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Executive Summary

Public funding for adaptation to climate change may target both equity and
efficiency. We evaluate adaptation funding allocated in the United States by
the 2021 Bipartisan Infrastructure Law, which is under the equity-oriented Jus-
tice40 Initiative. We find that the funding disbursed to Census tracts increases
with recent damages from climate hazards but is less clearly related to a promi-
nent projection of future climate damages.We also find that funding does not in-
crease in the poverty rate. Simple rules for reallocating funding to disadvantaged
Census tracts may worsen the targeting of tracts exposed to climate risks, but
mechanisms that account for exposure to climate change when reallocating fund-
ing can improve both equity and efficiency. We discuss trade-offs among different
mechanisms for allocating adaptation funds. In practice, competitive grants target
high-poverty Census tracts better than does discretionary spending by either state
or federal governments.

JEL Codes: D63, Q54, Q56, Q58
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I. Introduction

The United States authorized its largest investment in climate change ad-
aptation to date through the passage of the 2021 Bipartisan Infrastructure
Environmental and Energy Policy and the Economy, volume 6, 2025.
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Law (BIL). Aswithmuch public funding, adaptation funding servesmany
masters. Two are especially salient. First, efficiency objectives require tar-
geting places with the greatest marginal benefit of adaptation funding.
Second, equity objectives require targeting the most disadvantaged lo-
cations. The US federal government mandates attention to the equity
objective. In particular, the BIL is subject to the Biden administration’s
Justice40 Initiative, which directs 40% of the benefits of BIL funding to
flow to communities deemed disadvantaged (White House 2021b). It is
to date unclear how well adaptation funding has achieved either the
efficiency or the equity objectives.
We undertake a preliminary investigation of adaptation funding un-

der the BIL. We use estimates of recent damages from climate disasters
and econometrically driven projections of losses from climate change as
heuristics by which we can evaluate how the allocation of BIL adapta-
tion funding across US Census tracts accords with efficiency goals. The
former is a backward-looking measure of damages and the latter is a
forward-looking measure of damages. We use the close link between a
Census tract’s poverty rate and its qualification as “disadvantaged” un-
der Justice40 to evaluate how the allocation of BIL funding across US
Census tracts accords with equity goals.
We show that the sharpness of equity-efficiency trade-offs may depend

on whether efficiency is proxied by the backward-looking or the forward-
looking measure of damages. Under the forward-looking measure, dis-
advantaged tracts generally have less exposure to climate change dam-
ages than do nondisadvantaged tracts. Directing funds to higher poverty
rate tracts worsens efficiency unless other attributes are accounted for. In
contrast, under the backward-looking measure, exposure to climate risks
is hump-shaped in the poverty rate: marginally disadvantaged tracts tend
to have greater exposure than do nondisadvantaged tracts, and tracts with
the highest poverty rates tend to have the least exposure. Directing funds
to disadvantaged tracts can improve efficiency if the mechanism does not
favor the most disadvantaged tracts.
We find that the funding disbursed so far under the BIL’s adaptation

initiatives might target efficiency but does not clearly target equity. Re-
garding efficiency, funding tends to be directed toward Census tracts with
more recent experience of climate hazards. Funding is more ambiguously
related to forecasted exposure to climate change, with aweak relation-
ship apparent in the raw data that is entirely driven by the allocation
of funding across states rather than within states. Regarding equity, fund-
ing tends to be directed toward Census tracts largely independently of
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poverty rates, not to the ones with the highest poverty rates. Only 30% of
funding goes to disadvantaged tracts as a group, short of the 40% Jus-
tice40 target.
We show that the simplest heuristics for reallocating funds to achieve

Justice40 can improve equity but reduce efficiency. In particular, we con-
sider a uniform reallocation of funding from nondisadvantaged tracts
to disadvantaged tracts to achieve the 40% Justice40 target. We find that
a uniform reallocation of funds without considering damages tends to
increase funding to tracts that are less exposed to past and future cli-
mate risks but decrease funding to tracts that are more exposed. Equity-
efficiency trade-offs appear relatively sharp at the margin under such a
brute force reallocation.
Could more sophisticated funding rules soften—or even eliminate—

equity-efficiency trade-offs in reallocating funding? We find that if fund-
ingwere to be reallocated to the most exposed among the disadvantaged
tracts and if funding were to be taken from the least exposed among the
nondisadvantaged tracts, then Justice40 targets could be achieved while
also improving the targeting of tracts exposed to climate risks. If the goal
is to achieve efficient outcomes, it is important that funding mechanisms
intended to favor disadvantaged tracts still be able to account for expo-
sure to climate change when reallocating funding.
The BIL distributes adaptation funding through three distinct mecha-

nisms: some funds are awarded at the federal government’s discretion,
some are awarded by rule-based grants to states that subsequently exer-
cise discretion, and some are awarded by competitive application to the
federal government. As we discuss below, there are, in theory, trade-offs
among these mechanisms. We estimate broadly similar correlations be-
tween each of these mechanisms and our damage measures, but we also
estimate that the competitivemechanismdistributesmore funding to dis-
advantaged tracts with higher poverty rates, whereas the state-controlled
mechanism distributes more funding to disadvantaged tracts with lower
poverty rates.1

We contribute to the burgeoning environmental justice (EJ) litera-
ture in economics.2 This literature focuses on inequalities in exposure
to environmental harms (e.g., Colmer, Voorheis, and Williams 2023;
Andarge et al. 2024; Bakkensen et al. 2024; Colmer et al. 2024) and
on the distributional impacts of policies designed to mitigate pollutants
(e.g., Sigman 2001; Burda andHarding 2014; Currie, Voorheis, andWalker
2023; Hernandez-Cortes and Meng 2023; Keiser et al. 2024). Within the
area of climate justice, the literature focuses on the documentation of
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injustice relating to climate hazards like heat or flooding (e.g., Bak-
kensen and Ma 2020; Hoffman, Shandas, and Pendleton 2020; Hsu
et al. 2021), to the government’s unequal response to climate hazards
like wildfires or flooding (Billings, Gallagher, and Ricketts 2022; An-
derson, Plantinga, and Wibbenmeyer 2023a, 2023b; Jowers, Ma, and
Timmins 2023; Begley et al. 2024), to the regressivity of climate policy
(Banzhaf, Ma, and Timmins 2019a; Pizer and Sexton 2019), and to the
accumulation of burdens (Bakkensen et al. 2024). We extend this lit-
erature by examining justice in the context of the allocation of fund-
ing.3 Our analysis of US adaptation funding also has relevance to in-
ternational policy. International climate change adaptation funds have
grown severalfold in the last decade, to around $30 billion in 2020
(OECD 2022).4 Notably, the BIL’s $50 billion target far surpasses the
size of these funds.
In particular, we study the allocation of funds under nonbinding Jus-

