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Extreme Heat and Economic Analysis Projects
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Regional Foundation for Transportation Resilience

2020

Adopted the goal of
becoming a Climate
Ready Region and
making significant
progress to be a Climate
Resilient Region by 2030

ﬂ)’\F)

2021

Developed the TPB
Resiliency Study, which
synthesizes adaptation

planning within the

region and helped inform

TPB's vulnerability

assessment

Integrated resilience into
Visualize 2045

Q National Capital Region

Transportation Planning Board

TPB’s Road to Resilience

Hosted a Climate
Resiliency Planning
Webinar Series to

engage member

agencies, help them
understand climate
vulnerabilities, and build
their capacity to advance
resilience efforts

@

2023

Held a Regional
Resiliency Forum and
convened a working
group of transportation
and planning agencies

Developed an interactive
mapping tool of the
results from TPB's

vulnerability assessment

2024

Published the Risk-
Based Vulnerability
Assessment

Published the
Transportation
Resilience Improvement
Plan (TRIP), which lists
priority resilience
projects for the region

2025

Annually solicit resilience
projects to add to the
TRIP priority project list

Complete additional
studies, such as the
Flooding Impact Analysis

Begin Extreme Heat and
Economic Impact Studies

2026 & Beyond

Annually solicit resilience
projects to add to the TRIP
priority project list

Finalize Extreme Heat and
Economic Impact Studies,
begin travel impact
analysis

Facilitate collaboration
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Major Studies to Date

NATIONAL CAPITAL REGION
TRANSPORTATION SYSTEM
CLIMATE VULNERABILITY
ASSESSMENT

May 2024

National Capital Region
Transportation Planning Board

National Capital Region
Transportation Planning Board

Q@

National Capital Region
Transportation Resilience
Improvement Plan

June 2024

@

National Capital Region
Transportation Planning Board

NATIONAL CAPITAL REGION
TRANSPORTATION SYSTEM
FLOOD ANALYSIS ADDENDUM

National Capital Region
Transportation Planning Board
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Project Objectives

WHAT? WHERE? HOW?
Understand potential impacts of |dentify where transit systems Provide resources that
extreme heat on transportation and users might be the most guide how the region might
systems and users exposed to extreme heat adapt to these impacts

National Capital Region
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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.

ith max above 95°F

Diays per year wi
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Differance from Obsarved Average ("F)
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The blue band (lower emissions) shows RCP 4.5, the red band (higher emissions) shows RCP 8.5.

Observations B Modeled History = Lower Emissions

=== Higher Emissions

Source: NOAA Climate Explorer
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Overview of Products

g ITEM A - Transit Infrastructure
Resilience Analysis

ITEM B - Grant Application
"T'@ PP
Support

[]Eﬁ] ITEM C - Best Practice Design

Guidance

ITEM D - Policy, Planning,
Guidance Use Cases

Photo Source: Pierre Gaunaurd
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xtreme Heat in the National Capital Reg
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Capital Region, Landsat 2018-2022 average
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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

drop it when i

metro
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Transit Infrastructure Resilience Analysis

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

Access & Health Service & Operations Economic Impacts

A Adverse health X Infrastructure e Lost fare revenue
risks damage
. High i |
_ Challenges =}=  System disruptions al ccl)i tsoperatlona
ENE reaching essential
services ¢«— Travel patterns & ] ]
—  mode shifts @ Regional impacts

National Capital Region
Transportation Planning Board
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ITEM A - Transit Infrastructure Resilience Analysis

|dentify case studies

Q

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

National Capital Region
Transportation Planning Board

M

metro

® June 20-23, 2024:

« 3days > 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

A
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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.

® June 20-23, 2024:

* Baseline daily ridership: 334k
* High heat daily ridership: 308k

Determine impact to ridership * Percent change: 8%

|dentify case studies

® 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

7\ * Percent change: 0.4%
metro
National Capital Region
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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.

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

|dentify case studies

Determine impact to ridership

Determine fare revenue lost ® July 1_3-17, 2024:
« Daily fare revenue lost: $22k

® June 23-26, 2025:

m « Daily fare revenue lost: $6k

K\ National Capital Region m Et ro

. . CAC Meeting: Economic Analysis and Extreme Heat Projects
Transportation Planning Board June 11, 2026




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.

I 2030 65 high heat days/year - $2.8M annual fare revenue lost
2050 87 high heat days/year 2 $4.6M annual fare revenue lost

|dentify case studies

Determine impact to ridership , .

Determine fare revenue lost

Mashingt

Project future loss

Projected Days Over 90F in 2050

90th Percentile, SSP 5.85 '
=

! | 45 days - 59 days ) l —L

: 60 days - 71 days > 2 = —’

I 72 days - 78 days

m et rO B 79 days - 82 days

National Capital Region B 33 days - 89 days
Transportation Planning Board

Q@

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

13




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?

