




• December 13, 2016

• Late October 2017: How and when to incorporate climate 
change considerations into the Phase III WIPs

• March 2018: Final Phase III WIP planning targets fully 
reflecting Partnership decisions regarding how and when to 
incorporate climate change considerations



 Increased watershed loads

 Increased estuarine temperatures

 Increased sea level rise

 Loss of tidal wetlands

 Modeling Results: Influence on 
water quality standards

 Increased Precipitation 

 Increased temperature

 Increased evapotranspiration

 Storm intensity

 Modeling Results: Influence on watershed 
flows and loads

Estuary (WQSTM)Watershed (WSM)



Preliminary Estimates of Climate Change Influence 

On Chesapeake Water Quality Attainment

• To compare estimated Base (calibration 1991-2000) and 
WIP2 scenarios under 1995 climate conditions to Base and 
WIP2 scenarios under 2025 climate conditions of sea level, 
watershed flows, temperature, and watershed loads.

• Investigate why decreased hypoxia is estimated under 2025 
temperature, precipitation, and sea level despite higher 
estimated watershed loads.

• Using the Base Scenario, examine the influence separate 
elements of estimated 2025 conditions have on Bay hypoxia:
• changes in sea level (SL)
• watershed flows (Q)
• temperature (T)
• all combined SL, T, and Q
• all combined SL, T, and Q along with increased 2025 

watershed loads.



Preliminary Estimates of Climate Change Influence 

On Chesapeake Water Quality Attainment (continued)

• Increases in sea level rise and watershed flow both increase 
estuarine gravitational circulation which in turn decreases 
estimated hypoxia in the Chesapeake under estimated 2025 
conditions of sea level and watershed flows.

• On one hand, increased 2025 temperatures ameliorates the 
estimated increased precipitation in the watershed through 
evapotranspiration, but also increases stratification and 
hypoxia in the tidal Bay.

• This is a work in progress using the Beta 3 Watershed Model 
and the Beta 4 WQSTM to provide the best estimate 
available today of 2025 conditions compared to the 1995 
TMDL conditions.  We need to run the analysis on the final 
Watershed and WQSTM models.



Climate Influence on the CB Watershed

Source:  CBP Modified UMCES/ IAN graphic (2011)



Keeping Score

Increased Precipitation 
Volume = Hypoxia 

Increased Precipitation 
Intensity = Hypoxia 

Increase in Temp and
Evapotranspiration 
= Hypoxia

In the Watershed In the Estuary
Increased WS Loads 
= Hypoxia 

Increased WS Flows
= Hypoxia 

Increased Temperature
= Hypoxia 

Sea Level Rise
= Hypoxia



1.80 1.84

0.29

1.74

0.27

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

Base Loads Base w/ 2025 Watershed
Loads

WIP2 Loads Base w/ 2025 SLR, Temp,
Flow & Loads

WIP2 w/ 2025 SLR, Temp,
Flow & Loads

Why does hypoxia decrease under estimated under 2025 

temperature, precipitation, and sea level despite higher estimated 

watershed loads?

DO <1 mg/l annual average daily hypoxia from 1991 to 2000 over the 
summer hypoxic season of May through September.

solid blue = key scenario, solid red = sensitivity scenario, stippled blue = 2025 climate scenario
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Watershed loads increase under estimated 2025 

climate conditions compared to 1995 conditions.
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Below Potomac 
Transect

CB4/CB5 
Transect

CB3/CB4 
Transect

CB1/CB2 
Transect

7,060 Base
7,400 SLR (5%)
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Base = Beta 4 Calibration. SLR = 0.3m Sea Level Rise Scenario representing relative Chesapeake sea level rise from 1995 
to 2025.  Units in mean cubic meters per second (m3/s) for 1991 to 2000 hydrodynamics.

Toward OceanToward Head of Bay

Cross-transect water mass fluxes (m3/s) : Base Case 
versus Sea Level Rise Scenario
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Below Potomac 
Transect

CB4/CB5 
Transect

CB3/CB4 
Transect

CB1/CB2 
Transect
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Base = Beta 4 Calibration. SLR = 0.3m Sea Level Rise Scenario representing relative Chesapeake sea level rise from 1995 
to 2025.  Units in mean kg DO per second (m3/s) for 1991 to 2000 hydrodynamics.

Toward OceanToward Head of Bay

Cross-transect DO fluxes (kg/s): Base Case versus 
Sea Level Rise (SLR) Scenario 
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To put into context, 3.2 kg/sec of O2 delivered to bottom 
waters at the edge of the deep water channel (Below 
Potomac Transect) is equivalent to delivering the volume 
of air in a box larger than 1 kilometer long, 1 kilometer 
wide, and 1 kilometer tall each day.
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DO <1 mg/l annual average daily hypoxia from 1991 to 2000 over the summer hypoxic season of May 

through September.

Hypoxic volume (DO <1 mg/l) in CB4MH
(Model estimate in summer 1991-2000)

solid blue = key scenario, solid red = sensitivity scenario, stippled blue = 2025 climate scenario





BMP Performance
• Assess vulnerability of BMP’s to 

projected impacts over intended 
design life

• Incorporate resilient siting and 
design principles

• Monitor performance over-time 
and adjust implementation, as 
necessary

• Research changes in BMP 
efficiencies in response to extreme 
events or changing conditions. 



Assessment Procedures
(PSC Approved)

• Assess how  climate change 
may affect  current water 
quality standards (i.e., 
nutrient and sediment 
source loads over time and 
attainment )
• Watershed Model
• WQ Sediment Transport 

Model

Guiding Principles
(PSC Approved)

• WIP Development 
• WIP Implementation

Policy Options
(PSC Consideration)

• Quantitative (Option #2)
• Qualitative (Options 

#5,6,7)





Source: MD DNR (2013)







Source: DDOE (2016)







prioritize 
BMPs that are more resilient

consider new information on the performance of BMPs and the 
programs that support them

assess this information and adjust plans to 
implement their Phase III WIPs to better mitigate anticipated 
increases

provide a narrative consistent with the Guiding 
Principles



• December 13, 2016

• Late October 2017: How and when to incorporate climate 
change considerations into the Phase III WIPs

• March 2018: Final Phase III WIP planning targets fully 
reflecting Partnership decisions regarding how and when to 
incorporate climate change considerations
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