tice40 guidance that aims to address concerns such as those studied by
the prior literature. There are few empirical papers studying the impli-
cations of EJ policy because there have been few examples of EJ poli-
cies that have such specific goals along with significant funding.5 Prior
EJ policy in the United States has typically been regulatory. The litera-
ture generally finds that regulation either fails disadvantaged groups
or does not specially compensate them. Greife et al. (2017) find no re-
lationship between local community demographics and monetary pen-
alties leveled against corporations for violations of environmental law,
even though disadvantaged communities havemore violations.6 Jenkins
and Maguire (2012) study the application of solid and hazardous waste
taxes and find no relationship between the tax rate and racial makeup.
Although the BIL’s allocation of adaptation funding falls short of the
Justice40 target, we show that its funding does increase in a Census tract’s
poverty rate. However, this raw correlation with the poverty rate van-
ishes once we control for other observables. Closer to our work, Hansen
et al. (2021) study patterns in states’ allocation of drinking water funds.
We study the allocation of funds subject to a specific equity target (Jus-
tice40) and compare allocations across funding mechanisms. Concur-
rently with the present study, Fencl et al. (2024) show that Justice40 tar-
gets are not being met by federal funding disbursed within the state
of California.7

We next present the background on the BIL and Justice40. Subsequent
sections describe data, results, and counterfactuals. We discuss funding
mechanisms and avenues for future research before concluding.
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II. Background

A. BIL

The BIL, also known as the Infrastructure Investment and Jobs Act, was
signed into law onNovember 15, 2021. It provides $1.2 trillion in invest-
ment in infrastructure, both for new programs ($550 billion) and for ex-
isting programs ($650 billion) (UC Berkeley Labor Center 2022).
A major aim of the BIL is to reduce climate change damages through

infrastructure investment. The BILwas immediately subject to the Biden
administration’s Justice40 initiative (described below). Moreover, Pres-
ident Biden issued Executive Order 14052 on the same day that the BIL
was signed. This executive order requires federal agencies to prioritize
“building infrastructure that is resilient and that helps combat the crisis
of climate change” and confirms the BIL’s placement under the Presi-
dent’s Justice40 Initiative (White House 2021a).
Over 100 programs in the BIL, across eight federal departments, ex-

plicitly allocate funds to climate resilience. Some of the largest programs
are Promoting Resilient Operations for Transformative, Efficient, and
Cost-Saving Transportation (PROTECT—$8.7 billion), the Grid Resilience
Program ($5 billion), Flood Mitigation Assistance Grants ($3.5 billion),
and the Coastal Storm Risk Management Projects ($2.5 billion). The White
House estimates that $50 billion in the BIL are dedicated to climate resil-
ience (White House 2022).
We study a subset of the adaptation programs in BIL, accounting

for $10.1 billion in funding. Table 1 lists the 33 programs we study. We
categorize projects as adaptation programs based on labels in the data and on
descriptions of funding provided by federal agencies (Federal Emergency
Management Administration 2020; Federal Highway Administration 2022).
We classify these adaptation programs into three groups depending on
the mechanism through which funding is awarded. Appendix A (appen-
dix is available online) (http://www.nber.org/data-appendix/c15011/data
-appendix/) describes one program from each group in more detail.
The first set of projects is funded through competitive grants. Competi-

tive grants cover the widest variety of programs, including desalination
plants, watershed protection, and tribal relocation. These grants are often
available to states and to local governments and organizations. Notices of
funding for these grants are publicly announced. The applications are re-
viewed and chosen by the agency that runs the grant program. The fed-
eral government is aware of the institutional capacity required to apply

http://www.nber.org/data-appendix/c15011/data-appendix/
http://www.nber.org/data-appendix/c15011/data-appendix/


70 Rudik, Lemoine, and Marcheva
for competitive grants and has attempted to make this funding type more
available to disadvantaged communities through rolling deadlines and
technical assistance funding (WhiteHouse 2024a;Walls, Hines, andRuggles
2024). In total, $1.32 billionwas allocated through competitive grants to pro-
jects in our data set, accounting for 13% of the total funding.
The second set of projects is funded through formula grants to states.

Some of these grants are automatically distributed to states (in PROTECT).
Others are available upon states’ request, up to a fixed cap (in Building Re-
silient Infrastructure and Communities) or up to a percentage of previously
allocated federal disaster dollars (in Flood Mitigation Assistance Grants)8

(Federal Emergency Management Administration 2020; Federal Highway
Administration 2022). The funding must be used within program guide-
lines, but the federal government otherwise has little control over how
formula funding is used after it is given to states.9 Funds distributed via
state formula to projects in our data set total $1.92 billion, which is 19%
of total funding.
The last set of projects is funded by the federal government on a discre-

tionary basis. These tend to be directly administered by federal agencies,
Table 1
Adaptation Programs Included in This Study

State Formula Programs

Promoting Resilient Operations for Transformative, Efficient, and Cost-saving Trans-
portation Program (PROTECT)

Flood Mitigation Assistance Grants
Building Resilient Infrastructure and Communities

Competitive Programs Federal Discretionary Programs

Community Wildfire Defense Grant
Program for At-Risk Communities

Tribal Irrigation and Power Systems

Aquatic Ecosystem Restoration
Projects

Hazardous Fuels Management

Watershed and Flood Prevention
Operations

Water-Related Infrastructure Assistance

Emergency Watershed Protection
Program

Continuing Authorities Program

Water Recycling Inland Flood Risk Management Projects
National Coastal Resilience Fund Coastal Storm Risk Management, Hurricane,

and Storm Damage Reduction Projects
WaterSMART grants Flood Control and Coastal Emergencies
Water & Groundwater Storage,
and Conveyance

Fuel Breaks

Tribal Climate Resilience (12 programs) Southeast New England Coastal Watershed
Restoration Program

