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. Summary

The effects of climate change involve numerous costs that are borne by society, including indirect
effects on financial markets, budgets, trade, and employment, which are projected to be distributed
unequally across communities, regions, and industries across the United States, from agriculture,
finance, and tourism to healthcare, education, and real estate. Climate change impacts the economy
through increases in temperature, rising sea levels, and more frequent and intense weather-related
extreme events, which are estimated to generate substantial and increasing economic costs in many
sectors (Hsiang et al., 2023).

Since 1980, the U.S. has sustained 403 weather and climate disasters where overall damages and
costs reached or exceeded $1 billion (including Consumer Price Index [CPI] adjustment to 2024).
The total cost of these 403 events exceeds $2.9 trillion (NOAA, 2024a). Evidence suggests that
the frequency and intensity of weather and climate disasters are increasing. The annual average
number of events between 1980 and 2024 was 9.0 events; the annual average for the most recent
five years (2020-2024) is 23.0 events. These costs are being borne not only in the private sector,
but also in the Federal Government.

As climate change intensifies, the climate effects are expected to impose substantial new costs
across the U.S. economy and adversely affect the economic opportunities of most Americans
(Hsiang et al., 2023). From unprecedented wildfires and extreme flooding to record-breaking
hurricanes and drought, Americans across the country are feeling the devastating impacts of the
climate crisis. In 2024, there were 27 confirmed weather and climate disaster events each with
losses exceeding $1 billion in the United States. These events included 17 severe storm events, 5
tropical cyclone events, 1 wildfire event, and 2 winter storm events. Overall, these events directly
resulted in the deaths of 568 people and had severe economic effects on the areas impacted. The
indirect impacts of these events have as yet not been fully ascertained, but will be certain to
increase both the total attributable mortality and the economic impacts associated with these
events. Extreme events have also contributed to the human migration and the displacement of
individuals, which can affect U.S. economic and national security interests (The White House,
2021).

The Federal Government's budget is directly and substantially at risk from expected lost revenues
and increasing expenditures due to climate change in the coming decades. As directed by President
Biden, agencies continue to build the technical and scientific capacity to assess the risks facing the
Federal Government, and ultimately the American taxpayer, and to seek opportunities to use the
best available information to implement measures to minimize that risk. This white paper captures
these efforts by focusing on three objectives: (i) identify and assess climate financial risk for
Federal programs, (ii) review Federal Agency plans for adaptation to climate change, and (iii)
review and estimate the climate benefits of Federal investments in climate change mitigation.
Below are some of the highlights from these three objectives.

1. Federal Actions to Identify and Assess Climate Financial Risk. This white paper
provides insight on the growing threats of climate change on the Federal Government, in
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particular risks of higher costs to Federal agencies, including programs that support farmers
during disasters; risks to long-term Federal infrastructure; and risks to public health. The
paper provides in-depth information on how the agencies arrived at cost estimates and the
economic tools that are being developed to more accurately predict climate financial risks
in the future. Some of the highlights include:
e U.S. Department of Agriculture (USDA): Federal Crop Insurance Program’s
Pasture, Rangeland, and Forage Insurance Plan
The Pasture, Rangeland, and Forage insurance plan is a risk management
tool for livestock producers to help mitigate financial losses from a decline
in forage production during periods of decreased precipitation (such as from
drought). Increasing drought could lead to an increase in participation in the
plan, which may constitute a financial climate risk for the Federal
Government. Under the full participation scenario, total net payments are
projected to average $2.6 billion per year between 2024-2050, an increase
of approximately $2.1 billion per year over the baseline scenario that
assumes no change in participation from 2024 levels.
e U.S. Department of State: Risks to Overseas Buildings and Operations
The Department of State has over 280 globally distributed diplomatic posts
located in geographically diverse areas and exposed to a wide range of
natural hazards, including earthquakes, extreme heat, extreme wind,
flooding, landslides, tsunamis, water stress, and wildfire. Natural hazards
have historically had substantial financial impacts on the Department’s
diplomatic infrastructure and operations. The Bureau of Overseas Buildings
Operations Climate Security & Resilience Program has made significant
strides in improving climate resilience at U.S. diplomatic missions.
e U.S. Environmental Protection Agency (EPA) Facilities
The EPA Resiliency Assessment Program includes comprehensive climate
resilience assessments of EPA’s owned facilities to address future projected
impacts from climate change site assessments, agency strategic goals
related to resiliency, and commitments to implement high-priority projects
to increase the Agency’s resilience to impacts from climate change. Risks
to five EPA facilities with completed climate resilience assessments are
discussed. For the five facilities included in this paper, the total capital
improvement costs through 2034 (undiscounted) are projected to equal
$407 million, the total new construction cost is projected to be $876 million,
and the total catastrophic rebuild cost is more than $1 billion.
e U.S. Department of the Interior (Interior): Tools to Assess and Address Climate-
Related Financial Risk to Buildings and Operations
Interior bureaus manage lands and resources that provide recreational
opportunities to the public, supply water and hydropower in Western States,
and are an important source of responsibly managed renewable and
nonrenewable energy and mineral development. To meet these obligations,
Interior maintains among its assets over 41,800 buildings—including visitor
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centers, schools, offices, museums, and housing. These buildings are
distributed across the United States and its territories and are exposed to a
wide range of potential hazards, including hazards related to climate
change. The Department supports research and tools that can be used to
assess the potential financial risks from climate change to these buildings
and associated operations and help make informed decisions to address
them.

e U.S. Department of Transportation (DOT): Managing Climate Change and

Financial Risk to the Transportation System

The National Transportation System moves passengers and freight across
the Nation and provides connectivity to global transportation systems.
Extreme weather events and climate change impacts can directly damage
transportation infrastructure, requiring costly repairs and disrupting
essential movement of goods and passengers. This paper presents the DOT
frameworks and tools that support resilience assessments for transportation
assets. The paper also includes descriptions of the system-wide climate
hazard exposure tools, a summary of projected climate-related financial
impacts on the transportation system, and DOT investments for resilience
improvements.

Federal Agency Climate Adaptation Planning and Implementation. This white paper
provides an overview of the evolution and progress made in development of Federal
Climate Adaptation Plans as well as highlighting connections between reporting
requirements for Agency Financial Reports and recent analyses by the U.S. Government
Accountability Office related to adaptation and resilience activities and management of
Federal fiscal risk. The paper provides recommendations on future focus areas for
improvement, including technical expertise, enterprise risk management, scope planning,
and action planning.

Accounting for the Climate Benefits of Federal Investments. Federal investments in
reducing greenhouse gas emissions yield climate benefits that accrue to society. These
benefits can be measured using estimates of the social cost of greenhouse gases. In
particular, OMB examined the climate benefits of programs funded by the Inflation
Reduction Act (IRA), which is the single largest piece of legislation to combat climate
change in U.S. history. Using the social cost of greenhouse gases (EPA, 2023a), OMB
estimates the projected economy-wide benefits from carbon dioxide emissions reductions
for the modeled IRA provisions over the 12-year period range from $536 billion to $2.36
trillion, with the median projected benefits at $1.11 trillion.




II. Introduction

Extreme climate effects, often in the form of record temperatures, droughts, wildfires, and
intensifying storms, are already imposing significant costs upon the public and the American
economy. In addition to these acute risks, chronic risks such as sea level rise also inflict costs. The
economic effects of climate change will depend on the extent of its physical effects, which are
highly uncertain. This uncertainty of the physical effects of climate change implies a wide range
of possible economic consequences, ranging from benign to catastrophic (CBO, 2024). The
objective of this white paper is to help address the threat that climate change poses to the economy
and to the budget of the Federal Government by highlighting risks to agency programs. Section
6(b) of Executive Order 14030 directs the Office of Management and Budget to work with Federal
agencies to develop “an assessment of the Federal Government’s climate risk exposure.” The
effects of climate change are expected to increase costs to public programs, including those
provided by the Federal Government, posing additional challenges to public budgets that fail to
account for the risks posed by climate change (Dolan et al., 2023; GAO, 2024).

It is clear that climate- and weather-related extreme events fueled by climate change pose an
intensifying threat to the American economy—one that costs the U.S. close to $150 billion each
year, a conservative estimate that does not account for loss of life, healthcare-related costs, or
damages to ecosystem services (Jay et al., 2023). Natural disasters are becoming more frequent
and destructive, with the average number of Presidentially declared disasters since 2010
approximately 65 percent greater than in the 1990s and over 250 percent greater than in the 1970s
(see Figure 1). The United States now experiences a billion-dollar disaster approximately every
three weeks on average, compared to once every four months during the 1980s (see Figure 2) (Jay
et al., 2023). Ever-evolving economic tools and models continue to provide a better picture of
increasing climate-related financial risks.

The increasing probability of multiple climate hazards occurring simultaneously or consecutively
across the U.S. and across space or time, known as compound events, exacerbates the societal,
ecological, and economic impacts of individual hazards and hinders the ability of communities to
respond and cope, and continues to have growing direct and indirect effects on American
financial markets, budgets, trade, and employment, along with non-market effects on social
welfare. As an example, the compound effects of heat, drought, and wildfires can stress
communities and ecosystems and amplify the economic damages caused by these hazards on
their own. When combined, compound events have greater impacts than isolated hazards on
ecosystems, water resources, public health, energy infrastructure, transportation, food systems,
and interconnected societal networks, often straining disaster response (Singh et al., 2023). The
economic effects of these disasters are being felt in households, businesses, and Federal, state,
and local governments.




FIGURE 1: PRESIDENTIALLY DECLARED DISASTERS, 1960-PRESENT
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FIGURE 2: NOAA COST OF DISASTERS (BILLIONS OF 2024 DOLLARS), 1980-PRESENT
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According to the U.S. Government Accountability Office (GAO), the effects of climate change
have cost the Federal Government billions of dollars, and these costs will likely increase in the
future (GAQ, 2024; NASEM, 2024). In the past five years (2020-2024), there have been notable
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climate-related financial impacts to the Federal Government due to extreme weather disasters, to
include:

e The Federal Emergency Management Agency (FEMA) obligated $104.5 billion from the
Disaster Relief Fund between 2020 and 2024 for weather- and climate-related natural
disasters;

e The U.S. Department of Housing and Urban Development (HUD)’s Community
Development Block Grant Disaster Recovery and Mitigation programs obligated $40.6
billion to support long-term housing, economic development, and infrastructure recovery
needs due to climate-related events;

e The U.S. Army Corps of Engineers obligated $1.9 billion for its disaster response and
recovery efforts from the funds appropriated to the Corps in those years due to climate-
related events; and

e The U.S. Department of Defense (DOD) reported that climate change has the potential to
disrupt operations, pose danger to assets and personnel, and require additional funding to
support disaster response and recover efforts. In 2023, DOD reported spending $54.6
million in contingency preparedness that includes incorporating climate risk scenarios in
war games and exercises, humanitarian assistance, and disaster relief and defense support
to civil authorities’ activities (U.S. Department of Defense, 2023a).

The costs to the American taxpayer are expected to go up, as the climate fiscal risks to the Federal
Government—such as risks to insurance and lending programs, human health, and infrastructure—
go up. Using the fiscal tools available, some Federal agencies are already projecting how much
climate change will disrupt services and cause costs to balloon for certain programs. For example,

e The U.S. Department of Agriculture (USDA) Forest Service and Department of the Interior
estimate that climate-fueled wildland fires could burn an additional 7.7 million acres of
Federally-owned forests per year—an increase of 205 percent compared to today—by the
end of the century, increasing expected suppression costs to $6.1 billion per year—
compared to an average of $3.5 billion currently (2023 dollars) (Prestemon et al., 2024);
and

e In a 2024 analysis, the USDA estimates that due to increased drought fueled by climate
change, the Agency could see up to double the number of ranchers seeking assistance under
the Livestock Forage Disaster Program by the end of the century compared to today. This
corresponds to increases in Federal expenditures by more than $830 million more per year
by the end of the century (2023 dollars) (Hrozencik et al., 2024).

Since 2021, the Office of Management and Budget (OMB) and agencies have annually worked to
document progress toward better understanding and implementing actions to mitigate climate-
related financial risk to Federal operations, programs, and facilities.! This white paper provides
the fourth update from the OMB and agencies and focuses on key efforts, including a summary of

! President Biden signed Executive Order 14030, “Climate-Related Financial Risk” on May 20, 2021, to improve the
Federal Government’s capabilities to assess and reduce the risk that climate change poses to the Government and the
economy.



the climate risk exposure of select Federal Government programs and an overview of Federal
Agency Climate Adaptation Planning and Implementation.



[11.  Federal Actions to Identify and Assess Climate Financial Risk

There are two categories of climate risks—physical risks and transition risks (EPA, 2024a).
Physical risks are related to the physical impacts of climate change, and they may be event-
driven (i.e., acute) or associated with longer-term shifts in climate patterns (i.e., chronic).
Transition risks are those related to the transition to a lower-carbon economy. Climate risks vary
in their timing and magnitude (NASEM, 2024). Table 1 presents a typology of climate risks in
terms of their duration and economic variable.

TABLE 1: TYPOLOGY OF CLIMATE RISKS

Economic variable Long-term (chronic) Short-term (acute)
Physical risks  Lower average crop yields < Hurricanes
* Lower productivity * Floods and fires
* Sea level rise * Droughts
* Adaptation costs * Heat waves
* Grid failures and blackouts
Transition risks * Green investment demand * Energy price shocks
» Shifts in types of jobs and * Asset price shocks
skills * Transitional unemployment
» Monetary policy decision * Policy transition shocks
e Long-run productivity * Policy uncertainty shocks
growth * Political risk

* Geopolitical risks
* Unknown unknowns

Source: NASEM, 2024

This section provides a demonstration of the various approaches currently being employed to
assess climate risks to agency programs, facilities, and services, including three analyses that
provide quantitative estimates of financial risks. As such, this section is not intended to provide a
comprehensive, whole-of-Government assessment of physical or transition risks of climate
change. This section is organized into themes that relate to each assessment, including: (1) Risks
to Insurance and Lending Programs, (2) Risks to Long-Term Infrastructure, (3) Risks to Human
Health, and (4) Decision-Support Tools.



A. Risks to Insurance and Lending Programs

More frequent and severe climate events such as droughts are projected with climate change, with
implications for Federal credit programs, such as those that support the Nation’s farmers and help
everyday Americans buy a home, including crop insurance and housing mortgage lending
programs. This section includes (i) an assessment of climate risks to the Federal Crop Insurance
Program’s Pasture, Rangeland, and Forage insurance plan, which is designed to help producers to
mitigate financial losses from a lack of precipitation; and (ii) an overview of ongoing climate risk
assessments of the Federal Housing Administration’s commercial loan portfolio by the U.S.
Department of Housing and Urban Development.

(1) U.S. Department of Agriculture: Federal Crop Insurance Program’s Pasture,
Rangeland, and Forage Insurance Plan

Introduction

More frequent and severe climate events are projected as the climate changes, with implications
for U.S. agricultural production and producers’ incomes (Bolster et al., 2023). The agricultural
sector is particularly vulnerable to the impacts of climate change, as crop yields, forage
availability, and farm profits depend on evolving climatic conditions (Hsiang et al., 2017; Malikov
et al., 2020). The Federal Government offers a variety of programs to help producers mitigate the
financial impacts of adverse events (Tsiboe & Turner, 2023a; Turner et al., 2024), the largest of
which is the Federal Crop Insurance Program (FCIP). Several of these programs aim specifically
at mitigating risk within the livestock sector (MacLachlan et al., 2018). Such programs may
constitute a financial climate risk for the Federal Government, as projections of climate in the U.S.
suggest that drought conditions may become more frequent and intense for many regions in the
future (Lehner et al., 2017; Leng & Hall, 2019; Zhao & Dai, 2017).

While previous studies have analyzed the potential impacts of climate change to FCIP outlays,
most have focused on field crops (e.g., Beckman et al., 2024; Tack et al., 2018). A changing
climate could also affect forage crops and livestock producers under scenarios where there is
declining precipitation. Hrozencik et al. (2024) explored how climate change, through its effects
on drought, could affect producer payments under the Livestock Forage Disaster Program (a
standing disaster program administered by the Farm Service Agency that is not under FCIP). The
FCIP Pasture, Rangeland, and Forage (PRF) insurance plan is another risk management tool for
livestock producers that may help mitigate financial losses from a decline in forage production
when rainfall falls below historical levels. To date, the financial climate risk to the Federal
Government of this program is unknown (Turner et al., 2024).

PRF was introduced as a pilot product for the 2007 crop year (in six states: Pennsylvania, South
Carolina, Texas, Colorado, North Dakota, and Idaho) to address some of the challenges associated
with applying traditional crop insurance plans to perennial forage crops. For example, the same
pasture or rangeland can be continuously grazed throughout the year, making it difficult to measure
the productivity of the acreage for purposes of setting an insurance guarantee (as is needed for
field crops under the FCIP). In contrast, PRF provides protection for producers when a loss of
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forage is experienced due to a lack of precipitation relative to a historical index. Because PRF
utilizes a rainfall index for purposes of calculating losses, a measure of actual on-farm production
or loss of production is not required. Moreover, traditional policies provide financial protection
for the entire crop year, whereas ranchers may only have small windows during the year where
livestock are grazing and after which insurance is not necessary.

PRF was expanded to all 48 contiguous States by 2016. Since then, participation in PRF has
increased (Figure 3). Total insured FCIP acreage for the 2016 crop year was just under 300 million
acres, of which 44 million acres were insured under PRF (approximately 15 percent of insured
acreage). Total insured acreage has grown each year since 2016, with the relative share of PRF
increasing as well. For the 2023 crop year, total insured FCIP acreage reached 538 million acres,
with 278 million of those acres (approximately 52 percent of the total) insured under PRF. The
2023 crop year was the first time that acres insured under PRF represented the majority of total
FCIP insured acres.?® Figure 4 shows the average share of insured acres associated with the PRF
insurance plan relative to all insured acreage in each county in 2016-2023. For many counties in
the western and southern United States, PRF represents more than 75 percent of the insured
acreage.

As the use of the PRF program becomes increasingly prevalent, it is important to understand how
the program’s financial risk to the United States government may change with a shifting climate.
In this section, USDA uses projected precipitation estimates and estimates of biomass change to
calculate potential future PRF net payments (indemnities, plus premium subsidies, minus total
premiums). Depending on assumptions made on future PRF participation, net payments are
projected to average between $495 million to $2.6 billion per year between 2024-2050. For
reference, net payments have averaged approximately $603 million per year from 2020-2023, all
in 2024 monetary terms.

Data and Methods
Estimation of future PRF payments requires three pieces of data:

1) Precipitation: grid-level estimates of future precipitation are required to calculate the
grid-level precipitation indices and track when precipitation is projected to decline
below the threshold necessary to trigger a PRF payment.

2) Biomass: grid-level estimates of future biomass availability are needed to calculate
the value of the available forage in each grid. Available biomass directly influences
the insured liability of a PRF policy and affects the magnitude of future payments
when a payment is triggered by low precipitation.

3) Participation: county-level estimates of future participation are required to track the
level and spatial distribution of insured forage under PRF so that the relevant
precipitation and biomass values can be applied.

2 Although several other insurance options have remained available for forages, more than 95 percent of all insured
acreage for forage crops from 2016 to 2023 was enrolled in the PRF plan.

3 USDA estimates that 21 percent of all land that could be used for pasture, rangeland, and forage in the contiguous
U.S.is enrolled in PRF.
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FIGURE 3: FCIP INSURED ACRES, 2001-2023
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16, 2024.

Source: USDA, Economic Research Service using data from USDA, Risk Management Agency.

Figure 5 describes the geographical and temporal patterns of precipitation, respectively, in the
contiguous United States based on the modeling scenario described above. The geographical
pattern indicates that areas of the contiguous United States may experience increases in
precipitation as high as 22.51 percent and declines of up to -13.15 percent by 2050. While such
changes are scattered throughout the country, differences in a few locations are worth highlighting.
Particularly, under this climate scenario some Western regions of the U.S. would experience
higher levels of precipitation by the middle of the century, which appear as blue clusters in the
map. Some of these States (e.g., Nevada, Utah, Colorado, and Wyoming) also have the largest
shares of pasture, range, and forage lands of the United States. The Midwestern Corn Belt,* where
most of the U.S. corn and soybean production occurs, is expected to experience higher
precipitation towards the middle of the century under this climate scenario. This region, however,
has the lowest share of pasture, rangeland and forage land in the country. Future precipitation
projections indicated several isolated areas of decreasing precipitation primarily located along the
West and East coasts.

4 The Midwestern Corn Belt includes states such as Indiana, Illinois, lowa, Missouri, eastern Nebraska, and eastern
Kansas.
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FIGURE 4: AVERAGE PRF INSURED ACREAGE AS A SHARE OF TOTAL INSURED
ACREAGE, 2016-2023
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Source: USDA, Economic Research Service using data from USDA, Risk Management Agency.

The rest of this section discusses the process of estimating each of these data values.

Future precipitation

To estimate future precipitation and its impact on PRF payments, USDA uses the National
Aeronautics and Space Agency (NASA)’s global climate projections, specifically, Shared
Socioeconomic Pathway (SSP)5-Representative Concentration Pathway (RCP)-8.5. This climate
scenario represents very high emissions for the impact of climate on future payments and has been
the focus of recent Economics Research Service (ERS) reports (Beckman et al., 2024; Vaiknoras
et al. 2024). USDA collects and processes climate change data from the NASA Earth Exchange
Global Daily Downscaled Projections (NEX-GDDP) database based on the SSP5-8.5. The
database is formed of simulation experiments performed by different scientific groups around the
world, using general circulation models (GCMs). Thrasher et al. (2022) describes the simulation
methodologies and database.

Future biomass

Estimates of future quantities of available herbaceous biomass are obtained using a simulation
program called G-Range. G-Range is a global, gridded ecosystem model of rangelands. Projected
climate data from GCMs on monthly precipitation and temperatures (maximum and minimum) are
input into G-Range to simulate changes to biomass on rangelands around the globe due to climate
change (Boone et al., 2018). For each grid cell, plant growth and death, soil carbon levels, nutrient
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cycling and more are simulated by month based on changing precipitation and temperatures and
the characteristics of the grid cell.

FIGURE 5: DIFFERENCE IN PROJECTED ANNUAL PRECIPITATION IN THE
CONTIGUOUS UNITED STATES UNDER SSP5-8.5, 2020-2050

Latitude

Difference
{percent):

Longitude

Note: Alaska and Hawaii were not included in the study as the Pasture, Rangeland, and Forage plan (PRF) was not
available in those states in the past. Coverage was expanded to Hawaii in 2024.

Source: USDA, Economic Research Service using data from the National Aeronautics and Space Administration
(NASA) Earth Exchange Global Daily Downscaled Projections (NEX-GDDP). Models used are: HadGEM2.ES
(Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013), CSIRO-Mk3.6.0 (Collier et al., 2011), BCCCMS 1.1
(Wu, 2012), GFDL-CM3 (Donner et al., 2011), GISS-E2-R (Schmidt et al., 2006), and MIR-CGCM3 (Yukimoto et
al., 2012).

Because G-Range only simulates rangeland areas, as defined by land cover type, some portions of
the United States are not included.> Most rangelands are in the western half of the U.S., along with
small areas of the southeastern United States. Between 2024 and 2050, it is estimated that the
United States (excluding Alaska and Hawaii) will have a 1 percent gain in herbaceous biomass
under the projected climate scenario. However, results vary by county and State (Figure 6). Some
counties are predicted to lose over fifty percent of their herbaceous biomass by 2050; each of these
counties are in either Texas, New Mexico, or Colorado. New Mexico in particular would
experience large losses under SSP5-8.5: it has the largest percentage loss (35 percent) of any State,

5 USDA determines potential areas for PRF adoption based on two sources of data. USDA’s first source is
Rangelands grided data from USDA-USFS, where USDA overlays the PRF grid surface with it to determine the
share of each PRF grid that can be potentially enrolled in PRF. USDA supplements this with cropland data layer
(CDL) grid data from 2008-2023, where USDA develops an indicator grid where this takes on the value of unity if
the grid had alfalfa or pasture at least once over this period. Again, USDA overlays the PRF grid surface with this
indicator surface to identify extra areas missed by Rangelands. For the counties that have PRF land but are not in G-
Range USDA assumed that the growth in forage is zero. However, it is worth noting that the granular data from the
G-Range model are particularly useful for the micro-level shocks which USDA uses for the macro-level projections
at either the state or the national level. Practically, this means that USDA is putting more weights on the areas with
G-Range model outcomes. USDA’s estimate of land available for PRF is 1.3 billion acres, which is approximately
55 percent of all U.S. land, as noted by RMA (2024).
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and all but one of its 30 rangeland counties are expected to lose herbaceous biomass. The State
with the second greatest loss in herbaceous biomass is North Dakota, with a projected 13 percent
decline in herbaceous biomass. By contrast, some counties would gain more than 50 percent
herbaceous biomass; these counties are in Washington, Idaho, Nevada, California, Utah, and
Colorado. At the State level, Washington has the greatest percentage increase (32 percent),
followed by Nevada.

FIGURE 6: PERCENT CHANGE IN HERBACEOUS BIOMASS UNDER SSP5-8.5, 2024-
2050

Percentage change
g 120

80
40
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-40

Note: Alaska and Hawaii were not included in the study as the Pasture, Rangeland, and Forage plan (PRF) was not
available in those states in the past. Coverage was expanded to Hawaii in 2024.

Source: USDA, Economic Research Service using the G-Range simulation model with results averaged across seven
general circulation models: HadGEM2.ES (Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013), CSIRO-
Mk3.6.0 (Collier et al., 2011), BCCCMS 1.1 (Wu, 2012), GFDL-CM3 (Donner et al., 2011), GISS-E2-R (Schmidt et
al., 2006), and MIR-CGCM3 (Yukimoto et al., 2012).

Future participation
With respect to enrollment, USDA generates estimates of future PRF participation using four
distinct scenarios:

e A baseline scenario, in which insured acreage is held fixed at 2024 levels throughout the
analysis.

e A non-negative trend-based growth scenario, in which future county-level PRF acreage is
estimated by regressing past county-level PRF acreage on a trend variable using data
from 2020 to 2023.

e A variable precipitation-driven growth scenario, in which county-level PRF participation
is modeled as a function of historical monthly precipitation levels. Specifically, for each
observation (defined by the unique combination of county, PRF coverage level, and index
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interval), month-specific measures of precipitation were constructed based on the four-
year moving average of grid-level precipitation for all grids in the county. PRF acreage
was then regressed on these measures of precipitation along with an annual trend
variable, indicators for farm bill periods (to control for distinct policy environments), and
interactors between the annual trend and farm bill indicators. These regression results are
then combined with projected changes in precipitation to get predicted rates of PRF
enrollment for each year in the projection period.

e A full participation scenario, where all acreage that could potentially be used for
rangeland, pasture, and forages is enrolled in the program.