National Capital Region
Transportation Planning Board
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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

National Capital Region
Transportation Planning Board
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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
e Cost Share
* Eligible Activities

4. Applicant Resources
* Evaluation Criteria
 Past Awards
* Win Themes

\ National Capital Region
v Transportation Planning Board

General Program Information

“ederal Federal HMGP provides post- The HMGP program does Dependent upon disaster  Dependent on disaster Vermecia Alsop, DC Haz
Emergency disaster funding for not have a maximum award declarations and varies by declarations by FEMA. Mitigation Officer:
Management mitigation projects that amount. state. Typically annually. vermecia.alsop@dc. goy
=ederal Federal Railroad  The FSP Grant Program Mot specified. The 2024-2025 opportunity" 2023 was first and last "Sergio Coronado:
Administration supports planning and for projects outside of the  program year. Sergio.Coronado@dot.g
ranital nrniacts that Mortheast Corridoris due nn Rami Wnrk-
Applicable Natural Hazards Applicant Resources
Extreme Heat [igl Temporary Flodagl Permanent Flofigl Extreme Winte i Extreme Wind [y iiliteria hdl Past Awards hl Win Theme
n evaluation criteria are Not publicly available Applications should ad
rthe State/Territory Grantee climate hazard vulnera
unt for alignment with state regional hazard mitigat
nreview and selection " For FY 2022 - 2023, 25 projects in the Applications should ing
sts of an eligibility review,  northeast corridor were awarded over railroad data and quali

iew, steering committee $16.4 billion, and 10 projects outside of  accessibility improvem

re evaluated on seven All past award recipients are posted on Applications should ad

Agency Type
B ransit autl city or colll Agency ~ ~ ~ ~ ~ to g g b Cost|
Eligible There are no  Yes

states, specified
territaries, restrictions

Eligible a a a [m] a Fundingmay Yes
agencies only be used
include states for

a CSCl grants There are no Mo
require a specified
team of three restrictions

CAC Meeting: Economic Analysis and Extreme Heat Projects

June 11, 2026 16



ITEM C - Best Practice Desigh Guidance

I

Q@

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

CAC Meeting: Economic Analysis and Extreme Heat Projects

National Capital Region
June 11, 2026
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ITEM C - Best Practice Desigh Guidance

Regional Typologies:

Streetscapes Bus Station Areas Trailhead Plazas

National Capital Region
Transportation Planning Board

Q

CAC Meeting: Economic Analysis and Extreme Heat Projects

June 11, 2026 18




ITEM C - Best Practice Desigh Guidance

Heat Mitigation Elements:

Trees Paving Qrou ndcpver and Shade Structures
Bioretention Areas

AN

Heat Management Elements:
Drinking Fountains
and Refreshments

A

Seating

National Capital Region
Transportation Planning Board

Q

Water Features

CAC Meeting: Economic Analysis and Extreme Heat Projects
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ITEM C - Best Practice Desi

Elements in Context

Table 1 presents key guidance and considerations for the heat mitigation and management elements that
are most important to consider in streetscapes: trees, paving, groundcover and bioretention areas, and
seating. Click the corresponding icons to jump to the full section for each element.

Table 1- Elements in Context

Trees
Regularly spaced trees are the most effective cooling strategy for streetscapes.
Spacing tree specimens to minimize canopy overlap will maximize shading potential.

Key Guidance

+ Spacing: Plant trees 20 to 30 feet apart from each other, on center,
minimizing overlap and gaps between canopies, to maximize their cooling
potential.

+ Dense Canopies: Select species with high leaf-area index scores to maximize
shading and evaporative cooling potential.

+ Resilient Species: Select trees expected to thrive in current and future climate
conditions and plant a variety of species within a district to promote species
diversity.

Paving

Paving can be a secondary cooling strategy, best implemented with other elements
including trees and groundcover. Intentional paving design can also directly support
the success of trees.

Key Guidance

= Application: Paving must be functional, durable, and accessible to work in a
streetscape setting. Portland cement and light-colored pavers are suitable for
pedestrian through-zones. Permeable pavers have gaps between units to
enable infiltration and are best left for set-out areas and locations with lower
travel.

\ National Capital Region
v Transportation Planning Board

gn Guidance

Heat Mitigation Elements

The impacts of extreme heat on people can be reduced through heat mitigation elements. These are
passive design choices that reduce the air and surface temperatures of a place. Each heat mitigation
element is introduced and given context before specific design and implementation guidance is provided to
help achieve the desired cooling effect and ensure long-term success.

Trees

Trees are highly effective at mitigating urban heat because they provide two forms of
cooling. They reflect solar radiation and absorb less heat than harder surfaces,
decreasing both LST and air temperature. They also release water from their leaves
during the day, cooling the air through evapotranspiration. Planting trees in urban and
suburban environments also has many co-benefits such as helping manage stormwater,
providing habitat space, and dampening sound.

