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Increasing temperatures in Chesapeake Bay tidal and 
non-tidal waters
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(Rice and Jastram, 2015)



1) Air temperatures 
2) Ocean temperatures
3) Sea level rise
4) River temperatures

Source: Hinson at el. 2021

Increasing Bay temperatures driven largely by air 
temperatures and coastal ocean temperatures
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Non-tidal 
water 

temperatur
e

Streamflow
•Baseflow
•Withdrawals (from surface 
or groundwater)

•Local hydrology (presence of 
dams, floodplain 
connectivity, etc.) 

•Hydraulic resistance 
•Upstream and riparian land 
use 

•Groundwater inputs
•Degree of infiltration
•Rainfall 

Runoff temperature
•Sources of water (farm 
ponds, municipal, mining and 
industrial discharge, 
snowmelt, etc.)

•Upstream and riparian land 
use 

•Degree of infiltration

Heat transfer from 
channel substrate
•Substrate composition  
(bedrock vs. gravel)

•Hyporheic exchange 
•Residence time in hyporheic 
zone

Groundwater inputs
•Hyporheic exchange
•Groundwater temperature
•Degree of infiltration
•Groundwater residence time
•Legacy sediment 
•Underlying geology

Channel temperature 
buffering capacity
•Surface area: volume ratio
•Channel form
•Large woody debris
•Instream vegetation
•Water clarity
•Stream size

Air temperature
•Direct solar radiation
•Canopy cover
•Ambient air temperature

Increasing stream temperatures driven by rising air 
temperatures and other drivers



Counter water temperatures in the watershed through 
cooling strategies

BMPs Conservation Land Use

Common theme = More trees



Counter water temperatures in the watershed through 
cooling strategies

Farm pond

Riparian buffer



Minimize impacts to Chesapeake Bay and adapt management

SAV Oysters Crabs Forage
fish

Striped
bass

• Strongest negative impacts on coldwater species (e.g., trout, sculpin) and their habitats (esp. 
where streams aren’t driven by groundwater )

• Watershed-wide, warmwater aquatic species are most common.  Although more tolerant to 
temperature increases, they are sensitive to extreme temperatures including rapid changes
and to indirect effects (e.g., invasives, pathogens) from higher temps.

• More study needed of temperature effects on lower foodweb
■ Algae, biofilms, zooplankton
■ Macroinvertebrates
■ Freshwater mussels & host species



Ecological Impacts and Recommendations

Leads: Katie Brownson, U.S. Forest Service & Rebecca Hanmer, Forestry Workgroup Chair



What can the Bay Program do to help moderate 
rising water temperatures? 

● Incentivize forest conservation to protect 
the coldwater streams now supporting healthy 
aquatic life

● Prioritize best management practices 
that cool or moderate water 
temperatures, including riparian forest 
buffers and upstream tree planting, paying 
particular attention to vulnerable ecosystems 
and communities

● Work with local governments to 
promote good land use planning to 
increase infiltration and minimize impervious 
surfaces

● Review and modernize the current 
Water Quality Standards systems to 
better address climate-related heating in 
streams and rivers

Photo credit: Leslie Robertson, NASF 



What can the Bay Program do to help adapt to 
rising water temperatures? 

● Develop BMP design recommendations to create 
or maintain thermal refugia, especially during 
summer heatwaves 

● Improve connectivity by restoring habitats and/or 
removing barriers to suitable cold and coolwater 
habitats 

marineheatwaves.org



• Advance understanding of how BMPs 
influence water temperature

• Continue resiliency analyses and 
mapping to focus coldwater habitat 
restoration efforts.

• Improve water temperature 
monitoring and modeling to better 
inform management

What can the Bay Program do to advance science 
around rising water temperatures? 



Ecological Impacts & Recommendations

Leads: Julie Reichert-Nguyen (NOAA), Bruce Vogt (NOAA), Brooke Landry (MD DNR), Rich Batiuk 
(Coastwise Partners) & Jamileh Soueidan (CRC/NOAA) 



Rising Tidal Water Temperatures:
Chesapeake Bay of the Future will not be the Chesapeake Bay of the Past

• Bay water temperatures are increasing and will continue to increase – affects all water quality, 
living resources, and habitat outcomes in the Chesapeake Bay Watershed Agreement.