Direct Spending for Resilient Recreation Sites
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although often in consultation with local communities. Federal discre-
tionary funding is the largest of the three funding mechanisms, with
$6.81 billion in funding allocated to projects in our data set, accounting
for 68% of total funding.
B. Justice40

Justice40 is a federal initiative to direct 40% of the benefits of climate,
clean energy, affordable and sustainable housing, clean water, and other
investments to disadvantaged communities. Justice40 was established
under Executive Order 14008, titled “Tackling the Climate Crisis at Home
and Abroad” and signed in the first week of the Biden presidency (White
House 2021b). Unlike previous national EJ initiatives, Justice40 applies
comprehensively across departments and includes specific goals and guid-
ance (Mueller and Lilley 2022). Although Justice40 is not binding, depart-
ments are required to report their methods and outcomes in reaching the
goal (Young, Mallory, andMcCarthy 2021). Because climate adaptation is
a specific focus of Justice40, virtually all of the projects we consider are
subject to Justice40.
Census tracts are defined as “disadvantaged” under a standard metric,

which is publicly displayed through the Climate and Economic Justice
Screening Tool (Council on Environmental Quality 2023). Tracts are con-
sidered disadvantaged if (1) their share of households below 200% of the
poverty line is at or above the 65th percentile and (2) they qualify as disad-
vantaged in one other category of climate, energy, health, housing, legacy
pollution, transportation, water/wastewater infrastructure, or workforce
development. The latter “burden” thresholds are quantitatively defined.
There are some rules that allow tracts below the 65th percentile of the pov-
erty rate to qualify as disadvantaged (for instance, if they are surrounded
by other disadvantaged tracts and are above the 50th percentile of the pov-
erty rate). Figure C5 in the appendix (http://www.nber.org/data-appendix
/c15011/data-appendix/) shows that little adaptation funding flows to
disadvantaged Census tracts below the 65th percentile poverty rate thresh-
old. In total, 94% of tracts above the 65th percentile of the poverty rate qual-
ify as disadvantaged, whereas only 11% of tracts below the 65th percen-
tile are considered disadvantaged. Given this close mapping between a
Census tract’s disadvantaged status andwhether it is above the 65th per-
centile of the poverty rate,wewill often collapse “disadvantaged” status to
its poverty rate dimension. Doing so permits graphical and quantitative
analyses of a continuous measure that closely proxies disadvantaged status.

http://www.nber.org/data-appendix/c15011/data-appendix/
http://www.nber.org/data-appendix/c15011/data-appendix/
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There are several challenges in evaluating Justice40. First, the initiative
requires 40% of “benefits,” rather than 40% of “funding,” to flow to disad-
vantaged communities. Benefits are harder to measure (see Walls et al.
2024), so we follow recommendations inWhite House Environmental Jus-
tice Advisory Council (2022) by focusing on funding.10 Second, for most
programs, the government does not yet have the ability to track exactly
where funding flows. As described in Section III.B, we try a few reason-
able approximations to how fundingmay be distributed. Third, the Census
tract–level disadvantaged measure may be too coarse to target disadvan-
taged communities, especially for geographically large Census tracts
(Walls et al. 2024). We conduct our analysis at the Census tract level
but acknowledge that there may be important variation within tracts.
Panels A and B of figure 1 plot, for each Census tract, its poverty rate

percentile, and whether it is above the 65th percentile poverty rate
threshold for being considered disadvantaged. Disadvantaged tracts tend
to be located in the South and West.

III. Data

A. Census Tracts and Demographics

Our data come from the US government’s Climate and Economic Jus-
tice Screening Tool, which is a public map of disadvantaged status (and
therefore eligibility for Justice40 funding) assigned to 2010 Census tracts.
This map includes data on the components that go into disadvantaged
status, including the percentile of poverty rate (Council on Environmen-
tal Quality 2023), and also demographic information such as population.11

There are 72,739 Census tracts in the United States: 36.3% of them are
considered disadvantaged, and these include 32.7% of the population of
the United States. Therefore, Justice40 will be met if, on average, $1.17
flows into disadvantaged tracts for each $1 into nondisadvantaged tracts.
Other demographic variables (e.g., race and per capita income) and tract
characteristics (e.g., rural percentage) come from the National Historical
Geographic Information System on Integrated Public Use Micro Series
(IPUMS) (Manson et al. 2023). To match the government’s BIL map, we use
the most recent data, which are assigned to the 2010 tract boundaries.

B. Adaptation Funding

Our main source of adaptation project data is Invest.gov (White House
2024b). To the best of our knowledge, this is the most complete source of
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BIL projects that is categorized by program and funding type.We catego-
rize projects that are labeled “resilience” and pertain to the environ-
ment (as well as some water projects)12 as adaptation funding. Never-
theless, some programs and projects are omitted from Invest.gov, as
are some award amounts and most geographic information. When city
names and counties are provided, we attach the relevant shapefiles.
When we have both city and county information, we keep the smaller
unit. When we cannot match to cities, we use information from the
Fig. 1. Census tract–level data on poverty, disadvantaged status, and damages. Panel A
maps each Census tract’s percentile in the distribution of the share of households below
200% of the poverty line. Panel B plots whether a Census tract is above the 65th percen-
tile poverty rate, which is the criterion for being considered “disadvantaged” on the pov-
erty measure. Panel C plots each Census tract’s expected annual loss from climate hazards
according to the Federal Emergency Management Agency (FEMA) National Risk Index.
Panel D plots each Census tract’s projected median damages to agriculture, mortality, en-
ergy, labor, crime, and coastal hazards under Representative Concentration Pathway (RCP)
8.5 between 2080 and 2099 from the Climate Impact Lab (CIL). Gray areas for CIL damages
are locations projected to have benefits in 2080–2099 under RCP 8.5. Color version available
as an online enhancement.
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project description, which often describes natural landmarks, neighbor-
hoods, and towns where projects take place. We geolocate this infor-
mation using the Google Maps API. To avoid assigning all funding to
tracts at, for instance, town centroids, we approximate the area of a project
by drawing a 10 km buffer around its geolocated point. We then assign
funding to Census tracts in two different ways: (1) weighted by a Census
tract’s area within the buffer, and (2) weighted by a Census tract’s popula-
tion within the buffer.
The universe of BIL awards is available through Spending.gov’s infra-

structure spending data tables (USASpending 2024). We use these data
for the PROTECT formula program because they aremore complete and
better assigned to location than the Invest.gov data.13

