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Regional Foundation for Transportation Resilience 
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Major Studies to Date
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WHERE?

Identify where transit systems 
and users might be the most 

exposed to extreme heat

WHAT?

Understand potential impacts of 
extreme heat on transportation 

systems and users 

HOW?

Provide resources that 
guide how the region might 

adapt to these impacts

Project Objectives
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Extreme Heat in the National Capital Region
Days with extreme heat as identified by days with maximum temperatures above 95°F for 
Washington DC. Projections through 2100 given both low and high emissions are shown.

The blue band (lower emissions) shows RCP 4.5, the red band (higher emissions) shows RCP 8.5.
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Overview of Products

ITEM A – Transit Infrastructure 
Resilience Analysis

ITEM B – Grant Application 
Support

ITEM C – Best Practice Design 
Guidance

ITEM D – Policy, Planning, 
Guidance Use Cases

Photo Source: Pierre Gaunaurd 
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Extreme Heat in the National Capital Region

Median historical land surface temperature data for National 
Capital Region, Landsat 2018-2022 average

Bus stops, rail stops and rail lines scored as medium and high-risk to 
the impacts of extreme heat in TPB’s Vulnerability Assessment, 2024



CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026 8

Transit Infrastructure Resilience Analysis

Assess the past, projected, and downstream impacts of extreme heat on rail operations and 
ridership, to inform future resilience efforts.

• A retrospective analysis using 
historical high heat days and 
transit ridership data to 
understand how heat 
thresholds may impact 
ridership

• A future analysis using climate 
projections to anticipate high 
heat trends and the potential 
future impacts on ridership 

• A qualitative impacts analysis 
of downstream consequences

   



CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026 9

Transit Infrastructure Resilience Analysis

Beyond just ridership loss, extreme heat impacts transit users and owners in other ways:

Access & Health Service & Operations Economic Impacts

Adverse health 
risks

Challenges 
reaching essential 
services

Infrastructure 
damage

System disruptions

Travel patterns & 
mode shifts

Lost fare revenue

High operational 
costs

Regional impacts
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ITEM A – Transit Infrastructure Resilience Analysis

Assess the past, projected, and downstream impacts of extreme heat on rail operations and 
ridership, to inform future resilience efforts.

1 Identify case studies June 20-23, 2024:
• 3 days > 95F, heat emergency activated
• Record-breaking temperatures, hottest since Aug 2016
• Climatologically abnormal for time of year

July 13-17, 2024:
• Daily highs of 95 to 103F, high nighttime lows
• Excessive heat warning
• Record-breaking high temperatures

June 23-26, 2025:
• 4 days > 95F, heat index > 105F
• Climatologically abnormal for time of year
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ITEM A – Transit Infrastructure Resilience Analysis

Assess the past, projected, and downstream impacts of extreme heat on rail operations and 
ridership, to inform future resilience efforts.

1 Identify case studies June 20-23, 2024:
• Baseline daily ridership: 334k
• High heat daily ridership: 308k
• Percent change: 8%2 Determine impact to ridership

July 13-17, 2024:
• Baseline daily ridership: 336k
• High heat daily ridership: 329k
• Percent change: 2%

June 23-26, 2025:
• Baseline daily ridership: 506k
• High heat daily ridership: 504k
• Percent change: 0.4%
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ITEM A – Transit Infrastructure Resilience Analysis

Assess the past, projected, and downstream impacts of extreme heat on rail operations and 
ridership, to inform future resilience efforts.

1 Identify case studies

Determine impact to ridership

Determine fare revenue lost

June 20-23, 2024:
• Daily fare revenue lost: $82k

July 13-17, 2024:
• Daily fare revenue lost: $22k

June 23-26, 2025:
• Daily fare revenue lost: $6k

2

3
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ITEM A – Transit Infrastructure Resilience Analysis

Assess the past, projected, and downstream impacts of extreme heat on rail operations and 
ridership, to inform future resilience efforts.

