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Why are we here?
• Managing water resources is hard because:

• We demand constant yield from a highly variable resource

• Many (often conflicting) demands

World Bank (2005)

Is Reservoir Storage Effectively Utilized in the Southeastern US? A Regional Assessment to 
Improve Water Supply Availability Considering Potential Storage and Flood Scenarios - Levey -
2025 - Earth's Future - Wiley Online Library
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What has worked historically?
Across the globe, two keys to successful water resources 
management:

▪ Collaboration (Integrated Water Resources Management)

▪ Scenario (“what-if”) Planning

Collaboration allows us to:
▪ Build a shared understanding of the system and its issues across actors

▪ Actively involve actors in the planning process

Scenario Planning allows us to:
▪ Evaluate system vulnerabilities to potential stressors (“what ifs”)

▪ Evaluate how plan alternatives reduce system vulnerabilities

▪ Explore tradeoffs and identify negotiation spaces

Climate change

Shared Vision 
Planning



Collaborative Scenario Planning in The Potomac 
Basin

• The Potomac has been 
a global leader in 
collaborative scenario 
planning since the 
1970s

• Must balance needs of 
many users

• Current plan resilient 
to wide range of “what 
ifs” drought and 
demand scenarios

The ICPRB technical group that pioneered 

collaborative water supply planning in the 

Potomac basin, avoiding the construction of 16 

uncoordinated dams and a lot of environmental, 

real estate, and drought water rights conflicts. 

Final plan informed by evaluating system model 

performance across a range of “what if” drought 

scenarios.

Potomac_Comprehensive_Plan.pdf

https://www.potomacriver.org/wp-content/uploads/2018/06/Potomac_Comprehensive_Plan.pdf


“What if” Climate Change?

Climate Risk Informed Decision Analysis (CRIDA)
• “Bottom-up” scenario-based approach to planning 

under deep uncertainty
• First, “what am I vulnerable to?”
• Next, “what is plausible?”
• Then, “what strategies reduce future risk?”

Climate Risk Informed Decision 
Analysis (CRIDA) | UNESCO

from S. Hallegatte, World Bank The 4th Global WOPs Congress – 18-29 October 2021

https://www.unesco.org/en/crida
https://www.unesco.org/en/crida


Range of Plausible 
Futures

What are plausible 
futures?

Climate Scenario Planning (Great Lakes)
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Navigation severely 
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Boat ramps 
inaccessible

What are we vulnerable to?
We need to think about 
BOTH high and low water 
level problems

Scenario Planning (mid)



What are we vulnerable to? – Great Lakes Examples
RECREATIONAL MARINA
• Water levels below: 576ft
• When: May-Oct (rec season)
• Frequency: 20% annual chance
• Failure: slips unusable, 

significant loss of business

WATER TREATMENT PLANT
• Water levels below: 562.8ft
• When: year round
• Frequency: 0.2% annual chance
• Failure: The intake cannot reliably 

withdraw the water needed for treatment. 

140 resources being evaluated and prioritized with states for building coastal resiliency under the Great Lakes Coastal Resiliency Study (GLCRS)

https://www.lrd.usace.army.mil/glcrs/


What is Plausible?– Great Lakes Scenarios
• Cornell team developed 31, 

1000-yr precipitation + 
temperature scenario traces 
based on:
• Historic trends
• Projected trends
• Theory
• Time horizon (out to 2100)

• NOAA-led team ran traces 
through Great Lakes 
operational model to get 
monthly lake levels.

Lake levels could go higher OR 
lower OR BOTH. We are 
vulnerable to BOTH.

Credit to Mukhopadhyay and Steinschneider  



What is Plausible? – Great Lakes System Model

Credit to Mukhopadhyay and Steinschneider  

NOAA-led team ran the 
1000-yr traces through 
Great Lakes operational 
model to get monthly 
lake levels.



What is Plausible? – Failure Frequency

What are we vulnerable to?
• Water levels below: 576ft
• When: May-Oct (rec season)
• Frequency: 20% annual chance
• Failure: slips unusable, 

significant loss of business

Do we fail under plausible 
futures?
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7 599.0% 559.5% 349.1% 55.4% 0.2%
5 553.5% 260.4% 37.8% <0.1% <0.1%
3 245.0% 11.9% <0.1% <0.1%

1.5 22.1% <0.1%

0 <0.1%

Result of system modeling of Great Lakes across all temperature 
and precipitation scenarios. Each box = 1000yr simulation.



What do we plan for?

It depends on:
• Planning horizon
• Budget
• Political will
• Risk aversion

ANNUAL EXCEEDENCE PROB (%)
Michigan-

Huron dP
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7 599.0% 559.5% 349.1% 55.4% 0.2%
5 553.5% 260.4% 37.8% <0.1% <0.1%
3 245.0% 11.9% <0.1% <0.1%

1.5 22.1% <0.1%

0 <0.1%

Credit to John Kucharski (Senior Expert Climate Advisor, Deltares)

3C warming

1.5C warming

Minimum level of 
planning

Maybe 30-yr 
horizon



Take-aways in the Potomac

• The Potomac is already a global leader in collaborative scenario 
planning.

• A bottom-up approach like CRIDA could provide a framework for 
incorporating climate change into the existing Potomac planning 
process.