Finally, we collect tribal climate adaptation awards from the Bureau
of Indian Affairs (because many of these awards are missing in the
Invest.gov data). We attach these awards to reservation geometries, as
they are awarded to tribes on specific lands (Bureau of Indian Affairs
2024).
In total, we observe 2,100 BIL adaptation projects funded between

January 2022 and January 2024. Figure 2 shows county-level aggrega-
tions of our BIL project data. Funding tends to be concentrated in the
West and along the coasts.14

A handful of tracts are significant outliers in terms of funding. For
example, the Census tract receiving the most funding receives nearly
500 times more funds than the Census tract at the 99.5th percentile. To
ensure that our results are not driven by a handful of extremely large
projects, we winsorize the funding variable at the 99.5th percentile. Ap-
pendices B and C (http://www.nber.org/data-appendix/c15011/data
-appendix/) assess sensitivity to buffer size, population weighting, and
winsorization threshold.
We choose to study the distribution of total rather than per capita

adaptation funding for two reasons. First, using total funding coheres
with Justice40, which is concerned with benefits flowing to tracts (com-
munities) rather than individuals. Second, studying total funding is
also consistent with the adaptation projects that we study being used
to create public goods, such as resilient transportation infrastructure,
flood prevention, wildfire prevention, and ecosystem resilience. In such
cases, a given household’s benefit may scale with total funding rather
than funding per capita. For example, a wildfire prevention programwill
result in better air quality, lower fire risk, and improved access to
natural lands for all households in the targeted tract.15 Appendix D

http://www.nber.org/data-appendix/c15011/data-appendix/
http://www.nber.org/data-appendix/c15011/data-appendix/


Fig. 2. County-level maps of adaptation funding, area weighted. Color version available
as an online enhancement.
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(http://www.nber.org/data-appendix/c15011/data-appendix/) shows that
our primary results are similarwhether studying total or per capita funding.
Whether projects have public or private benefits does affect the inter-

pretation of the funding distribution. Appendix C shows that the high-
est poverty rate Census tracts tend to have the smallest populations.16

Per capita fundingwill therefore mechanically appear more progressive
than total funding. But if what matters is how many people enjoy the
creation of a public good, then ignoring the fact that the highest poverty
rate Census tracts contain fewer people may lead us to overstate the
progressivity of adaptation funding.
C. Voting

We obtain voter turnout and percent voting for Joe Biden and Don-
ald Trump in 2020 at the precinct level from the Voting and Election Sci-
ence Team (2020). We aggregate the data to the Census tract level.
D. Climate and Damages

For projected climate, we use the SSP2-4.5 emissions scenario from a
group of nine CoupledModel Intercomparison Project Phase 6 (CMIP6)
models disaggregated to a 1 km resolution over North America, com-
piled by the AdaptWest Project (Mahony et al. 2022). The AdaptWest
project also provides our baseline climate measure, which is average tem-
perature between 1990 and 2020.
We use two measures of climate damage. The first is from Federal

Emergency Management Agency’s (FEMA) National Risk Index data-
base.17 We sum the expected annual losses for six of the climate hazards
in the data that scientists generally expect to increase with climate change
(coastal flooding, drought, heat, hurricanes, riverine flooding, and fires).18

The expected annual loss is defined as the historical loss ratio,19 multiplied
by the historical annualized frequency of hazards, multiplied by the value
of buildings, agriculture, and population exposed to the disaster. Therefore,
the FEMAmeasure is a backward-lookingmeasure that proxies for current
climate risk by recent experience of climate disasters.
The second measure of damages is county-level projections for me-

dian damages relating to agricultural yields, mortality, energy expendi-
tures, labor supply, crime, and coast-specific hazards over 2080–2099 un-
der Representative Concentration Pathway (RCP) 8.5, estimated inHsiang
et al. (2017) for the Climate Impact Lab (CIL). These projections are

http://www.nber.org/data-appendix/c15011/data-appendix/
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constructed from estimated relationships between each damage category
andweather. The CILmeasure is a forward-lookingmeasure that is a proxy
for future climate risk. In terms of levels, the CIL measure is likely to over-
estimate climate risk for our application: RCP 8.5 is likely to overestimate
warming, and the 2080–2099 prediction is farther out than the 30-year
horizon of many infrastructure investments. However, the geographic
patterns of damages are likely to be similar between midcentury and
end-of-century warming and across various warming trajectories, so
the cross-sectional correlations of interest here should be valid.
The CIL estimates are reported as percentages of county income.

However, the original CIL damage estimates do not depend on income;
their damage functions relating temperature to outcomes are the same
for all counties, irrespective of income. They divide their estimated
losses by income and thereby mechanically relate their reported losses
to income. To remove the mechanical relationship with income andmake
the CILmeasure comparable to the FEMAmeasure, wemultiply the county-
level CIL metrics by tract-level population and per capita income.20

Panels C and D of figure 1 plot our two damage measures. Gray areas
on the CIL map correspond to places projected to benefit from climate
change. The CIL damage measure shows a clear north–south gradient,
whereas the FEMA damage measure does not.

E. State EJ Oversight Boards

Our list of states with EJ boards comes from the National Conference
of State Legislatures.21 Fourteen states have EJ boards, and six of them
have been established since 2021. States with EJ boards tend to be large:
46% of tracts in the data reside in a state with an EJ board.
IV. Results

We first describe the relationships between climate adaptation funding,
poverty, and climate risk. We then estimate the determinants of funding.

