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Phosphorus and cyanobacteria blooms in Missisquoi Bay

TMDL: Annual average of TP samples (~Apr-
Nov) cannot exceed 0.025 mg/L

Mandates a 64.3% reduction in watershed TP
load from Vermont by 2035

High lake TP concentrations, warm water, calm
conditions foment blooms

Meeting the TMDL does not necessarily
eliminate cyanobacteria blooms

Guidelines but no regulations for bloom
indicators
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Will blooms go away if we meet

Compliance with in-lake total

phosphorus TMDL -

Missisquoi Bay 2041-2050
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TP cone. (mg/L)

Lower emissions (RCP 4.5) lead to much lower bloom extremes,
only relatively mild differences in seasonal averages

TOTAL PHOSPHORUS CHLOROPHYLL A

IPCC ARS Greenhouse Gas Concentration Pathways

Representative Concentration Pathways (RCPs) from the fifth
Assessment Report by the International Panel on Climate Change
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Between-GCM variability of daily chl-a projections

Range of Jul-Sep daily Chl-a concentrations, 2041-2050 -
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BREE Integrated Assessment Model in TMDL analysis

Climate Change Scenarios
(Dally precipitation and temperature)

|

Weather Estimator

Crp = f(Streamflow, land use) (Other weather variables)
f f
RHESSys  Agent-based
Regional Hydro-Ecologic
model ISEIE Simulation System (RHESSys)

\ 4 A 4

Advanced Aquatic Ecosystem Model
(Total phosphorus, chlorophyll a)




Summary

Watershed P load must be reduced by much
more than 64.3% to meet TMDL in 2040’s

Internal P loading and climate change both
inhibit reduction of blooms

TMDL-mandated P reduction could offset
increased blooms from climate change

Reducing GHG emissions will alleviate bloom
extremes, but eutrophic conditions will persist

BREE IAM can assess implications of watershed
management decisions

Need model comparisons, uncertainty analysis

http://www.rcinet.ca/fr/2014/02/16/villes-dici-noms-dailleurs-
venise-en-quebec-aux-abords-du-lac-champlain/
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https://www.flwfishing.com/news/2016-06-22-where-to-catch-bass-on-lake-champlain
https://epscor.w3.uvm.edu/2/node/3449

Calibration of lake water quality at Station 50
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Missisquoi Bay station locations

Long-term monitoring
(Sta 50)

High-freq. monitoring

Streamflow (04294000)




Changes in days with Moderate Health Risk (chl-a > 50 pg/L)

Days with chl-a conc. above 50 ug/L
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100% watershed P load reduction does not meet
TMDL target during peak bloom season in 2040s

Ensemble average monthly TP
concentrations under RCP 8.5
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Chlorophyll-a vs. cyanobacteria biovolume

cyanobacteria biovolume

chl a
From Wilton Burns



Boxplots in R statistical software

boxplot example
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http://earlh.com/blog/2011/09/18/labeled-boxplot-in-r/



http://earlh.com/blog/2011/09/18/labeled-boxplot-in-r/