Cooling and Design Considerations

TREE SPECIES

Trees with denser canopies tend to cool more effectively than other species because there is more surface
area of leaves to shade and cool. This metric is measured through Leaf Area Index (LAl), calculated as the
ratio of total leaf area of a tree divided by ground surface area defined by the tree’s extents =

The District of Columbia Department of Transpaortation
(DDAT) has studied the impacts of long-term shifts in
climate on the District's urban forests and developed
guidance to manage the impacts. Part of this effort
included vetting suitable tree species for future
planting based on factors such as climate and pest
vulnerability. Many of the trees recommended for
increased and sustained rates of planting in the District
in the future have high LAls, meaning there is ample
oppaortunity to select for both resilience and cooling. For
example, many species of oak trees (of the Quercus
genus) score highly on the District’s resilience eriteria
and have dense ganopies, and are already some of the
most commaon street trees found the District =. Note
that the species listed below do not comprise a
definitive, comprehensive list of tree species suitable
for planting in the region, and collaboration with
arborists and landscape architects will help to
determine the ideal species to plant in different
locations.

HIGH LEAF DENSITY SPECIES i .
DC Tree Planting List Recommended to Increase Figure 8. Fruitless Sweetgum Tree
Planting Frequency Source: Hannele Lahti

+  Liguidambar rgiundiloha (Fruitless sweetgum)
+ Platanus oceidentalis (American sycamare)

CAC Meeting: Economic Analysis and Extreme Heat Projects
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ITEM C

Streetscapes:
* Trees
* Paving

 @Groundcover
* Seating

National Capital Region
Transportation Planning Board

O

Multiple species of
trees with wide, dense
canopies

Figure b: Model Cool Streetscape

Street trees spaced
20-30 feet on center

Step-out areas with ]
shaded benches and Strips of groundcover
permeable pavers break up the pavement

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

Streetscapes:
Recommendations
for Different
Regional Contexts

National Capital Region
Transportation Planning Board

Q

Table 2: Streetscape Recommendations for Different Regional Contexis

Suburban Artenal Road

Richmond Highway, Fairfax
County, VA

Mixed-Use Artenal Road

N T

. - 5 -
Wisconsin Avenue, Bethesda,
WD

Constrammed Urban Street

Trees Continuous landscape strips Street trees spaced at Continuous landscape strips with
with shade trees planted on projected full canopy shade trees on sides of streets
sides of streets and in distance, in continuous strips, with selective trees in medians
medians individual tree planting beds, where street cross-sections allow

and bioretention areas as
context allows

Pavement Continuous light-colored Light-colored two-toned Continuous light-colorad
concrete sidewalks pavers concrete sidewalks

Permeable paver step-out Permeable paver step-out areas
areas for street furniture and for street furniture and bus stops
bus stops between tree between tree planting beds
planting beds

Groundcover Can be dictated by other Mative grasses and low Mative grasses and low shrubs in
project needs and goals shrubs in tree planting beds tree planting beds and zlong

and glong building footprints building footprints
Seating Located regularly along Located regularly along Located regularly along streets,

streets, co-located with other
heat mitigation and
management elements

streets, co-located with other
heat mitigation and
management elements

co-located with other heat
mitigation and management
elements

CAC Meeting: Economic Analysis and Extreme Heat Projects
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ITEM C

Bus Station Areas:

O

Trees
Groundcover
Shade Structures
Seating

National Capital Region
Transportation Planning Board

Shadetrees planted
throughout parking

Figure 6: Model Cool Bus Station Area areas

Trees flanking the bus

shelters to cast
supplemental shade on

people waiting

Y | gt &/ ——
| & IS b gl | r-*--:'

S— n

Planting areas as
accents

Permeable pavement
step-out areas

Shelters with shallow
II II walls, green roofs, and
benches
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ITEM C

Trailhead Plaza:

O

Shade structures with green
roofs, placed with supplemental
shade from trees and buildings

Figure 7: Model Cool Trailhead Plaza

& [

Trees with groundcover
below around the
perimeter of the plaza to
define the space

Trees

Shade Structures
Water Features
Drinking Fountains
and Refreshments

Fountainanchors

“I) Water fountainand beverage
m vendor provide multiple
the plaza options for refreshments

National Capital Region CAC Meoting: E  Analveie and Ext Heat Project
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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?

National Capital Region CAC Mesting. £ o Analveie and Ext Heat Project
Transportation PIanninq Board eeting: Economic Analysis an Xtreme Heat Frojects 25
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ITEM D - Policy, Planning, and Desigh 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:

Q@

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

National Capital Region
Transportation Planning Board
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How a Planner Might Use this Toolkit of Resources

g ITEM A - Transit Infrastructure Resilience Analysis

"T'@ ITEM B - Grant Application Support Use the results to determine that it
/s worth constructing shade
structures at unsheltered transit

[E4] ITEM C - Best Practice Design Guidance stops, given the increasing heat-
related burden on riders at those
stops.