A. Potential for Equity-Efficiency Tension

The correlation between a location’s climate risk and its poverty rate de-
termines the sharpness of any trade-off between achieving the BIL’s stated
equity goals and efficiently allocating its funds to minimize climate
damage. If themost impoverished locations are also those with the greatest
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climate risk, then itmaybepossible to achieve significant climate risk reduc-
tions while directing funds tomeet nonclimate equity objectives. However,
if the wealthiest locations are those at greatest climate risk, then there may
be more tension between achieving the greatest aggregate benefit from
adaptation investments and achieving nonclimate equity objectives.
Figure 3 plots our two measures of climate risk against the share of

a Census tract’s households below 200% of the poverty line, which is
the Justice40 measure of poverty rate. This plot is a binscatter, in which
each point corresponds to a poverty rate percentile (horizontal axis). The
level of each point along the vertical axis denotes average damages across
Census tracts conditional on being in that percentile, on a log scale for
plotting. The points therefore tell us how directing funding to the aver-
age Census tract from that percentile poverty rate matches damages un-
der each metric. The vertical dashed line corresponds to the 65th percentile,
which is a threshold used to define disadvantaged tracts for the Justice40
initiative (see Sec. II.B).
Both measures of climate risk tend to project the least damage in the

tracts with the highest poverty rates (fig. 3A). The damage binscatter is
monotonically decreasing in the CIL measure but is hump-shaped in
the FEMA measure. On average, the FEMA measure projects slightly
more22 damage in disadvantaged Census tracts above the 65th percentile
cutoff compared with those below the cutoff.
Fig. 3. Average damages by poverty rate share percentile. Panel A plots a binscatter of
annual climate damages (in million $) for our two damagemeasures against each percentile
of the Census tract distribution for the share of households below 200% of the poverty line.
The Federal Emergency Management Agency (FEMA) measure is a sum of the annual
losses of six climate-related disasters and represents current expectations of weather-related
hazards, whereas the Climate Impact Lab (CIL) measure shows expectations of future
(2080–2090) damages in a high emissions scenario. The Panel B plot separates the CIL
measure into mortality and nonmortality components, whereas the Panel C plot shows
the aggregate FEMA measure as well as three of the six damage categories in the FEMA
measure. Color version available as an online enhancement.
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Figure 3B considers the components of the CIL index. Themost impor-
tant component of the CIL index is mortality damages, which do not di-
rectly depend on income (see footnote 20). The observed decline inmortal-
ity damages at the highest poverty ratesmay partly pick upwhere the rich
and poor tend to live within the United States. The sharp decline in CIL
nonmortality damages in the poverty rate may reflect differing exposure
to coastal risks and differing capital stocks. Figure 3C shows that climate
risk declines in the poverty rate most sharply for the wildfire component
of the FEMA damage metric and has an especially pronounced hump
shape for the drought component of the FEMA damage metric.
If climate damage risk reflects the benefit from publicly funded adap-

tation investments,23 and if poverty rate captures equity objectives,24 then
we can interpret figure 3 as describing whether equity-efficiency trade-
offs are sharp. Here we see that the choice of damage measure matters.
The equity-efficiency trade-off is clear—and is potentially sharp—if we take
forward-looking CIL damages as a measure of where efficient adapta-
tion spending should concentrate. To reconcile efficiency and equity, fund-
ing agencies must be careful to select the most exposed among the dis-
advantaged tracts. In contrast, the equity-efficiency trade-off may not be
substantial if we take backward-looking FEMA damages as a measure
of where efficient adaptation spending should concentrate. In that case,
federal agencies will, on average, advance efficiency goals by reallocating
funding toward disadvantaged tracts around the threshold, even with-
out considering the climate risk exposure of the targeted tracts.
B. The Raw Relationship between Funding and Poverty Rate

We now describe the raw association between adaptation funding and
poverty rate, again measured as the share of a Census tract’s households
below 200% of the poverty line. Figure 4 binscatters this relationship for
each funding mechanism. As before, each point averages over its corre-
sponding percentile.
The solid points and line assign funding to Census tracts in proportion

to their area within the 10 km buffer, and the hollow points and dashed
line assign funding in proportion to population. In either case, adaptation
funding has a fairly flat relation to the poverty rate, without a clear change
at the 65th percentile cutoff used to define disadvantaged tracts. Among
disadvantaged tracts, the least disadvantaged receive slightly more fund-
ing on average.



80 Rudik, Lemoine, and Marcheva
The three funding mechanisms show different funding–poverty rate
relationships. State formula funding has a hump-shaped relation to pov-
erty rate, with funding peaking around the 65th percentile cutoff before
slightly declining. Competitively allocated funding has the opposite rela-
tionship, decreasing in the poverty rate until around the median Census
tract and increasing in the poverty rate after that. Federal discretionary
funding does not show a clear pattern. If anything, it is weakly decreasing
in the poverty rate.
Fig. 4. Adaptation funding, by poverty rate percentile and funding mechanism. Each
point is the average funding for each percentile of the Census tract distribution of the share
of households below 200% of the poverty line. Before taking the average, wewinsorize Cen-
sus tract funding levels to the 99.5th percentile. The solid lines are locally estimated best-fit
lines for funding assumed to be distributed equally over area; the dashed lines are the anal-
ogous best-fit line for population-weighted funding. The vertical dashed line corresponds
to the 65th percentile, which is the threshold for meeting the poverty rate criterion for being
considered disadvantaged. Color version available as an online enhancement.
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Figure 5 depicts how different states allocate their formula funding,
which is distributed within states by state-level decision makers. This
figure assigns funding by area within a 10 km radius (figure C7, http://
www.nber.org/data-appendix/c15011/data-appendix/, shows results of
allocating by population). In many states, there is not a clear relationship
between formula funding and poverty rate. But in some states, formula
funding either has a hump shape or is decreasing in the poverty rate per-
centile, so that the disadvantaged tracts with lower poverty rates receive
more funding than the disadvantaged tracts with higher poverty rates.25

Table 2 reports the share of funding going to disadvantaged tracts in
our sample of adaptation projects, using the full Justice40 definition of
“disadvantaged” rather than just the poverty rate dimension. The Jus-
tice40 target is for 40% of the benefits to flow to these tracts.26 Regardless
Fig. 5. Formula funding for tracts in each poverty bin, area weighted. Each point is the
average state formula funding for each percentile of the Census tract distribution of the
share of households below 200% of the poverty line for each state. Before taking the aver-
age, we winsorize Census tract funding levels to the 99.5th percentile. The vertical dashed
line corresponds to the 65th percentile, which is the threshold for meeting the poverty rate
criterion for being considered disadvantaged. Squares denote states that have environ-
mental justice (EJ) boards, and dots denote states that do not. Binscatter percentiles are cal-
culated using the national poverty rate share distribution. Zero values indicate either that
no funding was allocated to Census tracts with that poverty rate percentile or that the state
does not have any Census tracts falling into that poverty rate percentile. Color version avail-
able as an online enhancement.

http://www.nber.org/data-appendix/c15011/data-appendix/
http://www.nber.org/data-appendix/c15011/data-appendix/
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ofwhetherwe assign funding to locations by population or by area, only
around 30% of the funding is directed toward disadvantaged tracts.27

However, there is significant heterogeneity across funding mechanisms.
More than half of the competitive funding flows to disadvantaged tracts,
whereas only around a quarter of the federal discretionary funding—which
the federal government has the most direct control over—goes to disad-
vantaged tracts. State formula funding approximately hits the Justice40
target. Surprisingly, states with EJ boards tend to have a smaller share of
funding going to disadvantaged Census tracts than those without.28 This
fact does not imply that EJ boards worsen equity objectives. Instead,
states’ decisions to form EJ boards could reflect circumstances that com-
plicate funding disadvantaged tracts.

