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Motivation and Overview
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Article Link

How confident are we in future projections of hypoxia based on watershed changes?

https://bg.copernicus.org/articles/20/1937/2023/


Coastal Ecosystems, Climate, and Hypoxia
• Documented impacts of climate 

on hypoxia are global and 
expanding

• Projecting future climate impacts 
in coastal regions is infeasible 
with Earth System Models 
(ESMs)
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Breitburg et al., 2018

IPCC AR5 Report



Coastal Ecosystems, Climate, and Hypoxia
• Documented impacts of climate 

on hypoxia are global and 
expanding

• Projecting future climate impacts 
in coastal regions is infeasible 
with Earth System Models 
(ESMs)

• Bay-wide analyses require finer 
spatial resolutions
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VIMS Chesapeake Bay Environmental Forecast System

https://www.vims.edu/research/products/cbefs/cbay/index.php
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ChesROMS-ECB Overview

Atmospheric Inputs

Coastal Fluxes

Riverine Inputs

Model Outputs

Hydrodynamics
and

Biogeochemistry

Monitoring 
Stations

3-D model, 20 depth levels
Daily outputs

Model Information

à Hindcast weather data

à Climatological data

à Watershed Model
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Research 
Objective

How will climate change impact 
the Bay watershed, and how 
certain are our projections of 
future oxygen levels?



Climate Change and Chesapeake Bay
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Increasing 
Temperature Sea Level Rise

• Climate change affects Chesapeake Bay oxygen levels in multiple ways



Climate Change and Chesapeake Bay
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• Climate change impacts on terrestrial runoff are focus of this presentation



Climate Change and Chesapeake Bay
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• Environmental managers can have greatest impacts on watershed actions
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Numerous sources of uncertainty are implicitly built into climate projections.*
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Kuma et al., 2023, JAMESSelecting ESMs
• Development of ESMs 

has been a long, 
overlapping, and 
convoluted process

• Overlapping climate 
model code 
genealogies means 
that samples may be 
less than independent
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Kuma et al., 2023, JAMESSelecting ESMs
• Development of ESMs 

has been a long, 
overlapping, and 
convoluted process

• Overlapping climate 
model code 
genealogies means 
that samples may be 
less than independent
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Multiple uncertainties can be addressed 
using a factorial design for model 
experimentsHypoxia
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Climate Forcing – Delta Method
1981-2010 2036 - 2065Earth System 

Models!
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1991-
2000

Climate Forcing – Delta Method
1981-2010 2036 - 2065

Watershed Models

Estuarine Model
Base Run
1991-2000

Earth System 
Models!
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1991-
2000

Climate Forcing – Delta Method
1981-2010 2036 - 2065

Future minus Past = Δ Climate

Watershed Models

Estuarine Model
Base Run
1991-2000

Earth System 
Models!
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1991-
2000
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Climate Forcing – Delta Method
1981-2010 2036 - 2065

Future minus Past = Δ Climate

Watershed Models
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Earth System 
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• High spatial heterogeneity in downscaled estimates of watershed precipitation change
• Both increase precip. by ~7-8%, but spatial differences can affect discharge/loadings



3-D model, 20 depth levels
Daily outputs
Past and Future Scenarios
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ChesROMS-ECB Overview
Atmospheric Inputs

à Hindcast weather data

Coastal Fluxes

à Climatological data

Riverine Inputs

à Phase 6 Watershed Model
à DLEM Watershed Model

Model Outputs

Hydrodynamics
and

Biogeochemistry
Monitoring 
Stations

Model Information



3-D model, 20 depth levels
Daily outputs
Past and Future Scenarios
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ChesROMS-ECB Overview
Atmospheric Inputs

à Hindcast weather data

Coastal Fluxes

à Climatological data

Riverine Inputs

à Phase 6 Watershed Model
à DLEM Watershed Model

Model Outputs

Hydrodynamics
and

Biogeochemistry
Monitoring 
Stations

Model Information
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• Moderate interannual variability, DLEM slightly more than Phase 6
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• Climate scenarios estimate an average Bay hypoxic volume increase of 4±7%
• 72% of outcomes project that watershed changes will worsen dissolved oxygen
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Quantifying Scenario Uncertainty



GCM 
51%
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• All factors in the setup of a climate 
scenario are important for projecting 
future hypoxia

• Selecting a single ESM, downscaling 
method, or WSM may substantially 
limit range of outcomes.

Hypoxia Cumulative Uncertainty

ESM: 39.5 +/- 19.1%

Downscaling: 25.5 +/- 9.2%

WSM: 35.0 +/- 13.3%

D AHV

Earth System 
Model
40 %

Downscaling 
Method

25 %

Watershed 
Model
35 %



GCM 
51%
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• All factors in the setup of a climate 
scenario are important for projecting 
future hypoxia

• Selecting a single ESM, downscaling 
method, or WSM may substantially 
limit range of outcomes.

• How do these results compare to 
uncertainties in management actions?

Hypoxia Cumulative Uncertainty

ESM: 39.5 +/- 19.1%

Downscaling: 25.5 +/- 9.2%

WSM: 35.0 +/- 13.3%

D AHV

Earth System 
Model
40 %

Downscaling 
Method

25 %

Watershed 
Model
35 %
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Multi-Factor 
Comparison

Management Context

• How does climate scenario uncertainty compare to management actions? 
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Multi-Factor 
Comparison

Management Context

• Reducing nutrient inputs projected to decrease average hypoxia levels by 50 ± 7%
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Effects of Management Caveats

• Mgmt. scenarios assume complete implementation, may be biased by use of 1 watershed model
• Whether BMPs maintain their efficacy in the future is an open question
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Conclusions
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ESM: 39.5 +/- 19.1%

Downscaling: 25.5 +/- 9.2%

WSM: 35.0 +/- 13.3%

D AHV
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• Uncertainties in climate scenario and 
watershed inputs produce highly variable 
hypoxia responses

• All future simulation factors (ESM, 
downscaling, watershed model) 
contribute to scenario uncertainty

• Full implementation of management 
actions to reduce nutrients is greatest 
source of uncertainty
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Implications and Future Work
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Implications and Future Work
Importance of Nutrient Reductions

Zhang et al., 2018, Sci. Tot. Env.

Multi-Factor 
Comparison
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Implications and Future Work
Need for Collaborative Modeling Efforts



41

Implications and Future Work
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ESM: 39.5 +/- 19.1%

Downscaling: 25.5 +/- 9.2%

WSM: 35.0 +/- 13.3%

D AHV
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• Uncertainties in climate scenario and 
watershed inputs produce highly variable 
marine hypoxia responses

• All future simulation factors (ESM, 
downscaling, watershed model) 
contribute to scenario uncertainty

• Full implementation of management 
actions to reduce nutrients is greatest 
source of uncertainty

Questions?
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• Compared against all ESMs, the selected KKZ models can 
more rapidly converge to the true solution with less 
computational costs
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• Bay dissolved oxygen likely not decreasing 

solely due to physical climate impacts

• Budget analysis can better quantify effects 
of changing internal model biogeochemical 
processes on O2

St-Laurent et al. 2020
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