Calculating PRF net payments

Estimations of future participation are combined with precipitation and biomass estimates to
calculate insured liabilities. Projections for liability are based on anticipated changes in county
base value (i.e., expected per acre value for PRF) and insured acreage. Here, the county base value
is projected at the county level based on changes in biomass from the G-Range simulations (as
discussed in the previous section). Finally, the base rate (used for premium calculation) and
payment factors (used for indemnity calculations) for PRF are projected by applying RMA
actuarial methodology (Coble et al., 2020; Tsiboe et al., 2023b) at the grid level based on estimated
changes in precipitation (as previously described). These are then aggregated to the county level
based on observed PRF participation patterns from 2018-2023 for counties with PRF coverage.
The premium subsidy percentages are fixed at the levels established by legislation in 2024. The
total future net payments are then calculated as the sum of total indemnity and premium subsidy
minus total premium.®

The Financial Climate Risk of the Pasture, Rangeland, and Forage Insurance Plan

USDA uses the results from the precipitation and biomass models, along with estimates of future
participation, to project 5-year moving averages of total net payments attributable to the PRF plan
out to 2050. Payments are equivalent to the sum of indemnity payments and disbursed subsidies
net of total premiums, as depicted in Figure 7 (all results are in 2024 dollars).

e Under the baseline scenario (participation fixed at 2024 levels), total net payments are
projected to average $530 million per year between 2024-2050.

e Under a non-negative trend-based growth scenario, total net payments are projected to
average $538 million per year between 2024-2050.

e Under the scenario allowing for a variable, precipitation-driven, growth rate in PRF
participation, total net payments are projected to average $495 million per year.

e Finally, under the full participation scenario, total net payments are projected to average
$2.63 billion per year between 2024-2050.

& The overall cost to the government is conditional on variations in: (A) total premiums, (B) premium subsidies
provided to producers, (C) indemnities; (D) program delivery cost and subsidies, and (E) reinsurance (underwriting
losses minus underwriting gains). Given the above cost items, the total cost is calculated as (A-B)-C-D+E. In this
exercise, USDA only captures (A-B)-C.
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FIGURE 7: PASTURE, RANGELAND, FORAGE RAINFALL PLAN 5-YEAR MOVING
AVERAGE PROJECTED TOTAL NET PAYMENTS UNDER SSP5-8.5, 2011-2050

Total net payments (billion U.S. dollars)
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Crop year
Baseline scenario (participation fixed at 2024 levels) = = Trend driven growth rate == ' Precipitation driven growth rate Full participation

Note: All monetary values are in real 2024 dollars.

Source: USDA, Economic Research Service analysis of data from USDA, Risk Management Agency, National
Aeronautics and Space Administration (NASA) Earth Exchange Global Daily Downscaled Projections (NEX-GDDP),
and the G-Range simulation model with results averaged across seven general circulation models: HadGEM2.ES
(Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013), CSIRO-Mk3.6.0 (Collier et al., 2011), BCCCMS 1.1
(Wu, 2012), GFDL-CM3 (Donner et al., 2011), GISS-E2-R (Schmidt et al., 2006), and MIR-CGCM3 (Yukimoto et
al., 2012).

The results highlight that variation in payments can be significant even when holding participation
fixed (either at 2024 levels or fixed at “full participation™). The change in payments at various
points of time is driven by climatic variables — i.e., changes in precipitation and biomass. While a
decline in precipitation relative to the rainfall index triggers PRF program payments, the
magnitude of the payments is based on both precipitation and biomass. In practice, associating
precipitation with participation, as was done with the “precipitation driven growth rate”
assumption, is useful for letting growth rates be dynamic across regions of the U.S. with different
precipitation levels. Figure 8 depicts program outcomes separately estimated for four regions of
the U.S. Panel A shows that the majority of the recently observed growth in insured acres under
PRF has been in the Western portion of the U.S.

16


https://HadGEM2.ES

FIGURE 8: PASTURE, RANGELAND, FORAGE PLAN BY REGION USING
PRECIPITATION DRIVEN GROWTH RATE UNDER SSP5-8.5, 2011-2050

Panel A: 5-year moving average net acres insured
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Panel E: 5-year moving average indemnity payments
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Panel D: 5-year moving average disbursed subsidies
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Panel F: 5-year moving average total net payments [E+D-C]
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Notes: Midwest includes IL, IN, IA, LS. MI, MN, MO, NE, ND, OH, SD, WI. Northeast includes CT, DE, ME, MD,
MA, NH, NJ, NY, PA, RI, VT. South includes AL, AR, FL, GA, KY, LA, MS, NC, OK, SC, TN, TX, VA, WV. West
includes AZ, CA, CO, HI, ID, MT, NV, NM, OR, UT, WA, WY.

Source: USDA, Economic Research Service based on analysis of data from USDA, Risk Management Agency,
National Aeronautics and Space Administration (NASA) Earth Exchange Global Daily Downscaled Projections
(NEX-GDDP), and the G-Range simulation model with results averaged across seven general circulation models:
HadGEMZ2.ES (Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013), CSIRO-Mk3.6.0 (Collier et al., 2011),
BCCCMS 1.1 (Wu, 2012), GFDL-CM3 (Donner et al., 2011), GISS-E2-R (Schmidt et al., 2006), and MIR-CGCM3
(Yukimoto et al., 2012).
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Based on 5-year moving averages, growth in insured acreage in the West was estimated to increase
by 38.3 percent from 163 million acres in 2024 (average insured acreage from 2020 to 2024) to
225 million acres by 2050 (average insured acreage from 2046-50) using results from the
precipitation-driven growth rate scenario under SSP5-8.5. Percentage changes in enrolled acres
were similarly estimated for the Midwest (56.1 percent), South (20.3 percent), and Northeast (52.3
percent). Other estimated outcomes (panels B-F of Figure 8) show a consistent relative ordering
across regions with the West having the highest values followed by the South, Midwest, and
Northeast. One exception is that estimated total net payments (panel F) for the South and West are
comparable across the projection period despite the West having approximately 5 times the
enrolled acreage. This is mostly explained by the higher productivity of acreage (as derived from
the biomass analysis) in the South which results in relatively higher insured liabilities (panel B).
For example, despite the West having approximately 5 times the enrolled acreage, insured
liabilities are only about 1.75 times the liabilities of the South. Average annual net total payments
for the four regions depicted in Figure 8 were $243 million (West), $220 million (South), $3.5
million (Northeast), and $96 million (Midwest).

It is important to note when interpreting the results depicted in Figure 8, that there is an implicit
assumption that the correlations observed between precipitation and PRF enrollment trends to date
will hold in the future. This may not be the case due to the number of factors that influence
participation besides rainfall in addition to currently observed enrollment trends being heavily
influenced by initial availability.’

Conclusions

The Pasture, Rangeland, and Forage insurance program provides producers protection when a loss
of forage is experienced due to a lack of precipitation. USDA uses projected precipitation
estimates, along with estimates of biomass change, both due to climate change, to calculate
potential future PRF net payments. USDA finds that grid-level estimates generally suggest
increases in precipitation and biomass between 2024 and 2050 which result in total net PRF
payments that are comparable to payment levels in recent years under a very high emissions
climate scenario. Holding participation fixed at 2024 levels (i.e., the baseline scenario), estimating
a trend-based growth rate, and estimating a precipitation-based growth rate all produce annual net
payments that range from $429 million to $602 million.

These estimates are in a comparable range to the average annual net payments of $603 million per
year observed from 2020-2023. However, upper bound estimates (assuming that enrollment rises
to 100 percent of eligible acres) project that net payments would reach an average of $2.6 billion
per year (with annual extremes of between $1.1 billion to $3.3 billion) over the projection period
if all PRF eligible acreage was enrolled.

7 Since PRF is a relatively new insurance product, much of the observed increases in demand to date are a result of
the insurance product being made available for the first time in a producer’s county. Thus, correlations between
precipitation and changes in participation over this time period may not necessarily be indicative of a causal
relationship.
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USDA also found that variation in payments over time can be significant even when holding
participation fixed (either at 2024 levels or fixed at “full participation™), indicating that a
significant portion of the variance in program outcomes is driven by climatic variables—i.e.,
changes in precipitation and biomass. Although volatility in net payments is higher in absolute
dollar terms under the full participation scenario, this is largely an artifact of scale. The coefficient
of variation, which provides a measure of volatility that is normalized by the mean, in net payments
across the projection period was between 0.05 and 0.18 for all four scenarios.

USDA simulates a range of scenarios as it is unknown how participation will change in the future.
Although precipitation is expected to increase in the future based on the models used, there could
also be an increase in drought (as shown in Hrozencik et al., 2024) if the precipitation events
become heavier and less frequent. This could lead to an increase in participation, which may
constitute a financial climate risk for the Federal Government. Note that not all land that could be
used for pasture, rangeland, and forage in the contiguous United States is enrolled in FCIP/PRF,
thus full participation is not likely.

(2) U.S. Department of Housing and Urban Development: Federal Housing
Administration and Risks to the Commercial Loan Portfolio

Introduction

The U.S. Department of Housing and Urban Development (HUD) continues to consider
approaches to better integrate climate-related financial risk into underwriting standards, loan terms
and conditions, and asset management and servicing procedures, as related to Federal lending
policies and programs. HUD’s Federal Housing Administration (FHA) insures single family and
commercial portfolios of mortgages and seeks to proactively manage credit risk, including from
current and future climate-fueled natural disasters. HUD FHA is assessing the financial impact of
natural disasters and forecasted climate change risk on infrastructure and notably the commercial
properties in FHA’s insured multifamily and healthcare loan portfolios, and quantifying these
values for the public. This includes managing the credit risk of FHA’s multifamily and healthcare
(collectively “commercial”) loan portfolios, which, as of September 2024 month end, have
approximately 15,000 loans totaling $167 billion in unpaid principal balances (UPB).8

Background on FHA Programs

FHA is a part of HUD and is one of the largest mortgage insurers in the world. FHA primarily
operates from its self-generated income (fees and insurance premiums) and with the goal of
increasing housing supply, access to credit and affordability. By design, FHA commercial
programs are meant to complement, not supplant, private capital. FHA plays an important
countercyclical role to support the housing market during economic downturns by providing
access to mortgage credit when the private capital market retreats from or underserves markets.
Unlike private mortgage insurers, FHA does not vary its insurance premiums by regions, creating
an automatic regional stabilization policy. FHA’s mortgage insurance also works to support

8 Note, these multifamily and healthcare government loan programs are negative subsidy and therefore self-funded.
Therefore, they do not require or receive annual appropriations from Congress.
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affordable housing and other segments of the market that are underserved regardless of economic
cycles.

FHA’s Office of Risk Management and Regulatory Affairs regularly uses financial models to
estimate the budgetary impacts of three commercial loan portfolios: 1) Multifamily Housing, 2)
Nursing Homes, Assisted Living, Board and Care, and 3) Hospitals. For these calculations, FHA
maintains financial models that forecast the probability of prepayment by the borrower, probability
of insurance claim payment by FHA (due to borrower default), and probability of recovery on
claimed loans/properties. These models allow FHA to produce reports for financial statements,
audits, budgets, portfolio management, and ad hoc policy analyses.

These models undergo annual updates, which are approved by FHA’s Model Risk Governance
Board, overseen by the Office of Management and Budget (OMB), and audited by HUD’s Office
of Inspector General. Given the maturity and independent oversight of these models, FHA will use
them as the starting point for the planned climate analyses.

Literature Review

In the United States, analyses of the financial impact of climate change are in early stages,
especially for the Federal Government. Over the past four years, researchers have begun publishing
studies with impacts on commercial mortgage portfolios, but results are still in the early stages,
particularly in comparison to research on the residential mortgage market. Researchers Holtermans

et al. (2023), state that

“an industry that is particularly exposed to climate risk is commercial and residential real
estate. ... But firms, as well as their investors and lenders, struggle with understanding the
financial implications of climate risk on the value of assets, the future income stream of
these buildings, and the impact climate risk may have on the ability of borrowers to make
timely payments.”

For this reason, FHA reviewed a wide range of peer-reviewed literature and industry papers to
understand how researchers and the financial services industry account for climate change with
respect to mortgage portfolios. Unfortunately, several peer-reviewed research papers published in
2021, 2022, and 2023 state a finding akin to Holtermans et al. (2023): “...there are no existing
papers that focus on the relationship between climate shocks and ex-post mortgage performance
in the commercial real estate market.” The body of literature is growing, but it is not yet as robust
as for the single-family mortgages (which is also still in early stages). FHA’s research into this
subject focused on papers investigating commercial mortgages, but due to the limited availability
of such research, also expanded to research on single-family mortgages and banking writ large.
See Appendix A for a summary of key findings from the literature review.

Description of Existing FHA Risk Model Methodology

In the section on Background on FHA Programs, FHA discussed FHA’s credit subsidy models,
which FHA maintains in compliance with the Federal Credit Reform Act of 1990 (FCRA). Under
FCRA, HUD must establish net present value budgeting for the cost of credit programs, explicitly
recognizing the lifetime costs of loan programs upfront. FHA’s credit subsidy models forecast a
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subsidy rate for each FHA loan program. For this purpose, the subsidy rate refers to the forecasted
long-term cost to the government of a cohort of loans, calculated on a net present value basis and
excluding administrative costs, as a percentage of total loan sizes insured. FHA’s loan performance
and cash flow forecasts that underly the credit subsidy models are mature, maintained annually,
and subject to substantial review by internal and external parties.

The credit subsidy models forecast loan performance and cash flows. Insurance claims, post loan
default, comprise the biggest losses paid out by HUD. In the case of prepayments, insurance
premiums are no longer collected. FHA models these outcomes using binary logistic regression
models. The two binary logistic regressions predict the probability of claim and prepayment given
values taken by independent variables such as loan age, vacancy rates and debt service coverage
ratio. The regressions are used to generate predicted claim and prepayment probabilities for each
loan age. The model applies the conditional claim and prepayment probabilities separately to the
insurance in force at the beginning of the period in each loan age.

FHA fits separate regression models for different loan products and asset classes. Many of the
factors considered across these regressions are similar. Appendix B includes a list of variables
used across the claim and prepayment models.

Climate Analysis Methodologies

As mentioned in the beginning of this section, the purpose of this study is to better understand the
effect of climate change on FHA’s multifamily and healthcare loan portfolios, and quantify these
values for the public. Climate change poses several risks to FHA’s commercial portfolio, most
notably repetitive loss properties affected by coastal or riverine flooding, or acute damage from
physical natural disasters. These properties may experience a reduction in the market value of the
security or a loss of income that impacts their ability to pay debt service. When borrowers default,
whether due to economic causes or physical disasters, HUD's recoveries on lender claims will be
lower, increasing the costs of these loan programs. FHA’s baseline credit subsidy models do not
include any climate or natural disaster adjustments. Therefore, FHA designed the analyses below
to evaluate and quantify the degree to which FHA’s multifamily and healthcare portfolios are at
risk of climate-related impacts.

FHA presents a summary of three approaches to analyze the budget impact of climate change,
followed by a deeper discussion of each approach in Appendix C.

Approach 1, Simplified Natural Disaster Cost Calculation: FHA incorporates current
physical natural disaster hazards, via FEMA’s National Risk Index (NRI), into the existing
credit subsidy models and calculate the costs to the loan portfolios.

Approach 2, Transition Impacts of Climate Change: FHA incorporates robust climate
data regarding transitional risks into the existing credit subsidy forecasting models. This
includes time-varying macroeconomic forecasts under varying greenhouse gas emissions
scenarios.

Approach 3, Catastrophic Natural Disaster Impacts of Climate Change: As an
alternative to Approach 1, FHA incorporates robust climate data regarding catastrophic
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physical disaster risks into the existing credit subsidy forecasting models. FHA applies zip
code level climate risk data for the probability of natural disasters, such as hurricanes,
floods, and wildfires, to quantify the impacts.

Results of Climate Change Analyses

In this section, FHA shows the results of applying the methodologies identified in the prior section
to FHA’s multifamily and healthcare portfolios. First, for reference, Figures 9 and 10 include maps
of the current portfolio of loans at state and county geographic levels and by UPB.

FIGURE 9: STATE MAP OF LOANS BY UPB (BILLIONS OF 2024 DOLLARS)
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Approach 1: Simplified Natural Disaster Cost Calculation

FHA starts with the results from incorporating the FEMA NRI loss rates into the credit subsidy
model. In Table 2, FHA identifies the locations with the highest estimated loss rates and the
corresponding UPBs of FHA loans. In Table 3, FHA identifies the locations with the largest UPBs
and the corresponding estimated loss rates.
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FIGURE 10: COUNTY MAP OF LOANS BY UPB, BILLIONS OF 2024 DOLLARS

TABLE 2: LOCATIONS WITH HIGHEST LOSS RATES AND CORRESPONDING UPBS
OF FHA LOANS

L ocation UPB as of One-Year Ten-Year

September 2024 Loss Rate Loss Rate
Carteret County, North Carolina $ 58,985,357 0.87% 9%
Galveston County, Texas $ 123,035,314 0.82% 8%
Orange County, Texas $ 93,424,818 0.70% 7%
Georgetown County, South Carolina $ 10,837,220 0.63% 6%
Onslow County, North Carolina $ 152,040,301 0.61% 6%
Beaufort County, North Carolina $ 45,948 0.61% 6%
Craven County, North Carolina $ 43,890,942 0.59% 6%
Assumption Parish, Louisiana $ 2,726,226 0.57% 6%
Beaufort County, South Carolina $ 51,348,223 0.54% 5%
Jones County, North Carolina $ 326,007 0.54% 5%

In Tables 4 and 5, FHA provides the results of the simplified natural disaster calculations for the
estimated 2025 cohort, which is an estimated portfolio of loans starting in FY 2025, followed by
FHA’s existing portfolio for cohorts 1992-2023. As the 2024 cohort is not finalized, FHA skipped
that cohort. FHA presents the 2025 cohort in addition to the existing portfolio to show the impact
on the portfolio that will last the longest into the future. The following results are presented as the
cost to FHA receipts, because that is one of the simplest metrics by which FHA can measure
impact. However, FHA assumes no FEMA disaster assistance, other Federal disaster assistance,
or private insurance support/recoveries. Therefore, it is appropriate to characterize the impacts as
the cost to the public.
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TABLE 3: LOCATIONS WITH HIGHEST FHA UPBS AND CORRESPONDING LOSS

RATES

Location UPB as of September One-Year Ten-Year

2024 Loss Rate Loss Rate
New York City, New York $6,507,051,437 0.03% 0.30%
Cook County, Illinois $3,962,052,919 0.02% 0.17%
Los Angeles County, California $2,545,557,681 0.18% 1.83%
Denton County, Texas $2,318,688,172 0.08% 0.84%
Hennepin County, Minnesota $1,975,713,531 0.02% 0.22%
Bexar County, Texas $1,865,602,113 0.02% 0.24%
Montgomery County, Texas $1,681,258,456 0.10% 0.97%
Middlesex County, Massachusetts $1,668,093,028 0.04% 0.37%
Montgomery County, Maryland $1,580,337,484 0.04% 0.39%
Travis County, Texas $1,496,774,207 0.03% 0.31%

TABLE 4: SIMPLIFIED NATURAL DISASTER ANALYSIS RESULTS, 2025 COHORT
(MILLIONS OF 2024 DOLLARS)

Cohort 2025 Cohort 2025 I%lzféel\zlexc_e Difference/
(Baseline) (FEMA Loss) - Baseline
Baseline)
Risk Category Rege[pts & Re(_:el_pts ($ Re(_:el_pts & % Difference
millions) millions) millions)
Multifamily Programs $220.2 $208.4 -$11.8 -5.4%
Healthcare Programs $147.7 $144.0 -$3.7 -2.5%
Multifamily and Healthcare $367.9 $352.4 -$15.5 -4.2%

Note: Differences may not always match due to rounding.

TABLE 5: SIMPLIFIED NATURAL DISASTER ANALYSIS RESULTS, 1992-2023
COHORTS (MILLIONS OF 2024 DOLLARS)

Cohorts 92-23 Cohorts 92-23 [zllzféel\;egc_e Difference/
(Baseline) (FEMA Loss) - Baseline
Baseline)
Risk Category Re(_:el_pts & Re(_:el_pts ($ Re(_:el_pts ($ % Difference
millions) millions) millions)
Multifamily Programs $2,004.0 $1,804.7 -$199.3 -9.9%
Healthcare Programs $832.5,452,561 $733.1 -$99.4 -11.9%
Multifamily and Healthcare $2,836.4 $2,538.0 -$299.0 -10.5%

Note: Differences may not always match due to rounding.

Adding simplified natural disaster risk to the model reduces the 2025 cohort’s net present value
(NPV) of cash flow receipts by $15.5 million (4 percent) over the life of the loans. The 1992-2023
cohorts’ NPV of cash flow receipts are reduced by $300 million (10.5 percent) over the remaining
life of the loans. The greater estimated impact on historical loans is due to earlier loans being
located in areas more prone to disasters than in recent years. Geographic location also explains
other variations seen in Tables 4 and 5, such as multifamily housing loans being affected more
than healthcare loans in the 2025 cohort, but less affected historically.
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Approach 2: Transition Impacts of Climate Change

In this second approach, FHA layers on the transition impacts of climate change policy to the
baseline risk models. FHA assesses the economic impacts of climate change policy across three
scenarios: 1) Current Policy, 2) Early Policy, and 3) Late Policy. These scenarios are intended to
demonstrate the risk of economic impacts stemming from policies to curb fossil fuel emissions
and climate change (e.g., job losses in areas of high fossil fuel production). FHA compares each
of these scenarios to a status quo baseline scenario.

Ultimately the impact was minimal across all scenarios and cohorts. Total net present value of
impacts moved in both upward (i.e., favorable) and downward (i.e., unfavorable) directions, were
adjusted by at most 2 percent, and experienced an average impact of less than 1 percent. Depending
on the climate scenario, impacts were unfavorable or favorable. As the late policies to address
climate change occur so late in time, there are minimal early economic adjustments. In fact, there
are fewer such adjustments than under current policies. As this methodology does not incorporate
the natural disaster impacts, the downside risks of the late policy implementation are not calculated
until Approach 3. Therefore, the late policy transition impact appears favorable in Approach 2,
without the downside risk impact of this policy in Approach 3. The reason for the small magnitude
is because the transitional impacts of climate change policy scenarios are on a longer time horizon
than the loan portfolio. Most loan terms are 30 or 40 years, but the expected life of the loans is far
shorter at eight years on average. Moreover, on an NPV basis, the earliest years of a loan’s life are
more impactful than later years, but the transition impacts occur later.

Approach 3: Catastrophic Natural Disaster Impacts of Climate Change

Lastly, FHA layers dynamic catastrophic natural disaster modeling on top of the Current Policy
scenario from the transition analyses in Approach 2 by testing two representative concentration
pathways (RCPs), which represent different greenhouse gas concentrations in the atmosphere.
Under the RCP 4.5 scenario, emissions remain around current levels until the middle of the century
and then drop, while under the RCP 8.5 scenario, emissions roughly double from current levels by
2100. As noted in the analysis of the two scenarios in the methodology section, the probability of
catastrophic natural disasters is the same in the 2020s. Over time, the probability of catastrophic
natural disasters is projected to rise; for example, on average it increases by 0.1 percentage point
through the 2050s under RCP 8.5. This small difference translates nearly dollar for dollar, with the
NPV in RCP 8.5 scenarios at most 0.1 percent lower than RCP 4.5. For the 2025 cohort, this is
approximately $300,000 across all loan programs. For this reason, FHA only shows the RCP 4.5
results in Table 6, which presents the results from the transition and catastrophic natural disaster
analysis of the 2025 cohort. Akin to the Approach 1 results, the following Approach 3 results are
presented as the cost to FHA receipts. However, it is more appropriate to characterize the impacts
as the cost to the public.

When comparing the catastrophic natural disasters to the baseline transition scenario, the disasters
reduce the 2025 estimated NPV of receipts by $46 million dollars, or 11.4 percent. Similar to the
FEMA NRI scenarios, multifamily housing loans are estimated to be impacted more substantially
than healthcare loans at roughly 15 percent and 6 percent respectively.
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Table 7 presents the results from the analysis of the 1992-2023 cohorts. For the existing 1992-
2023 book of business, there is a larger impact. When comparing the catastrophic natural disasters
to the baseline transition scenario, the disasters reduce the estimated NPV of receipts by $838
million dollars, or 26.2 percent. Unlike the FEMA NRI scenarios, multifamily housing loans are
estimated to be impacted more substantially than healthcare loans at roughly 29 percent and 20
percent respectively.

TABLE 6: TRANSITION AND CATASTROPHIC NATURAL DISASTER ANALYSIS
RESULTS, 2025 COHORT (MILLIONS OF 2024 DOLLARS)

$ Impact of % Impact of
Climate Change  Climate Change
(Approach 3-1)  (Approach 3- 1)

$ Impact of % Impactof  $ Impact of % Impact of
Approach 1 Approachl  Approach3  Approach 3

Risk Category $ millions % $ millions % $ millions %
Multifamily Programs -$11.8 -5.4% -$36.0 -14.9% -$24.3 -9.5%
Healthcare Programs -$3.7 -2.5% -$10.1 -6.1% -$6.4 -3.6%
Multifamily and Healthcare -$15.5 -4.2% -$46.1 -11.4% -$30.6 -7.2%

Note: Differences may not always match due to rounding.

TABLE 7: TRANSITION AND CATASTROPHIC NATURAL DISASTER ANALYSIS
RESULTS, 1992-2023 COHORTS (MILLIONS OF 2024 DOLLARYS)

$ Impact of % Impact of
Climate Change  Climate Change
(Approach 3-1)  (Approach 3- 1)

Impact of % Impact of Impact of % Impact of
Approach1  Approachl  Approach3  Approach 3

Risk Category $ millions % $ millions % $ millions %
Multifamily Programs -$199.3 -9.9% -$627.9 -29.0% -$428.7 -19.1%
Healthcare Programs -$99.4 -11.9% -$209.7 -20.4% -$110.3 -8.5%
Multifamily and Healthcare -$299.0 -10.5% -$837.6 -26.2% -$539.0 -15.7%

Note: Differences may not always match due to rounding.

An important finding, when comparing the climate change impacted natural disaster losses to the
FEMA current natural disaster rates, is that the climate change scenarios result in losses that are
three times larger ($46 million vs. $15 million for the 2025 cohort and $837 million vs $299 million
for 1992-2023 cohorts). This suggests that climate change will increase losses for the 2025 cohort
by $30 million dollars (7 percent of the NPV) and for the 1992-2023 cohorts by $539 million (16
percent of the NPV).