C. The Raw Relationship between Funding and Climate Risk

We now assess the raw relationship between adaptation funding and
climate risk. Figure 6 plots funding against FEMA damages and CIL dam-
ages as binscatters. By either damagemeasure, more funding is allocated
to the Census tracts that are more exposed to climate change. All three
funding mechanisms appear to target FEMA damages. Formula fund-
ing appears especially well-targeted to CIL damages, whereas discre-
tionary funding appears uncorrelated or even negatively correlated with
CIL damages.

D. Determinants of Funding

We next statistically explore which factors determine the allocation of
funding. Infrastructure variables (building value and highway length)
measure assets that may need to be protected from climate change and
Table 2
Fraction of Funding Going to Disadvantaged Tracts, by Funding
Mechanism

Competitive Discretionary Formula Total

All states
Area-weighted .52 .23 .36 .29
Population-weighted .53 .25 .42 .32

States with EJ boards
Area-weighted .32 .19 .29 .22
Population-weighted .34 .24 .29 .26
Note: EJ = environmental justice.



Fig. 6. Funding mechanisms by damage components. Each point is the average Census
tract funding plotted against Federal EmergencyManagement Agency (FEMA) and Climate
Impact Lab (CIL) damages. Before taking the average,wewinsorizeCensus tract funding lev-
els to the 99.5th percentile. The FEMA measures represent current expectations of weather-
related hazards for six climate-related disasters. The CIL measure represents one version of
expected future (2080–2090) damages in a high-emission scenario. For the lowest damage
percentiles, the CIL measure estimates no damages, or negative (cold states are better off un-
der climate change). We exclude these lowest bins from the plot to allow for a log scale. The
solid lines are locally estimated best-fit lines for area-weighted funding; the dashed lines are
the analogous best-fit line for population-weighted funding. Color version available as an
online enhancement.
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also measure the availability of targets for PROTECT projects, among
others. The percentage of a tract’s area that is rural, the percentage of a
tract’s population that is White, and the tract’s population and area cap-
ture geographic and demographic factors that could influence the allo-
cation of funding. We proxy for electoral incentives with voter turnout
share and the percentage of the tract voting for Biden in the 2020 presi-
dential election.Weproxy for climate riskwith average temperature over
1991–2020, expected temperature change from 2020 to 2050 (a relevant
time period for infrastructure investment), and the two (log) measures of
damage risk described above. We also include an indicator for whether a
county is coastal,which affects both infrastructure needs and climate risk.29

Our estimates of each factor’s association with funding should not
be read as causal. Each association is identified by how funding is allo-
cated among the Census tracts within a state. However, there is no short-
age of other potential determinants of funding that could correlate with
poverty rate, disadvantaged status, or any other covariate. Therefore, one
should not read our results as predicting how manipulating a given fac-
tor would affect funding. Instead, we describe the correlation between
each factor and observed funding flows, net of the other factors included
in the regression.
Our estimating equation is

yj
is = a

j
1Pis + a

j
2Dis + a

j
3(Pis - 0:65)Dis + bjXis + h

j
s + e

j
is, (1)

where i indexes Census tracts, s indexes states, and j indicates the type
of funding mechanism (competitive, formula, discretionary, or all mech-
anisms jointly). yj

is is funding issued via mechanism j to tract i in state s.
Pis is the percentile rank of Census tract i’s poverty rate. We again fol-
low the Justice40 criteria in measuring poverty relative to 200% of the
poverty line. The variable Dis is an indicator for whether a tract is disad-
vantaged in the sense of being above the 65th percentile poverty rate
threshold. Its interaction with the poverty rate permits tracts below
the threshold to have a different relation to the poverty rate than do tracts
above the threshold. The coefficients aj are to be estimated. aj

1 tells us
how funding changes in the poverty rate among the nondisadvantaged
tracts, aj

2 tells us how funding changes as we cross the 65th percentile
poverty rate threshold, and a

j
3 tells us how the slope between funding

and poverty rate differs for tracts above the threshold.30

The vector Xis contains the covariates described above, with the co-
efficient vector bj to be estimated. The h

j
s are state fixed effects. We
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cluster standard errors at the state level to account for correlation among
unobservables across a state’s Census tracts, which could be driven by
how states choose to distribute the funding or by states advising the fed-
eral government about projects to fund, among other possibilities.
We estimate equation (1) separately by mechanism j. One challenge

with estimating equation (1) is that 60% of our observations at the Census
tract–funding mechanism level receive zero funding. To handle this large
share of zeros, we estimate equation (1) using Poisson Pseudo Maximum
Likelihood.31