1 Identify case studies

2 Determine impact to ridership

3 Determine fare revenue lost

4 Project future loss

2030  65 high heat days/year  $2.8M annual fare revenue lost
2050  87 high heat days/year  $4.6M annual fare revenue lost
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Question

Have you ever been traveling on bus or rail during an extreme heat 
delay? What was that like? What do you wish had been different?
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ITEM B – Grant Application Support

Grant matrix to help agencies identify and develop strong applications for funding 
opportunities.

 
Deliverable: Matrix of funding programs applicable for extreme heat projects, including: 

• Critical deadlines, evaluation criteria, applicant requirements, project requirements

• Win themes for each funding source to support a strong application
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ITEM B – Grant Application Support

1. General Program Information

2. Applicable Natural Hazards

3. Eligibility
• Applicable State
• Agency Type
• Asset Type
• Cost Share 
• Eligible Activities

4. Applicant Resources
• Evaluation Criteria
• Past Awards
• Win Themes
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ITEM C – Best Practice Design Guidance

Best practices and design guidelines for cooling solutions, with region-specific examples.

Deliverable: A best practices and draft design guidelines framework that includes:

• Examination of 3 typologies with 4 cooling interventions for each

• Three-dimensional simple block diagrams of each typology

• Region-specific design and implementation considerations and backing references for each 
cooling element

Goals:

• Identify strategies to reduce heat exposure and impact on people navigating the public realm

• Focus on first-last mile connections to transit and active transportation
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ITEM C – Best Practice Design Guidance

Regional Typologies:
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ITEM C – Best Practice Design Guidance
Heat Mitigation Elements:

Heat Management Elements:
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ITEM C – Best Practice Design Guidance
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ITEM C

Streetscapes:
• Trees
• Paving
• Groundcover
• Seating
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ITEM C

Streetscapes:
Recommendations 
for Different 
Regional Contexts
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ITEM C

Bus Station Areas:
• Trees
• Groundcover
• Shade Structures
• Seating
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ITEM C

Trailhead Plaza:
• Trees
• Shade Structures
• Water Features
• Drinking Fountains 

and Refreshments
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Question

Do any of these regional typologies exist in your community? Can 
you think of any good examples of heat mitigation measures for 
transit or active pedestrian users in your community, or any areas 
that could use a project to make it easier to travel through during 
extreme heat events?
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ITEM D – Policy, Planning, and Design Considerations

Policy, planning, and design guidance considerations to promote the use of cooling strategies.

Deliverable: Five use cases for extreme heat policy, planning, and guidance updates, including 
examples from other jurisdictions:

• Integrating extreme heat preparedness language into goals and vision statements

• Developing language for land use and zoning policies that encourage preserving or 
expanding the tree canopy

• Updating design standards and manuals to help mainstream the use of cooling strategies 

• Updating worker safety policies and protocols to include extreme heat safety measures.

• Developing contracting and procurement language to encourage use of cooling strategies 
in project design and implementation

       



CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026 27

How a Planner Might Use this Toolkit of Resources

ITEM A – Transit Infrastructure Resilience Analysis

ITEM B – Grant Application Support

ITEM C – Best Practice Design Guidance

ITEM D – Policy, Planning, And Guidance Use Cases

Use the results to determine that it 
is worth constructing shade 
structures at unsheltered transit 
stops, given the increasing heat-
related burden on riders at those 
stops.
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How a Planner Might Use this Toolkit of Resources

ITEM A – Transit Infrastructure Resilience Analysis

ITEM B – Grant Application Support

ITEM C – Best Practice Design Guidance

ITEM D – Policy, Planning, And Guidance Use Cases

Use the database to determine what 
funding opportunities might be 
available to support the type of 
project you have in mind.
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How a Planner Might Use this Toolkit of Resources

ITEM A – Transit Infrastructure Resilience Analysis

ITEM B – Grant Application Support

ITEM C – Best Practice Design Guidance

ITEM D – Policy, Planning, And Guidance Use Cases

Refer to the design guidelines to 
scope out and design your project.
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How a Planner Might Use this Toolkit of Resources

ITEM A – Transit Infrastructure Resilience Analysis

ITEM B – Grant Application Support

ITEM C – Best Practice Design Guidance

ITEM D – Policy, Planning, And Guidance Use Cases

Refer to this guidance for use cases 
and sample language to support 
your efforts to mainstream your heat 
resilience projects and priorities.
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How Might YOU Use this Toolkit of Resources?