• Existing Potomac system models could be leveraged to evaluate 
vulnerabilities



Questions?



• Why are we here? The water management challenge – many straws pulling 
from one cup

• The Potomac basin has a strong history of collaborative scenario planning
• Uncertainty due to climate change poses a new challenge
• A CRIDA-type framework could be incorporated into the existing Potomac 

planning approach to build resiliency against climate change
• CRIDA Great Lakes Example

• Understanding vulnerability – failure points / thresholds
• System modeling
• What futures get me to failure? – stress testing
• Which futures should I test and plan for?

• Place in context of Potomac basin
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COLLABORATING TO MEET THE CHALLENGE

Shared Vision Planning (SVP) can help 

address water resource challenges by 

integrating:
▪ Traditional Planning

▪ Systems Modeling

▪ Structured Collaboration

SVP means involving actors in the technical 

analysis within the planning process

Structured collaboration is used to 

collaboratively build a system model

A Decision Support Tool (DST) is the 

interactive interface of a system model

DSTs facilitate collaborative development, 

exploration, and evaluation of planning 

alternatives that are data-informed.



“What if” Climate Change?

Climate Risk Informed Decision Analysis (CRIDA)
• “Bottom-up” scenario-based approach to planning 

under deep uncertainty
• First, “what am I vulnerable to?”
• Next, “what is plausible?”
• Then, “what strategies reduce future risk?”

Climate Risk Informed Decision 
Analysis (CRIDA) | UNESCO

https://www.unesco.org/en/crida
https://www.unesco.org/en/crida


1. Perform Vulnerability Assessments with Stakeholders

Vulnerability domain

2.  Stress Test 
(Climate and 
other stressors) 

3. Scale 
process, based 
on plausible 
future risk & 
analytical 
uncertainty

Forecast driven 
(top-down)

Decision Scaling
(bottom-up)

GCMs

Tested vulnerability 
domain

1. Downscale 
multiple model 
projections

2. Generate a few 
water supply series

3. Find whether 
system is vulnerable 

for these series

17

Bottom-up (performance driven)

Decision  domain

Robust or flexible 
          plans ID’d

Top-Down (forecast driven) 

Credit to Guillermo Mendoza (International Program Manager, USACE-IWR)



What is Plausible?– Great Lakes Scenarios
• Cornell team developed 31, 1000-yr 

precipitation + temperature scenario traces

• NOAA-led team ran traces through Great 
Lakes operational model to get monthly 
lake levels.

Lake levels could go higher OR 
lower OR BOTH. We are 
vulnerable to BOTH.

Credit to Mukhopadhyay and Steinschneider  



Uncertainty in the Potomac Basin
• We have always had to plan with uncertainty
• Climate change greatly expands uncertainty

Climate Change Knowledge Portal | Climate Change Knowledge Portal

Flood

Drought

Population 
change

Potential Climate Change

https://climateknowledgeportal.worldbank.org/


Traditional Planning 
• Assumes that past conditions are reasonable predictors of the future
• This approach may leave us vulnerable to unprecedented conditions

Climate Uncertainty 
• Climate change brings unprecedented and uncertain conditions 
• Uncertainty about future climate conditions makes planning long-term investments 

challenging

Scenario Planning Approach
• Scenarios explore a range of plausible future conditions your system is vulnerable to
• They are not predictions
• They are used to understand potential futures
• This approach helps in developing flexible, adaptive strategies that are resilient to a 

wide range of future possibilities, rather than focusing on a single prediction. 

November 4, 2024State Partner Meeting

Why Scenario Planning?
Traditional Planning 

Scenario Planning 



Defining Potomac Vulnerability – what are we 
trying to avoid?
• Critical threshold: unacceptable failure that would cause 

significant damage and require large investment to recover from.
• Examples:

• DC residents left without reliable clean water for 1 day
• Water quality standards unmet for 1 week
• Low water level conditions leading to 25% mortality of endangered 

mussels in key habitat areas
• 10% reduction in agricultural productivity for 3 consecutive years
• Flows too low for recreational boaters for 2 consecutive years



What are plausible futures?

Climate Change Knowledge Portal | Climate Change Knowledge Portal

https://climateknowledgeportal.worldbank.org/


Cubango-Okavango Basin Example

What are we vulnerable to?
Critical Breaking Points 
(Thresholds) at Mukwe
Dry season 
baseflow Pulse Flow

Tigerfish loss 15 250

Catfish loss 5 180

Collapse 1 80
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Baseline (1980-2022) Flows Pulse (Tigerfish loss)

Baseflow (Tigerfish loss)

Scenario Name
Scenario 
Description

Mukwe Mean 
Monthly Dry Season 
Baseflow (MCM)

Mukwe Pulse 
Flow Volume 
(MCM)

Threshold 
Violated

current climate no changes 35 430 ---

highly plausible 
plausability

precip -10%, 
temp 2*C 12.5 222 tigersfish

medium 
plausability

precip -10%, 
temp 3*C 8.5 197 tigersfish

less plausible
precip -10%, 
temp 4*C 4.9 172 catfish

precip -15%, 
temp 4*C 2.1 139 catfish

low plausability
precip -15%, 
temp 6*C 0.1 110 collapse

Do we fail under plausible 
futures?
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