Table 3 shows the results for the main coefficients of interest in the de-
scriptive regressions, and figure 7 shows the coefficients on the controls
in the full regression for each funding mechanism and both assump-
tions about funding weighting. The top two panels of table 3 report
estimates of the association of funding with poverty rate percentile, al-
lowing the association to vary depending on whether the Census tract
is above or below the threshold for meeting the disadvantaged criterion.
These estimates are piecewise linear versions of the results shown in fig-
ure 4, except conditioned on state fixed effects.
Column 1 reports estimates for the total pool of funding. The point

estimates suggest that funding increases with poverty rate percentile
among nondisadvantaged tracts, jumps down at the 65th percentile thresh-
old, and, summing the first and third rows, falls in the poverty rate among
disadvantaged tracts. None of these estimates are statistically significant.
Funding is not consistently related to the poverty rate.
We find that individual funding mechanisms can display different

results. The pattern for total funding appears driven by state formula
funding, which is the mechanism with the strongest relationship to the
poverty rate. State formula funding significantly increases in the poverty
rate up to the threshold and then significantly decreases in the poverty
rate after it, which is consistent with the hump shape in figure 4. The other
two mechanisms are not clearly related to the poverty rate.
The R2 for the regressions without controls is less than 0.2. Fund-

ing allocations are largely determined by additional factors beyond pov-
erty rates and state fixed effects.
The bottom two panels of table 3 add the other controls. Including

the full set of controls increases the R2, so that the regressions now ex-
plain a quarter of the variation in total funding. Including controls has
mixed effects on the association between funding and poverty rate. Area-
weighted formula funding is no longer significantly associated with the
poverty rate and no longer has the hump shape seen in the rawdata. That
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hump shape could be an artifact of states targeting funding based on
other observables. Discretionary funding significantly increases in the
poverty rate among nondisadvantaged tracts, but whether the relation-
ship continues or vanishes within disadvantage tracts is sensitive to the
Table 3
Determinants of Adaptation Funding

Mechanisms

Total Competitive Formula Discretionary

No controls, area-weighted
Percentile of poverty rate .252 -.163 .844*** -.075

(.307) (.290) (.291) (.423)
P-tile ≥ .65 -.112 .132 -.045 -.275**

(.110) (.120) (.103) (.136)
(P-tile - .65) � (P-tile ≥ .65) -.751 .389 -3.399*** .826

(.531) (.678) (.772) (.661)
No controls, population-weighted
Percentile of poverty rate .245 -.043 .758** .077

(.284) (.216) (.317) (.400)
P-tile ≥ .65 -.104 .050 .004 -.259**

(.088) (.081) (.066) (.119)
(P-tile - .65) � (P-tile ≥ .65) -.661 1.029** -2.882*** .217

(.469) (.493) (.811) (.546)
All controls, area-weighted
Percentile of poverty rate .061 -.379 -.078 .351***

(.156) (.417) (.268) (.132)
P-tile ≥ .65 -.151* .068 -.093 -.273**

(.084) (.110) (.104) (.111)
(P-tile - .65) � (P-tile ≥ .65) -.181 1.341* -1.196 -.060

(.644) (.689) (.743) (.704)
All controls, population-weighted
Percentile of poverty rate .604*** .065 .678*** .721***

(.159) (.284) (.261) (.223)
P-tile ≥ .65 -.106 .015 -.007 -.255***

(.070) (.081) (.075) (.091)
(P-tile - .65) � (P-tile ≥ .65) -1.170** 1.621*** -2.458*** -.985**

(.462) (.536) (.541) (.448)
State FE yes yes yes yes
Num. obs. 72010 70858 72010 72010
Pseudo R2 no controls, area-weighted .140 .186 .163 .182
Pseudo R2 no controls, population-

weighted .187 .228 .244 .225
Pseudo R2 all controls, area-weighted .242 .314 .314 .231
Pseudo R2 all controls, population-

weighted .226 .301 .298 .262
*p < .10.
**p < .05.
***p < .01.
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choice ofweighting scheme. This suggests that,within states, discretionary
funding may be progressively allocated.
In figure 7, several covariates are significantly different from zero at

the 5% level or better. Geographically larger and less rural tracts each
receive more funding of all types. All else equal, tracts with a higher
share voting for Biden and with more voter turnout also receive more
funding.
The bottom panel of figure 7 shows that, conditional on the additional

controls and poverty rate variables, FEMA damages are positively—and
in the case of competitive funding, significantly—correlated with each
type of funding. Funding agencies might be targeting recent experi-
ence of climate hazards even after controlling for other observables.
Figure 6 showed that CIL damages and funding appear to be weakly cor-
related in the raw data, but we here see that any correlation with total
funding vanishes once controlling for state fixed effects and the poverty
rate.32 This change likely reflects how state fixed effects largely absorb
the strong north–south gradient in CIL damages seen in figure 1. Within
states, adaptation funds do not clearly target equity or efficiency as mea-
sured by the CIL measure but do appear successful at targeting recent
experience of climate hazards, especially through competitively funded
projects.
Fig. 7. Coefficients and confidence intervals in the main specification. These plots show
the coefficient estimates and 90% (bold line) and 95% (thin line) confidence intervals for
the controls in the full specification of the descriptive regressions. The lines with a circle at
the central estimate are area-weighted estimates, and the lines with squares at the central
estimate are population-weighted estimates. The coefficient estimates are grouped into
level controls (top panel) and log controls (bottom panel) with different scales for ease of
reading. Color version available as an online enhancement.

Note: CIL = Climate Impact Lab; FEMA = Federal Emergency Management Agency.
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V. Counterfactual Funding Allocations

Our analysis has shown that there may be tension between funding
adaptation projects in high-damage and disadvantaged tracts. It also
shows that current funding does not target equity especially strongly.
The evidence on how well funding targets efficiency is mixed: it does
target damages as measured by our backward-looking FEMA metric
of recent climate hazards, but it does not clearly target damages as mea-
sured by our forward-looking CIL damage metric.
Figure 8 shows the geographical distribution of two kinds of tracts:

(1) tracts that are funded but are neither disadvantaged nor particularly
exposed to climate change, and (2) tracts that are not funded but are both
disadvantaged and potentially particularly exposed to climate change,
where we define particularly exposed as being above median for each
damagemeasure. Reallocating funding from the former tracts to the lat-
ter tracts could improve both efficiency and equity. Such a reallocation
would, in general, imply reducing funding to tracts in the North andWest
and increasing funding to tracts in the South or Southwest.
We now explore whether simple rules for reallocating funding to