ITEM A – Transit Infrastructure Resilience Analysis

ITEM B – Grant Application Support

ITEM C – Best Practice Design Guidance

ITEM D – Policy, Planning, And Guidance Use Cases

How could you all use this 
toolkit in your 
communities?
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Economic Impact Analysis Project
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What is a Benefit-Cost Analysis (BCA)?
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Why are BCAs important?

• Improves investment decisions and 
helps with project prioritization

• Strengthens funding competitiveness
• Makes “avoided losses” visible
• Supports transparent and 

accountable planning – both short-
term and long-term

• Often required for funding 
applications
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Does anyone here have experience with benefit cost analyses in 
their work or daily life?

 

Question
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Why are resilience investments important?

• Increasing frequency and 
severity of flooding, heat, 
storms, and other hazards

• Growing exposure of 
transportation assets and 
system users

• Competing funding priorities 
within TIPs, LRTPs, CIPs: 
prioritization assistance

• Bond ratings
• High risk/vulnerability does 

not always mean high reward
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Regional Transportation Resilience Economic 
Analysis
• Analysis to demonstrate the cost of inaction and provide support for the 

benefits of proactive resilience investment
• Five case studies quantifying the costs and benefits of resilience and 

adaptation 
• Transportation assets (one each of: rail stops, bus stops, road segments, 

rail segments, bridges)
• Natural hazards (flooding and extreme heat) 
• Develop a framework for risk-based economic impact analysis, and 

guidance for the evaluation of further assets and projects
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Case Studies

Bus Stop: Army Navy Drive & S. Joyce 
St stop in Arlington

Rail Stop: Greenbelt MARC Station

Bridge: Liverpool Point Road

Railway: Silver line between Loudon 
Gateway and Washington Dulles

Roadway: Anacostia Freeway



CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026 39

Case Study: Bus Stop
Army Navy Drive & S. Joyce St stop in Arlington

Impacts of Extreme Heat on Bus 
Commuters

Inputs:
• Ridership
• Heat-related emergencies
• Cost of heat-related health emergencies
• Heat days

Solutions:
• No Action
• Low-Cost – bus shelter solution
• High-Cost – bus shelter plus vegetation 

solution
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Cost Comparison, Bus Stop Investment Approaches (Discounted 3.1%)

Costs Benefits Net Benefits

High Cost 
Approach

Low Cost 
Approach

No Cost 
Approach

The Low Cost 
approach yields 
similar benefits to 
the High Cost 
approach at a 
lower cost.

The Low Cost 
approach also has 
the highest net 
benefits.

Lack of investment 
could cost $5,000 
over 20 years.
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Case Study: Rail Stop
Greenbelt MARC Station in Maryland

Impacts of Heat and Flooding on MARC Commuters

Inputs:
• Ridership
• Heat days
• Heat-related emergencies
• Risk of heat-related track failure
• Nuisance flooding

Solutions:
• No Action
• Low-Cost – Temporary signage, pumps for nuisance flooding
• High-Cost – Shelter for heat, track hardening eliminates track 

flooding entirely



CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026

($934)

($15)

($791)

$0 

$93 

$751 

($934)

$78 

($40)

($1,000) ($800) ($600) ($400) ($200) $0 $200 $400 $600 $800 $1,000
Thousands of Dollars

Cost Comparison, Rail Stop Investment Approaches (Discounted 3.1%)

Costs Benefits Net Benefits

High Cost 
Approach

Low Cost 
Approach

No Cost 
Approach

The High Cost 
approach 
yields the 
highest 
benefits, but 
costs more 
than it would 
save. 

