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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 
ecosystems, causing economic losses, and posing 
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)



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.



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.

Loosely coupled philosophy that 
prioritizes:
• modularity, 
• reproducibility, and 
• interchangeability of model 

components and forcing 
datasets



Lake Champlain



Integrated Assessment Model

Configuration Summary

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

• Runs with ERA5 forcings
(RHESSys , SWAT, and SWAT Post - Processed)

• Runs with NWM forcings (AORC)

• Test alternate 
C- Q relationships



SWAT Performance



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.

7-day Forecasting 
Developing three alternative approaches for the lake model:
1. Process-Based (AEM3D)
2. Deep Learning
3. Hybrid Physical Convolutional Network



Key Takeaways & Future Directions

• The modular IAM architecture 
aligns with the NextGen vision 
by enabling SWAT to provide 
watershed hydrology and 
nutrient information for 
downstream HAB simulations.
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