=| ITEM D - Policy, Planning, And Guidance Use Cases

National Capital Region
Transportation Planning Board

Q@
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How a Planner Might Use this Toolkit of Resources

g ITEM A - Transit Infrastructure Resilience Analysis

"T'@ ITEM B - Grant Application Support Use the database to determine what

funding opportunities might be

R _ ] _ available to support the type of
[4] ITEM C - Best Practice Design Guidance  project you have in mind.

=| ITEM D - Policy, Planning, And Guidance Use Cases

National Capital Region
Transportation Planning Board
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How a Planner Might Use this Toolkit of Resources

g ITEM A - Transit Infrastructure Resilience Analysis

"T'@ ITEM B - Grant Application Support Refer to the a'esign'guia'e/ines to
scope out and design your project.

Y

[E4] ITEM C - Best Practice Design Guidance

=| ITEM D - Policy, Planning, And Guidance Use Cases

National Capital Region CAC Meeting: E  Analvsis and Ext Heat Project
. . eeting: economic Analysis an Xtreme Hea rojects
Transportation Planning Board June 11, 2026
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How a Planner Might Use this Toolkit of Resources

g ITEM A - Transit Infrastructure Resilience Analysis
@5 ITEM B - Grant Application Support

[E4] 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.

National Capital Region CAC Meeting: E  Analvsis and Ext Heat Project
. . eeting: economic Analysis an Xtreme Hea rojects
Transportation Planning Board June 11, 2026
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How Might YOU Use this Toolkit of Resources?

g ITEM A - Transit Infrastructure Resilience Analysis

@5 ITEM B - Grant Application Support How could you all use this
‘ toolkit in your
[F4] ITEM C - Best Practice Design Guidance communities?

=| ITEM D - Policy, Planning, And Guidance Use Cases

National Capital Region CAC Meeting: E  Analvsis and Ext Heat Project
. . eeting: economic Analysis an Xtreme Hea rojects
Transportation Planning Board June 11, 2026
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Economic Impact Analysis Project

National Capital Region
Transportation Planning Board

O
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What is a Benefit-Cost Analysis (BCA)?

National Capital Region

Transportation Planninq Board CAC Meeting: Economic Analysis and Extreme Heat Projects 33
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Why are BCAs important?

. Improves investment decisions and S
helps with project prioritization associated with
the project

 Strengthens funding competitiveness

* Makes “avoided losses” visible

Supports transparent and
accountable planning - both short-
term and long-term

 Often required for funding
applications

UNSEEN
Value of the
alternative
uses of inputs
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Question

Does anyone here have experience with benefit cost analyses in
their work or daily life?

National Capital Region
Transportation Planning Board
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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

O

National Capital Region
Transportation Planning Board

=

Why are resilience investments important?

Amount spent on preparedness reduces the economic impact on the

local community. Every $1 spent on preparing for disasters is worth $7 in

saved economic costs for the community, including job losses, reduced incomes,
and other economic impacts.

Disaster preparedness is a good idea in large cities and small communities alike.
Investments in resilience and preparedness have large potential benefits in smaller
communities whether it's a large $1 billion disaster or a smaller one.

The U.S. averages about 10 $1 billion disasters each year.

From 1980 to the present, the U.S. has suffered 383 weather and climate disasters
that caused more than $1 billion in damage. Those disasters caused more than
$2.7 trillion of damage in total.?

Investment in disaster preparedness pays off.
Every $1 invested in resilience and preparedness saves $13 in economic savings,
damage, and cleanup costs after the event.

Investments in resilience and preparedness have economic benefits even if
a disaster never occurs. As investments in disaster preparedness climb,
communities see more jobs, the workforce grows, more people move to the area,
and production and incomes increase.

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



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

National Capital Region

Transportation Planninq Board CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026
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Case Studies

Bus Stop: Army Navy Drive & S. Joyce | 3

St stop in Arlington s

Study Site: The
Metropolitan A transportation
section betweel Region to del Case Study

International Ai compare low-c Overview:  The
roughly 5,000 p| Transportation Pia

