


Water Quality Tools

Applications to support 

growers and managers

1) Chesapeake Bay Environmental Forecast System

2) EcoOyster: a model for predicting oyster growth

3) Coastal acidification and oyster aquaculture

4) Shellfish Thresholds and Aquaculture Resilience



Chesapeake Bay Environmental Forecasting System (CBEFS)

Terrestrial 

(USGS)

Atmospheric 

(Nat. Weather Service)

Evaluate model performance 

with observational data

Real-time model 

forecast setup:
• Nowcast and 2-day 

forecast automatically 

produced nightly

• Forecasts displayed on 

the VIMS website

www.vims.edu/cbefs
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• Temperature

• Salinity

• Oxygen

• Acidification metrics

• Bacteria (Vibrio)

• Harmful Algal 

Blooms (HABs)

• Water clarity

www.vims.edu/cbefs



Blues → High bottom oxygen

= Good bottom water

Yellow/green → Moderately low oxygen

= Poor bottom water

Red → Very low bottom oxygen

= Bad bottom water

screenshot of 

bottom oxygen forecast



screenshot of 

Forecast for July

Blues → High bottom oxygen

= Good bottom water

Yellow/green → Moderately low oxygen

= Poor bottom water

Red → Very low bottom oxygen

= Bad bottom water



Bottom pH 

Nowcast (Sept. 21)

Bottom pH 

Forecast (Sept. 23)



Surface Ωarag

pre-Ida (8/31)
Surface Ωarag

post-Ida (9/2)
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Current products:

• Oxygen

• Salinity

• Temperature

• Acidification (pH, etc…)

• Harmful Algal Blooms

• Water clarity

• Vibrio

• Sea nettles

Questions?  marjy@vims.edu

www.vims.edu/cbefs



EcoOyster:

A model for 

predicting 

oyster growth

Mark J. Brush |  Virginia Institute of Marine Science



EcoOyster

• Predicts daily, seasonal, annual, and interannual tissue and shell growth 

(weight and height)

Temperature

Salinity

Total 
Suspended 

Solids

Dissolved 
Oxygen

Chlorophyll-a

Coastal 
Acidification



EcoOyster

• Calibrated to observed growth from 

around the Bay

• Operational at fixed sites around the 

Bay and in ChesROMS-ECBO

Initial Size:
1 g DWtissue

Relative Annual 
Growth
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- 0.6

- 0.4

- 0.2

- 0
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EcoOyster

• Relevant to growth in both aquaculture (e.g., 

triploids) and restoration (e.g., diploids) contexts

• Simulates effects of water quality on growth and 

tipping points related to acidification

• Metrics for aquaculture:

➢ Growth rate

➢ Time to harvest

➢ Harvestable biomass

M. Kuschner, VIMS



EcoOyster

• Computes ecosystem services associated 

with oysters:

➢ Water filtration

➢ Water quality improvement

➢ Particulate and nutrient removal

➢ Economic value of nutrient removal



EcoOyster

• Available online through a 

user interface

User-Defined Inputs:

Example Model Output:



Coastal 

Acidification 

and Oyster 

Aquaculture

Using CBEFS and EcoOyster to predict the 

effects of acidification on Virginia oysters

Catherine Czajka and Emily Rivest |  Virginia Institute of Marine Science



Coastal Acidification in the Bay 

affects oysters

• Coastal acidification: changes in chemistry 

of Bay waters due to rising atmospheric CO2, 

freshwater input, and nutrient runoff

• Acidification reduces pH and calcite 

saturation state, which makes shell-building 

harder for oysters



• Using CBEFS and EcoOyster

• Lease sites provided by VMRC

• ‘Acidification exposure’ is 

quantified as time when calcite 

saturation state is below 0.93

(Rivest et al., in prep)

Predicting effects of acidification

on oyster shell growth at 

aquaculture leases

Model Domain



By 2067, oyster lease sites 

will experience 

~1 month more of 

acidification exposure

86% of oyster leases will 

experience an increase in exposure



Mean shell thickness 

will be reduced by 33% 

at oyster lease sites 

due to acidification

Shell thickness = ratio of 

shell weight to shell height



• Oyster leases in Virginia will be exposed to unfavorable calcification 

conditions more frequently in the future

• Reduced shell thickness may leave oysters more vulnerable to 

predation or more difficult to shuck

• Aquaculture and restoration practices in the upper tributaries may be 

at risk 

Conclusions & Implications



Shellfish Thresholds and 

Aquaculture Resilience (STAR) Map

Brian Katz | Oregon State University



Oyster production is most sensitive to what factors?

Candidates:

• Baseline environmental conditions?

• Extreme weather "highs" & "lows"?

• Acidification exposure?



e.g. 

Freshwater 

discharge 

extreme event,

2018-2019



e.g. 

Acidification 

exposure



Effects

Location Season

Production

Extremes

Exposure

STAR Map:

interactive 

data explorer



• Acidification exposure does matter

• Effects on production vary by location, season

• Local context can inform adaptation strategies

katzbr@oregonstate.edu

Conclusions & Implications

STAR Map


