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Harmful Algal Blooms

Nutrient Pollution

Excessive Algae Growth

Dead Zone Formation

Credit: NRCS

Credit: Lake Champlain Basin Program

Credit: Lake Champlain Basin Program Credit: NOAA Credit: Wilfredo R. Rodriguez H.

Credit: Nara Souza

Credit: Felix Andrews



Community Concerns
Contaminated drinking 
water for 200,000 individuals

Negative impacts on 
recreational tourism

Phosphorus sources are 

difficult to pinpoint and 
manage



Objectives
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runoff potential map



Earth Observations
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Methodology – Phosphorus Runoff 
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Methodology – Algal Blooms

Identify Historic Algal Trends
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Results – Algal Blooms

DESIS limitations

 Image availability

Ice

Clouds

Frequency

 Transitioning image 

processing

Quality flags

Criterion exclusion

ESRI, HERE, Garmin, 

FAO, NOAA

Higher

Lower

Cyanobacteria 
Density

No Data

N

0 7 Miles3.5

Cyanobacteria 
Abundance

June 24, 2021



ESRI, HERE, Garmin, FAO, NOAA, USGS

Cyanobacteria Events - 2017

Cyanobacteria Density (cells/mL)

≤ 6,000,000

≤ 5,000,000

≤ 4,000,000

≤ 3,000,000

≤ 2,000,000

≤ 1,000,000

Results – Algal Blooms



Results – Hot Spot Analysis 

Time Series 

Hotspot Analysis

Hot Spot

Not Significant

Cold Spot

VCGI, ESRI, HERE, Garmin, FAO, NOAA, USGS, EPA, NPS

0 30 Miles15

Cyanobacteria

Hotspot Analysis

Hot Spot

Not Significant

Cold Spot

0 30 Miles15

VCGI, ESRI, HERE, Garmin, FAO, NOAA, USGS, EPA, NPS



Conclusions
Missisquoi Bay

St. Albans Bay

South Lake

 Cyanobacteria blooms proliferate through June and July 
and peak in August.

 Summer 2016 and 2021 exhibited the most severe bloom 

events.

 The greatest concentrations of cyanobacteria from 2016–

2022 occurred within Missisquoi Bay and St. Albans Bay (≤ 

7 million cells/mL). South Lake also presented the right 

conditions for cyanobacteria blooms.

 16% of the entire watershed is classified as areas of 

greatest concern.

 The Missisquoi Bay sub-watershed presents the greatest 

threat to the lake, with 229,044 acres (~30%) being 

classified ≥ 6 phosphorus runoff potential



Errors and Uncertainties
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Sentinel-3 cloud 

masking uncertainty

Lack of spectral and 

in-situ data

Phosphorus extrapolation 
into Quebec



Future Work

Wetlands as phosphorus sinks DESIS vs. Sentinel-3 OLCI Lake Champlain drainage basin

Image Credit: Lake Champlain Basin Program, USGS
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