management of Harmful Algal Blooms 
in the St. Lucie Estuary and Watershed

Application to the Caloosahatchee River Estuary and the St 
Lucie Estuary



Caloosahatchee River Estuary Model

Shi et al. (2023) Advances in Water Resources



Velocity magnitude (m/s) Salinity

Temperature (Celsius) Particle
density



33440 particles released over the estuary uniformly   



River Discharge [𝑚𝑚3/𝑠𝑠] 
River Discharge [𝑚𝑚3/𝑠𝑠] 

Hewageegana et al. (2023) JMSE



• Estuary model has high skill modeling CRE water levels, temperatures, and salinities.
• Freshwater flow dominates estuary residence time



Q= 200 m3/s WET SEASONQ= 0.5 m3/s DRY SEASON



St Lucie Estuary Model
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Applications

Algae Bloom Release During July, 2023

Black points: locations where blooms were observed around 10am (UTC-4) on Jul 17th 
Red points: locations where blooms were observed around 10am (UTC-4) on Jul 20th

Yellow points: locations where blooms were observed around 10am (UTC-4) on Jul 24th



Applications

Freshwater release from Lake O to Caloosahatchee River Estuary and 
St Lucie Estuary



SURFACE SALINITY NO RELEASE
02-22-2024 00:00 UTC

SURFACE SALINITY WITH RELEASE
02-22-2024 00:00 UTC

RESULTS FROM THE 02-17-2024 Forecast



• Estuarine models have been successfully verified for water levels, temperatures 
and salinities and provide with 5-day forecasts of water levels, water 
temperature, salinity and residence times. We are in the process of verifying 
forecasts and extending the forecast period to 10 days.

• Preliminary applications of the forecasting system show its potential to  identify 
beneficial conditions for Lake O discharge across scenarios for both estuaries

• We are adapting and coupling existing models spanning from Lake Okeechobee to 
the Caloosahatchee River Estuary and St Lucie Estuary  assist with freshwater 
release decision making.

Summary and conclusions
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