Conclusions

This section examines the financial impacts of natural disasters and climate change on FHA'’s
multifamily housing and healthcare loan guarantee portfolio and quantifies costs to the public.
First, FHA incorporated physical natural disaster risks into its credit subsidy models. Second, FHA
assessed the economic impact of climate transition policies. Lastly, FHA analyzed the effects of
climate-adjusted natural disaster forecasts. As a reminder, the following results represent the cost
to the public, since FEMA disaster assistance, other Federal disaster assistance, and private
insurance recoveries were not considered in the analysis. FHA assumes the impact on FHA receipts
would be lower when Federal disaster assistance and private insurance are factored in. However,
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the broader approach of the analysis allows the reader to understand the entire costs that natural
disaster and climate change pose. Baseline natural disaster risks reduced forecasted FHA receipts
by 4.2 percent for the 2025 cohort and 10.5 percent for the existing 1992-2023 cohorts. Transition-
related risks were mixed, depending on the scenario, but ultimately had a minimal impact on
projections ranging between -0.8 percent to 2.2 percent. Climate-adjusted natural disasters reduced
projected receipts by 11.4 percent for the 2025 cohort and 26.2 percent for the existing 1992-2023
cohorts. Comparing these results to the baseline natural disaster risk suggests a future climate
change impact of 7.2 percent and 15.7 percent, on top of current natural disaster risk and the
economic impact of transition policies.

At the onset of this research plan, FHA considered several alternative scenarios FHA aimed to
incorporate. Given time and resources, FHA was not able to complete all of them for this analysis.
In the future, FHA anticipates continuing to build out analyses for future publications. Future
scenarios for analysis could include the following:

1. Forecast estimates for future FY cohorts (e.g., FY 2030, FY 2050, or later);

2. Account for FEMA, other Federal disaster assistance, and/or private insurance payouts to
separate public and insurance market costs from FHA-specific impacts;

3. Adjust the cohort composition of new loans with greater climate exposure risk, due to
adverse selection described in the literature;

4. ldentify the historical impact of natural disasters on FHA loans and adjust natural disaster
forecasts based on experience;

5. Apply scenarios with varying increases in sea level; and

6. Adjust electricity usage/costs using the debt service coverage ratio calculations described
in the literature.
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B. Risks to Long-Term Infrastructure

The Federal portfolio of physical assets—buildings, infrastructure, and other fixed capital—are
threatened by drastic changes in their local environment as a result of climate change. Importantly,
the Federal Government is financially responsible for any damages from natural disasters that
occur to its own assets. Many Federal Government assets are climate-sensitive, such as dams,
irrigation infrastructure, and levees, where risk can come in the form of service reductions (e.g.,
flood mitigation) due to deviations away from the climate for which they were designed (e.g.,
increased frequency and intensity of natural disasters) (Financial Stability Oversight Council,
2021). Adding to the exposure of these physical assets is the fact that the built environment itself
can be a major driver of climate change (Chu et al., 2023). For example, urban development
patterns can exacerbate climate impacts, such as increases in heat capture and retention, and
increases in the severity of flooding from overloaded stormwater infrastructure. An additional
concern is that many of these risks are unevenly distributed across populations—often falling on
already overburdened and historically marginalized communities (EPA, 2021a). Recognizing this,
the Federal Government is taking action to assess these risks and their impact on Federal fiscal
responsibilities. This section provides additional details on two such efforts: (i) an overview of
climate risks to overseas buildings and operations by the U.S. Department of State, and (ii) an
assessment of exposure to climate risks at facilities operated by the U.S. Environmental Protection
Agency.

(1) U.S. Department of State: Risks to Overseas Buildings and Operations
Introduction

Natural hazards present significant threats to the stability and functionality of essential
infrastructure, which in turn can impact international diplomacy. Given that many of these natural
hazards are increasing in frequency and severity with the changing global climate, proactively
addressing related risks is crucial for safeguarding the Nation’s interests and ensuring the
effectiveness of U.S. diplomatic missions abroad. As of May 2024, the Department of State (State)
has over 280 globally distributed diplomatic posts (e.g., Embassies and Consulates) located in
geographically diverse areas and exposed to a wide range of natural hazards (earthquake, extreme
heat, extreme wind, flood, landslide, tsunami, water stress, wildfire, and volcanic eruption). The
ability of these posts to be present with their host nation in the wake of a natural hazard event,
combined with the challenges associated with State’s own ability to recover from that event in a
foreign place, are two factors unique to the U.S. diplomatic mission that make it essential to seek
resilience in diplomatic facilities abroad. Therefore, the Department needs to be aware of and
prepared for all possible natural hazards, their potential impacts, and how the changing climate
will increase these impacts.

The Department of State’s Bureau of Overseas Buildings Operations (OBO) is central to this effort.
OBO’s mission is to provide the most effective facilities for United States diplomacy abroad. The
typical estimated lifespan of a building is approximately 50 years, so it is imperative that natural
hazards, especially those exacerbated by climate change, be considered throughout the lifecycle
and portfolio management process.
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Within this framework, OBO’s Climate Security & Resilience (CS&R) Program addresses the
challenges posed by natural hazards and climate change. The vision of the CS&R Program is for
all State diplomatic missions to be aware of and resilient to natural hazards. By aligning resilience
efforts across the Department, the CS&R Program supports building a more secure and resilient
portfolio through achieving its mission of preparing and adapting U.S. diplomatic missions for
potential disruptions caused by natural hazards.

Planning, Assessment, and Analysis

CS&R’s strategic directives and policies have evolved since their inception, guided most recently
by Executive Order 14008, the State Department’s 2021 and 2024 Climate Adaptation and
Resilience Plans (CARPs) and highlighted in the Government Accountability Office (GAO)
reports (GAO, 2022; GAO, 2023). The CARPs emphasize the importance of enhancing natural
hazard awareness and resilience as a priority for the State Department, setting goals to strengthen
the resilience of its overseas facilities. The 2023 GAO reports reviewed the Department of State’s
efforts to account and prepare for the effects of climate change in the design, construction,
operations, and maintenance of its overseas real property assets. It further highlighted that the
CS&R Program’s effectiveness depends on adequate staffing and resource allocation, emphasizing
the need for strategic workforce planning to align with the program’s mission and goals.

Natural hazards have historically had substantial financial impacts on the Department’s diplomatic
infrastructure and operations. For example, the magnitude 7.0 earthquake in Port-au-Prince, Haiti
(2010) inflicted severe damage on both the Deputy Chief of Mission’s residence as well as other
mission residences and new housing had to be acquired. This event provided a reminder of the
need for awareness at foreign posts of the heightened vulnerability inherent with relying on local
housing markets and building standards. Another example, Hurricane Irma (2017) caused
extensive damage in Havana, Cuba including the main embassy compound. Extreme winds and
storm surge displaced large shipping containers that damaged the perimeter wall and facade. This
resulted in complicated repair needs to ensure the continued security of the U.S. embassy. As a
final example, in Manila, Philippines, despite the protection offered by a sea wall, the waterfront
embassy often suffers from flooding during heavy rains severely limiting the effectiveness of this
important diplomatic platform, going back more than 10 years. This and other factors, including
substantial due diligence, have led to the potential need to relocate the mission further inland to
avoid future flooding damage and other natural hazard-related disruptions. Diplomatic posts have
also had operational responses to a variety of other natural hazards such as wildfire smoke, lack of
potable water, and volcanic ash fall. The calculation of costs related to the above hazard events is
complicated as it involves both tangible (repairs) and intangible (down time, due diligence, and
market research costs).

The CS&R Program’s goals focus on proactively improving resilience in numerous ways, such as
by integrating natural hazard assessment and risk management tools into OBO’s portfolio
management processes. This involves creating natural hazard-based risk scores for each diplomatic
post. Scores are based on the exposure of each property to potential natural hazard events, as well
as measures of severity and vulnerability. Exposure is the measure of likelihood that a hazard will
occur. Severity and vulnerability are measures of the magnitude of the possible impacts and
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susceptibility to increased levels of risk associated with occurrence of a hazard event. These risk
scores help prioritize the global portfolio of diplomatic missions, allowing OBO to incorporate
natural hazard risks into capital project prioritization and facility management. In its capital
planning process, all OBO properties eligible for a capital improvement or replacement project are
scored with respect to defined thresholds for several factors, one of which is natural hazards. The
properties identified with the greatest potential deficiencies are further vetted through a
collaborative stakeholder input process to prioritize and define capital project requirements and
related cost estimates.

Additionally, the CS&R Program has recently developed Natural Hazard/Climate Adaptation
Assessments for detailed post level reviews of hazard resilience. CS&R’s 2023 pilot assessments
have led to the recent development of the CS&R Construct of Building Resilience Adaptation
Strategies (CoBRAS) platform. CoBRAS contains over 150 specific criteria to help facilitate the
assessment of site-specific natural hazard risks using pointed questions to evaluate a post’s
preparedness and resilience at regional, site, and building levels. It also includes financial
considerations, providing indications of relative rough order of magnitude (ROM) cost estimates
for recommended adaptation strategies, which helps prioritize and implement resilience measures
effectively. Future goals for the CS&R Program include expanding the CoBRAS platform to
include more detailed cost evaluation capabilities, allowing for a more detailed assessment of
resilience investments. Previous studies from both the U.S. Chamber of Commerce (2024) and the
National Institute of Building Sciences (2019) highlight the economic benefits of investing in
climate resilience, underscoring that proactive measures can yield significant returns compared to
the costs of post-disaster repairs and recovery efforts.

Conclusion

The CS&R Program aims to enhance diplomatic mission preparedness through continued program
growth, expert expansion, and state-of-the-art scientific methods. The CS&R Program is already
exploring innovative solutions to enhance resilience. For instance, remote slope monitoring using
satellite technology, in collaboration with the Italian Space Agency, could reduce the need for
onsite slope inspections and improve monitoring of unstable slopes near U.S. diplomatic assets.
This approach could significantly enhance the ability of diplomatic missions to anticipate and
respond to dangerous ground shifts. Another innovative pilot project involves real-time earthquake
structural monitoring of an embassy office building where the building is directly instrumented.
After an earthquake, this suite of instruments can quickly assess structural response against pre-
defined performance thresholds to assess the building’s level of damage and potential for occupant
safety concerns. This will be beneficial to OBO facility managers and engineers who can more
quickly and confidently assess the viability of re-occupying a building and continuing operations.

In addition to internal projects, collaborative efforts with Federal agencies and private sector
partners are essential for enhancing resilience. As CS&R is not part of a science mission-oriented
agency, itis important to leverage interagency partners to ensure that the most accurate and cutting-
edge data and techniques are being used. The CS&R Program has established relationships with
the Department of Defense (DoD), the U.S. Geological Survey (USGS), and the National Oceanic
and Atmospheric Administration (NOAA). These current partnerships focus on developing
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seismic hazard parameters and tsunami modeling, improving data availability and accuracy for
enhancing resilience throughout all aspects of OBO’s work in managing a global portfolio. Data
from these partnerships are used in informing world-wide project prioritization, advising on real
estate acquisitions, informing design standards for new projects, and in enhancing emergency
preparedness.

The CS&R Program has made significant strides in improving climate resilience at U.S. diplomatic
missions. Ongoing challenges include overcoming reactive biases and enhancing proactive
planning. Sustained investment in natural hazard resilience is vital for national security and the
safety of diplomats. By prioritizing proactive measures and strategic planning, the CS&R Program
aims to ensure that diplomatic missions are well-prepared for future natural hazard events.

(2) U.S. Environmental Protection Agency: Risks to EPA Facilities
Introduction

Since 2021, EPA has been working to meet the goals set forth in Executive Orders (EOs) 14008,
14030, and 14057, and the Disaster Resiliency Planning Act (Public Law 117-221), including to:

» Understand the agency’s climate vulnerabilities and develop strategies for how the agency
intends to manage such impacts or incorporate risk mitigation into facility master plans;

» Build technical capacity to assess climate-related financial risk to EPA programs, assets,
and liabilities to increase the long-term stability of EPA’s operations; and,

* Reduce the emissions impact and increase the climate resilience of Federal facilities, fleets,
and operations.

EPA’s Office of Mission Support (OMS) established a Resiliency Assessment Program to meet
the requirements of Executive Order 14008 and respond to the Biden-Harris administration’s focus
on climate adaptation, resilience and disaster planning in the Federal Government (EPA, 2024b).
The program includes comprehensive climate resilience assessments of EPA’s owned facilities to
address future projected impacts from climate change site assessments, agency strategic goals
related to resiliency, and commitments to implement high-priority projects to increase the agency’s
resilience to impacts from climate change. The risk assessments, developed in 2022, have been
systematically conducted to analyze each laboratory’s likelihood of exposure to 18 climate and
other hazards, level of vulnerability to impacts from climate change, and magnitude of
consequence, as well as to inform asset management. Vulnerability and consequence are assessed
through four lenses: impacts to EPA’s mission, workforce, physical assets, and transportation and
utilities systems the agency relies on. EPA began conducting climate resilience assessments at
facilities in March 2022, and has since completed 11 onsite visits through FY 2024. The agency
intends to conduct the seven remaining assessments by FY 2026. These site assessments are one
example of how EPA is tangibly implementing measures to protect its own workforce, facilities,
critical infrastructure, and supply chains from the risks posed by climate change.

EPA has developed this section in order to:

» Describe the methodology and potential outcomes for climate resilience assessments at
EPA facilities;
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Quantify the agency’s risk to owned facilities and account for future related expenses
resulting from intensified climate and natural hazards;
Provide rationale to address and prioritize required facility maintenance projects that also

improve resilience; and,

Communicate how the agency is incorporating natural disaster resiliency into real property

asset management.

EPA expanded on existing Federal resilience toolkits to create a comprehensive five-step resilience
framework to assess owned facilities. Figure 11 summarizes the five steps, which are described in
detail below.

FIGURE 11: EPA’S FIVE-STEP CLIMATE RESILIENCE ASSESSMENT FRAMEWORK

1. Scope and identify relevant hazards

2. Conduct vulnerability and risk assessment

3. Develop project recommendations
4. Suggest project timelines

5. Implement and monitor projects

First, based on the assessment scope, identify relevant hazards. OMS identified 18 hazards that are
considered in the assessments (Table 8). Climate and hazard historical data and projections used
in the assessments come from local and state hazard mitigation plans and climate assessments and
Federal resources (including the National Oceanic and Atmospheric Administration, U.S. National
Climate Assessment, Federal Emergency Management Agency, and U.S. Geological Survey) over
a 30-year time horizon, which is a mid-century timeframe (the 2050s) that is used in many of the
data source projections. Where available, the assessment team reviews both the Representative
Concentration Pathway 4.5 and 8.5 scenarios from the Intergovernmental Panel on Climate
Change.

TABLE 8: LIST OF HAZARDS ADDRESSED

1. Coastal flooding, including:

a.
b.
c.
d.
e.

Sea level rise

High-tide flooding

FEMA coastal flood zones
Tsunami

Storm surge

2. Inland flooding, including:

a.
b.

Extreme precipitation
FEMA inland flood zones

3. Hurricanes

4. Tornadoes

5. Straight-line/high winds
6. Hail

7. Lightning

8. Drought

9. Wildfire

10. Earthquake/seismicity
11. Extreme heat

12.
13.
14.

15.
16.
17.
18.

Extreme cold

Winter storms

Warming surface waters
a. Freshwater

b. Sea water

Nor'easters

Landslides

Erosion

Volcanoes

Second, for each owned facility, a vulnerability and risk assessment is conducted to identify critical
assets and services, and to categorize the consequences of damage, disruption, or loss of each asset
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and service. This includes preliminary research into the hazard exposure and site and research
characteristics, hosting pre-site visit virtual meetings, and a comprehensive site visit as well as
onsite interviews. The team meets with staff across all functions at the facility (e.g., operations and
maintenance, facilities management, delivery and receiving, security, information technology (IT),
applied science and research, and external partners, if applicable). Topics of discussion include
priority assets, consequences if work is disrupted, redundancy in transportation and deliveries,
requirements for onsite work, reliance on utility services, experiences with past hazards, and
general issues and priorities. After the site visit, the assessment team identifies which of the site’s
assets are most at-risk to those hazards over the next 30 years based on their likelihood of exposure
to each hazard; vulnerability of the assets if exposed; and consequence of damage, disruption, or
loss caused by the hazard occurring to four categories: mission, physical assets, workforce, and
utilities/infrastructure/services. For this analysis, the assessment team uses a five-choice rating
scale for each (very low, low, medium, high or very high) to assign a rating to likelihood,
vulnerability, and consequence.

Third, the assessment team develops project recommendations to address assets and services that
are either most at-risk from exposure to climate hazards, and/or those which have a lower
likelihood of occurring but the highest consequences if damaged, disrupted, or lost. Consequences
are assessed via four categories: mission continuity, physical assets, workforce safety and ability
to carry out duties; and disruptions to the delivery of utilities, infrastructure, and goods and
services. Project recommendations are categorized as planning, policies and procedures; new
construction; operations and maintenance; retrofit; lifecycle; removal and remediation; or
relocation.

Fourth, near-term actions and future adaptation measures are suggested to address the identified
risks and consequences. As part of the recommendation development, the assessment team
determines relative costs and general timing for each project. Project timelines were assigned on
the following scale to align with EPA’s facility master planning methodology: within 12 months,
1 to 5 years, 6 to 10 years, 11 to 15 years, and 16+ years. The project recommendations and
suggested timelines from steps three and four are then added to a prioritization schema for a
workgroup made of EPA leadership and site representatives, to rank the criticality of the project.
At the end of the scoring process, EPA has a consensus-based list of very high and high prioritized
projects, based on their technical and cost feasibility, and its impact to the facility’s exposure and
mission.

Fifth, implementation and monitoring occur for the projects and actions, accounting for the
intensity, duration, area exposed, and frequency of climate and other hazards increasing in the
future. The project recommendations are intended to provide a comprehensive roadmap to improve
each facility’s climate and hazard resilience as budget and time allow in the immediate to extended
term, including initiating planning projects, and incorporating climate adaptation into existing
processes and efforts.
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Assessment Results and Budget Analysis

Risks to five EPA facilities with completed climate resilience assessments are discussed in this
section. They include (i) Gulf Breeze, Florida, (ii and iii) Ada and Gaar Corner, Oklahoma, (iv)
Edison, New Jersey, and (v) Montgomery, Alabama. These five facilities have 60 building and
structure assets in total. The assessments identified that these assets have 304 exposures across the
five likelihood levels to various hazards; 198 of these exposures were rated as “very high” (65
percent). The left pie chart in Figure 12 displays the 304 hazard exposures and the percentage
breakdown of each exposure from very low to very high. The right pie chart in Figure 12 displays
the breakdown of only the very high exposures associated with each of the five facilities. All five
facilities assessed have assets on their campuses with very high likelihood of exposure to at least
one hazard. However, most of the assets with very high exposure to the 18 climate and other natural
hazards are located at EPA’s Gulf Breeze laboratory in Florida, due to its location and large
number of assets.

FIGURE 12: TOTAL HAZARD EXPOSURE BY CATEGORY AND THE CAMPUS
BREAKDOWN OF VERY HIGH EXPOSURE

Hazard Exposure by Category and Campus
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Figure 13 displays cost estimates projected to implement facility master plan projects and
resiliency recommendations over the next 10 years, with accounting for expected inflation during
the implementation year. The average facility master plan inflation rate across the 10-year time
frame is about 1.16 percent and does not include any additional escalation for shortages in labor,
goods or services due to climactic or natural hazard events. The “Total Buildings and Facilities
(B&F) and Resiliency Projects” line displays the total for all projects beginning in 2023, as the
climate change resiliency assessment program began in 2022.

After developing the baseline of internal constructions costs, shown in Figure 13, EPA
conducted a preliminary analysis of the construction pricing across the country (Cumming
Group, 2023; Déhrmann, et al., 2021; Ghorbani, 2023; Ungles et al., 2023). This helped EPA
develop an estimated cost comparison of each campus and their capital improvement costs,
which is the total of operations and maintenance, resiliency and master plan projects, and the
new construction prices for their respective market, shown in Figure 14. The capital
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improvement and new construction costs are escalated. A “catastrophic rebuild’ category was
also included to begin accounting for additional and unknown expenses incurred from potential
supply chain disruptions and labor shortages as a result of climate change impacts.

FIGURE 13: PLANNED EPA CONSTRUCTION COSTS AND PROJECTED ESCALATION
AT FIVE EPA FACILITIES
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FIGURE 14: EPA’S COMPARATIVE FACILITY VALUES AND CONSTRUCTION
SCENARIOS. THIS IS A GRAPHIC REPRESENTATION OF THE VALUES IN TABLE 9
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For the five facilities included in this section, the total capital improvement costs through 2034
(nominal, undiscounted) are projected to equal $407 million, the total new construction cost is
projected to be $876 million, and the total catastrophic rebuild cost is more than $1 billion,
shown in Table 9. The catastrophic rebuild cost estimates currently do not include the cost of any
specialized research equipment; however, equipment is documented in EPA’s agencywide
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property management database and may include replacement costs on a site-by-site basis. The
specific facilities that were prioritized for this analysis are representative of a variety of climatic
and natural hazards to address and have an existing need for critical repairs. By selecting the
facilities included in this paper, the EPA can address the most pressing projects that will not only
improve the facilities’ overall condition but improve their resilience to compounding hazard
impacts.

TABLE 9: CONSTRUCTION COST SCENARIOS BY EPA FACILITY (MILLIONS OF 2024

DOLLARS)

Cost Category Gulf Breeze  Ada & Gaar Edison Montgomery Total

Corner
Estimated Value in $45.0 $44.3 $90.3 $33.9 $213.5
2034
Capital $142.6 $79.2 $149.7 $35.5 $407.1
Improvement Cost
Through 2034
New Construction $99.6 $121.4 $528.5 $126.9 $876.4
Cost 2024
Catastrophic $114.6 $139.6 $607.8 $145.9 $1,007.8
Rebuild

EPA has identified four priority projects across facilities discussed in this paper that are included
within the total capital improvement costs through 2034 shown in Table 10 for the following
reasons:

e EPA has identified projects that are critical to protecting internal assets, which is why
most of the projects are roof replacements and building envelope related. The approach
used to identify these near-term projects prioritizes foundational needs for facilities (e.g.,
fixing leaking roofs and deteriorating building envelopes). These projects are a necessary
first step to make the agency’s physical assets and workforce more resilient to hazard
impacts.

e EPA has prioritized these four project locations from climate resiliency assessments
already completed to maintain flexible, adaptable, and achievable goals that account for
future availability of resources specifically to support capital improvement activities.
Once these critical project needs are addressed, the agency intends to invest in additional
projects that will further enhance the labs’ resilience. The exception is the project at
EPA’s Gulf Breeze laboratory, which is a climate adaptation effort to maintain facility
access via the only vehicular road to the island where the lab is located. Other EPA
facilities also have project needs, but EPA has not yet conducted climate resiliency
assessments at these sites, and therefore does not know the likelihood of exposure to
climate hazards and the extent of other issues at the site.

« Relocation planning and projects for very high-risk or low-lying facilities can be a
complex and lengthy process, and EPA is still in the early stages of developing a formal
disinvestment process. Rather than solely focusing adaptation efforts on coastal facilities,
EPA will instead address critical infrastructure needs proposed across the country with
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each of the four projects. By addressing the critical infrastructure needs first, the agency
will additionally increase the amount of quality and usable space within the owned
portfolio and allow the agency to have more feasible options available for potential
relocation projects in the future.

TABLE 10: PRIORITIZED IMPROVEMENT PROJECTS INITIAL COST ESTIMATES AND
COSTS PROJECTED AT IMPLEMENTATION YEAR

Cost Category Project Estimated Cost  Escalated Costs

Gulf Breeze Causeway Riprap Upgrade and Repair $5,000,000 $6,500,000

Ada & Gaar Corner Roof Replacement and Tuckpoint Repair $2,500,000 $3,250,000

Edison Campus Roof Repair (Buildings 10, 205, $6,000,000 $7,800,000
209, and 210)

Montgomery Roof Replacement and Tuckpoint Repair $7,000,000 $9,100,000

The cost estimates included for each project listed in Table 10 are taken from EPA master planning
efforts in coordination with the climate resiliency assessments. EPA updates master plans for each
facility on a five-year cycle. The master plans for several of the locations in this paper are three to
five years old, so the “Estimated Cost” does not account for recent inflation and construction cost
escalation. The estimates have not been verified by an independent third-party and therefore have
a wide range of potential costs. Additionally, recent costs for similar projects in progress or
completed at other EPA laboratories have greatly exceeded the original cost estimates. To account
for this, an escalation of 30 percent has been applied to the “Estimated Cost” to account for price
inflation and labor and supply shortages that are more common in post-climate disaster recovery.
Actual escalation figures may vary by region and availability at the year of implementation. Each
facility profile below includes a description of the EPA facility’s mission, location characteristics,
likelihood of hazard exposure and the recommended project.

Gulf Breeze, Florida
The Gulf Ecosystem Management and Low=1_ VeryLow=0
Modeling Division (GEMMD) is a division
within the EPA Office of Research and

Development’s Center for Environmental » Very High

Measurement and Modeling (CEMM). CEMM " High MRy
divisions conduct research on environmental Hessn _
contaminants to provide fundamental methods ° hoa /ﬁ
and models that inform and evaluate i
environmental management practices and

policies. GEMMD?’s specific mission is to lead
specialized research in marine, estuarine, and
watershed ecology and ecotoxicology to predict
and assess the impacts of human-generated
stressors on aquatic life in the Gulf of Mexico

FIGURE 15: NUMBER OF EPA
BUILDINGS AT RISK IN THE GULF
BREEZE, FL CAMPUS
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and across the United States.® The number of EPA buildings at risk in the Gulf Breeze, FL
campus is presented in Figure 15. EPA’s Criminal Investigation Division (CID) and the National
Oceanic and Atmospheric Administration also occupy buildings on the island.

GEMMD is located on the Gulf Coast on the manmade, 16.5-acre Sabine Island, in the Santa Rosa
Sound within Escambia County. The island served many functions before becoming home to an
environmental research laboratory in 1970. The campus’s primary assets are 26 occupied
buildings, including two main laboratories, as well as many office buildings and small out-
buildings. GEMMD’s other assets include the causeway, shoreline, a boat house with lifts, and
four piers.

Given its climate zone and specific site characteristics, the Gulf Breeze campus has very high
exposure to many climate hazards: sea level rise, straight-line high winds, warming seawater
temperatures, lightning, storm surge, hurricanes, and extreme heat.!° As a result of the climate
resiliency assessment, EPA began design of a shoreline and causeway riprap upgrade and repair
project to protect Sabine Island from wave and water erosion. This project is critical, as the
causeway is the only vehicular entryway onto the island.

Ada and Gaar Corner, Oklahoma
The Robert S. Kerr Environmental Research
Center (RSKERC) and Gaar Corner are EPA
Office of Research and Development laboratory
sveryrigh  facilities.!! RSKERC staff plan and conduct

Low=1

: High fieldwork across the U.S. to protect and restore
Medium=3 /8 vedium  groundwater through data collection and tool,
 High=3 Low model and strategy development. The

«veryLow Groundwater Characterization and Remediation
Division (GCRD) studies physical, chemical
and biological processes that influence

FIGURE 16: NUMBER OF EPA BUILDINGS Movement — of — water,  chemicals  or

AT RISK IN THE ADA AND GAAR microorganisms in subsurface environments
CORNER, OK CAMPUSES and provides special analytical services. GCRD

also conducts applied site-specific studies to
determine the effectiveness of pollutant removal practices and pollution avoidance. The division
works with the EPA regions, program offices and others on specific issues as needed. EPA’s
Region 6 Laboratory is currently consolidating into RSKERC and analyzes contaminants in air,
drinking water, non-potable water, solid and chemical materials. EPA’s Region 6 Laboratory
manages the region’s contract laboratory program; provides technical expertise to the region and
Federal, state, tribal and local entities; performs technical audits of environmental monitoring and

Very Low=0

9 EPA (Environmental Protection Agency). (2023). Gulf Ecosystem Measurement and Modeling Division
(GEMMD) Master Plan Report. Real Property Services Division Internal.