Rail Stop: Greenbelt MARC Station meneef e

Study Site: The} Region to demo] Case Study

the metal rails portion of the A compare low-cost Overview:
direct sunlight. DC, between provide support
Zan |Taa !:; wTa; Avenue This se resilience investm| five benefitd
jerailmen .
limits imposed on au‘X'":ry h(l’gf Study Site: The gzg;‘:“’";"" Case Study
to mitigate trac} aryland an Liverpool Point Bri Ovent The N | Cogital R Key Takeaway
slowdowns gent point serves rof bridge conveys tw} compare o lew. The National pital  Region Shelters and foliage solutions at bus
can severoly im and has been id| Boaverdam CreeK provide sup Transportation Planning Board (TPB) is conducting Stops can signfficantly lower ambient
Y impacts & average daily 4 resilience in five benefitcost analysis (BCA) case studies of temperatures, resulting in decreased
H H = the aiport e transportation assets within the National Capital health costs.
" Context: The Study Site: Region to demonstrate the cost of inaction, compare | -  Over 20 years, no investment could
Results: BCA rej y M v $7.000 in hoalth
y section of the A Context: The Li Greenbelt st low-cost and highcost solutions, and provide result in nearly $7.000 in heal
" solutions have ©! © Liver rt for the benefits of i i impacts at a single location.
and 0.13, respd crosses the bri with the roadway. served by bf support for the benefits of proactive resilience Rebuits ugzect s 31 RO for proactive
invested, the lo high risk of flo to be overtaken (MARC) and investment. investment.
damage preve: 1o the Anacosti flooding events. V4 Authority (' ’ - Similar action could be taken at a
result in about this section, pal would normally us passengers Study Site: The focus of this case study is the Army regional ‘eveln to sdd,essl g:anh| .
invested. cascading effex it connects (River MARC ). The Navy I;nve " & | soum ‘JOf‘e S“si‘ concerns in the National Capital Region.
troublesome be Route 6), will need} capacity for westbound/southbound bus stop in Arlington,
Methods: The bridge. This analys FBI headqual This Metrobus and Arlington Transit bus stop serves
enough to req| Results: BCA r driving an additior] roughly 70 riders per day and lacks existing shelter
I { H H H represent abou benefit-cost rati Context: Th or vegetation
= ' l ' l r ‘ area experiencd low-cost solutior Results: BCA resul elements, an|
a I Iway- I Ive r I I e b etwe e LO u d O temperature day in about $1.49 discounted (3.1%) in increased Gontext: Studies, sich as those by the Center for
number of heat estimated at ar $1 invested, the || expected to | American Progress,' show that exposure to extreme
cost solution woul holters can heat results in increased emergency department

(ED) visits and hospitalizations, and that the number
of days with extreme heat is expected to increase.

Methods: This
Methods: For no and railyard

Gateway and Washington Dulles

=0 T
| i:z: e;’v?&'s'ig" the bridge is impa: a low-cost s Research published by Arizona’s Sun Tran bus I ey = A 4
‘\ National Ce ctivoly Fe expected to make] and a high-ct servicet and Lanza et al. (2025)" shows that shelters Aerial view, Army Navy Drive/South Joyce Street (Google
Q‘/ Transport: respectively. For Charles County s and surrounding vegetation can lower ambient and aPs)
flooded bridge a Results: BCA ground temperatures and help mitigate health impacts at bus stops. This case study examines a low-
_ possession of the solutions ha " a1 cost solution of erecting a bus shelter and @ high-cost
. estimated 0 be a 0.85, respe solution of supplementing the shelter with additional trees
n /‘ —-— | the low-cost and foliage to lower temperatures around the stop. In
Oa Way. n a COS Ia re eway “\ NationakCa response be addition, the new bus shelter would provide space for
) | Transporti = in benefits pq advertising thereby producing advertising revenue.
Methods: Thi

Results: BCA results suggest that the low-cost and high-cost
solutions have discounted (3.1%)" benefit-cost ratios of 3.0
about $15,0 Busstop and 2.7, These results imply that for every $1
invested in solutions, there is a return of nearly $3 in health and advertising revenue benefits. Net
benefits are estimated at around $100,000 over 20 years.

the Greenbel

/‘\\ National Capital Region
Q‘/ Transportation Planning Board
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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

e Cost of heat-related health emergencies
 Heat days

Solutions:

* No Action

* Low-Cost - bus shelter solution

* High-Cost - bus shelter plus vegetation
solution

National Capital Region

K\/ Transportation Planning Board

Transportation Resllience

Case Study
Overview: The National  Capital  Region
Transportation Planning Board (TPB) is conducting

Key Takeaways
Shelters and foliage solutions at bus
stops can significantly lower ambient

five benefitcost analysis (BCA) case studies of temperatures, resulting in decreased
transportation assets within the National Capital health costs.
Region to demonstrate the cost of inaction, compare | - Over 20 years, no investment could
low-cost and high-cost solutions, and provide result in nearly $7.000 in health
support for the benefits of proactive resilience _ &gﬂﬁ?ﬁégﬁ% saliicgg?'; br proactive
investment. investment.

- Similar action could be taken ata
Study Site: The focus of this case study is the Army regional level to address health
Navy Drive & South Joyce Street concerns in the National Capital Region.

westbound/southbound bus stop in Arlington, VA
This Metrobus and Arlington Transit bus stop serves |
roughly 70 riders per day and lacks existing shelter
or vegetation.

Context: Studies, such as those by the Center for
American Progress,i show that exposure to extreme
heat results in increased emergency department
(ED) visits and hospitalizations, and that the number
of days with extreme heat is expected 10 increase.
Research published by Arizona's Sun Tran bus § ol
service® and Lanza et al. (2025)" shows that shelters Aenamew Army NavyDnve/SoumJoyce Street (Google
and surrounding vegetation can lower ambient and "aPs)

EJOund temperalures and help mitigate health impacts at bus stops. This case study examines a low-
£ X g7 3 cost solution of erecting a bus shelter and a high-cost
solution of supplementing the shelter with additional trees
and foliage to lower temperatures around the stop. In
addition, the new bus shelter would provide space for
advertising, thereby producing advertising revenue.