The Low Cost 
approach offers 
the highest net 
benefits.

Noninvestment 
could cost over 
$900,000 over 
20 years.
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Case Study: Bridge
Liverpool Point Road in Charles County, MD

Impacts of Flooding on Road Users

Inputs:
• Average Annual Daily Traffic
• Frequency and length of flooding-related bridge closures

Solutions:
• No Action
• Low-Cost – Embankment hardening
• High-Cost – Full bridge replacement
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Cost Comparison, Bridge Investment Approaches (Discounted 3.1%)

Costs Benefits Net Benefits

High Cost 
Approach

Low Cost 
Approach

No Cost 
Approach

A unique result 
among our 

case studies, 
none of the 
proposed 

investments for 
the Liverpool 
Point Road 
bridge were 
estimated to 

be cost-
beneficial.



CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026 45

Case Study: Rail Segment
Silver Line in Dulles

Impacts of Extreme Heat on Rail Commuters

Inputs:
• Ridership
• Heat days
• Value of travel time

Solutions:
• No Action
• Low-Cost – existing rails are painted white
• High-Cost – installation of heat-resistant rails
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Cost Comparison, Rail Segment Investment Approaches (Discounted 3.1%)

Costs Benefits Net Benefits

High Cost 
Approach

Low Cost 
Approach

No Cost 
Approach

The Low Cost 
approach yields 
higher benefits 
than the High Cost 
approach at a 
lower cost, leading 
to a higher net 
benefit.

Lack of 
investment 
could cost over  
$900,000 over 
20 years.
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Case Study: Road Segment
Anacostia Freeway in Washington

Impacts of Flooding on Road Users

Inputs:
• Average Annual Daily Traffic
• Frequency and duration of roadway flooding
• Value of travel time
• Cost of road closure

Solutions:
• No Action
• Low-Cost – semi-permanent deployable flood barrier
• High-Cost – permanent raising of road
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High Cost 
Approach

Low Cost 
Approach

No Cost 
Approach

The Low Cost 
approach yields 
similar benefits to 
the High Cost 
approach at a 
lower cost.

The Low Cost 
approach also has 
the highest net 
benefits.

Lack of investment 
could cost $17 
million over 20 
years.
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Cost Comparison, Roadway Investment Approaches (Discounted 3.1%)

Costs Benefits Net Benefits



CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026 49

Poll

Do any of these results surprise you?

Which ones?
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Case Studies Summary

Key Takeaways

- Taking no action for known climate risks is costly; as much as $17.2 
million over 20 years (discounted 3.1%) in health, repair, and lost time 
costs at just one of our study locations

- Lower-cost investments often produce similar or more benefits than 
higher-cost options

- Return on investment, dollar-for-dollar, for low-cost solutions ranges 
from 1.5:1 to 6:1, depending on the approach taken and the 
infrastructure type.

- For all infrastructure types studied, taking similar action across the 
National Capital Region could lead to significant health savings and 
avoided costs.

50
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Where do we go from here?

o We now have five indicative case study BCAs regionally that can help 
make the case for resilience investment not only at those locations, 
but for similar projects in other locations or at-risk assets around the 
region

o Framework to help members walk through the process on their own, all 
five individual models should members like to analyze similar assets

o Helped showcase the importance of BCAs by highlighting the type of 
information they can provide, can aid with grant applications and 
board presentations

o Potential to analyze more assets or project examples
o Can help guide other economic analyses / model for other parts of 

TPB’s work program (e.g. safety improvements using a similar 
approach)

 



Katherine Rainone
Transportation Resilience Planner
(202) 962-3283
krainone@mwcog.org                   mwcog.org/tpb

Metropolitan Washington Council of Governments
777 North Capitol Street NE, Suite 300
Washington, DC 20002

Thank You
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