10 EPA (Environmental Protection Agency). (2022). Facility Climate Resilience Assessment Report: Gulf Breeze.
Sustainable and Transportation Solutions Branch Internal.

11 EPA (Environmental Protection Agency). (2020). Robert S. Kerr Environmental Research Center (RSKERC)
Master Plan, Fourth Draft. Real Property Services Division Internal.
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public water supply laboratories; and provides expert witness support for civil and criminal
enforcement cases. The number of EPA buildings at risk in the Ada and Gaar Corner, OK
campuses is presented in Figure 16.

RSKERC and Gaar Corner have very high likelihood of exposure to extreme heat, tornadoes,
straight-line high winds, and hail, as well as high likelihood of exposure to lightning and
wildfires.!2 While they do not have a very high likelihood of exposure to extreme precipitation,
when there are storms with heavy precipitation, the roof leaks and puts sensitive and expensive
laboratory equipment at risk. To address the highest likelihood and most consequential hazards,
EPA proposes to conduct roof and building envelope repair and replacement at the RSKERC Main
Laboratory Building. The proposed project includes removing the existing roof that is leaking and
replacing it with a new roof that includes a 30-year warranty. The project also includes building
envelope grouting and tuck pointing to prevent future water intrusion.

Edison, New Jersey

The Edison Environmental Center (EEC)
provides comprehensive data to support
enforcement, compliance and monitoring

of Superfund sites, coastal waters, several = Very Low
Brownfield sites and three nationally ‘v
recognized estuaries.’®* It supports ~ MeuT
Superfund remediation actions, pesticide
and toxic substances enforcement, ‘ Medium=6
laboratory data quality assurance and
quality control, field monitoring and
sampling, and stormwater research. The
location is also a valuable resource for
environmental ~ emergency  response
operations and counter-terrorism efforts
in the New York City metropolitan area, across EPA Region 2 and nationally. Recently, the EEC
adopted additional functions as one of the agency’s National Digitization Centers. The number of
EPA buildings at risk in the Edison, NJ campus is presented in Figure 17.

Very Low=0

Low=1

FIGURE 17: NUMBER OF EPA BUILDINGS
AT RISK IN THE EDISON, NJ CAMPUS

Other Federal agencies on the campus include the U.S. Army Corps of Engineers, Agency for
Toxic Substances and Disease Registry, Public Health Service and the General Services
Administration. The EEC is exposed to extreme heat and extreme precipitation. This, coupled with
increased humidity, has led to water intrusion and mold growth in buildings on the campus with
roofs and building envelopes in poor condition.’* Additionally, new and increasing operational
functions expand the range of requirements on campus and increase the demand for energy and

12 EPA (Environmental Protection Agency). (2023). Facility Climate Resilience Assessment Report: Ada and Gaar
Corner. Sustainable and Transportation Solutions Branch Internal.

13 EPA (Environmental Protection Agency). (2020). Edison Environmental Center (EEC) Office Master Plan Study
Final Report. Real Property Services Division Internal.

14 EPA (Environmental Protection Agency). (2024). Facility Climate Resilience Assessment Report: Edison.
Sustainable and Transportation Solutions Branch Internal.
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indoor moisture control. EPA proposes to remove existing roofs that are leaking on Buildings 10,
205, 209, and 210 and replace them with new roofing that includes a 30-year warranty. The
proposed project also includes building envelope grouting and tuckpointing to prevent future water
intrusion.

Montgomery, Alabama
The National Analytical Radiation
Environmental Laboratory (NAREL) is part
of EPA’s Office of Air and Radiation and is
responsible for managing and publishing near
real-time data from the nationwide
_ : environmental radiation monitoring system
R Medium=2 - . r o, (RadNet), analysis of a variety of materials

: ! for radiation contamination, and emergency
response activities for radiological events.!®
Sample analysis occurs in the Counting
Room, which is one of the largest of its kind
in the country and is one of NAREL’s most
critical assets. NAREL collaborates with
other EPA offices, such as the Office of Land and Emergency Management and the Office of
Water, as well as other Federal agencies including the Department of Energy and Department of
Homeland Security, states, and tribes. The number of EPA buildings at risk in the Montgomery,
AL campus is presented in Figure 18.
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FIGURE 18: NUMBER OF EPA
BUILDINGS AT RISK IN THE
MONTGOMERY, AL CAMPUS

The hazards with a very high likelihood to impact Montgomery include tornadoes, straight-
line/high winds and extreme heat, and hazards with high likelihood to impact the facility include
hurricanes/tropical storms and lightning.'® To increase the facility’s resilience to these very high
and high likelihood hazards, EPA proposes to remove existing roofs that are leaking and replace
them with new roofing that includes a 30-year warranty. The proposed project also includes
building envelope grouting and tuckpointing to prevent future water intrusion.

Ongoing Planning and Future Analysis

To incorporate climate-related financial risk into future asset management, EPA performed an
initial correlation analysis to identify any relationships between the condition of agency assets,
their likelihood of exposure to climate hazards, and the potential impact to operational costs of the
facility. The results of this analysis were non-conclusive and preliminary. EPA will continue to
improve the quality of the underlying data and the associated analysis to help inform its long-term
approach for prioritizing projects and investments in its facilities. Specifically, this analysis may
help the agency determine how to compare facilities that have high replacement cost but a lower

15 EPA (Environmental Protection Agency). (2024). National Analytical Radiation Environmental Laboratory
(NAREL) Master Plan Report. Real Property Services Division Internal.

16 EPA (Environmental Protection Agency). (2023). Facility Climate Resilience Assessment Report: Montgomery.
Sustainable and Transportation Solutions Branch Internal.
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number of buildings with likely hazard exposure to facilities that have a lower replacement cost
but a higher portion of buildings with likely hazard exposure.

EPA is also working to put together a stakeholder group, led by an executive level (Senior
Executive Service) committee, to determine the decision tree to make the necessary investment
and disinvestment decisions based on the results of the climate resiliency assessments.
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C. Risks to Human Health

Rising temperatures, increases in the frequency and severity of extreme weather and wildfires,
vector-borne diseases, food insecurity, and knowledge of the threat of climate change itself have
all been linked to declines in Americans’ physical and mental health (Carleton et al., 2022; Wen
& Burke, 2022; Hayden et al., 2023). This section of the white paper provides (i) an overview of
the U.S. Department of Health and Human Services and its efforts to manage climate risks to its
operations; and (ii) highlights from the U.S. Environmental Protection Agency and the efforts by
the Office of Land and Emergency Management to manage physical risks at Superfund sites.

(1) U.S. Department of Health and Human Services: Framing Climate Financial Risks
Introduction

For the Department of Health and Human Services (HHS), it is clear that physical hazards
associated with climate change have impacts on human health, health systems, and health sector
supply chains, ranging from acute impacts of natural disasters and heat waves to long-term impacts
of slow-moving climate change effects like prolonged drought and sea level rise (Marvel et al.
2023). Transition risks are associated with decarbonization efforts, including the energy transition
away from fossil fuels and other greenhouse gas-generating activities. Examples of categories of
transition risk include disruption in labor markets, energy costs, and costly changes in industrial
processes. The extent of health-specific transition risks, such as increased costs associated with
transition to new low-carbon biomedical technologies is unclear. However, as the health sector is
one of the largest and most distributed economic sectors in the country, it is highly plausible that
the health sector broadly, and HHS more specifically, will encounter financial risks associated
with the climate transition including incurring short-term costs for decarbonization and retraining
staff. Though it is important to consider transition risks that may arise due to climate change
mitigation strategies, the bulk of the information currently available focuses on the financial risks
of climate change itself. Therefore, this document primarily focuses on the financial risks due to
climate change and not transition risks.

For this high-level assessment of HHS climate financial risks, HHS has aimed to identify where
health and agency operational risks associated with climate change may amplify existing health
disparities, requiring enhanced and targeted resilience efforts and financial safeguards to support
communities at increased risk of these compounded impacts.

In a white paper published March 2023, the Office of Management and Budget laid out their
approach to a common framework for assessing climate-related financial risk for the Federal
budget (OMB, 2023a). The paper divides physical risks into three categories:

e Physical Asset Risks

e Mission and Operational Risks (i.e., risks to an organization’s ability to achieve its
mission and conduct its day-to-day operations)

e Changes in Expenditures of Federal Programs
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This section focuses on these categories of physical risks and identifies examples in each of them
for HHS Operating Divisions. These examples are meant to be illustrative of the variety of ways
in which climate change may affect the physical assets, mission, and financial expenditures of the
Department, and not a comprehensive assessment of the Department’s exposure to climate-related
financial risk.

Physical Asset Risk

HHS has many physical assets that may be impacted by extreme weather and other climate-related
events such as floods, hurricanes, and rising sea levels (Jay et al., 2023; Hayden et al., 2023). HHS
identifies potential risks HHS clinical and biomedical research facilities but does not quantify the
associated financial costs (U.S. Department of Health and Human Services, 2024a). The following
are selected examples of physical asset risk to health-related structures.

National Institutes of Health (NIH): NIH operates the Clinical Center with 200 inpatient beds and
dozens of outpatient clinics that saw over 81,000 patients in 2023. This facility is in Bethesda,
MD, and is potentially vulnerable to hurricane risk according to FEMA’s National Risk Index. If
a significant climate disaster were to occur, these patients would likely require relocation and there
may be an impact on outpatient clinical care.

Further, costs may be associated with rebuilding damaged or destroyed research facility
infrastructure either at NIH or for grantees (NASEM, 2017). For example, in 2013, NIH was
allocated $149 million from the Public Health and Social Services Emergency Fund as part of a
supplemental appropriation'’ in the Disaster Relief Appropriations Act of 2013 (Public Law 113-
2), including money to the NIH to restore grantee labs damaged by Superstorm Sandy (Disaster
Relief Appropriations Act, 2013; NIH, 2013).

Indian Health Service (IHS): IHS is responsible for providing Federal health services to American
Indians and Alaska Natives. To this end, IHS operates a network of over 600 hospitals, clinics,
and health stations on or near Indian reservations around the country (IHS Physicians; IHS
Locations). Many of these hospitals are located in areas that experience greater risk from climate
change including in areas at risk from extreme heat (e.g., Phoenix, AZ), drought (e.g.,
Albuquerque, NM), and areas at risk for flooding or sea level rise (e.g., Mashpee, MA).

Centers for Disease Control and Prevention (CDC): CDC operates 20 port health stations at major
ports of entry in the U.S. as well as an Emergency Operations Center in Atlanta, GA, global
regional offices, and many research laboratories. These facilities may be vulnerable to coastal
flooding, and other climate-related events (Jay et al., 2023; Marvel et al., 2023; FEMA, 2024;
NOAA, 2024b).

Mission and Operational Risks

Most HHS Divisions face climate-related risks to their missions (e.g., providing social services to
low-income families and individuals, or protecting people living in the United States from

17 Making supplemental appropriations for the fiscal year ending September 30, 2013, to improve and streamline
disaster assistance for Hurricane Sandy, and for other purposes (2014).
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emerging disease) and risks to operations (e.g., providing clinical services or conducting
emergency responses to weather-related disasters).

Administration for Children and Families (ACF): The Low-Income Home Energy Assistance
Program (LIHEAP), through grants to states, territories, and tribes, provides financial assistance
to low-income households to reduce the costs associated with home energy bills, energy crises,
weatherization, and minor energy-related home repairs. In 2024, LIHEAP was appropriated $4.115
billion in grant funding to provide this energy assistance.8

Cooling days (days that require air conditioning or other cooling) are anticipated to increase by 65
percent by the end of the current century. Such an increase in cooling needs would likely increase
demand for LIHEAP assistance, making it more difficult to meet the energy security needs of all
eligible low-income households (OMB, 2023a).

Additionally, the Head Start Environmental Exposure Mapping Tool highlights the risks to
children and pregnant women enrolled in the program associated with exposures to climate-related
hazards including excess heat, wildfire smoke, flooding, and ozone air pollution. Head Start
preschool and Early Head Start programs cumulatively served more than 800,000 children birth
through age five and pregnant women during the 2021-2022 program year (ACF, 2023). These
risks to Head Start and Early Head Start program sites may increase the need for the comprehensive
services that are part of the Head Start model to ensure young children from low-income families
are prepared for school success. Climate-related hazards also pose a threat to continuity of
operations of program sites. Together, these climate-related hazards pose mission risk by reducing
the availability of services to meet the needs of enrollees within the constraints of current funding.

Reporting demonstrates a direct correlation between the consequences of natural disasters and an
increased risk of human trafficking and other forms of exploitation (Fuller et al., 2022). Natural
disasters often compound vulnerabilities that individuals, families, and communities may already
be experiencing. Disasters can cause people to lose their homes, jobs, and transportation and
disrupt support systems that are in place to keep them safe. Traffickers can exploit these conditions
by promising food, shelter, and other resources. Disasters can also create new markets for cheap
labor, incentivizing traffickers to recruit people who lost their job or migrant workers through
fraudulent offers, promising employment and/or residency before using other tactics to maintain
control. These risks may increase the need for housing, comprehensive case management services,
and other assistance funded by the Administration for Children and Families (Chon & Grant,
2022).

Centers for Medicare & Medicaid Services (CMS): Emergency Preparedness & Response
Operations (EPRO), which monitors and disseminates information, training and coordinates real-
time emergency regulatory relief on behalf of CMS, along with the Centers and Offices that
support the processes, may need to allocate more resources to address climate-related extreme
weather events (CMS, 2024a). CMS provides numerous flexibilities and waivers (e.g., waivers
under Section 1135 of the Social Security Act) to address urgent medical and financial needs in

18 | IHEAP was appropriated $4.025 billion in FY 2024, $4.015 billion of which was for the base grant funding.
LIHEAP also received $100 million in Bipartisan Infrastructure Law funding (ACF, 2024).
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affected communities, including in communities impacted by events such as hurricanes and
tropical storms (CMS, 2024b). Since 2021, there have been 15 natural disasters (e.g., a winter
storm, a severe storm, a flood, wildfires, and hurricanes), impacting 13 separate states or territories,
that have resulted in public health emergency determinations (ASPR, 2024). The cost associated
with reviewing and administering waivers will increase across CMS components and State Survey
Agency partners as these occur with greater frequency.

CMS/Center for Medicare and Medicaid Innovation (CMMI) models sometimes require policy
changes in response to climate change-driven events such as hurricanes or spread of infectious
disease. These are often referenced in model documents as “extreme and uncontrollable
circumstances”, and, in these scenarios, CMS/CMMI may make policy accommodations for
affected providers that may drive higher expenditures for the Center, Medicare and/or Medicaid.

Indian Health Service (IHS): Non-Hispanic American Indian and Alaskan Native populations are
at far greater risk of adverse health outcomes from climate-related threats than their non-Hispanic
White counterparts, including 7.34 times higher odds of dying following a natural disaster (Sharpe
& Wolkin, 2022) and a 3-fold higher risk of heat-related mortality (\Vaidyanathan et al., 2020). As
many American Indian and Alaska Native populations live in areas at high risk of extreme heat,
wildfire smoke, flooding, and other climate-related threats, the IHS facilities serving them may
face both mission and operational risks as both the populations and facilities themselves are
affected. This could potentially worsen the existing disparities in adverse health outcomes
experienced by these populations.

Substance Abuse and Mental Health Services Administration (SAMHSA): SAMHSA’s FY2024
enacted budget amount for disaster response was $1.953 million (U.S. Department of Health and
Human Services, 2024b). More frequent natural disasters lead to increased stress, trauma, and
substance use issues among affected populations (Heanoy & Brown, 2024). For example, recent
hurricanes, wildfires and floods increased the need for mental health services. Mental health
symptoms may increase following emergencies and disasters, such as hurricanes (Schoenbaum et
al., 2009; Bevilacqua et al., 2020). With increasingly severe hurricane seasons and other climate-
related disasters, SAMHSA is predicted to experience a surge in demand for disaster response
screening, assessment, treatment, and care coordination (Lawrence et al., 2020; Miller et al.,
2021a; U.S. Department of Health and Human Services, 2024c).

Administration for Strategic Preparedness and Response (ASPR): ASPR leads the nation's medical
and public health preparedness for, response to, and recovery from disasters and public health
emergencies. As extreme weather events are increasing in frequency and geographic range, ASPR,
with their partners, will support by providing key medical resources and personnel. Since 2021,
there have been 15 unique extreme weather events that have led to 27 declared Federal public
health emergencies, and requests for ASPR’s support to the states will likely increase (ASPR,
2024). The increase in demand may challenge ASPR’s ability to fully meet emergency response
needs and may divert resources from other important ASPR mission areas.

The Food and Drug Administration (FDA): FDA regulates medical products, the supply chains of
which may be at risk from climate-related disruptions (Lawrence et al., 2020), creating drug or

45



device shortages or exacerbating existing shortage issues (FDA, 2024). Pharmaceutical and other
medical product supply chains are becoming increasingly vulnerable in part due to globalization
and the projected impact of climate change internationally (Miller et al., 2021a; Sherman et al.,
2023). Further, a substantial percentage of drug and device manufacturing facilities in the U.S. are
located in areas at-risk for extreme weather events (U.S. Department of Health and Human
Services, 2024b), including coastal and riverine flooding, tornadoes, and extreme heat, further
suggesting supply chain risk. Additionally, there may be an increased demand for certain drugs
(e.g., asthma medication) (Abir et al., 2024), due to changes in climate (e.g., more frequent heat
waves, more frequent wildfire smoke polluting air quality, extended allergy seasons, and flooding-
induced mold) that are associated with greater rates of asthma and other disease processes putting
pressure on the supply chain due to increased demand.

FDA is also responsible for protecting the nation’s food supply. Climate change has and is
anticipated to further increase the risk of some food-borne illnesses, including those caused by
Salmonella and Vibrio bacteria species (Levy, 2015; Froelich & Daines, 2020; Morgado et al.,
2020; Billah & Rahman, 2024), which may put increased demands on FDA to monitor for and
respond to these illnesses. Additionally, FDA is integrally involved with its HHS partners in
responding to an increasing number of emerging pathogens by helping to facilitate the
development of diagnostic tools and medical countermeasures and may also need resources for
increased review of new vaccines as new products come online in response to the impacts of
climate change.

Centers for Disease Control and Prevention/Agency for Toxic Substances and Disease Registry
(CDC/ATSDR): Climate change poses a threat to CDC/ATSDR missions and operations due to
increased risk of infectious disease and increased frequency and need for emergency disease
surveillance and response activities, both domestically and abroad. Distribution of insect vectors
is also broadening in the United States, suggesting heightened risk for vector borne disease
outbreaks (such as ticks carrying Lyme Disease in the United States, for example) (Couper et al.,
2021). CDC/ATSDR also plays a role in response to wildfires (CDC, 2024a) and other natural
disasters (CDC, 2024b; CDC, 2024c). These climate-related factors may create a mission and
operational risk to the CDC/ATSDR, as the burden of emergency responses involving data
collection, information dissemination, and treatment increases over time within the United States.

CDC/ATSDR also responds to disease outbreaks abroad by providing disease surveillance and
supports to on-the-ground health workers. Outbreaks are increasing due to changes in
precipitation, heat, and other climate-related factors. For example, CDC/ATSDR engages in
international surveillance of emerging and ongoing epidemics, including focusing on ecological
changes leading to disease outbreaks (CDC, 2024d). CDC/ATSDR also works directly with the
World Health Organization to respond to emerging threats and outbreaks related to vector-borne
diseases (CDC, 2024e). This raises the potential of increased demand for CDC resources to be
used abroad to identify diseases, create surveillance tools, and contain outbreaks.

Health Resources and Services Administration (HRSA): HRSA funds health centers which serve
as health safety nets (Lewis et al., 2021) and provide essential primary care to rural and low-
income populations (Miller et al., 2021b). In addition to health centers, HRSA oversees the Ryan
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White HIV/AIDS Program and grant opportunities open to rural health clinics and rural hospitals.
Services provided by health centers have been shown to reduce emergency room visits by
uninsured individuals (Nath et al., 2019), thereby helping mitigate patient demand for hospitals in
surge situations, and increasing the resilience of regional health systems. Health centers also
provide important care after climate-related disasters (Paek et al., 2018). HRSA provides program
guidance and administrative flexibilities to health centers to mitigate the impacts of disaster events
(HRSA, 2022). Reports in the gray literature document that health centers are working to address
climate-related events through infrastructure resilience (Hostetter & Klein, 2022), as well as
supporting health professionals in climate action due to the recognition of the impacts on climate
change on the people who health centers serve (Rehr & Perkowitz, 2019).

Changes in Expenditures of Federal Programs

Expenditure risk result from increases in financial outlays due to the impact of climate and extreme
weather events on programs with mandatory spending requirements.

Centers for Medicare & Medicaid Services (CMS): Several studies have examined the magnitude
of increases in health care expenditures for Medicare and Medicaid as a result of climate change-
related health impacts. Examples of these climate change-related health impacts include the
impacts of hurricanes, extreme heat, wildfire, and exposure to vectors such as ticks that carry Lyme
disease on patient morbidity and mortality (Lay et al., 2018; Limaye et al., 2019; Liu et al., 2019).

In a 2022 report, using the EPA’s Framework for Evaluating Damages and Impacts (FrEDI), the
Office of Management and Budget (OMB) estimated that climate-related cost for Medicare and
Medicaid could increase between “$824 million and $22 billion (2020$) dollars by the end of the
century” based on estimated air quality impacts and an OMB morbidity impact assessments for
valley fever, southwest dust, and wildfires. This climate-related cost would add approximately 1
percent of additional national health expenditures. (OMB, 2022a). It is important to note that while
the FrEDI and OMB estimates consider the most common risks from climate change, there may
be other variables not included in these estimates that could impact the financial cost.

Lay et al. (2018) completed a study focusing on hyperthermia (overheating) and predicted that
emergency room visits related to ambient temperatures in individuals 64 and younger in the U.S.
will cost an additional $6 to $52 million by 2050. In a similar study, focusing on the impact of
extreme temperature in Minneapolis/St Paul, results also suggested a significant financial burden
of extreme temperature (Liu et al., 2019). Limaye et al. (2019) calculated the cost associated with
10 distinct episodes of climate change-related events from 2012 alone with data from the Health
Care Utilization Project (HCUP), with each event estimated to have between $4.9 million (Heat
Wave in Wisconsin) and $544 million (Hurricane Sandy) in morbidity costs in 2018 dollars. These
studies highlight the need to understand the impact of temperature and extreme weather on
anticipated Medicaid and Medicare spending.

Conclusion

This qualitative exploration of climate-related financial risks to the Department of Health and
Human Services builds upon previous analyses that have focused primarily on the financial risks

47



to CMS due to increased climate-related disease burden in Medicare and Medicaid beneficiaries.
While the studies demonstrate that CMS is facing financial expenditure risk from increased
climate-related burden of disease, many Operating Divisions face increasing mission and
operational risks from diversion of resources to emergency responses and other programs. Long-
term predictive modeling of climate-related health impacts and high-consequence extreme weather
events is currently limited, which limits the ability to provide more quantitative estimates of
financial risk that accompany the physical and mission-related risks that were the focus of this
document. Nonetheless, scoping and bounding estimates that describe the likely financial impacts
of the risks listed here should be the next steps in the ongoing effort to approximate, disclose, and
mitigate climate-related financial risks and assure the long-term stability of Health and Human
Services programs.

(2) U.S. Environmental Protection Agency: Managing Physical Risk at Superfund Sites
Introduction

EPA’s Office of Land and Emergency Management (OLEM) proactively manages current and
anticipated impacts of climate change on hazardous waste site remediation programs.

Under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
of 1980, as amended by the Superfund Amendments and Reauthorization Act (SARA) in 1986,
EPA achieves its mission to protect human health and the environment by responding to releases
of hazardous substances, pollutants or contaminants.’® CERCLA, informally called Superfund,
allows EPA to clean up contaminated sites where hazardous waste has been dumped, left out in
the open, or otherwise improperly managed. The Superfund Program focuses on making a visible
and lasting difference in communities through its mission of protecting public health and the
environment.

The EPA Office of Land and Emergency Management (OLEM) is taking action to address known
physical risks posed by climate change across its national programs. These risks may include, but
are not limited to, damages from wildfire in drought-stricken areas, hurricane force winds and
flooding, and even operational impacts due to limited access or loss of electricity or
communications. These risks and adaptation measures are described in nine site profiles, further
described below. OLEM has emphasized integrating adaptation efforts across the site cleanup and
waste management programs, including the Superfund remedial program within the Office of
Superfund Remediation and Technology Innovation (OSRTI). Consistent with CERCLA, the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP)?° as well as agency
policy and guidance documents, OSRTI has integrated climate resilience into the Superfund
cleanup process. The Superfund remedial program routinely considers the potential impacts from
climate change and extreme weather events during remedy selection, design, implementation and
operation and maintenance. Climate hazards such as increased frequency of natural disasters,
increased flood risk, increased drought risk, or other climate-related changes in site conditions may
affect short- and long-term remedy protectiveness. In 2017, after an active hurricane season, the

19 42 USC §9604(a)(1)
20 40 CFR Part 300
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Superfund program completed a study (EPA, 2019) to document the impacts from these extreme
weather events on and evaluate the remedy resilience for sites located in EPA Regions 2, 4, and 6,
which cover the U.S. Southeast and the Caribbean regions which are exceptionally vulnerable to
sea level rise, extreme heat events, and hurricanes per the U.S. Global Change Research Program.
The study found that 16 sites across the three regions were impacted by the storms and sustained
minor damage, but no sites reported an impairment to remedy protectiveness.

Since 2021, OLEM has made significant progress in assessing site and remedy vulnerabilities and
anticipating the impact of climate change to Superfund hazardous waste sites. This progress is
illustrated in the following excerpts from two site profiles that describe the climate risk exposure:

e The Rocky Mountain Arsenal site (RMA) in Commerce City, Colorado is vulnerable to
wildfires and the threats they pose to the site’s existing infrastructure and buildings for
system maintenance and groundwater treatment. In December 2021, a wildfire quickly
spread across more than 6,000 acres within 17 miles of the site due to an unusually high
amount of dry grass, a low amount of recent snowfall, and wind gusts exceeding 100 miles
per hour. To adapt to these risky conditions, the site undergoes periodic prescribed burns
conducted to expend potential wildfire fuels in a controlled manner. This practice also
generates co-benefits by helping maintain the desired perennial grasses providing habitat
for native and migratory wildlife, preventing onsite growth of invasive plant species, and
fostering local biodiversity.

e The Port Hadlock site borders Port Townsend Bay, a marine inlet in the Olympic Peninsula
in Washington State. Due to its coastal location, the covered landfill is vulnerable to
erosion associated with tidal action and storm surge. Site inspections and remedy reviews
allow for improved precision in repairs to the landfill cap and armor rock replacement.
These resilience measures allow for shellfish rebound, help to control costs, and are
sustainable in the long term. Institutional controls involving restricted site access and land
use remain in place.