Results: BCA results suggest that the low-cost and high-cost
solutions have discounted (3.1%)" benefit-cost ratios of 3.0
Bus stop with shelter (klllane/Shutterstock) and 2.7, respectively. These results imply that for every $1
invested in solutions, there is a return of nearly $3 in health and advertising revenue benefits. Net
benefits are estimated at around $100,000 over 20 years.

/‘\\ National Capital Region :
Q / Transportation Planning Boal
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High Cost
Approach

==

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

($63)

The Low Cost

— approach yields
similar benéefits to
the High Cost

approach at a

Low Cost
Approach

($57)

lower cost.

The Low Cost
approach also has

the highest net

No Cost
Approach

($100)

O

benefits.

Lack of investment
could cost $5,000

($50) $0 $50
Thousands of Dollars

m Costs mBenefits ® Net Benefits
National Capital Region
Transportation Planning Board

$100

over 20 years.
$150 $200
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Case Study: Rail Stop
Greenbelt MARC Station in Maryland

Impacts of Heat and Flooding on MARC Commuters R e et

Case Study o
; ey Takeaways
Taraporiaton Panning oard (T s conduang |~ Hedtand flod mpacts pas sk o
. commuters that can be abated by
transportation assets within the National Capital | -  Over 20 years, no investment could
Region to demonstrate the cost of inaction, result in nearly $3,000 in heat-related
° R H d h H compare low-cost and high-cost solutions, and helaltthd\mpc'm?5 ar;dG$83060|?0 lwntfrl}ood
related impacts at Greenbelt station
I e rS I p fe';‘l’:gjces"’n‘:,‘:;'t‘m;’t the benefits of proactive | p s suggesta 1071 ROl for
proactive investment in the low-cost
Study Site: The focus of this case study is solution
- Similar action could be taken at a
[ H e at d ayS Greenbelt station in Greenbelt, MD. This station is vegional level to address health and
served by both Maryland Area Rail Commuter infrastructure concerns in the National
(MARC) and Washington Metropolitan Area Transit Capital Region
. Authority (WMATA) and serves roughly 2100
e Heat-related emergencies plssengers pr day during th summer (2050 WMATA'and 20
MARC#). The site also contains a WMATA railyard which has
capacity for 284 railcarsi and is a potential location for the future
. . FBl headquarters »
* Risk of heat-related track failure
Context: The MARC station at Greenbelt is exposed to the
elements, and studies show that exposure to extreme heat results
in increased healthcare costs, and that heat impact days are
[ ]

=
[ 0.85, respectively. These results imply that for every $1 invested,
" the low-cost solution will return about $1.07 in health and flooding.

. .
N uisance f I 00 d in expected t0 increase across the region. » Research suggests that

shelters can help mitigate health impacts.« Historically, the station
and railyard are also at risk of flooding v This case study examines

a low-cost solution to address heat and minor flooding impacts,
and a high-cost solution for mitigating future flood impacits.

Results: BCA results suggest that the low-cost and high-cost
solutions have discounted (3.1%)¥" benefit-cost ratios of 1.07 and

response benefits. The high-cost solution would result in about $0.85 Aerial view, Greenbelt Station
in benefits per dollar invested. Net benefits are estimated at around $100,000 over 20 years.

.
N O l \Ct I O n Methods: This analysis uses data on regional heat event days to identify summer heaith impacts at

the Greenbelt station. Assuming health care costs of about $750 for ED visits, hospitalization costs of
about $15,000,%and roughly 30 commuters per day,* the no action heat-related health impacts are

Low-Cost - Temporary signage, pumps for nuisance flooding ___

—— —

High-Cost - Shelter for heat, track hardening eliminates track I
flooding entirely

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

The High Cost
approach

($791)

igh Cost \ yields the

Approach highest
benefits, but
costs more
than it would

Low Cost — Save.

Approach The Low Cost

A

approach offers
the highest net
benefits.

Noninvestment
could cost over

$900,000 over
($1,000) ($800) ($600) ($400) ($200) $0 $200 $400 $600 $800 $1,000
20 years.
Thousands of Dollars
m Costs mBenefits ® Net Benefits
\ National Capital Region
&J Transportation Planninq Board CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026




Case Study: Bridge
Liverpool Point Road in Charles County, MD

Impacts of Flooding on Road Users L

Case Study

) Key Takeaways
Overview: The National Capital R
ervt e National = Capital RN | go04 impacts pose a risk to road users

- Transportation Planning Board (TPB) is conducting that can be abated by proactive
. five benefit-cost analysis (BCA) case studies of investments,
transportation assets within the National Capital Based on this analysis, investment in
Region to demonstrate the cost of inaction, the Liverpool Point Road bridge for flood

® i I compare low-cost and_ high-cost solutions, and prevention does not prove to be cost-
verage Annual val rartic o e o e o | S s ol o o
resilience investment low daily traffic.
- Similar action could be taken ata

I level for other bridges with
Study Site: The focus of this case study is the regional level for other bridges wi

H H likely lower capital costs and/or greater
* Frequency and length of flooding-related bridge closures
bridge conveys two lanes of vehicle traffic across infrastructure concerns in the National

Beaverdam Creek and is estimated to experience Capital Region.
average daily traffic of approximately 400
vehicles.

