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Chesapeake Bay Environmental Forecast System (CBEFS)

www.vims.edu/cbefs
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Chesapeake Bay Environmental Forecast System

• 3D hydrodynamic – biogeochemical ROMS-ECB
• Implementation of the Regional Ocean Modeling 

System (ROMS)
• 600 m x 600 m
• 20 vertical levels

Atmospheric inputs

Land 
inputs

Bever et al., Env Mod & Software, 2021
St-Laurent et al., BG, 2020

Coastal
inputs

Chesapeake Bay Environmental Forecast System (CBEFS)
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Bloom of Margalefidinium 
polykrikoides, 
Alexandrium monilatum, and
Prorocentrum minimum in the York 
River,
Savannah Mapes and
Dr. Kimberly S. Reece,
08/10/2022.
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• We apply the statistical forecasting model using mechanistic 
model output (i.e., CBEFS forecasts)

• Should we also train the statistical model using mechanistic 
model output or can we train it using in situ observations? 

Research question
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Methodology – environmental training information
 in situ observations

• Data provided by the Chesapeake Bay Program
• Use data from 1985-2020 (> 7,000 data points per taxon)
• At 42 stations covering both the main channel and tributaries

10/36
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Methodology – environmental training information
 mechanistic model output

• 3D hydrodynamic – biogeochemical ROMS-ECB
• Implementation of the Regional Ocean Modeling 

System (ROMS)
• 600 m x 600 m
• 20 vertical levels

Atmospheric inputs

Land 
inputs

Bever et al., Env Mod & Software, 2021
St-Laurent et al., BG, 2020

Coastal
inputs
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Methodology – in situ algal cell count data

Dinophysis acuminata

(photo by Regina Hansen)

(photo by Susanne Busch)

(photo by Mats Kuylenstierna)

Prorocentrum minimumPseudo-nitzschia pungens

• We focus on seven (mostly harmful) algal taxa
• We translate observed cell counts to binary 

bloom data using fixed cell count thresholds
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Methodology – in situ algal cell count data
Seven taxa exhibit a variety of habitat preferences, blooming in various seasons and 
regions
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Methodology – 
in situ algal cell count data

Seven taxa exhibit a variety of 
habitat preferences, blooming in 
various seasons and regions

14/36
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No bloom

Bloom 

Statistical model: generalized linear model

• Similar to linear regression, the 
technique allows us to fit a 
curve to the data. 

• Using this fitted curve, we can 
easily compute the probability 
of a bloom, given a set of 
environmental conditions. 
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Comparing in situ observations and mechanistic model output  
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Both training and applying using mechanistic model output enhances 
model prediction skill 

0

1

Statistical 
model

Predictions

Method O-O

Method O-O Method O-M

Mechanistic 
model output

in situ 
observations

Mechanistic 
model output

in situ 
observations

Method M-M

Method M-M

Mechanistic 
model output

Method O-M
in situ 

observations O-O
O-M
M-M

Statistical training

Comparing prediction skill

15

Application to target area
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Take home messages

i) Statistical models trained using in situ observations are less accurate when 
applied to model output (Method O-M) than when applied to in situ 
observations (Method O-O)

ii) We can enhance the model prediction skill corresponding to Method O-M by 
both training and applying the statistical model using mechanistic model output 
(Method M-M)
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Implications of our results
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www.vims.edu/cbefs

Our results are used to extend CBEFS with forecasts of harmful algal blooms 
Habitat suitability for Prorocentrum minimum 

blooms – Nowcast: April 14, 2023 
Habitat suitability for Prorocentrum minimum 

blooms – Forecast: April 16, 2023 
Ideal 

conditions

Bad 
conditions
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Extra slides: model prediction skill
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