Further details from seven more case studies of climate adaptation at remediation sites are provided
at: https://www.epa.gov/superfund/superfund-climate-resilience.

To improve management of risks from climate change to remedy protectiveness at Superfund sites,
in 2021 OSRTI published a national program guidance (OLEM, 2021) on considering climate
resilience in Superfund site management, OLEM Directive No. 9355.1-120, Consideration of
Climate Resilience in the Superfund Cleanup Process for Non-Federal National Priorities List
Sites. This guidance established consistent policy that encourages regional site cleanup teams to
consider potential impacts of extreme weather events and changing climate conditions at
Superfund sites to ensure the protection of human health, welfare, and the environment. In 2024,
this memorandum was superseded by OLEM Directive No 9355.1-121, Consideration of Climate
Resilience in the Superfund Cleanup Process for Non-Federal and Federal National Priorities List
Sites, which expanded upon the 2021 memo to include Federal National Priorities List (NPL) sites
and references to enforcement authorities.
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As stated in the 2024 Directive, project managers should generally assess the vulnerability of a
remedial action’s components, including its associated site infrastructure, and evaluate whether
the long-term integrity of a selected remedy may be impaired by adverse effects of climate change.
The assessment may lead to a site-specific analysis of the remedial action in light of current,
forward-looking information on local or regional climate and weather regimes.

Based on any potential vulnerabilities identified, project managers should evaluate resilience
measures that increase the system’s resilience to a changing climate and ensure continued
protectiveness of human health, welfare, and the environment. Multiple resilience measures may
be appropriate, and if so, the site team should set priorities to maximize return on limited resources,
based on best professional judgment regarding factors such as cost and impact on site operations.

To further refine and monetize the estimates of climate financial impacts, the Superfund remedial
program is undertaking an analysis over the next year. The focus will be on quantifying potential
financial liabilities at sites that have remedies selected, in consideration of the following available
data:

e Remedy types (e.g., landfill cap, pump and treat system),

e Most anticipated vulnerabilities by remedy type and location,

e Remedy implementation cost data (non-Federal, fund-lead sites only), and

e Hands-on experience of climate contacts and project managers in each regional office.

As context, in 2019, the Government Accountability Office (GAO) found that 60 percent of the
non-Federal sites on the NPL are vulnerable to climate risks (flood, storm surge, wildfire) (GAO
2019a).

Methods

To develop estimates of financial liability at Superfund sites due to climate change, EPA will
develop quantitative projections of financial liabilities for specific remedy types located in areas,
with an initial focus on impacts due to changes in precipitation and flooding as this data was the
most available and reliable immediately. By leveraging work conducted for the Climate
Adaptation Plans and internal facility assessments in EPA’s Office of Mission Support’s climate
resilience assessment at laboratory facilities, this effort will fit into the broader agency efforts to
address financial risks of climate impacts.

Based on EPA’s prior research, groundwater pump and treat (P&T) systems can be highly
vulnerable to climate change. OSRTI identified 18 sites where P&T was selected as the sole
containment/treatment remedy between 2013 and 2023, with an anticipated median capital
construction cost of over $15 million per remedy in 2023 at the time of the respective Record of
Decision. While EPA does not model an expected rate of destruction due to increased risks of
floods at these sites, assuming a 50 percent rate of destruction at these sites during a flood event,
the potential liability is estimated to be $135 million based on initial construction estimates.

To develop a more precise estimate, OLEM’s analytical activities are ongoing and expected to
continue into 2025. The team will:
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e Conduct a screening analysis to establish which sites have suitable data for inclusion
(suitable data may include remedy construction date, remedy operational status, baseline
costs and the cost element structure [i.e., capital costs, operation and maintenance costs,
and periodic costs]);

e Estimate financial liability of capital costs for repair and/or replacement;

e Develop assumptions for minor and major impacts to remedies due to climate change and
severity of damage expected due to those impacts; and

e Quantify the financial liabilities for the selected sites in high-, medium-, and low-cost
estimates based on severity of the potential vulnerability.

Preliminary Results from Rocky Mountain Arsenal

While the Rocky Mountain Arsenal (RMA) is a Federal facility and would not be included in an
estimate of EPA’s potential financial risk, it provides insight on the scale of costs that could be
encountered at Superfund sites with multiple operable units with separate areas of land with
cleanup activities underway. EPA offers these partial estimates of the range of liabilities facing
the program as a preview of, not a substitute for, the more detailed analysis underway now.

This site operates five pump and treatment (P&T) systems treating approximately 657 million
gallons annually (Navarro Research and Engineering, Inc., 2024). The site is located in Commerce
City, Colorado where climate projections, under Representative Concentration Pathways (RCP)
4.5 emission scenario, indicate an increase in extreme daily precipitation between 7-9 percent
between 2040-2060 (Colorado Water Conservation Board, 2024). Increase in extreme daily
precipitation under future climate scenarios may suggest an increased flooding risk; indeed since
1864, Colorado has been experiencing a major flood disaster roughly once every five years with a
19 percent probability that a major flood disaster will occur in any given year (Colorado
Department of Public Safety, 2018). The potential liability of operating the RMA P&T systems
under an increased flooding risk is estimated by assuming five major floods by mid-century with
damage from each flood requiring 50 percent capital replacement costs for two to all five P&T
systems based on initial construction estimates. Given these assumptions, the estimated mid-
century present value of the potential liability from flooding related damages to P&T systems
ranges from $49 million to $121 million higher than the estimated baseline costs (i.e., no flooding)
to operate the remedy.

Timeline and Objectives

The current focus is on setting the analytical scope, gathering data, and developing screening
criteria to ensure accuracy of the monetized estimates of impact. This study will also identify data
gaps and next steps to implement the approach for a broader set of Superfund sites that may be
subject to additional vulnerabilities, such as wildfire or drought, and for potential applicability to
other EPA programs with investments at risk from climate impacts (e.g., Resource Conservation
Recovery Act (RCRA) hazardous waste and Leaking Underground Storage Tank (LUST) cleanup
programs).
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D. Decision Support Tools

As demonstrated in each of the prior sections’ assessments and program highlights, each Federal
agency required the use of or developed customized analytical capabilities that provided spatially
relevant projections of physical climate change impacts. These same analytical capabilities are
needed by a range of stakeholders; for example, by architects and engineers that are designing built
environment projects to account for future climate change and extreme weather impacts, farmers
and ranchers adjusting operations and incorporating climate-smart agriculture practices, and
municipal government officials that are incorporating climate risks in updates to their general
plans.

This section highlights efforts by two Federal agencies to manage the physical risks of climate
change and inform decision making to respond to those risks, including (i) the U.S. Department of
the Interior’s implementation of tools to assess and address climate risks to buildings and
operations, and (ii) efforts by the U.S. Department of Transportation to manage climate risks to
the transportation system.

(1) U.S. Department of the Interior: Tools to Assess and Address Climate-Related
Financial Risk to Buildings and Operations

Introduction

The Department of the Interior (the Department, Interior) has significant responsibilities, including
managing 20 percent of the Nation’s lands and the natural and cultural resources found there.
Interior bureaus manage lands and resources that provide recreational opportunities to the public,
supply water and hydropower in Western States, and are an important source of responsibly
managed renewable and nonrenewable energy and mineral development. The Department fulfills
trust responsibilities or special commitments to American Indians, Alaska Natives, Native
Hawaiians, and affiliated island communities. As part of its ongoing commitment to these
responsibilities, Interior produces extensive science and information to support its bureaus,
partners, and the public.

Interior’s assets include buildings?! distributed across the United States and its territories, which
exposes them to a wide range of potential hazards, including hazards related to climate change.
For example, in June 2022 Yellowstone National Park experienced a 500-year flood event, in
which park regions received 7.5-9.5 inches of rain and snowmelt in a 24-hour period. The flooding
destroyed several key sections of road, triggered major evacuation operations, and damaged
wastewater infrastructure leading to a 1-year closure of Mammoth Hot Springs Hotel—impacts

2L Interior’s Office of Property Acquisition and Management provided these key definitions:
e Buildings typically have four walls and a roof;
Structures are all constructed assets that are not buildings;
Facilities is inclusive of both buildings and structures;
Assets is inclusive of buildings, structures, and administrative land (does not include stewardship land); and
Infrastructure tends to refer to large-scale structures (e.g., dams, highways, bridges, etc.).
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that have required significant resources to address.?? In September 2024, Hurricane Helene
affected the Southeastern United States, bringing over 30 inches of precipitation to the region
traversed by the Blue Ridge Parkway, washing out bridges and causing slope failures that continue
to limit access to the scenic road.?

The Department supports research and tools to help managers account for these exposures and
manage for risk, which generate a value of information (\VOI) to decision makers. This case study
focuses on the development of a VOI framework that could be used in future applications to assess
the potential financial risk from climate change to over 41,800 Interior-owned or managed
buildings—including visitor centers, schools, offices, museums, housing, and restaurants—and
associated operations. The framework is illustrated through a case study using outputs from the
Strategic Hazard Identification and Risk Assessment (SHIRA) Project on flood risk to inform the
siting of a visitor center. Experts from the SHIRA Project and Interior’s Office of Property
Acquisition and Management guided the development of the case study.

Background

In June 2024, the Department issued its 2024 Climate Adaptation Plan (the Plan) (U.S. Department
of the Interior, 2024), which includes an assessment of exposures to climate hazards, and
associated risks?* to the Department’s mission, operations, and services. This includes quantitative
assessments of exposure to climate-related hazards across the portfolio of Interior-owned or
managed buildings. The Plan also includes an implementation plan that lays out priority actions
the Department will take through 2027 to reduce its exposure to climate risks.

The assessment of exposure and risk in the Plan is based on projections in two spatially explicit
tools. The first is the Federal Mapping App developed for all agencies by the White House Council
on Environmental Quality (CEQ) and the National Oceanic and Atmospheric Administration. The
second is the SHIRA Project, a platform developed by the U.S. Geological Survey (USGS) and
Interior’s Office of Emergency Management (OEM) for internal use by Interior staff.

Section 3ALl of the Plan (Addressing Climate Risks Affecting Interior Buildings) outlines several
Department- and Bureau-level actions to reduce exposure to climate risks, including:

e Updating Department policy to address risks in future actions;

22 Funding for recovery is coming from a variety of sources; Yellowstone National Park State of the Park 2023
includes an overview. Notably, the Disaster Relief Supplemental Appropriations Act, 2023 (Division N, Title VII)
made $1.5 billion available to support recovery from natural disasters at several national park units. A substantial
portion of that amount was authorized for the long-term flood recovery efforts in Yellowstone.

23 As of October 2024, the National Park Service (NPS) has reported impacts to multiple parks ranging from Florida
to Virginia. Beginning September 30, over 400 NPS employees from 37 states and the District of Columbia and
Puerto Rico, representing 64 parks and offices across the NPS, have been deployed to assist with recovery efforts.

24 Here DOI uses definitions of exposure and risk from the Fifth National Climate Assessment.

e Exposure: The presence of people; livelihoods; species or ecosystems; environmental functions, services,
and resources; infrastructure; or economic, social, or cultural assets in places and settings that could be
adversely affected by climate change.

e Risk: Threats to life, health and safety, the environment, economic well-being, and other things of value.
Risks are evaluated in terms of how likely they are to occur (probability) and the damages that would result
if they did happen (consequences).
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e Adding climate change-related hazards to decision support tools; and

e Improving the resilience of Department buildings by evaluating site-specific
vulnerabilities and following best practices in new construction, repair, and
modernization.

The Department has begun to implement these actions—updating Departmental policy to comply
with OMB Memorandum M-24-03, “Advancing Climate Resilience through Climate-Smart
Infrastructure Investments and Implementation Guidance for the Disaster Resiliency Planning
Act,” and extending the capabilities of decision support tools to include climate-related hazards
and better support climate change adaptation. During the development of the Plan, the Department
also released several updated Departmental Manual (DM) chapters that clarify policy on climate
adaptation, including 523 DM 1, “Climate Change Policy.” This policy directs the Department to
address climate change impacts on Department mission, operations, and services, including using
best available science and established approaches to manage for uncertainty such as vulnerability
assessments, scenario planning, and adaptive management. Interior has developed and is
continually refining a risk register, which will enable enterprise risk management across programs
and bureaus for strategic, operational, reporting, and compliance risks to the Department’s
mission.

Incorporating Climate Projections into Hazard Assessment to Better Understand Risk
Exposure

The SHIRA Project was launched in 2018, as part of Interior’s Integrated Approach to becoming
disaster resilient. It works toward several goals, including to:

e Improve understanding of hazard-related risks posed to Department assets, resources, and
people;

e Determine the Department’s data and tool needs to enable effective risk planning;

e ldentify realistic Departmental threats and commonalities to enable multi-hazard
planning;

e Curate and deliver the best available hazards and asset data;

e Characterize and effectively communicate the hazard exposure of Interior’s assets;

e Develop tools to support Departmental unit, regional, and national risk planning; and

e Build a Departmental risk community of practice to share best practices and to leverage
limited resources.

The project hosts several tools in a secure cloud environment that support short-term and long-
term planning by visualizing and quantifying exposure to a wide range of hazards across a suite of
Interior assets that include buildings, employees, and natural and cultural resources (see Figures
19 and 20). Hazard exposure data can be used to inform facility management, employee training,
infrastructure planning, public outreach, and spending priorities, among other uses. Hazards were
initially organized into six categories: geophysical, ecosystem health, human health, technological,
weather, and wildfire. In June 2024, a seventh category that includes climate-related hazards was
added (see Table 11 and Figure 19), which provides the new information being evaluated in the
case study.
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FIGURE 19: GRAPHIC OF DEPARTMENT ASSET LAYERS INCLUDED IN SHIRA
PROJECT TOOLS
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The Role of a Value of Information (VOI) Framework to Assess the Impact of Decision
Support Tools on Risk Reduction

Information is the foundation of evidence-based decision-making and action. Producing and
sharing information with decision makers, including impacts on financial risk exposure through
planning and investment decisions, has value, in part because it helps manage costs. For example,
the SHIRA Project includes climate projection layers that indicate exposure?® to climate hazards
and can be used to assess potential climate-related financial risk (also reported in the 2024 Climate
Adaptation Plan, see Text Box 1). Importantly, this value is not always evident immediately. In
some cases, the impacts of decisions persist for decades (e.g., through the lifespan of facilities and
other infrastructure). The fact that the VOI may not be immediately evident can lead to
underinvestment in information products (a common situation for public goods like the SHIRA
Project) and potentially lead to un- or underinformed decision making.

A framework to assess VOI helps describe the benefits of information for Department actions and
operations to decision makers. To better assess the potential VOI in climate-related decision-
making, the Department will draw on work conducted by the USGS on their scientific research
programs. The methods draw on the theory of information to help make decisions and improve
outcomes. Through a number of case studies, the USGS has demonstrated a Bayesian analysis
decision-tree approach is particularly useful to assess changes in outcomes and associated benefits

%5 Indication of exposure varies by hazard, in some instances exposure is a binary measure (e.g., an asset within an
area susceptible to sinkholes) while for other variables the magnitude of exposure is also provided (e.g., the number
of additional days above 95 degrees F that an asset is exposed to under a given future climate scenario).
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in response to information (Pindilli et al., 2023; Pindilli and Loftin, 2022; Pearlman et al., 2019).
In these case studies, decision pathways and assumptions are identified for actions taken “with”
and “without” the information. Decision scenarios with next-best information (“without” the
information products being assessed) are typically referred to as counterfactuals. The measurement
of the effect of the additional information relative to a counterfactual is an estimate of the societal
benefits from the reduced uncertainty due to the information.

FIGURE 20: GRAPHIC OF HAZARD LAYERS INCLUDED IN SHIRA PROJECT TOOLS?
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Process to Develop a VOI Framework to Evaluate Changes in Climate-Related Financial
Risk

To determine whether a VOI case study can be developed, the first step is to identify the
information product (i.e., the SHIRA Project) and scope out who uses the information, how the
information is used, and the expected benefits from incorporating the information into decision-
making (see Table 12). This effort to assess the information product should only be viewed as a
scoping exercise to better understand the product and to help determine the potential viability of a
case study. This information product inventory helps identify which application (use case) can lead
to development of a scenario with a decision point related to the information and some narrative
on what could have happened before this information became available (see Figure 21). The
scenario is then elaborated as a series of potential outcomes from different alternatives resulting
from the decision point (see Figure 22 in the following section for an example). Assigning
probabilities and monetizing the outcomes are consistently the most challenging components of

% Hazards in italics cannot be mapped.
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this approach. Once the scenario is described, it helps to work backwards on the decision tree to
determine whether a case study will be viable.

TABLE 11: CLIMATE-RELATED HAZARDS INCLUDED IN SHIRA TOOLS, WITH
ASSOCIATED SCENARIQS, TIMESCALES, AND GEOGRAPHIC EXTENTS

Climate-related Hazard Scenarios Timescales Geographic

(* - denotes 2024 addition) Coverage

Number of Days Above 95° F* RCP 4.5 and RCP 8.5 Historic, mid-century and CONUS
late-century

Number of Heating Degree Days* RCP 4.5 and RCP 8.5 Historic, mid-century and CONUS
late-century

Number of Cooling Degree Days* RCP 4.5 and RCP 8.5 Historic, mid-century and CONUS
late-century

Precipitation Events Exceeding 2 RCP 4.5and RCP 8.5 Historic, mid-century and CONUS

Inches* late-century

Sea Level Rise 1-foot increments (one Can be crosswalked with CONUS, HlI, and

to five feet) emissions reports territories

Wildfire Risk

Riverine Flooding

Permafrost
Sinkhole susceptibility

Intermediate and
Intermediate-High
Burn probability

Flame length

Wildfire hazard
potential

Risk to potential
structures

100-year and 500-year
storms (National Flood
Hazard Layer)

Combinations of storms
(100-year, 500-year) and
climate scenarios (SSP
4.5 and 8.5)

Presence
Landscape conditions

2050 and 2090

Current and 2053
Current and 2053

Current conditions

Current conditions

Current conditions

2023 and 2053

Current conditions
Current and 2079

CONUS, HlI, and
territories
All 50 states

All 50 states

All 50 states

All 50 states

All 50 states and
Puerto Rico

All 50 states and
Puerto Rico

AK and CONUS
CONUS
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TEXT BOX 1: DEPARTMENT BUILDINGS ARE EXPOSED TO A WIDE RANGE OF
CLIMATE HAZARDS, WITH IMPLICATIONS FOR CLIMATE-RELATED FINANCIAL
RISK
The addition of climate hazard projections into SHIRA Project tools enables Interior staff to
easily overlay climate projections on maps of Department buildings, management units (e.g.,
parks, refuges, etc.), employee duty stations, or other features (see Figure 19). This information
helps identify potential risks and opportunities for corrective actions. Similar high-level
exposure analyses were included in the Department’s 2024 Climate Adaptation Plan, providing
insights regarding future climate exposures and implications for climate-related financial risk,

including:

e Extreme Heat. Nearly every Interior-owned or managed building will experience more
frequent temperatures exceeding historical maximums under each climate scenario
evaluated using SHIRA. This is projected to be accompanied by increases in the
number of cooling degree days and decreases in the number of heating degree days,
which have implications for operations and maintenance.

e Extreme Precipitation. Precipitation events in excess of two inches are, on average,
expected to increase by 20-29 percent by mid-century and 30-51 percent by late
century, depending on the climate scenario. This has implications for operations and
maintenance, and potentially for employee safety.

e Sea Level Rise. Depending on the climate scenario, 533-1167 Interior-owned or
managed buildings are projected to be inundated by sea level rise by 2090.
Conservative estimates of replacement value for these buildings—which do not include
associated structures, assets, or infrastructure (see footnote 25)—are just under $1
billion.

o Wildfire. Approximately 25 percent of Interior-owned or managed buildings, including
more than 2,500 housing structures, nearly 500 office buildings, and over 90 visitor
centers—a portfolio with a replacement value of more than $49 billion—are in areas
where wildfire currently presents a high-to-extreme risk to structures.

e Flooding. Approximately 27 percent of Interior-owned or managed buildings are
currently in an area with a one percent annual exceedance probability (AEP) of flood,
with an additional 6 percent in an area with a 0.2 percent AEP flood. The overall
estimated replacement value of these buildings is estimated to be just under $15 billion.
Data from the First Street Foundation projecting floodplain extents in 2052, included in
the SHIRA Project’s tools, indicates that roughly an additional 300 buildings will be
within areas with an AEP of at least 0.2 percent by mid-century.

Following the release of the CAP and the addition of new climate-related capabilities to the
SHIRA Project, Department staff have started to socialize these exposure assessment
approaches with internal stakeholders. Monitoring changes in Interior building and
infrastructure damage reports going forward will help refining accounting for the costs of these
hazards in the future.
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Interior has identified three primary types of decision makers using climate-related hazards risk
information: (1) Asset managers, (2) Unit and Human Resource managers, and (3) Senior
Leadership. The SHIRA Project identified the following potential use cases for the Department:

e Hazardous materials e Conservation management
management e Facilities and Infrastructure

e Climate adaptation ¢ Natural resource extraction

e Emergency management e Enterprise risk management

e Visitor protection e Physical Security

e Staff protection e Policy Analysis

e Cultural resources protection
e Interpretation and Outreach

Planning

The users and use cases are crosswalked to help identify the relevant climate-related applications
using the new/improved information. The users identify the expected categories of benefits from
the new/improved information in the climate-related application, if possible. Benefits can include
new improvements and enhancements (e.g., improvements to a baseline condition), which can
affect non-quantified advancements in mission and goals (e.g., enhancing staff and visitor
experience; advancing  sustainability, environmental justice); avoided losses/cost
avoidance/operational efficiency (e.g., savings achieved through targeted investments to prevent a
loss); cost savings (e.g., increasing the efficiency of decision-making by right-sizing investments);
and reduced opportunity/implicit costs (e.g., budgeting more accurately to help limit real-time
funding cuts with potentially costly tradeoffs).

Framework for a VOI Case Study on Climate-Related Financial Risk to Interior’s Buildings
and Operations

The Department evaluated the information product inventory for the SHIRA Project (see Table
12) to determine the viability of a scenario for development of a VVOI case study. This included
consideration of the interactions between various hazards and users/applications. While the
exposure of Departmental assets and operations to climate hazards increases financial risk to the
Department, the nature of these risks varies by hazard. For example, sea level rise presents risks
of total loss to facilities due to inundation, but also stochastic risks due to changing exposure to
storm surges, tidal flooding, and saltwater intrusion. Extreme heat does not present the risk of total
loss of a building but does affect the operations that rely on the structure (e.g., visitor services,
education, office work), and negatively affects Interior personnel working outside.
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TABLE 12: SHIRA PROJECT INFORMATION PRODUCT INVENTORY: IDENTIFYING
THE USERS, USES, AND EXPECTED BENEFITS OFR CLIMATE HAZARD
INFORMATION IN THE DEPARTMENT

Developer

User

Climate-Related
Application

Benefit

Office of Emergency
Management (OEM)
and the U.S.
Geological Survey
(USGS)

Asset managers

(Incorporate hazards in
plans or projects (e.g.,
mitigation, capital
investments, land use,

economic
development))

Unit managers, Human
Resource managers
(Integrate multi-hazard
plans into  existing
comprehensive
conservation/managem

ent plans to protect

employees and visitors,
as well asto minimize
future damage to or loss

of natural, economic,
capital and cultural
resources)

Facilities management:

e Building/Infrastructure
siting

e Building/Infrastructure
modernization

o Infrastructure lifecycle
investments-
recapitalization vs.
divestiture

e [ncorporation of
nature-based solutions

Budget planning

Procedural changes to
operations and services
(including visitor and
staff protection)
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More resilient capital
investments (ensure
mission delivery and
support; avoided loss
of investment)
Targeted mitigation in
design (avoid
over/under design)
Better recognize
course of action
decisions (minimize
sunk costs/
commitment bias).
Recognize
opportunities for
managed retreat (cost
savings).

Address expected
increases in utilities
(lower opportunity
costs)

Incorporate
incremental costs of
climate hazard
mitigation measures
into project cost
estimates (lower
opportunity costs)
Targeted changes to
procedures for cooling
(cost savings; avoided
health care costs, loss
of life; fulfill mission
through enhanced
visitor and staff
experience)
Improved hazardous
materials management
(avoided cleanup
costs, health care
costs, loss of life)
Reduced threat of
disease outbreaks
(avoided health care
costs, loss of life)



Developer

User Climate-Related
Application

Benefit

Conservation
management

Senior Leadership Policies and guidance on
(Develop policies and cross-cutting programs
guidance to reduce

hazard impacts across

the Department)

e Reduced threat of
invasive species
(avoided loss)

e Reduced threat of
wildlife disease
outbreaks (avoided
loss)

e Climate-optimized
conservation and
restoration of natural
resources (creation,
enhancement,
protection;
enhancement, cost
savings, avoided loss)

e Improved restoration
and reduced loss of
irreplaceable cultural
resources (avoided
loss of collections
and/or cultural sites
and resources)

o Wildfire risk
management (cost
savings, avoided loss,
lower opportunity
costs)

e Invasive species
management (cost
savings, avoided loss,
lower opportunity
costs)

o Water quality and
guantity management
(avoided losses, lower
opportunity costs due
to drought)
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FIGURE 21: PROCESS TO DEVELOP VOI FRAMEWORK
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Consideration was also given to the types of applications in the information product inventory that
could be informed by SHIRA tools. For example, Interior staff noted difficulty in assessing
operations and maintenance (O&M) impacts due to variability in material and energy costs over
time, consumption, and technological changes. Gathering O&M costs with a reasonable degree of
confidence for such an analysis would prove a challenge across Interior’s bureaus. The relatively
small size and remote nature of individual facilities within the Department’s portfolio, combined
with extremely limited site staffing capacity, continues to challenge O&M capture at the asset
level, thus making O&M forecasting unreliable at the time of writing. Other discussions included
how some data are difficult to map using SHIRA tools due to the destructive but ephemeral nature
of some hazards (e.g., harmful algal blooms), the lack of nationally consistent data (e.g., power
grid failures), or the time-sensitivity of the data (e.g., susceptibility to disease of wildlife
populations) (Wood et al., 2019). Staff also noted that some current hazards, such as landslides,
may be exacerbated or altered by climate change (e.g., through changing frequencies of heavy
precipitation events) but national-scale research to identify where and how changes were likely to
occur under different scenarios has not yet been conducted. These issues limit Interior’s ability to
do further analyses for certain applications in the SHIRA Project product inventory.