Context: The Liverpool Point Road bridge at Beaverdam Creek is at-grade
. with the roadway. According to flooding projections, the bridge is expected
n to be overtaken by flood waters in both 1-in-100-year and 1-in-500-year
would normally use Liverpool Point Road to travel between the major routes
it connects (Riverside Road/State Route 224 and Port Tobacco Road/State
- Route 6), will need to take a detour to avoid the flooded Liverpool Point Road
driving an additional four miles and four minutes. Aerial view, Liverpoot Polnt Road
(Google Maps)
- Results: BCA results suggest that the low-cost and high-cost solutions have
° LOW'CO St _ E m b an k me nt h a rd enin iscounted (313" eneffcost ratios of 0 12 and 0.03,respectively. These results imply that or very
$1 invested, the low-cost solution will return about $0.12 in flooding prevention benefits. The high-

cost solution would result in about $0.03 in flooding benefits per dollar invested

° H 1 g h C 1 Methods: For no action flooding impacts, the analysis assumes that nuisance flooding-during which
igh-Cost - Full bridge replacemen o 10t o v e o s e e fosrs

expected to make the bridge impassable for one-half of a day (12 hours). For each of these events,

Charles County staff are assumed to spend 1 hour setting up road-side signage to warn drivers of the
flooded bridge and point them to detours. The analysis assumes that the county is already in
possession of these signs and reuses them. Signage setup thus only occurs a labor cost, which is
estimated to be a loaded hourly wage of $41.441 once per year. In addition, drivers forced to take an

e
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Cost Comparison, Bridge Investment Approaches (Discounted 3.1%)

High Cost
Approach A unique result
among our
case studies,
none of the
Low Cost proposed
Approach investments for
the Liverpool
Point Road
bridge were
($42) estimated to
o e ost
($42) — beneficial.
($1,300) ($1,100) ($900) ($700) ($500) ($300) ($100) $100
Thousands of Dollars
m Costs mBenefits = Net Benefits
\ National Capital Region
& J Transportation Planning Board CAC Meeting: Economic Analysis and ExtremeJ :l::tl I;’_gg;tg




Case Study: Rail Segment
Silver Line in Dulles

Impacts of Extreme Heat on Rail Commuters

Inputs:

* Ridership

 Heat days

e Value of travel time

Solutions:

* No Action

* Low-Cost - existing rails are painted white

* High-Cost - installation of heat-resistant rails

National Capital Region
Transportation Planning Board

ructure: Ral‘way

Case Study
Overview: The National Capital Region Transportation
Planning Board (TPB) is conducting five benefitcost
analysis (BCA) case studies of transportation assets within
the National Capital Region to demonstrate the cost of
inaction, compare low-cost and high-cost solutions, and
provide support for the benefits of proactive resilience
investment.

Study Site: The focus of this case study is the Washington
Metropolitan Area Transit Authority (WMATA) Metrorail
section between Loudoun Gateway and Washington Dulles
International Airport. This section of the Silver Line sees
roughly 5,000 passengers per day through Dulles Station.i

Context: The outdoor sections of the WMATA metro are at
significant risk from extreme heat.! A sun kink occurs when
the metal rails expand in high temperatures and prolonged
direct sunlight. Sun kinks pose a safety hazard because they
can lead to warping of the track and in extreme cases, train
derailments. To avoid these impacts, there are strict speed
limits imposed on trains traveling during extreme heat events
to mitigate track stress and increase safety. These enforced
slowdowns generate delays and increase travel time which
can severely impact commuters and passengers traveling to
the airport.

Results: BCA results suggest that the low-cost and high-cost
solutions have discounted (3.1%)" benefit-cost ratios of 1.21
and 0.13, respectively. These results imply that for every $1
invested, the low-cost solution will return about $1.21 in heat
damage prevention benefits. The high-cost solution would
result in about $0.13 in heat damage benefits per dollar
invested.