• Managing greenhouse gas emissions to reverse the rising water temperature trend is outside the 
purview of the Chesapeake Bay Program

• Focus on building resilience and adapting with strategic restoration and management strategies 
to minimize negative impacts and promote positive outcomes.

Photo: Peter McGowan, 
USFWS

Photo: Dave Harp, Bay Journal



Submerged Aquatic Vegetation

• Eelgrass is negatively affected by rising water temperature, while 
other species (e.g., widgeongrass, freshwater species) are more 
heat tolerant.

• Unknown how SAV community shifts will affect habitat use of fish 
and blue crabs – research needed.

• Continuing water quality management goals to maximize water 
clarity is key for SAV; SAV more resilient to temperature stress 
in clear water.

Climate Change Forecasts

Hensel et al. 
(Synthesis Element Paper #3)

Photo: Jay Fleming

Hensel et al. SAV Climate Model Data Synthesis GIT-Funded Project



SAV: Eelgrass declining & widgeongrass increasing



Rising Tidal Water Temperatures:
Ecological Impacts to Fisheries and Recommended Actions

• Decreases in water quality and habitat suitability for vulnerable 
species (e.g., striped bass, summer flounder) due to multiple 
stressors (e.g., climate change, excess nutrients, fishing pressure) 
and extreme events (e.g., marine heat waves).
• Identify environmental thresholds and fishing guidance to minimize 

stress on vulnerable species. 

• Impacts to fisheries from rising water temperature may be positive 
or negative 
• Maximize habitat restoration to promote positive outcomes. 

• Northward shifts in species range. Species from the south are 
becoming more prevalent.
• Support social science research and develop and implement 

communication strategy for existing and future scenarios.

• Take proactive approach to prepare for change in species using the 
Bay.  

Boesch 2008

Photo: Eric Packard



• Develop common criteria to help target, site, and 
design natural infrastructure projects, such as living 
shorelines, that benefit both communities and 
ecosystems.
• Investigate restoration designs that incorporate multiple 

habitat types (e.g., seagrass, marshes, oyster reefs) to 
maximize resilience.

• Support efforts to increase understanding on the 
design, placement, and extent of water quality BMPs to 
minimize nearshore warming in tidal tributaries (e.g., 
coolers versus heaters). 
• Research on how best to create thermal refugia for 

vulnerable SAV and fish species.

Photo: Will Parsons, CBP

Rising Tidal Water Temperatures:
Nearshore Habitat Recommended Actions



Common Themes Across the Workshop: 
Science & Research

• Improve Monitoring
• Increase and develop strategic monitoring systems to collect 

environmental and biological data necessary to track water 
temperature, other stressors, and ecological change.

• Include more frequent monitoring in smaller streams and 
critical fish habitat areas.

• Improve the ability to pair air temperature trends with water 
temperature trends.

• Modeling tool improvements
• Finer-scale modeling that incorporates temperature change to 

determine the response of living resources to inform 
management.

• Thresholds
• Support research to better understand environmental condition 

and habitat thresholds and communicate the implications of 
rising water temperatures for living resources.



• Warming water temperatures will make it more difficult to reach our 2025 
TMDL water quality goals and multiple Watershed Agreement goals (Brook 
trout, Stream Health, Healthy Watersheds, Fish Habitat, Blue Crab Abundance, 
SAV, etc.)

• For non-tidal waters, need to put even more emphasis on Riparian Forest 
Buffers and Forest Conservation to help mitigate and adapt to rising water 
temperatures

• For tidal waters, we need strategic habitat restoration to minimize stress on 
vulnerable fisheries and SAV species and continued improvements in long-term 
monitoring to better assess environmental and ecological change. 

• Moving beyond 2025, water temperature should be incorporated more 
explicitly into the goals, outcomes and management strategies of the 
Partnership to better achieve both water quality and living resources goals

What are some implications of this report for 2025 and Beyond? 
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Two workshop songs produced
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Role for Chesapeake Bay Program

• What role do you see the Bay Program can do to help build in temperature considerations in our 
management strategies?

• What can the Bay Program do to support jurisdictions in the implementation of these 
recommendations?

Contact Information:
• Katie Brownson

• Katherine.brownson@usda.gov
• Julie Reichert-Nguyen

• julie.reichert-nguyen@noaa.gov

Find the report here:
• www.chesapeake.org/stac/document-library/rising-watershed-and-bay-water-temperatures-

ecological-implications-and-management-responses/