Interior determined a case study could likely be developed for climate-related financial risk to
Interior’s real property assets and operations, especially for buildings (see footnote 25). Given the
complexities mentioned above, the Department chose a narrow focus on climate-related risk to
siting Interior’s larger owned and managed buildings to start.
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Because Interior is still preparing to use SHIRA to inform large investments like siting of
buildings, a stylized scenario is presented here. That is, the hypothetical details of this case study
are based on realistic information to help pilot VOI analysis. To streamline the approach, the
decision point is a choice between two locations for a replacement visitor center that are within
the same area (i.e., labor and materials costs, utility rates, etc., are constant). A single building
design and operations plan is assumed for both locations. The baseline construction cost for this
building is estimated at approximately $25 million, which is above the threshold that triggers a
Departmental review of an Interior Bureau construction project (i.e., a “large” investment
necessitating a higher level of assessment).?’

The Federal Flood Risk Management Standard directs Federal agencies to not build in the
floodplain unless there is no other alternative (E.O. 13690; 520 DM 2). One of the SHIRA tools
available to Interior staff—the Risk Mapper—enables asset managers to evaluate potential facility
locations for the hazards identified in Figure 20, including riverine flooding. While Location 1 is
not in the 500-year floodplain at the moment, the new information in SHIRA shows it may be in
the 500-year floodplain in the year 2053. At Location 2, SHIRA confirms the higher elevation is
consistently outside of the 500-year floodplain under different climate change scenarios.

The framework depicts a highly simplified hypothetical VOI case study on climate-related
financial risk to the siting of a hypothetical visitor center (see Figure 22). The goal is to help
familiarize decision makers with the process of VOI assessment to allow for more realistic, robust
analysis in the future. Alternatives (A) and expected outcomes (O) are identified for decision
pathways with and without the new SHIRA information, with the assumption that pathway has an
associated probability of selection (P) and suite of expected costs (M). The “without” information
decision scenario is expected to include additional pathways as the absence of information removes
restrictions on the decision space for planners.

A template is developed to help guide initial thinking about baseline costs and the relative financial
effects of climate-related hazards when siting a building (see Table 13). Decisions on actual
locations would likely have a complex mix of effects on the baseline estimate, including higher
costs (+), lower costs (-), no effects (N = baseline), and unknown/uncertain effects (?), which
could affect the universe of alternatives and outcomes. For the purpose of this simplified case
study, both Location 1 and Location 2 have baseline construction and management costs, but
SHIRA information identifies a higher risk of inundation (i.e., higher potential losses, O&M costs)
for Location 1, leading to a projected increase in certain costs.

27 Department policy requires that all projects are reviewed by Bureau Investment Review Boards for compliance
with Interior’s Lifecycle Investment Planning Guidance; projects over $20 million are also reviewed for compliance
by the Department.
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FIGURE 22: FRAMEWORK FOR THE VOI OF SHIRA PROJECT INFORMATION IN
SITING A NEW INTERIOR VISITOR CENTER

Decision Alternatives Outcomes Probability =~ Monetized Cost

Point

i 01 ! < cti
5 Visitor center has higher Baselmg construction
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Where to future flood risk replacement costs
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- ? costs, lower
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A Visit ter hast - 0 Baseline construction
Location 2 SHOF CEIREL as. OWE 2% costs, lower O&M
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Adapted from Pearlman et al., 2019

TABLE 13: PRELIMINARY ASSESSMENT OF CLIMATE-RELATED FINANCIAL
EFFECTS FOR TWO HYPOTHETICAL LOCATIONS TO SITE A NEW INTERIOR
VISITOR CENTER

Categories Affecting Baseline* Relative Effects on Baseline Cost

Estimate of Construction and (+= higher’;)—_: lower; N=no eff(_ect (baseline);
Operating Costs 7= unknown/uncertain) _
Location 1 Location 2
Connectivity to other Interior-
R N N
owned and managed facilities
Access to existing utilities N N
Quiality of travel routes N N
Effects of SHIRA Flood Risk-
Related Projections
¢ Operations & Maintenance + N
¢ Need for future mitigation + N
e Effects on staff and visitors + N
e Effects on facilities, including
natural resource and cultural + N
collections
Modification of original building + N
design

* The starting building design and operations plans under consideration are the same for both locations, i.e., baseline
cost estimates.

In this hypothetical example, the monetized costs are assumed to be the same except for the long-
term costs incurred by siting the visitor center in a future floodplain at Location 1. This may not
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be the case in a real-world decision, and modifications to the baseline could affect both locations,
including benefit-cost effects from:

1. Known costs savings or increased costs due to connectivity to other Interior-owned and
managed facilities.

2. Access to existing utilities (power, water, sewage, telephone/internet), or costs associated
with new connections. For example, if investment in new water infrastructure is needed,
additional assessment may be required to determine whether the financial threshold is
triggered for application of the Principles, Requirements, and Guidelines, for Water and
Land Related Resources Implementation Studies (PR&G; 707 DM 1).

3. Quality of travel routes for visitors, which could involve construction of roads, sidewalks,
parking lots and/or alternative transportation.

4. Effects on staff and visitors, e.g., cost savings or increased costs associated with
time/convenience, and safety management.

5. Potential changes to the building design, e.g., structural changes to justify siting.

6. Other impacts on mission delivery, e.g., for sustainability goals (expected building
lifespans, etc.), or for natural and cultural resource protection (risks to natural and
cultural resources).

Next Steps

To complete the pilot VOI framework, Interior’s next steps involve identifying the probabilities of
each outcome and monetizing the expected costs for the highly simplified approach. When
probabilities and expected costs have been identified, the VOI can be calculated as the difference
between the expected monetized costs in the “with” information decision scenario and the expected
monetized costs in the “without” information decision scenario. The inclusion of new information
allows for an explicit comparison of costs and identification of an optimal decision. Once the
Department has completed this initial pilot, additional consideration will be made about assessing
a more realistic scenario encountered by Interior’s decision makers. A robust framework, refined
through case studies, is expected to help the Department quantify the economic value of continued
investments in information to help reduce the climate-related financial risk to real property assets
and operations.

(2) U.S. Department of Transportation: Managing Climate Change and Financial Risk
to the Transportation System

Introduction

The National Transportation System (NTS) serves to move passengers and freight throughout the
nation and provides connectivity to global transportation systems. Extreme weather events and
climate change impacts can directly damage transportation infrastructure, requiring costly repairs
and disrupting essential movement of goods and passengers (U.S. Department of Transportation,
2023). Extreme weather events—including heat waves, wildfires, tropical storms, high winds,
storm surges, and heavy downpours—are becoming more frequent and severe as the climate
changes. In 2023, there were 28 weather and climate disasters costing at least $1 billion with a
total price tag of at least $92.9 billion (Smith, 2023).
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The impacts on the NTS from exposure to climate hazards include damage to airport runways,
roadways, bridges, railways, ports, and pipelines from riverine and coastal flooding, extreme heat
and thawing permafrost, soil subsidence, and landslides. The United States Department of
Transportation’s (U.S. DOT or DOT) operational assets such as office buildings, data centers,
research facilities, ship and vehicle fleets, safety test tracks, air traffic control facilities and
equipment, and communication assets are also impacted by exposure to climate hazards.

The U.S. DOT is actively working to reduce the impacts of climate hazards on transportation
infrastructure by incorporating climate risk and resilience into its decision-making processes. DOT
has released several frameworks and tools that can help organizations conduct local or regional
climate hazard exposure and vulnerability assessments of transportation assets. These tools can be
customized to address specific climate hazards, identify which assets should be protected, and
determine solutions to enhance climate resilience.

DOT has also prioritized building climate resilience for Federally owned facilities, assets, and
operations. To support these priorities, DOT has developed new decision support tools that provide
system-wide climate exposure information to assess the vulnerability of assets or facilities using
consistent methods. Facility managers utilize this multi-hazard exposure information to rate asset
vulnerability and criticality which can then be combined into system-level summaries. This
approach provides regional and national managers with information to prioritize actions across
distributed assets and facilities.

This section summarizes select DOT frameworks and tools that support resilience assessments for
transportation assets. It also includes detailed descriptions of the system-wide climate hazard
exposure tools, a summary of projected climate-related financial impacts on the transportation
system, and DOT investments for resilience improvements. Building on the strong foundation of
resilience tools, DOT plans to extend the system-wide hazard exposure methods and quantify the
financial risk climate change poses to select portions of the nation’s transportation system.

DOT Tools for Resilience Assessments

The DOT frameworks and tools for resilience assessments are based on established best practices
that combine the exposure of assets to climate hazards with their sensitivity and adaptive capacity
to determine asset vulnerability. Measures of asset vulnerability and criticality can support risk
ratings and tactical interventions to avoid future losses in functionality. These approaches are
consistent with other Federal tools developed by the U.S. Geological Survey (USGS), the
Department of Defense (DOD), and the U.S. Department of Housing and Urban Development
(HUD). DOT has created climate resilience resources and tools that provide decision support for
various transportation infrastructure and operational system applications (Table 14).

DOT System-Wide Climate Hazard Exposure and Resilience Assessments

The DOT system-wide decision support tools integrate Federal climate data resources to provide
consistent hazard exposure information for facilities and other operational assets with verified
locations. This section describes additional tools and methodologies developed by DOT to assess
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climate impacts and build resilience across the nation's transportation infrastructure, emphasizing
their practical application in real-world scenarios.

TABLE 14: EXAMPLES OF DOT TOOLS AND FRAMEWORKS FOR ASSESSING
VULNERABILITY AND INFORMING RESILIENCE IMPROVEMENT DECISIONS

Tool

Application

Resilience and Disaster
Recovery (RDR) Tool
Suite (U.S. DOT Volpe
National Transportation
Systems Center, 2024 and
Office of the Assistant
Secretary for Research
and Technology)

Supports Federal, state, and local governments in selecting and prioritizing
infrastructure construction and roadway improvement projects by assessing the
return on investment (ROI) for resilience specific to various assets. The tool suite
includes components for assessing disruption due to hazard exposure, calculating net
benefits of resilience investments across future scenarios, and evaluating changes in
travel performance metrics due to resilience investments. RDR is a multi-modal
model that encompasses freight and passenger travel on roads and transit systems,
allowing agencies to incorporate the cost and benefits of resilience into the
transportation planning decision-making process to make informed decisions on
future infrastructure investments.

Vulnerability Assessment
and Adaptation
Framework (FHWA,
2017a)

Enables transportation agencies to assess their infrastructure’s vulnerability to
extreme weather and climate impacts. The framework provides an in-depth and
structured process for conducting a vulnerability assessment including: defining the
study scope, obtaining asset and climate data, assessing vulnerability, identifying and
prioritizing adaptation strategies, and utilizing assessments to inform asset planning
as well as operations and maintenance.

Vulnerability Assessment
Scoring Tool (VAST)
(FHWA, 2017b)

An Excel-based resource that assists transportation agencies with conducting an
indicator-based vulnerability assessment of their transportation assets. VAST is
designed to address asset types including rail, airports and heliports, oil and gas
pipelines, bridges, roads and highways. Users can leverage this tool to conduct
context-specific vulnerability assessments, selecting appropriate climate stressors,
indicators, and data sources to formulate asset vulnerability scores. Once the
assessment process is complete, transportation agencies can use these vulnerability
scores to prioritize projects and effectively allocate resources.

Transit Resilience
Guidebook (FTA)

A guidebook to aid local government officials, Metropolitan Planning Organizations
(MPOs), and other entities with resilience planning, funding, operating, or
coordinating with transit agencies. It includes recommendations and examples of
how to identify and address climate vulnerabilities and risks and how to build
resilience into transit assets throughout their life-cycle process. The Guidebook
presents a resilience planning framework overlaid onto agency processes using six
resilience phases: “Assess,” “Plan,” "Design and Construct,” "Manage,” “Maintain,”
and “Monitor” (Filosa et al., 2024).

Note: These tools all include guidance on accessing climate hazard exposure data.

Climate Hazard Exposure and Risk (CHER) Tool

The U.S. DOT Volpe Center, in collaboration with the Office of the Assistant Secretary for
Administration, developed the Climate Hazard Exposure and Risk (CHER) tool for internal
assessments of Federal buildings’ operational resilience (U.S. Department of Transportation,
2024a). The CHER tool applies a risk-based framework that combines facility manager ratings of
the vulnerability of critical systems to each climate hazard (based on sensitivity and adaptive
capacity) with exposure metrics to score each mission-critical asset. The risk assessments in turn
inform high-priority resilience strategies for project planning and development.

The CHER tool sources historical climate hazard information from the Federal Emergency
Management Agency (FEMA) National Risk Index (NRI) (FEMA, 2024) and includes annualized
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occurrence frequencies of fourteen climate-related hazards: coastal flooding, cold wave, drought,
hail, heat wave, hurricane, ice storm, landslide, lightning, riverine flooding, strong wind, tornado,
wildfire, and winter weather. An additional eight climate hazards are derived from data in the
World Climate Research Program’s (WCRP) phase 5 Coupled Model Intercomparison Project
(CMIP5) (WCRP, 2024). The CHER tool uses climate projection data for Representative
Concentration Pathway (RCP) 8.5% centered on the year 2050 (WorldClim, 2024) and considers
temperatures in the hottest and coldest months, and precipitation in the wettest and driest months.
Finally, the tool includes estimates of inundation due to sea level rise (SLR) on top of mean higher
high water (MHHW) from the National Oceanic and Atmospheric Administration (NOAA, 2017).

DOT used the CHER tool to support system-wide analysis of climate exposure for DOT
operational assets, including 1,411 DOT facilities flagged as mission-critical. The analysis
determined that 1,049 DOT facilities are projected to have more than a five-degree Fahrenheit
increase in the maximum temperature by 2050. More than 83 facilities are projected to experience
an increase of 1 inch or more in maximum precipitation, while 288 facilities are expected to
experience a decrease in maximum precipitation by 2050. A comprehensive dashboard provides
insight into climate hazard exposure across mission-critical facilities. When combined with the
multi-hazard vulnerability assessments that facility managers are completing, the information will
help DOT prioritize resilience investments.

Climate Hazard Exposure of the National Plan of Integrated Airport Systems (NPIAS)

Natural and climate hazards, such as the unprecedented and disruptive wildfires in the western
U.S. and intense rainfall events in the eastern U.S., threaten airport operations in numerous ways
(FAA, 2021; EPA, 2023b; U.S. Department of Transportation, 2024b). Some coastal airport
regions are experiencing chronic “sunny day,” or tidal flooding. Rising sea levels threaten the
viability of coastal airports from the continental U.S. to Micronesia (Yesudian & Dawson, 2021).
Permafrost collapse in Alaska has led to an airport relocation (Alaska Department of
Transportation, 2021).

In response to these threats, the Federal Aviation Administration (FAA) is taking action to bolster
adaptation and increase the resilience of airport facilities and the National Airspace System (NAS)
to protect continuity of operations, performance, and infrastructure investments (FAA, 2021). The
U.S. DOT Volpe Center is collaborating with FAA to develop an Airport Resilience Assessment
Framework (ARAF) to better incorporate resilience analysis and prioritization into airport project
planning and funding processes. The ARAF provides location-specific exposure information that
has been specifically tailored for evaluating potential climate impacts to critical airside
infrastructure at airports; other elements of the framework provide a common approach to
conducting vulnerability and resilience assessments of the infrastructure elements, as well as
offering examples of solutions to reduce specific climate impacts. This information can support
master planning and project development activities along with applications for Federal, state, and
local funding of projects that improve resilience.

28 Climate projections under RCP 4.5 are not included as there are minimal differences from RCP 8.5 through 2050.
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Exposure to many different climate hazards can pose a risk to airports, and analysis of the
probability of current and future hazards is a necessary component of a resilience assessment. FAA
is developing a climate exposure dashboard tool as part of the ARAF to complete a system-wide
analysis of the 3,287 existing, public-use airports published as the 2023-2027 NPIAS. The team
evaluated location-specific NPIAS airport exposure to several priority climate hazards relevant to
airport operations at present and in the year 2050 (where available, under two emissions scenarios).
The analysis draws from a wide array of national, authoritative datasets, including those published
by the EPA, FEMA, NOAA, the Department of Agriculture (USDA), and the U.S. Geological
Survey (USGS)?%.

To facilitate comparison across the NPIAS, the ARAF tools will provide standardized, directly
comparable, and actionable estimates of hazard and climate change exposure for all NPIAS
airports. The ARAF addresses seven priority hazard categories: coastal flooding, riverine flooding,
precipitation and storms, high temperatures, wind, wildfires, and land stability. Multiple indicators
of historic, current and/or projected exposure inform each hazard category. Some indicators of
high temperature are the average maximum daily temperature of the hottest month, the number of
days above 95 degrees, the number of days above 105 degrees, and the number of days above the
threshold of the historical 99" percentile.

Rising temperatures can pose numerous challenges for airports, especially in regions, like the
Southwest, with historically high temperatures that will likely continue to experience rising yearly
average temperatures.

For each climate indicator, the analysis will classify each airport’s exposure level on a 5-point
scale from very low to very high. Expert knowledge and analysis of historical data informed the
exposure level thresholds, which also align with existing FAA and design standards wherever
possible. Table 15 summarizes the number of NPIAS airports expected to experience select climate
hazard thresholds.

Individual airports will be able to prioritize attention to climate hazards showing high or very high
exposure at their location. While some airports are more exposed to some hazards than others,
airports need to consider their multi-hazard risk landscape to adequately safeguard passengers,
personnel, and facilities against the potential impacts of climate change. Airport operators will be
able to utilize the climate exposure information provided by the ARAF tools to inform their own
vulnerability assessments and obtain a comprehensive understanding of where and how to plan the
most impactful hazard mitigation investments.

At the regional and system level, FAA will be able to screen across the NPIAS to identify airports,
airport types, and regions that have the highest climate exposures and that could especially benefit
from evaluation, planning, and investment towards climate resilience. For example, the Northwest
Mountain Region was noted as a historically high-exposure region for wildfires, winter weather,
and coastal flooding. Taken together, the exposure information and the airport resilience

2 Federal data sets included in the analysis include FEMA NRI variables, LOCA, BIOCLIM, FEMA flood hazard
zones, and NOAA sea level rise.
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assessments of the ARAF form a baseline that FAA can use to identify high-priority resilience
needs at all airports in the NPIAS.

TABLE 15: NUMBER OF NPIAS AIRPORTS WITH HIGH OR VERY HIGH EXPOSURE
TO SELECT CLIMATE HAZARDS BY 2050 UNDER RCP 4.5 AND RCP 8.5

Number of NPIAS Airports

Climate Hazard Data Source  Threshold Historic 2050, RCP 4.5 2050, RCP 8.5
Mean Max Temp of WorldClim Temp > 105°F 31 45 49
the Hottest Month

Mean Max Temp of WorldClim Temp > 100°F 17 220 349
the Hottest Month

Days Above 105F LOCA > 10 days/year 52 399 511
Days Above 105F LOCA >7 days/year 13 151 182
Annual Hurricanes FEMA NRI  >1 per 2 years 26 na na
Annual Hurricanes FEMA NRI >3 per 10 years 63 na na
Change in Rainfall of WorldClim >2-inch increase  na 9 13
the Wettest Month

Change in Rainfall of WorldClim >1.5-inch na 9 14
the Wettest Month increase

Note: Very high exposure is indicated in bold; high (which excludes very high) exposure otherwise.
Climate-Related Transportation System Costs

The resilience frameworks and tools developed by DOT, combined with Federal climate hazard
exposure information, provide the necessary foundation and resources to support an analysis of
climate-related financial impacts for select transportation modes. Records of past climate-related
financial impacts on the transportation system, including direct damages and loss of operations,
provide a basis for projected costs under changing climate conditions (Table 16).

TABLE 16: CLIMATE-RELATED FINANCIAL DAMAGES TO THE TRANSPORTATION

SYSTEM
Mode/Coverage Year Events Scope (Direct damage, Cost Impacts Source
losses from (8, year)
operations)
Infrastructure 2020 Hurricane Laura Economic losses, 13 billion NASEM, 2021a
direct damages (20203%)
U.S. ports 2018 Hurricane Florence  Direct damages 46 million Van Houtven et
(20188%) al., 2022
U.S. ports 2005 Hurricane Katrina Direct damages 2.2 billion Van Houtven et
(20053%) al., 2022
U.S. export 2019 Mississippi River Economic losses and 1 billion Van Houtven et
networks Flooding delays (2019%) al., 2022
U.S. airports 2015 Power Outages Economic losses 150 billion NASEM, 2021a
(20159%)

Several studies have estimated the future costs of changes in climate conditions and increased
severity of recent climate-related natural disasters on the U.S. transportation system (Table 17).

The benefits from resilience investments may or may not be realized in the immediate or midterm
future (NASEM, 2021Db). However, investment in climate resilience has been shown to reduce the
costs of repairing damaged infrastructure and to avoid financial impacts of loss of operational
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capacity (National Institute of Building Sciences, 2019). Funded by HUD, FEMA, and others, the
National Institute of Building Science (NIBS) estimated a 6:1 benefit-to-cost ratio when building
projects adopt code requirements to elevate structures one foot above the base flood elevation
(National Institute of Building Sciences, 2019).

TABLE 17: CLIMATE-RELATED FINANCIAL DAMAGES PROJECTED FOR CLIMATE
CHANGE IMPACTS ON THE TRANSPORTATION SYSTEM

Mode/Coverage  Projected  IPCC  Scope (Direct damage, Cost Impacts®® Source
Timeframe  RCP  losses from operations)  ($year)

U.S. paved 2090 8.5 Direct damages from 20 billion per Gomez, 2022
roads temperature and year (2015%)

precipitation
U.S. paved 2100 45 Direct damages from 230 billion NASEM, 2021b
roads and temperature, (20159%)

8.5 precipitation, and
freeze-thaw cycles

U.S. railroad 2100 45 Delays, loss of 40 billion EPA, 2017
operations (2015%)

U.S. railroad 2100 8.5 Delays, loss of 50 billion EPA, 2017
operations (2015%)

Contiguous U.S. 2040 4.5 Direct costs 19 billion Underwood et al.

pavement (20179%) 2017

Contiguous U.S. 2100 45 Direct costs 21.8 hillion Underwood et al.

pavement (20179%) 2017

Shipping 2100 45 Direct damages and 25 billion per Van Houtven et al.,

industry disruptions year (2022%) 2022

U.S. bridges 2050 4.5 Maintenance and direct 1.5 billion per
damages year (20159%)

U.S. bridges 2090 4.5 Maintenance and direct 510 million per EPA, 2017
damages year (20159%)

U.S. bridges 2050 8.5 Maintenance and direct 1.7 billion EPA, 2017
damages (2015%)

U.S. bridges 2090 8.5 Maintenance and direct 1 billion (2015$%) EPA, 2017
damages

Alaska 2100 45 Adaptation costs 3.7 hillion EPA, 2017

infrastructure (20159%)

Alaska 2100 8.5 Adaptation costs 4.5 hillion EPA, 2017

infrastructure (2015%)

A 2021 study of climate change impacts to railroads, roads, and coastal property considered the
effects of a “no adaptation” approach to infrastructure management and quantified costs in
scenarios where adaptive measures are taken in response to climate change impacts (“reactive”
adaptation) and in advance of impacts (“proactive” adaptation). The study estimated that by 2050
under a medium greenhouse gas emission scenario (RCP 4.5), costs for roads are over 6 times
higher without adaptation compared to reactive adaptation, and over 12 times higher than proactive
adaptation (Neumann et al., 2021). For rail, there is a small reduction in cost for reactive adaptation
strategies, but a nearly 15-fold decrease in costs for proactive adaptation (Table 18).

30 Cost Impacts are cumulative from the study year through the projected timeframe, or per year by the projected
time frame where indicated as “per year”, in the dollar-years provided by the study authors.
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Direct costs to infrastructure associated with climate change and selected indirect costs to users,
such as delay and vehicle operating costs, were also considered. The findings emphasize the
potential for remarkable cost savings through proactive investment in adaptation.

TABLE 18: AVERAGE ANNUAL CHANGE IN COSTS RELATIVE TO THE BASELINE,
1986-2005 (5-GCM AVERAGE, BILLIONS OF 2018 DOLLARS, UNDISCOUNTED).

Infrastructure Sector and Scenario 2050
RCP 8.5 RCP 4.5
Roads
No Adaptation $158.6 $100.4
Reactive Adaptation $19.0 $13.1
Proactive Adaptation $9.0 $8.3
Rail
No Adaptation $11.3 $5.8
Reactive Adaptation $10.2 $5.4
Proactive Adaptation $0.9 $0.4

Note: Only the costs of climate change above those incurred for historic climate are included (Neumann et al., 2021).

DOT Investments for Resilience Improvements

DOT is investing in resilience improvements to agency assets and the U.S. transportation system
through capital improvements to DOT infrastructure, technical assistance for state, MPO, local,
and tribal communities, Promoting Resilient Operations for Transformative, Efficient, and Cost-
saving Transportation (PROTECT) program formula funding and discretionary grant awards,
and emergency relief funding. The projected damages to transportation systems (Table 17) far
exceed the magnitude of funding that has been appropriated for DOT resilience grant programs
or for emergency funding programs. DOT is working to maximize the ROI of Federal
investments by developing tools such as benefit-cost analysis (BCA) requirements and guidance
for the PROTECT program and the RDR tool suite. More broadly, DOT has incorporated climate
resilience considerations into criteria for discretionary grant funding across the Department, as
appropriate and consistent with statute.

FHWA: PROTECT Program

DOT launched the Promoting Resilient Operations for Transformative, Efficient, and Cost-saving
Transportation (PROTECT) program with a total of $9.1 billion available as formula funding ($7.3
billion) and discretionary grants ($1.8 billion) over five years. PROTECT is the first dedicated
Federal transportation grant program to help make surface transportation more resilient through
funding for planning activities, resilience improvements, community resilience, and evacuation
routes. PROTECT requires that recipients measure the performance of resilience projects. This
effort to define and develop resilience metrics will be leveraged to support a DOT-wide effort to
document the measurable outcomes of resilience projects. By funding projects that improve
resilience to natural hazards and climate change impacts, the PROTECT Discretionary Grant
Program aims to reduce damage and disruption to the transportation system, improve the safety of
the traveling public, and improve equity by addressing the needs of disadvantaged communities
that are often the most vulnerable to hazards (FHWA, 2024a).
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FTA: Climate Resilience and Adaptation Competitive Grants

FTA’s Bus Exportable Power Systems (BEPS) program enables public transportation agencies,
communities, and states to access resilient and flexible power options through hybrid, electric and
fuel cell bus fleet vehicles during major power disruptions. This program builds on BEPS
technologies, developed under FTA’s previous research grants, to develop national standards for
bus-to-building battery power transfer. The BEPS integrated systems can ensure community
energy assurance after natural disasters by transforming hybrid, electric and fuel cell buses into
mobile power generators.

DOT Emergency Relief Funding

DOT emergency relief funding from FTA and FHWA (implemented through different statutes and
regulations) supports reactive adaptation strategies to improve the resilience of systems and assets
after they have been damaged by natural disaster.