Methods: The analysis assumes that heat events severe
enough to require trains to operate at slower speeds
represent about 20% of the 80 annual heat event days the
area experiences on average. Based on several years of
temperature data captured at the Dulles Airport Station, this
number of heat event days is expected to increase by 3.61%

National Capital Region

Transportation Planni

Metrorail Silver Line Near Dulles. Arwaﬂ_
Station (Google Maps)

Key Takeaways
Extreme heat poses a risk of
track warping, necessitating
metro and rail car slowdowns
that cause delays and increase
travel time.
Based on this analysis,
investment in a low-cost rail
painting solution could lead to
benefits at a rate of $1.21 per
dollar invested
Similar action could be taken at
a regional level for key or at-risk
metro- or rail-ines, significantly
reducing the impacts of extreme
heat days on public transit
riders in the National Capital
Region.

CAC Meeting: Economic Analysis and Extreme Heat Projects
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Cost Comparison, Rail Segment Investment Approaches (Discounted 3.1%)

High Cost
Approach
than the High Cost
approach at a

lower cost, leading

The Low Cost
/ higher benefits

Low Cost to a higher net
Approach :
benefit.
Lack of
No Cost investment
Approach could cost over
$900,000 over
($1,200) ($1,000) ($800) ($600) ($400) ($200) $0 $200 $400 20 years.
Thousands of Dollars
H Costs mBenefits = Net Benefits
/\ National Capital Region
v Transportation P|anninq Board CAC Meeting: Economic Analysis and Extreme Heat Projects
June 11, 2026




Case Study: Road Segment
Anacostia Freeway in Washington

<

Transportation Resllience:

Impacts of Flooding on Road Users ,

Case Study
Overview: The National ~Capital  Region Key Takeaways
. Transportation Planning Board (TPB) is conducting Flood impacts pose a significant risk to
n uts five benefitcost analysis (BCA) case studies of commuters, particularly on limited
. transportation assets within the National Capital access roads where flooding cannot

easily be avoided
Region to demonstrate the cost of inaction, Over 20 years, non-investment could

° A H H compare low-cost and high-cost solutions, and result in nearly $17.3 million in flood
Ve ra ge n n u a a | y ra |C provide support for the benefits of proactive | related impacts at the Anacostia
resilience investment. Freeway location
Results suggest a 1.5:1 ROI for
L L] Study Site: The focus of this case study is the proactive investment in a high-cost
* Frequency and duration of roadway floodin ot e et | Rl v
DC, between 11th Street and Pennsylvania low-cost solution.
N Similar action could be taken at a
Avenue. This section coincides with interstate 295, reglonal level t0 address infrastructure
. an auxiliary highway connecting major roadways in concerns in the National Capital Region.
° Va | ue Of trave | time Meryiend and Washingon, D.. Th key aceess
point serves roughly 128,000 vehicles per day' f
and has been identified as at high risk for flooding
impactsi &

e (Cost of road closure

section of the Anacostia Freeway that ultimately
crosses the bridge over the Anacostia River is at
high risk of flooding, particularly in sections close g

o the Anacostia Recreation Center. Flooding in Aerial view, Anacostia Freeway (Google Maps)
this section, particularly during morning rush hour traffic can snarl access into the city, which has
cascading effects throughout the region. Flooding impacts on limited access freeways are particularly

=
SO I utl 0 n S . troublesome because there are few opportunities to exit the road and slowdowns can extend for miles.
L]

Results: BCA results suggest that the low-cost and high-cost solutions have discounted (3.1%)"
benefit-cost ratios of 8.40 and 1.49, respectively. These results imply that for every $1 invested, the

) H low-cost solution could return about $8.40 in flooding benefits, and the high-cost solution could result
O C I O n in about $1.49 in benefits per dollar invested. Net benefits for the low- and high-cost solutions are

estimated at around roughly $6 to $11 million discounted at 3.1%.
- . Methods: This analysis examines flooding across three discrete scenarios: nuisance flooding, 100-
* Low-Cost - semi-permanent deployable flood barrier
year, with 100- and 500-year events occurring at an annual return interval of 1% and 0.2%,
* High-Cost - permanent raising of road

respectively. For nuisance flooding, the analysis assumes that a 1-hour event partially closes the road,

— —
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High Cost
Approach

Cost Comparison, Roadway Investment Approaches (Discounted 3.1%)

($12)

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

Low Cost
Approach

lower cost.

The Low Cost
approach also has

the highest net
benefits.

No Cost
Approach

($20)

O

($15) ($10)

National Capital Region
Transportation Planning Board

Lack of investment
could cost $17

($5) $0 $5
Millions of Dollars

H Costs mBenefits = Net Benefits

$10

million over 20
$15 $20 years.
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Poll

Do any of these results surprise you?

Which ones?

National Capital Region
Transportation Planning Board
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Case Studies Summary

O

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.

National Capital Region
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Where do we go from here?

O

D

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

Framework to help members walk through the process on their own, all
five individual models should members like to analyze similar assets
Helped showcase the importance of BCAs by highlighting the type of
information they can provide, can aid with grant applications and
board presentations

Potential to analyze more assets or project examples

Can help guide other economic analyses / model for other parts of
TPB’s work program (e.g. safety improvements using a similar
approach)

National Capital Region
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Thank You

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

National Capital Region
Transportation Planning Board
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