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LAKE CHAMPLAIN
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• Volume of 21 million acre-feet
• Water supply for 200,000 people
• Tremendous recreational value reliant on 

high water quality



WATER QUALITY CONCERNS IN LAKE CHAMPLAIN
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Images via Vermont Cyanobacteria Tracker

Missisquoi Bay August 2021

St. Albans Bay August 2021

High P loading and increasing air temperature have led to 
eutrophication across Lake Champlain

Eastern Bays of Lake Champlain have experienced 
increasingly problematic cyanobacteria blooms

• Significant economic and recreational impacts

• Future outlook concerning as air temperatures continue 
to rise



INTEGRATED ASSESSMENT MODEL (IAM)
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Integrated Assessment Model (IAM) seeks to simulate the effects of climate 
change in Lake Champlain under various land use and climate scenarios
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WATER QUALITY MODEL CALIBRATION
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Objective:

Calibrate and validate a 3D water quality model of 

Missisquoi Bay and St. Albans Bay

• Model will interface with hydrological and climate 

models for 100-year simulations of in-lake water 

quality under various basin land-use scenarios and 

climate

Previous work:

3D water quality model of Missisquoi Bay was calibrated for 

years 2017-2018 (Marti et al.)

Marti, C. L.; Schroth, A. W.; Zia, A. 

American Geophysical Union, Fall Meeting 2019
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AEM3D MODEL PRINCIPLES

Boundary
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• AEM3D takes bathymetric, meteorological, and 

hydrological data to simulate lake hydrodynamics

• Lake hydrodynamics are coupled to 

biogeochemical model 

• Model output parameters include:

• Temperature

• Dissolved oxygen concentration

• Nutrient concentrations

• Chlorophyll a concentration
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AEM3D MODEL: WATER QUALITY
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INLAND SEA (IS) MODEL SETUP: WATER QUALITY MODEL
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1. Inland Sea (IS) domain defined

• Four open boundaries defined

• Five major inflows modeled

• Inland Sea domain provides results for Missisquoi Bay (MB) and St. 

Albans Bay (SAB) 

2. Implemented spatially varying parameters:

• Air temperature

• Solar radiation

• Wind speed

• Sediment oxygen demand

• Sediment nutrient release rates

3. Modeled two phytoplankton groups:

• Freshwater diatoms 

• Cyanobacteria

4. Extended calibration period to years 2017-2019
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INFLOWS AND EXTERNAL LOADING
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• High-frequency flow data obtained from USGS for all five inflows

• Inflow nutrient concentrations were determined base on concentration-discharge  

(C-Q) relationships

• Flow rate and low-frequency nutrient data fit to determine a C-Q relationship

• C-Q relationships used to generate high-frequency nutrient input
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IS MODEL SETUP: GRID

Horizontal Grid: 

200 m x 200 m in bays 

Up to 400 m x 400 m in Inland Sea

Vertical Grid: 

0.25 m at surface and  epilimnion 

Up to 2.0 m at depth in Inland Sea

Grid stretching retains accuracy while providing 

run times compatible with long-term simulations
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IS MODEL CALIBRATION: WATER QUALITY MODEL
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Model Calibration:

1. Adjusted ice cover parameters (better temperature 

comparisons in the spring)

2. Adjusted DO parameters including oxygen production and 

sediment oxygen demand– good agreement at all three 

locations

3. Improved sediment nutrient release parameters

4. Adjusted phytoplankton parameters to match growth, nutrient 

uptake, and chlorophyll a production

Water quality model calibration was based on previous Missisquoi 

Bay model calibration (Marti et al.)



TEMPERATURE AND DO COMPARISON: MB HFB
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TN, TP COMPARISON: MB HFB
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CHLA COMPARISON: MB VARIOUS STATIONS

15

MB HFB50

51

C
h

l-
a

(
g

/L
)

Apr-17 Jul-17 Oct-17 Jan-18 Apr-18 Jul-18 Oct-18 Jan-19 Apr-19 Jul-19 Oct-19 Jan-20
0

20

40

60

80

100
Measured
Simulated

Station 50

C
h

l-
a

(
g

/L
)

Apr-17 Jul-17 Oct-17 Jan-18 Apr-18 Jul-18 Oct-18 Jan-19 Apr-19 Jul-19 Oct-19 Jan-20
0

20

40

60

80

100
Measured
Simulated

Station 51

C
h

l-
a

(
g

/L
)

Apr-17 Jul-17 Oct-17 Jan-18 Apr-18 Jul-18 Oct-18 Jan-19 Apr-19 Jul-19 Oct-19 Jan-20
0

20

40

60

80

100
Measured
Simulated

HFB



CHLA COMPARISON: MB VARIOUS STATIONS
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TEMPERATURE AND DO COMPARISON: INNER SAB HFB
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TN, TP COMPARISON: INNER SAB HFB
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CHLA COMPARISON: SAB VARIOUS STATIONS
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ANIMATION: WEEKLY TEMP VS. CYANOBACTERIA (2017)
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ANIMATION: 7-DAY MAX CYANO IN MB (2018)
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CONCLUSIONS

• 3D hydrodynamic and water quality model of Inland Sea successfully calibrated

• Physical and water quality parameters reproduced in MB and SAB with good accuracy

• Timing and spatial distribution of cyanobacteria blooms reproduced accurately in MB and SAB

• Water quality model will be coupled to hydrological, land use, and climate models to simulate a 
range of possible future conditions
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FUTURE OPPORTUNITIES FOR IMPROVEMENT

• Develop whole-lake model to better capture dynamics in Inland Sea 

and St. Albans Bay

• Develop focused field data measuring plans

• Sediment characterization

• Increased monitoring period

• Additional IS monitoring

• Ice depth measurements

• Additional year-round meteorological data

• Enhance calibration of lake ice dynamics

• More in-lake and meteorological data Nov-May needed

• Upgrade modeling of external loading

• Incorporate additional C-Q relationships for inflows

• Enhance modeling of minor inflows into St. Albans Bay
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THANK YOU

Water Quality Solutions

Website:

Wqsinc.com

Email:

Kareem Hannoun

khannoun@wqsinc.com

Imad Hannoun

ihannoun@wqsinc.com
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