The FTA Emergency Relief (ER) program provides assistance to public transit operators in the
aftermath of an emergency or major disaster (FTA, 2024). This aid pays for protecting, repairing,
and replacing equipment and facilities that may suffer or have suffered serious damage as a result
of an emergency, including natural disasters such as floods, hurricanes, and tornadoes. FTA
encourages recipients to include cost-effective resilience features in repair and rebuilding projects.
When provided with funding to do so, FTA may also fund stand-alone resilience projects to help
prevent future damage and public transportation service disruptions. The program can also fund
the operating costs of evacuation, rescue operations, temporary public transportation service, or
reestablishing, expanding, or relocating service before, during or after an emergency. FTA
provided over $102.3 million in ER funding in FY 2023 to 17 transit agencies, cities, and planning
councils in eight states and territories and nearly $110 million to eight transit agencies and state
DOTs in six states and one territory in FY 2024.

The FHWA Emergency Relief (ER) program supports the repair and reconstruction of Federal-
Aid Highways and Federally Owned Roads that are severely damaged over a wide area by a natural
disaster or catastrophic failure from an external cause. The Bipartisan Infrastructure Law (BIL)
emphasized ER eligibilities to include wildfires and economically-justifiable improvements that
will mitigate the risk of recurring damage or the cost of future repair from extreme weather,
flooding, and other natural disasters (Kalla & Shepherd, 2019).3! Protective features include:
raising roadway grades, relocating roadways in a floodplain to higher ground above projected
flood elevation levels or away from slide-prone areas, stabilizing slide areas, stabilizing slopes,
lengthening or raising bridges to increase waterway openings, increasing the size or number of
drainage structures, upsizing culverts or replacing culverts with bridges, installing seismic retrofits
on bridges, adding scour protection at bridges, installing riprap, or adding other scour, stream
stability, coastal or other hydraulic countermeasures, including spur dikes, and the use of natural
infrastructure.

The BIL required FHWA to develop best practices for State Departments of Transportation for
improving the use of resilience in the ER program and other emergency relief, released in 2024

31 Per 23 U.S.C. 125(d)(2)(A)(ii); eligibility for wildfires was added to language in 23 U.S.C. 125(a)(1k).
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(FHWA, 2024b). The resilience betterments are anticipated to decrease costs to the ER program
over time by reducing future damages from similar events (FHWA, 2024b). FHWA allocated over
$1 billion in ER funds in FY 2024 for the repair or reconstruction of Federal-aid highways and
Federally owned roadways damaged by natural disasters or catastrophic failures. The ER program
allocates funding by emergency event to each ER applicant, and ER allocation records can provide
historic cost information that can inform projected climate-related financial impacts on the
highway system including increased expenditures under the ER program.

Knowledge Sharing and Capacity Building

DOT is working to leverage the system-wide, transportation-focused climate exposure data
processing methodology developed for specific projects to provide resources and tools across the
organization. The U.S. DOT Climate Change Center is the focal point for policy and action on
climate change within the Department. The regular meetings include technical climate and
resilience presentations, discussion of how climate resilience or mitigation can be incorporated
into DOT activities, and coordination between DOT Operating Administrations on policy updates,
climate challenges, and other priority activities.

The Transportation Vulnerability and Resilience Data Program (TVRDP) is a new Bureau of
Transportation Statistics (BTS) initiative to fill data gaps and provide access to data, statistics,
analyses, and tools needed to measure the vulnerability of transportation systems to the direct and
indirect disruptions caused by natural, manufactured, and cyber events. Evaluation of the ability
of the national transportation system to recover from those disruptions will support DOT efforts
to meet local decision-maker needs for community resilience to extreme weather required by the
BIL. BTS will prepare a climate data services and metrics web hub (platform) by 2025 and produce
a state of practice report.

For DOT grant applicants, a checklist is available on DOT Navigator to help develop strong
Climate Change Mitigation, Adaptation and Resilience Grant components. Through these efforts,
the Department is building a transportation system that is resilient to the impacts of climate change
while advancing climate and environmental justice.

Next Steps: Financial Risk of Climate Change to Transportation Systems

The DOT resilience assessment frameworks and decision support tools will provide the foundation
for an assessment of climate financial risk exposure to the U.S. transportation system and DOT
operational assets. DOT plans to establish an interdisciplinary team of resilience experts from
department modal administrations. Building on FHWA resilience tools, FTA research, and the
BTS TVAR activities, the team will extend the climate hazard exposure analysis approach used
for ARAF, RDR, and other tools. Using a combination of literature review, internal DOT data, and
damage functions developed for the RDR tool suite, the team will develop a case study to estimate
climate-related financial impacts for select transportation modes (e.qg., airports, highways, transit,
rail, waterways, or pipelines). The analysis will include the costs of direct repairs due to climate
change impacts and costs due to operational losses. For the NPIAS airports, the team will use the
completed climate exposure analysis and consider financial impacts for different scenarios such as
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the impacts of heat or sea level rise on the lifespan of runways and other airport assets, and airport
relocation requirements.

Summary

Communities across the country are facing increasingly extreme and sometimes deadly weather
events that destroy homes and livelihoods, along with transportation and other critical
infrastructure. Recovery costs are only projected to increase as extreme temperatures and
precipitation, SLR, inland water level rise or fall, and storm surge increasingly impact all modes
of transportation infrastructure (Jay et al., 2023). DOT is building on a long history of considering
climate hazard impacts on the NTS with new programs, technical resources, and decision support
tools to ensure that Federal transportation investments incorporate evidence-based measures to
improve resilience and manage climate-related financial risk. The tools and resources will also
support ongoing DOT assessments of climate-related financial risks to the transportation system
and provide information to reduce risk exposure.
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V. Federal Agency Climate Adaptation Planning and
Implementation

Section 211 of Executive Order 14008, “Climate Action Plans and Data and Information
Products to Improve Adaptation and Increase Resilience”, directs each Federal agency to submit
a draft action plan “that describes steps the agency can take with regard to its facilities and
operations to bolster adaptation and increase resilience to the impacts of climate change”. These
plans are meant to, among other things, describe the Agency’s climate vulnerabilities and plan to
use the power of procurement to increase the energy and water efficiency of United States
Government installations, buildings, and facilities and ensure they are climate-ready. Effective
adaptation efforts will strengthen national preparedness.

Federal fiscal exposure to climate change can be limited by enhancing climate resilience—that
is, taking actions to reduce potential future losses by planning and preparing for potential climate
hazards (GAO, 2024). ldentifying the most significant climate-related risks and vulnerabilities to
agency operations and missions, and identifying actions to manage those risks and
vulnerabilities, is essential to inform decision-making around Federal investments and
uninterrupted delivery of services to the public. Recent considerations of climate-related
financial risk and climate adaptation together are seen in three key places:

1. Federal Climate Adaptation Plans;
2. Agency Financial Reports; and
3. Government Accountability Office (GAO) Reports.

Federal Climate Adaptation Plans

In June 2024, 24 Federal agencies released updated 2024-2027 Climate Adaptation Plans
(CAPs). These most recent plans reflect a growing maturity across Federal agencies in climate
adaptation planning and implementation, and demonstrate greater integration of climate risk into
agency mission delivery, operations, and asset management (CEQ, 2024a). Agencies for the first
time applied a data-driven approach to assessing the climate risks to their facilities and
employees (CEQ, 2024b). Agencies were also asked to assess the climate risks to their missions,
operations, and services, and develop actions to account for climate risk in their planning and
decision-making, budget formulation, policies and programs, supply chains and procurement,
and funding to external parties. The instructions for development of the CAPs explicitly linked to
the objectives of OMB Memorandum M-24-03, including implementation of the Disaster
Resiliency Planning Act (Public Law 117-221) and best practices for advancing climate-smart
infrastructure. This guidance complements existing requirements for risk management and
consideration of natural hazard and climate risk described in OMB Circular No. A-11, Capital
Programming Guide. For the first time, agencies also provided evaluations of their
implementation via a common set of indicators and metrics (CEQ, 2024c).

In the 2024-2027 CAPs, agencies were asked to describe assessments of their agency’s climate-
related financial risk exposure and if, and how, these assessments are being used to inform budget
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formulation. Agencies were also asked to report on their technical capacities to assess risk to their
programs, including through agency-wide enterprise risk management (ERM).

Table 19 identifies analyses of Federal climate-related financial risk published between 2021 and
2024 and their relevance to Federal agencies who have produced CAPs (OMB, 2022a; OMB,
2022b; OMB, 2023a; OMB, 2023b; OMB, 2024a; OMB, 2024b).

TABLE 19: ASSESSMENTS OF CLIMATE-RELATED FINANCIAL RISK RELEVANT TO
AGENCIES WITH CLIMATE ADAPTATION PLANS

Assessment Topic Relevant CAP Agencies
General or cross-agency analyses
Federal facilities GSA, DOD, DOE, all
Federal healthcare spending HHS, EPA, VA
Federal wildland fire suppression expenditures USDA, DOI
Federally financed housing portfolio HUD, VA, USDA
Coastal disaster response Commerce, USACE, DHS
Program-specific analyses
National Flood Insurance Program DHS
Crop insurance USDA
Livestock Forage Disaster Program USDA

Low Income Home Energy Assistance Program HHS
Multifamily and healthcare (“commercial”) loans HUD
Superfund sites EPA

The majority of the agencies that prepared updated CAPs described ongoing efforts to integrate
climate risk, including climate-related financial risk, into their budget formulation and related
processes. While this section provides a high-level summary of common themes identified across
agency CAPs, individual CAPs should be referred to for greater detail relevant to each agency’s
unique authorities.

While some of the agencies highlighted the assessments included in Table 23, the CAPs do not
demonstrate if and how agencies are using these analyses to directly inform program delivery or
budget formulation. Rather, many agencies, including Department of Commerce, Department of
Energy (DOE), Department of Labor, the General Services Administration (GSA), the National
Aeronautics and Space Administration (NASA), the Tennessee Valley Authority (TVA), and the
U.S. Department of Agriculture (USDA), describe how they are integrating consideration of
climate-related risks into their enterprise risk management processes in accordance with OMB
Circular No. A-123, Management's Responsibility for Enterprise Risk Management and Internal
Control. For example,

“IDOE does this] ...by producing an agency Risk Profile as part of the implementation of
an Enterprise Risk Management (ERM) capability coordinated with strategic planning,
strategic review, and internal control processes. Climate change is included as a risk in the
DOE Risk Profile, to ensure that climate risks are included in budget formulation.”
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Similarly, USDA states:

“Through the ERM process, Mission Areas, Agencies, and Staff Offices identify risks that
may impede achievement of Agency objectives and Departmental strategic objectives. As
part of the guidance, [the Office of Budget and Program Analysis] will direct Mission
Areas/Agencies to explicitly consider the climate risk exposure assessments in their ERM
risk assessment process. Then, during the budget planning and formulation process,
Mission Areas, Agencies, and Staff Offices are required to identify their top enterprise risks
and integrate discussion of these risks into their budget justifications.”

Some agencies, like the Environmental Protection Agency (EPA) and NASA, draw direct lines
between their agency’s strategic plans and the budget formulation process. For example, EPA
established three Long-Term Performance Goals associated with a climate adaptation and
resilience objective of the EPA FY 2022-2026 Strategic Plan, the fulfillment of which are
connected to annual budget formulation.

Other agencies, like the Department of Defense (DOD), the Department of Health and Human
Services (HHS), and the Department of Justice (DOJ), have developed specific guidance to address
climate adaptation and resilience priorities during budget formulation. Most clearly, DOD
described specific investments to mitigate climate risks via subsets of annual budget requests in
the FY 2023 report, Meeting the Climate Challenge (U.S. Department of Defense, 2022) and the
FY 2024 report, Enhancing Climate Capability — Mitigating Climate Risk (U.S. Department of
Defense, 2023b).

One challenge in understanding how agencies consider climate-related financial risk is that many
of the CAPs focus primarily on climate risks to facilities and assets, rather than the entirety of
agency missions and operations. However, the significant advancements many agencies have made
to consider climate risks and the financial implications to their facilities are of great value.
Incorporating natural hazard and climate risk information in real property asset management
includes identifying information about current and future (projected) natural hazard and climate
risks over the expected service life of an asset or portfolio of assets and considering how critical
an asset is for an agency’s mission or programs. Advancements in this area are due to the
development and improvement of facility risk assessment tools, for example by the Department of
the Interior and the Department of Transportation (DOT), and the need to adhere to requirements
of the Disaster Resiliency Planning Act.

Finally, as described in the following two sections, agencies for the first time drew connections
between reporting requirements for Agency Financial Reports (AFRs) and recent analyses by
GAO related to adaptation and resilience activities and management of Federal fiscal risk.

Agency Financial Reports

Since 2022, Federal agencies have been asked to report details related to climate risk management,
including climate-related financial risk, in their Agency Financial Reports (AFRs). OMB Circular
No. A-136, Financial Reporting Requirements directs agencies to include this information in two
sections of their AFRs: Section 11.2.5. Forward-Looking Information and Section 11.4.10 Climate-
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Related Financial Risk for Certain CFO Act agencies. In the Forward-Looking Information
section:

“Significant entities should summarize any efforts taken or planned to assess, measure, and
mitigate any significant climate-related risks that could affect the entity’s performance,
financial position, or financial condition. The risks include risks to assets (such as property,
plant, and equipment (PP&E), and loan portfolios), liabilities (including loan guarantee
liabilities), contingent liabilities, and program costs.”

In the section on Climate-Related Financial Risk for Certain CFO Act agencies, agencies are
required to provide links to agency outputs on climate-related risk and climate-related financial
risk. Agencies are encouraged to report on budget authority or outlays related to reducing the
Federal Government’s exposure to climate-related financial risk as well as information about
agency governance, strategy, risk management, and metrics of climate-related financial risk.

In the 2024-2027 CAPs, several agencies, including DOD, DOJ, DOT, and GSA, specifically
highlighted the links between the CAPs and the reporting requirements of the AFRs. As agencies
strengthen their internal coordination on climate adaption, responses to these annual reporting
requests may become increasingly robust. For example, in the FY 2022 (USDA, 2022) and FY
2023 (USDA, 2023) AFRs, USDA reported only the required information, whereas USDA was
able to provide greater detail in the FY 2024 AFR (USDA, 2024), reflecting the progress made in
developing its 2024-2027 CAP.

Government Accountability Office (GAO) Reports

Since 2013, GAO has included “Limiting the Federal Government’s Fiscal Exposure by Better
Managing Climate Change Risks” on its High-Risk List (GAO, 2024). GAO has conducted a
number of recent engagements on fiscal risk to the Federal Government and how adaptation and
resilience actions can mitigate these risks, many with agencies who also produce CAPs (Table 20)
(GAO, 2019b). Many of these reports build on GAO’s Disaster Resilience and Enterprise Risk
Management Frameworks to identify and develop recommended actions.

In its 2024-2027 CAP, GSA refers to the GAO High-Risk List when describing recent climate
change-related impacts on the agency’s revenue, expenditures and balance sheets. For TVA and
USDA, their 2024-2027 CAPs were key documents to provide evidence of implementation of
GAQO’s recommendations within their agencies. GAQO’s recommendations for TVA included
developing a plan to identify and prioritize resilience measures and conducting an inventory of
assets and operations vulnerable to climate change, both of which TVA’s recent CAP was able to
achieve. USDA included an appendix to its 2024-2027 CAP to assess 13 potential options posed
by GAO to enhance the resilience of farmers via USDA’s Farm Production and Conservation
agencies and USDA’s Climate Hubs.

While climate change impacts to Federal risk remain a fixture on GAQO’s High-Risk List, GAO
assessments will continue to be helpful to agencies in identifying areas for strengthening their
adaptation and resilience efforts and concurrently managing fiscal risk to their organizations.
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TABLE 20: RECENT GAO ASSESSMENTS OF CLIMATE RESILIENCE AND CLIMATE-
RELATED FISCAL RISK RELEVANT TO AGENCIES THAT PRODUCE CLIMATE
ADAPTATION PLANS

Assessment Topic Relevant CAP  Year
Agencies
Climate Change: Options to Enhance the Resilience of Federally U.S. Army Corps 2024
Funded Flood Risk Management Infrastructure of Engineers
Climate Change: Options to Enhance the Resilience of Agricultural USDA 2023
Producers and Reduce Federal Fiscal Exposure
Climate Change: Improved Federal Coordination Could Facilitate Commerce 2016

Use of Forward-Looking Climate Information in Design
Standards, Building Codes, and Certifications

Climate Resilience: DOD Needs to Assess Risk and Provide DOD 2019
Guidance on Use of Climate Projections in Installation
Master Plans and Facilities Design

Climate Resilience: Actions Needed to Ensure DOD Considers DOD 2020
Climate Change Risks to Contractors as Part of Acquisition,
Supply, and Risk Assessment

Climate Resilience: DOD Coordinates with Communities, but DOD 2020
Needs to Assess the Performance of Related Grant Programs

Electricity Grid: Opportunities Exist for DOE to Better Support DOE 2021
Utilities in Improving Resilience to Hurricanes

Electricity Grid: Climate Change is Expected to have Far-reaching DOE 2021
Effects and DOE and FERC Should Take Actions

Electricity Grid: DOE Should Address Lessons Learned from DOE 2022
Previous Disasters to Enhance Resilience

Overseas Real Property: State has not Aligned Natural Hazard State 2023
Resilience Plans to Staffing Levels

Climate Resilience: Options to Enhance the Resilience of Federally DOT 2021
Funded Roads and Reduce Fiscal Exposure

Superfund: EPA Should Take Additional Actions to Manage Risks EPA 2019
from Climate Change

Water Infrastructure: Technical Assistance and Climate Resilience EPA 2020

Planning Could Help Utilities Prepare for Potential Climate
Change Impacts

Flood Mitigation: Actions Needed to Improve Use of FEMA DHS 2022
Property Acquisitions
Tennessee Valley Authority: Additional Steps Are Needed to Better TVA 2022

Manage Climate-Related Risks

Conclusions and Lessons Learned

Out of necessity given the impact of increased disasters on mission execution, agencies have made
significant progress in identifying their exposure and developing plans to minimize their future
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risk. However, there remain opportunities to strengthen links between adaptation actions and
management of climate-related financial risk to Federal agencies:

Technical Expertise. Agencies require technical expertise to effectively assess their
exposure and to maintain and develop new assessments of climate-related financial risk.
In addition, building a general understanding of climate change and a more specific
understanding of its impact to an organization’s mission-delivery and operations,
including amongst budget and planning staff, will improve the management of fiscal risk
to the Federal Government.

Enterprise Risk Management (ERM). Many agencies are already taking steps to
consider climate-related risks as part of their ERM efforts. Leveraging climate adaptation
expertise within the agency to assess programmatic, financial, or operational climate
risks, in some cases, will enable agencies to ensure that climate risks are appropriately
elevated with relative priority given their comparative fiscal risk to the enterprise in ERM
assessments.

Scope Planning. Many of the CAPs limited their discussion of climate risk and budget
formulation to climate risk to Federal facilities. Through improved coordination,
planning, and progress reporting, agencies can consider how to broaden this scope to
include climate risks to both mission-delivery and operations.

Action Planning. There remains a communications gap between agency personnel
responsible for the development of assessments of climate-related financial risk and those
responsible for program delivery and budget formulation. Better linking the technical
experts who develop the assessments to program managers and budget officers will
ensure that relevant and high-priority assessments are considered in program design and
delivery.
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V. Accounting for the Climate Benefits of Federal Investments

Federal investments in reducing greenhouse gas emissions yield climate benefits that accrue to
society. OMB examined the climate benefits of programs funded by the Inflation Reduction Act
(Public Law 117-169), which is the single largest piece of legislation to combat climate change in
U.S. history (EPA, 2023c). This section is divided into the following subsections:

1) Monetizing climate benefits from changes in greenhouse gas (GHG) emissions using
the social cost of greenhouse gases (SC-GHG),

2) Estimated benefits of carbon dioxide emission reductions as a result of the investment
from the Inflation Reduction Act (IRA), and

3) Conclusions.

Monetizing Climate Benefits Using the Social Cost of Greenhouse Gases

The SC-GHG is a metric that puts the effects of climate change into monetary terms to help
policymakers and the public understand the benefits of reducing climate pollution—that is, by
estimating the costs society faces from unabated emissions that are contributing to impacts on human
health and the environment. Specifically, the SC-GHG is the monetary value of the net economic
damages that would result from emitting one additional ton of greenhouse gases into the
atmosphere, or the benefit of avoiding that increase. The SC-GHG differs by the type of
greenhouse gas (such as carbon dioxide, methane, and nitrous oxide) and by the year in which the
emissions change occurs.

In principle, the SC-GHG is a comprehensive metric that includes the value of all future climate
change impacts (both negative and positive), including changes in net agricultural productivity,
human health effects, property damage from increased flood risk, changes in the frequency and
severity of natural disasters, disruption of energy systems, risk of conflict, environmental
migration, and the value of ecosystem services. The SC-GHG, therefore, reflects the societal value
of reducing GHG emissions by one metric ton and is the theoretically appropriate value to use to
monetize the social impacts of policies that affect GHG emissions. In practice, data and modeling
limitations restrain the ability of SC-GHG estimates to include all physical, ecological, and
economic impacts of climate change, implicitly assigning a value of zero to the omitted climate
damages. All existing estimates of the SC-GHG are, therefore, necessarily a partial accounting of
climate change impacts and likely underestimate the marginal benefits of abatement. Federal
agencies have used estimates of the SC-GHG to monetize the value of changes in greenhouse gas
emissions in relevant analytical contexts for more than fifteen years.

In this section, OMB estimates the climate benefits of IRA investments using an updated set of
SC-GHG estimates published by the EPA in 2023. These estimates reflect recent and substantial
advances in the scientific literature on climate change and its economic impacts and incorporate
recommendations made by the National Academies of Science, Engineering, and Medicine. A
detailed explanation of each input and the modeling process is provided in EPA’s November 2023
Report on the Social Cost of Greenhouse Gases: Estimates Incorporating Recent Scientific
Advances (EPA, 2023a). The Report, which was subject to public comment and an external expert
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peer review, also discusses the modeling limitations and the many categories of climate impacts
and associated damages that are only partially or not yet reflected in the SC-GHG estimates.

OMB has reviewed relevant scientific developments and determined that EPA’s 2023 estimates
currently reflect the best available evidence on monetizing the value of changes in greenhouse gas
emissions. OMB is thus applying these estimates in this paper. The FY 2023 Report to Congress
on the Benefits and Costs of Federal Regulations and Agency Compliance with the Unfunded
Mandates Reform Act, published by OMB’s Office of Information and Regulatory Affairs,
provides additional detail on the history of SC-GHG and OMB’s assessment of the SC-GHG
estimates developed by EPA. The EPA estimates can be found in Table 21.

TABLE 21: ANNUAL SOCIAL COST OF GREENHOUSE GASES, 2020-2050

SC-CO; SC-CH,4 SC-N0
(2020 dollars per metric ton of (2020 dollars per metric ton of (2020 dollars per metric ton of
CO,) with near-term discount CH.) with near-term discount N0) with near-term discount
rate rate rate
5@;?5'0” 2.5% 2.0% 1.5% 25%  2.0% 15%  2.5% 2.0% 1.5%

2020 120 190 340 1,300 1,600 2,300 35,000 54,000 87,000
2025 130 210 360 1,600 2,000 2,700 40,000 60,000 95,000
2030 140 230 380 1,900 2,400 3,200 45,000 66,000 100,000
2035 160 250 410 2,300 2,800 3,700 50,000 73,000 110,000
2040 170 270 430 2,700 3,300 4,200 55,000 79,000 120,000
2045 190 290 460 3,100 3,800 4,700 60,000 86,000 130,000
2050 210 310 480 3,500 4,200 5,300 66,000 93,000 140,000

Note: Values of SC-CO,, SC-CH,, and SC-N,O are rounded to two significant figures. The annual unrounded
estimates are available in Appendix A.5 of EPA Report on the Social Cost of Greenhouse Gases: Estimates
Incorporating Recent Scientific Advances (EPA, 2023a).

Estimated Benefits of Carbon Dioxide Emission Reductions as a Result of the Investment
from the Inflation Reduction Act

The IRA is the largest piece of legislation to reduce GHG emissions ever enacted in the United
States (EPA, 2023c) and funds clean energy technologies like solar, wind, and clean hydrogen.
This legislation, along with the American Rescue Plan Act (Public Law 117-2), the Infrastructure
Investment and Jobs Act (Public Law 117-58), the CHIPS and Science Act (Public Law 117-167),
contributed to private companies announcing commitments to invest a total of $1 trillion, including
private investments in electric vehicles and batteries ($182 billion), clean energy manufacturing
and infrastructure ($91 billion), and clean power ($188 billion) (The White House, 2024).
Furthermore, the IRA sets out to lower energy costs for households.

The average American household saves $500 a year in utility bills when using a heat pump relative
to other forms of heating, and IRA offers consumers a tax credit of up to $2,000 for the cost of a
heat pump. Other clean energy tax credits for American households include 30 percent tax credits
for rooftop solar and EV chargers (up to $1,000) and up to $7,500 in tax credits for electric vehicle
purchases.
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The analysis presented below provides an update to the OMB analysis estimating the climate
benefits of the IRA, published in 2022 (Office of Management and Budget, 20220MB, 2022c).
This updated analysis uses projections of GHG emission reductions that were not available in 2022
and estimates of the SC-GHG developed by EPA that incorporate findings of recent scientific
literature.

Method

The monetized benefits of carbon dioxide (COz2) reductions resulting from the IRA are calculated
using the social cost of carbon (SC- COz) estimates developed by EPA (2023f) and the projections
of COzemission reductions due to implementing provisions within the IRA from EPA (2023e) and
Bistline et al. (2023). To calculate the present value of the monetized benefits of CO2 emission
reductions, we use a near-term discount rate of 2 percent®?, set the “present value year” to 2023
and report dollars inflation-adjusted to 202332, The EPA report (2023e) includes projections from
ten independent economy-wide models and four independent electricity sector models over the
time period 2024 through 2035. Of the six models used by Bistline et al. (2023) to project the
economy-wide COz reductions from investments in the IRA, projections out to 2050 are provided
for four of the models in the supplemental data to the article.>* Since Bistline et al. (2023) report
the annual CO2reductions for every five years from 2025 to 2050 for these economy-wide models
within the supplementary material, we linearly interpolate the annual reductions for years not
included in the results.®* The models operate under different assumptions and were developed by
researchers in academia, Federal Government, and the private sector.

