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Why Harmful Algal Blooms (HABs) matter?

* Algae are photosynthetic, plant-like organisms
that support aquatic food webs.

* Freshwater cyanobacterial HABs pose a significant

global environmental challenge Impacting aquatic EﬁtH:T;nm,:eka.thh ) nimaities
ecosystems, causing economic losses, and posing = eearesT

risks to public health.

* The U.S. tourism industry loses nearly $1 billion
annually due to nutrient pollution and harmful
algal blooms in lakes, rivers, and coastal waters. epa)  enironmen

Habitat & water quality
are impacted.
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The Challenge

 HABs are driven by processes across the watershed-lake
continuum.

* Hydrologic, nutrient transport, and in-lake ecological

processes operate across different spatial and temporal
scales.

 Many modeling approaches often focus on only one
component.
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Integrated Assessment Model

* To better represent interactions between watershed hydrology,
nutrient transport, and lake water-quality dynamics, an Integrated
Assessment Model (IAM) was developed for harmful algal bloom
simulation and forecasting.

s e, Loosely coupled philosophy that
e e et | prioritizes:
L - modularity,
* reproducibility, and
! T e * interchangeability of model
o o - components and forcing
AEM3D N N ) datasets
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Regional Climate
ERA5, NWM

Integrated Assessment Model |,

with the ability to simulate extreme meteorological events)

A 4

Configuration Summary Hydralogy
RHESSys SWAT NWM

* Retrospective Simulation Period 2001-2020 in
a high-performance computing (HPC) cluster

* Runs with ERA5S forcings

(RHESSys, SWAT, and SWAT Post-Processed) AV «
* Runs with NWM forcings (AORC)
° T t lt t iesiequetver INLAND SEA (STA 34) ST ALBANS BAy (STA 40) Missisquol Bay (STA 51)
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AEMB3D calibration for the 2017-2023 period at the thyee monitoring stations
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SWAT Performance
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Calibration/Validation

#11 #19 #48
NSE 0.54/0.59 0.58/0.59 0.69/0.73
PBIAS(%) 4.66/4.06 18.1/2.39 3.16/6.27

Statistics
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Key Takeaways & Future Directions

* HABs require watershed-to-lake modeling.
« SWAT provides the hydrologic backbone of the framework.

 The modular architecture supports forecasting and decision support
applications.

/-day Forecasting

Developing three alternative approaches for the lake model.:

1. Process-Based (AEM3D) scenmio Seenares soenaio

2. Deep Learning : :

3. Hybrid Physical Convolutional Network
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Key Takeaways & Future Directions

Regional Climate Forcing

* The modular |IAM architecture

Precipitation, Temperature, Radiation, Wind, Humidity,
Pressure at High Spatial (~4 km) and Temporal (Hourly) Resolution

aligns with the NextGen vision v

NextGen Hydrologic Modeling Framework

by e n a b |. I n g SWAT t O p rOVI d e Modular + Interoperable + Model-Agnostic

watershed hydrology and s | RHESSys | SWAT WM
« Modular (Ecohydrology) (Process-based (Operational

+ Scalable and water quality management practices states at scale

I
I
|
i
l
- - . } Watershed Model) Forecasts)
nutrient Information 1or et
P Replaceable Simulates watershed Simulates hydrology, Produces streamflow
. - } processes, water balance, sediment, nutrients, and forecasts and hydrologic
[
downstream HAB simulations ‘
. i

Watershed Outputs Passed to Lake Model

Streamflow, Water Temperature, Nutrient Loads/Concentrations, Sediment, Meteorology

L 2

Lake Modeling
AEM3D
3D Hydrodynamics & Water Quality Modeling
Simulates circulation, temperature, nutrients, and water quality processes

Feedback for Model Improvement
and Adaptive Management

¥

HAB Forecasting & Decision Support
Cyanobacteria Dynamics, Early Warning, Scenario Analysis, Management Evaluation T
Actionable information for lake management and public health protection

i
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