Caveats and Limitations

Like the previous OMB analysis, only benefits pertaining to CO2 emission reductions are reported.
Other benefits of the IRA programs, such as improved air or water quality or the reduction of
GHGs other than COg, are not accounted for in the analysis. For example, the Methane Emission
Reduction Program—authorized by IRA—has several components, including $1.36 billion in
financial and technical assistance to mitigate emissions of methane and other GHGs in the oil and
gas sector, waste emission charges (WEC) to oil and gas facilities, and improving reporting of
methane from the oil and gas sector. The climate benefits calculated in the regulatory impact
analysis for the final rule on WEC, estimated at $2.40 billion®® in 2019 dollars ($2.8 billion in 2023
dollars) for 2024-2035, are not included in the analysis below (EPA, 2024c). The benefits of
reducing emissions of hydrofluorocarbons (HFCs) from the IRA funded programs, such as HFC

32 The discount rate of 2 percent is chosen since 2 percent is the central near-term discount rate presented in the EPA
Report on the Social Cost of Greenhouse Gases: Estimates Incorporating Recent Scientific Advances (EPA, 2023a).
Also, 2 percent is the real social discount rate recommended by OMB when benefits or costs reflect certainty-
equivalent valuations (OMB, 2023c).

33 2023 is the most recent full year available with actual data at the time of this analysis.

34 The analysis uses the projections from Bistline and colleagues (2023) found in the file “IRA Comparison—
Emissions” found at https://zenodo.org/records/7879732. The four models included in this analysis are EPS-EI,
MARKAL-NETL, REGEN-EPRI, and RIO-REPEAT.

35 While linear interpolation is used here for ease and transparency, linear interpolation may not be reflected in the
models’ exact behavior in between the five-year intervals reported in the supplementary data but will reflect the
general trend of the projections in between the reported 5 years.

3 The estimated climate benefits for methane reductions are calculated using a discount rate of 2 percent and present
value year of 2023.
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Reclaim and Innovative Destruction Grants, are also not accounted for in this analysis. ¥’
Additionally, the analysis does not include non-environmental benefits related to the IRA, such as
increasing private investment (CEA, 2024).

While complex, the models for CO2 emissions rely on simplified versions of the world and require
assumptions. For example, one simplification made is that not all the IRA provisions are included
in each model. While the models generally include the components of IRA that are anticipated to
have the largest impact on energy consumption and CO2 emissions, certain programs are left out
of all or most models, such as funding for the Department of Energy (DOE) Loan Program Office
or electric loans for renewable energy. Each of the models also require a series of assumptions
regarding, for example the representation of economic sectors, technology costs and constraints,
how the IRA funding is implemented, fossil energy prices, and economic growth.

As noted above and discussed in the EPA Report on the Social Cost of Greenhouse Gases:
Estimates Incorporating Recent Scientific Advances (EPA, 2023a), the current EPA SC-GHG
estimates reflect a partial accounting of climate change impacts from changes in GHG emissions.
In addition to the other benefits excluded from this analysis, the use of partial estimates leads to
conservative estimates of monetized benefits.

Results

Table 26 shows a range of estimates for monetized benefits for CO2 emission reductions based on
the results included in Appendix A of the EPA report (2023c) for the years 2024-2035. While the
table does show an economy-wide estimate for the monetized benefits, the individual sectors—
electric, building, transportation, and industry—cannot be added together to equal the benefits of
the economy-wide estimate. The results across sectors are not mutually exclusive because
electricity is used within the building, transportation, and industry sectors, causing indirect
emissions from electricity in those respective sectors. The projected economy-wide benefits for
the modeled IRA provisions over the 12-year period range from $536 billion to $2.36 trillion, with
the median projected benefits at $1.11 trillion. In addition to capturing provisions within the IRA
that are targeted at specific sectors, the economy-wide projections also account for emission-
reducing provisions that cut across different sectors, like the tax credits for carbon oxide
sequestration, the clean hydrogen production tax credit, and the Greenhouse Gas Reduction Fund.

Of the four sectors reported in the EPA report, the greatest benefits of reduced CO: are projected
from the electric sector, which range from $352 billion to $1.78 trillion, with a median of $899
billion. In 2022, the electric sector was the sector with the second-highest source of emissions in
the United States, accounting for approximately a quarter of emissions (EPA, 2023c). These
estimated benefits are due to a wide range of provisions within the IRA that focus on investment
in clean energy—including but not limited to: the production tax credit (PTC) and investment tax
credit (ITC) for electricity from wind and solar; the zero-emission nuclear power PTC; the tax
credit for carbon oxide sequestration; and the PTC and ITC for new clean electricity.

37 Reductions in HFCs could result in large climate benefits, see EPA (2021b) and Tan et al. (2024) for social cost of
hydrofluorocarbon estimates and the climate benefits from similar policies.
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The IRA incentivizes energy efficiency in buildings through provisions like the energy efficient
home improvement tax credit, the new energy efficient homes credit, and energy efficient
commercial buildings deduction. The benefits estimated from the modeled IRA provisions
impacting the building sector are estimated to range between $316 billion and $1.38 trillion, with
a median of $655 billion.

The estimated monetized benefits of CO2 emission reductions for the transportation sector due to
modeled provisions of the IRA range from $25 billion to $324 billion. All the economy-wide
models used in the EPA report account for the clean vehicle tax credit and most models account
for tax credits for biodiesel and renewable fuels production; however, only one model includes the
tax credit for previously owned clean vehicles. Transportation is the sector that generates the most
emissions in the United States (EPA, 2023c), accounting for roughly 28 percent of U.S. emissions.
As with all the modeling of emission reductions due to the IRA, whether or not provisions are
modeled and how the provisions are modeled impact the estimates presented in Table 22.

TABLE 22: MONETIZED BENEFITS OF CARBON DIOXIDE EMISSIONS REDUCTIONS,
2024-2035 (BILLIONS OF 2023 DOLLARS)

Sectors* # of Models  Minimum Median Maximum
Economy-wide 10 $536 $1,109 $2,361
Electric Sector 14 $352 $899 $1,782
Building Sector 10 $316 $655 $1,380
Transportation Sector 10 $25 $106 $324
Industry Sector 10 $95 $312 $759

* Sectors are non-additive.

The last sector modeled in the EPA report is the industry sector, in which the benefits of the
modeled IRA provisions for the sector range from $95 billion to $759 billion, with a median of
$312 billion. The IRA provisions impacting the industry sector, include the advanced energy
project credit and the tax credit for carbon oxide sequestration. Coverage of the IRA provisions
concerning industry within the modeling is limited relative to other sectors. For example, while
the building, transportation, and electric sector results had provisions that were included in all
models, with the exception of the tax credit for carbon oxide sequestration, no single IRA provision
concerning only the industrial sector is included in all 10 of the economy-wide models.

For calculating the economy-wide benefits of CO2 reductions out to 2050, we use the results of
four economy-wide models from Bistline et. al. (2023). The present value of CO2 benefits with a
2 percent discount rate and a present value year of 2023 has a median of $3.932 trillion (inflation-
adjusted to 2023 dollars) for the period 2025-2050, with the lowest estimate of the four models
being $3.535 trillion and the highest estimate of the four models being $5.340 trillion.

Conclusions

Recent scientific advancements have aided society’s understanding of the cost of GHG emissions
to society. The SC-GHG helps us understand that the benefits generated through the CO2 reduction
investments alone in the IRA can greatly outweigh the cost. While the full scope of societal harm
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caused by GHG emissions is not yet fully captured in the SC-GHG, current values allow us to
demonstrate the benefits that Federal investments will have long into the future.
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VI. Conclusion

The risks of climate change are threatening both the Federal Government’s budget and the
economic prosperity of everyday Americans. Physical risks refer to the harm to people and
property arising from acute climate-related events, such as hurricanes, wildfires, floods, and
heatwaves, and chronic shifts in climate, including higher average temperatures, changes in
precipitation patterns, and sea level rise (Federal Reserve, 2023). Federal agencies continue to
build capacity to conduct assessments of the financial risk of these physical climate risks,
develop plans for how best to adapt to a changing climate, and review and estimate the benefits
of Federal investments in climate change mitigation.

This paper includes examples of the approaches used by Federal agencies to estimate the financial
costs of climate change, and the economic tools that are being developed to more accurately predict
climate fiscal risks in the future. The highlights of projected climate fiscal risks that threaten the
Federal Government provided in this paper include:

e USDA'’s Federal Crop Insurance Program, and risks to the Pasture, Rangeland, and Forage
insurance plan;

e Risks to the HUD’s commercial lending portfolio;

e State and risks to overseas buildings and operations;

e Risks to EPA facilities;

e Framing climate financial risks to HHS operations;

e EPA and managing climate risks at Superfund sites;

e Tools to assess and address climate financial risks to Interior buildings and operations; and

e Climate financial risks to DOT and the U.S. transportation system.

This paper provides an overview of the advancements in the development of Federal Climate
Adaptation Plans and opportunities for further work needed to maximize the utility of those plans.
This paper also provides an overview of the benefits of Federal investments in reducing
greenhouse gas emissions that contribute to climate change and a discussion of how those benefits
can be measured using estimates of the social cost of greenhouse gases. As an example of those
benefits, the paper provides estimates of the economic benefits of investments in the Inflation
Reduction Act, where the median projected benefits from carbon dioxide emissions reductions
through 2035 are approximately $1.1 trillion.

These are just a few examples of how OMB and Federal agencies are working to improve the
accounting of climate-related Federal expenditures, reduce the Federal Government’s long-term
exposure to climate-related financial risk, and provide the best available information to support
decision-making. All of these efforts are being undertaken in order to minimize the financial risk
to taxpayer dollars and Federal programs, projects, and activities.
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Appendix A: Literature Review (HUD Federal Housing Administration,
section I11.A.2)

Impacts of Disasters on Mortgage Loans

Holtermans et al. (2023) investigate the impact of climate shocks on commercial real estate
mortgage payment behavior. They find that Hurricanes Harvey (2017) and Sandy (2012) led to a
281 percent and 18 percent increase on multifamily delinquencies, respectively compared to the
two-year period prior to the hurricanes making landfall. Whether these are ‘typical’ or ‘climate-
induced’ natural disasters, they provide evidence that natural disasters contribute to delinquencies
and losses and justify consideration in HUD’s analyses.

Hino and Burke (2020) conducted a nationwide evaluation of the effect of floodplain presence on
single family property values, finding that full pricing of presence in the floodplain lowers property
values by 5 percent to 11 percent. Additionally, they conclude that 3.8 million U.S. floodplain
homes are over-valued and markets with better-informed buyers exhibit stronger responses to new
information about flood risk. These concepts suggest that government loss rates could increase if
agencies do not account for this risk during underwriting and budget formulation.

Holtermans et al. (2023) also performed analyses on floodplain properties for commercial loans
affected by natural disasters. They find that delinquency rates are not higher in Federal Emergency
Management Agency’s (FEMA'’s) designated flood plain zones after landfall of a hurricane, and
state “This finding suggests that perceived flood risk, in the form of FEMA’s 100-year floodplain,
i incorporated at the time of underwriting.” They rationalize that proper underwriting in these
floodplains accounts for why mortgages in FEMA’s 100-year floodplain maintain their existing
delinquency rate in the face of natural disasters, while delinquencies rise in non-floodplain areas
with a larger share of damaged homes. While this may conflict with Hino and Burke (2020), both
papers are important to consider in tandem. Hino and Burke (2020) suggest single family
floodplain properties are overvalued, but Holtermans et al. (2023) find that lenders proactively
account for this risk during underwriting. HUD’s takeaway from these studies is that lenders that
adequately account for weather-induced risks are more likely to be adversely affected by the
consequences of these risks. However, lenders, including HUD, may overvalue these properties if
they do not sufficiently account for future climate-induced weather risks over the life of the loan.

Adverse Selection

Another risk for HUD is the adverse selection of properties brought for insurance. Keenan and
Bradt (2020) test the hypothesis that single family lenders with locally concentrated portfolios
accept and retain fewer mortgage assets in climate affected areas. The logic is that locally
concentrated lenders have a keen understanding of local climate risk and take steps to mitigate
them. The authors conclude that climate exposure and local concentration reduce lenders’ loan
acceptance and retention.® Lenders avoid retention of these riskier loans by transferring the risk
of these properties to the Federal Government (e.g., Fannie Mae and Freddie Mac). This adverse
selection makes the Government Sponsored Enterprises’ (GSEs”) portfolios riskier. While current

38 An important limitation is that the findings were not statistically significant outside the southeast and Gulf coast.
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research focuses on single family housing loans being transferred to the GSEs, this risk could apply
to multifamily loans as well. All else equal, this suggests HUD’s mortgage portfolios could be
more costly, if lenders require HUD’s guarantee to originate these loans and bring more of this
business to HUD. If lenders take these actions, loans at greater risk for climate impacts may make
up a larger share of HUD’s portfolio in the future. This finding paradoxically suggests HUD should
also accept fewer of these high climate-risky mortgages, but it may increase the demand for the
agency to do so if lenders will not lend to certain areas without government backing.
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Appendix B: Variables Used in Claim and Prepayment Models (HUD

Federal Housing Administration, section 111.A.2)
1. Program and subprogram types
Duration variables such as loan age, construction period, and lock-out periods
3. Vintage Indicators
4. Original Loan Size
5. Servicer Size
6. Seasonality Indicators
7. HUD Assistance Contract Expiration Indicator
8. Physical Inspection (PASS) Score
9. Facility Type Indicator
10. Number of Cured Defaults in Past 2 Years
11. Indicator for Previous Interest Rate Loan Modifications
12. Debt Service Coverage Ratio (DSCR)
13. Economic Vacancy Rate
14. Quick Ratio
15. Reserves Per Unit (RPU)
16. Negative Equity Indicator
17. Average Payment Period
18. Debt Yield
19. Debt-to-Assets Ratio
20. Missing or Delayed AFS Submission Indicator
21. Market Vacancy Rate
22. Median Household Income
23. Interest Rate Spread
24. Population Age 65+
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Appendix C: Detailed Descriptions of Climate Analysis Methodologies

(HUD Federal Housing Administration, section 111.A.2)
Approach 1: Simplified Natural Disaster Cost Calculation

This approach incorporates FEMA physical natural disaster hazards into FHA’s loan forecasting
models and calculates the costs to FHA’s commercial loan portfolios. FEMA’s “National Risk
Index [NRI] is a dataset and online tool to help illustrate the United States communities most at
risk for 18 natural hazards. It was designed and built by FEMA in close collaboration with various
stakeholders and partners in academia; local, state and Federal Government; and private industry.
The Risk Index leverages available source data for natural hazard and community risk factors to
develop a baseline risk measurement for each United States county and Census tract.”*® These data
represent current hazard risk and, as of the publication of this paper, do not account for future risk
based on modeling of various climate scenarios.

For the purposes of this paper, we apply the NRI expected annual loss rates for buildings for all
available  disasters: 1) Awvalanche, 2) Coastal Flooding, 3) Cold Wave,
4) Drought, 5) Earthquake, 6) Hail, 7) Heat Wave, 8) Hurricane, 9) Ice Storm, 10) Landslide, 11)
Lightning, 12) Riverine Flooding, 13) Strong Wind, 14) Tornado, 15) Tsunami,
16) Volcanic Activity, 17) Wildfire, and 18) Winter Weather.

These annual loss rates represent the probability a building will experience a natural disaster.
Figure C-1 is a map that illustrates the annual loss rate throughout the country, with all disaster
types combined. It is also important to note that these are point-in-time for each geographic
location. This means that they represent disasters and loss rates affecting the country today, in the
early 2020s. These rates are not adjusted for changes in the future or climate impacts. Other
forecasts, such as the forecasts described in the next subsection, anticipate conditions for
catastrophic natural disasters will worsen in the coming decades. As FEMA’s NRI is not a forecast,
it does not reflect that. Nevertheless, this data allows us to calculate the costs of current natural
hazards with a vetted public dataset.

To incorporate FEMA physical hazard data, we layer on the probabilistic losses stemming from
natural disasters using the FEMA NRI as follows. For each year, we take the UPB at risk and
calculate natural disaster losses by applying FEMA’s annual loss rate of buildings in the census
tract where each loan is located. After calculating building damage risk at the loan level, we
aggregate the results to the portfolio level. The remaining UPB is available for default and claim
stemming from market/financial causes. In other words, natural disaster loss and market/financial
losses must be mutually exclusive.

The FEMA NRI loss rate serves as a combined default/claim/recovery rate; it identifies the
probability of losses annually and is considered an “all-in’ loss rate. This methodology was
confirmed with FEMA to ensure proper treatment of NRI estimates. In Table C-1, we provide a

39 https://hazards.fema.gov/nri/learn-more
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simplified formula that applies the NRI loss rate into the existing credit subsidy model

methodology.

FIGURE C-1: FEMA NRI ANNUAL LOSS RATE FOR BUILDINGS, ALL DISASTERS

Annual Loss Rate Buildings All Disasters
0.00%

0.20%

TABLE C-1: SAMPLE CALCULATION INCORPORATING FEMA NRI INTO LOAN

$10,000,000
1%
$100,000
$9,900,000
10%
$990,000
5%
$49,500
39%

$ 19,305

$ 119,305

MODELING USING EXAMPLE NUMBERS

Starting Period Loan UPB

Example FEMA Annual Loss Rate

Disaster caused loss amount ($10M * 1% = $100K)

UPB available for market /financial caused default ($10M — $100K = $9.9M)
Probability of Default

Defaulted UPB ($9.9M * 10% = $990K)

Probability of Claim after a Default

Claim Amount ($990K * 5% = $49.5K)

Loss Rate Post Asset Sale (after Claim)

Market/Finance Loss Amount ($49.5K * 39% = $19.31K)

Total Loss Given Default/Claim ($100K + $19.31K = $119.31K)

It is important to note that total loss estimates reflect the total loss to the Federal Government, not
the loss to HUD through reduced receipts. We assume no recoveries on catastrophic natural
disaster ~ impacted  properties. There are three main  reasons for this:
1) We want to explicitly identify the full public impact of natural disaster risk, 2) Weak hazard
insurance market in most vulnerable areas may limit recoveries, and 3) Limitations in data
availability. First, one of the goals of this paper is to identify the full public dollar impact of natural
disaster risk. While FEMA or other disaster recovery funding, including HUD’s Community
Development Block Grant Disaster Recovery funds, may cover some property losses, the source
of funds still comes from taxpayer dollars. While hazard insurance could cover losses, in many
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locations, hazard insurance is not sufficient and insurers are pulling out of these the hazard
insurance market or refusing to insure certain locations (U.S. Department of the Treasury, 2023).
Florida is a prominent example of this phenomenon. This leaves borrowers supported by state
insurers that use taxpayer dollars. 3) Lastly, we plan to incorporate property-level hazard insurance
data in the future. However, we were unable to obtain and prepare the data in time for this
submission. In the future, we hope to explicitly identify the potential property damage and segment
the amount of losses covered by sources such as hazard insurance.

Approach 2: Transition Impacts of Climate Change

FEMA'’s NRI has many advantages, including: (1) there is no cost to HUD to obtain the data, (2)
data are widely accessible, and (3) data are easy to incorporate into FHA’s existing models.
However, there are several disadvantages, including: (1) the values do not reflect climate-induced
risks, (2) the data are static, point-in-time values, limiting forecasting accuracy, and (3) NRI does
not include economic scenarios accounting for different climate changes policies (often referred
to as transition impacts of climate change). For this reason, FHA procured services that provide
property-level climate risk data for probability of acute natural disasters, such as hurricanes,
floods, and wildfires. These data also include time-varying macroeconomic forecasts on the
transitional risks related to climate change.

Transition-related climate risks refer to the potential economic impacts of policies that reduce
fossil fuel emissions and mitigate climate change. For example, climate policies may shift
employment patterns, which could subsequently shift population between different cities or states.
Such changes in migration could affect vacancy rates and thereby net operating income and
property values. Approach 2 seeks to account for these impacts on loan performance and cash flow
forecasts. To evaluate these transition-related economic impacts of climate change, we apply three
specific policy scenarios, described below: 1) Current Policy, 2) Early Policy/Net Zero 2050, and
3) Late Policy/Delayed Transition.

Current Policy

The Current Policy scenario is based on the Network for Greening the Financial System (NGFES)
Current Policy scenario of the same name. This scenario assumes governments across the world
only implement current policies to address climate change. While many countries are
implementing policies to tackle climate change, they are not enough to meet current commitments
under the Paris Climate Accords to limit warming to well below 2°C above preindustrial levels.
Under this scenario, emissions continue to grow until 2080. Temperatures breach the Paris target
of 2°C above preindustrial levels by 2050 and rise more than 3°C by 2100. Global warming at this
level leads to nonlinear increases in severe and irreversible physical impacts. The shock develops
slowly throughout the forecast horizon. Physical damages take time to materialize, as carbon
emissions lead to higher temperatures and economic dislocation only over the long term.

Early Policy / Net Zero 2050

Under this scenario, policymakers immediately act to mitigate climate change and curtail carbon
emissions, achieving global net-zero carbon emissions by 2050 and a global temperature increase
of 1.5°C from preindustrial levels.
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Late Policy / Delayed Transition

Under this scenario, globally policymakers put off action to curtail climate change and abate
carbon emissions until 2031. As in the Early Policy/Net Zero 2050 scenario, countries with current
commitments to reach net-zero emissions by 2050 meet their goals. Unlike the Net Zero 2050
scenario, the Delayed Transition scenario does not assume that those countries without
commitments reach net-zero emissions. The emissions trajectory is therefore higher than in the
Early Policy / Net Zero 2050 scenario and global warming by 2050 reaches 1.8°C above
preindustrial levels.

Approach 3: Catastrophic Natural Disaster Impacts of Climate Change

Lastly, we layer dynamic catastrophic natural disaster modeling on top of the current policy
scenario from the transition analyses. We obtained the probability of building loss from natural
disasters at the zip code level. The losses are forecast for each location in decade segments (e.g.,
2020-2029, 2030-2039, etc.). Climate forecasts are run under several greenhouse gas (GHG)
emissions scenarios that represent different possible futures. The following representative
concentration pathways (RCPs) represent different GHG concentrations in the atmosphere.

RCP 4.5 is an intermediate GHG emissions scenario, under which emissions remain around current
levels until the middle of the century and then drop (IPCC, 2021). It involves a range of strategies
and technologies to reduce greenhouse gas emissions, including using more renewable energy and
nuclear power, and implementing energy efficiency measures.

RCP 8.5 is a very high emissions scenario, under which emissions roughly double from current
levels by 2100. This results in a temperature increase of around 4.3°C by 2100, compared to pre-
industrial temperatures (IPCC, 2021). RCP 8.5 highlights the potential consequences of
insufficient action on climate change. It includes unsustainable consumption rates and energy
consumption, increased reliance on fossil fuels, and significant ecological challenges. Figure C-2
contains a graphic from the Intergovernmental Panel on Climate Change (IPCC), which depicts
emissions under varying GHG emissions scenarios.® The RCP 4.5 is the ‘Medium’ line in the
chart, and RCP 8.5 is the “Very high’ line in the chart.

40 Infographic TS.1 in IPCC, 2021: Technical Summary. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 147-286
https://www.ipcc.ch/report/ar6/wgl/figures/technical-summary/ts-infographics-figure-1.
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FIGURE C-2: IPCC GRAPHIC ON GHG EMISSIONS SCENARIOS
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Source: Infographic TS.1 in IPCC, 2021: Technical Summary. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 147-286
https://www.ipcc.ch/report/ar6/wgl/figures/technical-summary/ts-infographics-figure-1.

To assess the impact of these scenarios on FHA loans, we obtained natural disaster loss rates for
the following seven stressors: 1) Wildfires, 2) Floods, 3) Hurricanes, 4) Sea Level Rise, 5) Water
Stress, 6) Heat Stress, and 7) Earthquakes. While earthquakes are not climate related, given the
availability of the data, and that FHA’s pre-existing model does not account for earthquake risk,
we incorporate the loss rates for this disaster.

When analyzing the loss rates for RCP 4.5 and RCP 8.5, we found the forecasts are identical in
the 2020s and on average RCP 8.5 is 1 basis point larger than RCP 4.5 in the 2050s. This can be
explained as GHG forecasts diverge more significantly after 2050 (IPCC, 2021). Figures C-3 and
C-4 include maps of the composite loss scores across all disasters for RCP 4.5 in the 2020s and
2050s.
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FIGURE C-3: MAP OF COMPOSITE LOSS RATES IN THE 2020s FOR RCP 4.5 SCENARIO
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FIGURE C-4: MAP OF COMPOSITE LOSS RATES IN THE 2050s FOR RCP 4.5 SCENARIO
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Additionally, Table C-2 includes a list of the locations of zip codes with the highest RCP 4.5 loss
rates in 2020s and 2050s, and the forecasted increase over that time.

TABLE C-2: ZIP CODES WITH THE HIGHEST CATASTROPHIC NATURAL DISASTER
LOSS RATES, 2050s VS. 2020s

. Difference
Zip code 2020s Loss Rate 2050s Loss Rate (20505-20205)
Kobuk, Alaska 8.20% 12.65% 4.45%-pts
Shageluk, Alaska 4.23% 6.52% 2.30%-pts
Buras, Louisiana 5.05% 6.48% 1.43%-pts
Braithwaite, Louisiana 4.43% 5.86% 1.43%-pts
Chatham County, Georgia 4.55% 5.96% 1.41%-pts
Boothville, Louisiana 4.42% 5.82% 1.39%-pts
Everglades, Florida 3.27% 4.57% 1.30%-pts
Buras, Louisiana 3.77% 5.03% 1.25%-pts
Chokoloskee, Florida 3.08% 4.32% 1.24%-pts
Braithwaite, Louisiana 3.09% 4.16% 1.07%-pts
Shungnak, Alaska 1.95% 3.00% 1.05%-pts
Combs, Kentucky 4.23% 5.26% 1.03%-pts
Sunshine, Louisiana 8.48% 9.49% 1.01%-pts
Pearlington, Mississippi 3.11% 4.10% 0.99%-pts
Savannah, Georgia 3.34% 4.29% 0.95%-pts

Akin to Approach 1 it is important to note that we assume no recoveries on properties impacted
by catastrophic natural disasters for the purpose of this analysis.*

Lastly, we must acknowledge the limitations of this approach. First, the catastrophic natural
disaster data are provided at the zip code level. For commercial properties, the most accurate
assessments will occur at the property level. Aggregated numbers do not account for building level
mitigation measures and any site-specific differences within a zip code. Property level data would
be most accurate, and even data aggregated to the Census Block or Census Block Group level
would provide greater granularity and accuracy than zip code data, with greater feasibility than
property specific metrics. Second, there are many different climate models available and FHA’s
selected source reflects only one model. One reason FHA'’s selected source was most preferred
was its ability to differentiate across property types (e.g., single family vs. multifamily vs.
healthcare). Nevertheless, the technology across sources improves every year and there is no
consensus around which models are most accurate. FHA selected the best option for its purposes
based on its market research.

41 The rationale follows that discussed under Approach 1. While the government may cover some losses through
disaster assistance programs, such payments are still paid by taxpayers. It is also possible that hazard insurance
could cover losses. However, in many locations, hazard insurance is not sufficient and insurers are pulling out of the
hazard insurance market. This leaves borrowers supported by state insurers that use taxpayer dollars. The
interagency working group suggested avoiding including these recoveries to show the full extent of possible losses.
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