achieve equity objectives could improve efficiency outcomes. We
Fig. 8. Nonfunded disadvantaged tracts with high climate damages, and funded non-
disadvantaged tracts with low climate damages. Dark-shaded tracts are disadvantaged
tracts in the top third of climate damages overall, for the Climate Impact Lab (CIL) mea-
sure (panel A) or Federal Emergency Management Agency (FEMA) measure (panel B),
and which received no climate adaptation funding of any type. Light-shaded tracts are
nondisadvantaged tracts in the lowest third of climate damages among all tracts that re-
ceived positive climate adaptation funding. A small amount of tracts are missing CIL
damage estimates due to missing per capita income data. Color version available as an
online enhancement.
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consider four counterfactual funding allocations for achieving Jus-
tice40 by shifting funds from nondisadvantaged to disadvantaged tracts.
The four counterfactuals illustrate the equity-efficiency trade-off arising
from an equity-based redistribution without concern for efficiency,
a redistribution that considers the efficiency of where the funds are
redirected to, a redistribution that considers the efficiency of where
the funds are taken from, and a redistribution that considers the ef-
ficiency of both where funds are taken from and where they are redi-
rected to.
Specifically, the first counterfactual takes funds equally across non-

disadvantaged tracts and gives them equally to disadvantaged tracts.
The second takes funds equally from nondisadvantaged tracts but
sends them only to the most climate-exposed disadvantaged tracts.
The third takes funds equally from the least climate-exposed non-
disadvantaged tracts and allocates them equally amongst disadvan-
taged tracts. And the last counterfactual takes funds equally from the least
climate-exposed nondisadvantaged tracts and gives them to the most
climate-exposed disadvantaged tracts. All four counterfactuals precisely
achieve the Justice40 target and plausibly improve equity in the funding
allocation.
A. Counterfactual 1: Proportionally Decrease Funding
to Nondisadvantaged Tracts to Meet Justice40 Goals

The first counterfactual reduces each nondisadvantaged tract’s funding
by an equal percentage and redistributes the additional funding equally
across disadvantaged tracts. The total funds reallocated are just enough
tomeet the Justice40 target of 40%of funds going to disadvantaged tracts:
each funded nondisadvantaged tract loses 16.2% (12.7%) of its funding
when wemap funds to nearby tracts based on area (population), and each
disadvantaged tract receives an extra $44,194 ($34,728) in funding. The
top row of figure 9 plots each Census tract’s change in climate adaptation
funding under this counterfactual against its estimated CIL and FEMA
damages. In this figure, each point averages the change in funding over
a given percentile of damages.
The reallocation of funds from nondisadvantaged to disadvan-

taged Census tracts increases funding in Census tracts that have low-
to-medium CIL damages and generally decreases funding in places
that have the highest CIL damages, regardless of whether we use



Fig. 9. Change in funding by Climate Impact Lab (CIL) and Federal EmergencyManage-
ment Agency (FEMA) damages under counterfactual funding allocations. These plots
show a binscatter for the average changes in total funding for each percentile of damages
for each of the four counterfactuals of funding allocations for both CIL and FEMA esti-
mates of damages. We winsorize changes in funding to ±$100,000 for clarity in the plot.
The solid lines are locally estimated best-fit lines for funding assumed to be distributed
equally over area; the dashed lines are the analogous best-fit line for population-weighted
funding. Color version available as an online enhancement.
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population or area weighting to assign projects to tracts within a 10 km
radius. FEMA damages tell a less clear story. Under area weighting, this
reallocation again tends to decrease funding to the places with the high-
est damages. However, under population weighting, the reallocation
does increase funding to some (but not all) of the most exposed dam-
age percentiles.
In sum, this counterfactual plausibly worsens efficiency with respect

to the forward-looking CIL measure, suggesting a possible equity-
efficiency trade-off, but results are mixed for the backward-looking FEMA
measure.

B. Counterfactual 2: Reach Justice40 by Decreasing Funding
to Nondisadvantaged Tracts and Redistribute Funds among
Top Damage Tercile of Disadvantaged Tracts

The second counterfactual reduces nondisadvantaged tracts’ funding
by a constant percentage to reach Justice40 targets (as in the first coun-
terfactual), but it redistributes the funding removed from nondisad-
vantaged tracts only to disadvantaged tracts in the top tercile of dam-
ages within each percentile of poverty rate. Each disadvantaged tract
in the top tercile of damages within its poverty rate percentile receives
$132,783 ($104,318) in addition to its original allotment. This counter-
factual targets funds toward disadvantaged tracts that are the most
climate-exposed and may benefit the most from adaptation funding, but
it does not consider the climate exposure of nondisadvantaged tracts
that lose some funding.
The second row of figure 9 shows that this reallocation likely im-

proves efficiency under either damage measure: funds are taken from
Census tracts assessed to have low-to-medium damages and given to
Census tracts assessed to have high—albeit not the absolute highest—
damages. The first counterfactual showed that simple rules designed
to increase equity could worsen the efficiency of adaptation funding, but
this second counterfactual shows that more sophisticated mechanisms
that redirect funding to themore exposed among the disadvantaged tracts
may improve both equity and efficiency.
One caveat is that the most exposed 1%–2% of Census tracts, which

are typically nondisadvantaged tracts, may lose some funding. Less fund-
ing goes to the most exposed tracts because in the actual funding allo-
cation there are substantially more nondisadvantaged tracts in the high-
est percentile of damages.33
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C. Counterfactual 3: Reach Justice40 by Decreasing Funding
to Low-Damage Nondisadvantaged Tracts and Give Funds
Equally to All Disadvantaged Tracts

The third counterfactual reduces funding to the lowest tercile of non-
disadvantaged tracts’ funding by a constant percentage to reach Justice40
targets and then gives the funding removed fromnondisadvantaged tracts
equally to disadvantaged tracts. Under this counterfactual, each disad-
vantaged tract receives the same funding as in the first counterfactual.
Under the FEMAdamagemetric and area-weighted funding, tracts in

the lowest tercile of damages have their allotment reduced by 100%,
whereas the second tercile’s allocation is decreased by only 4.9%.34 For
the FEMA damage metric and population-weighted funding, tracts in
the lowest tercile have their allocation decreased by 57.3%. For the CIL
damage metric, the lowest tercile of nondisadvantaged tracts have their
allocation decreased by 55% for area-weighted funding and by 41.3%
for population-weighted funding.
The third row of figure 9 shows that, although we do not target high-

damage disadvantaged Census tracts, funding does tend to shift from
low-damage to high-damage Census tracts. In contrast to the second coun-
terfactual, the reallocation does, on average, increase funding to the highest-
damaged Census tracts.
D. Counterfactual 4: Reach Justice40 by Decreasing Funding
to Low-Damage Nondisadvantaged Tracts and Give Funds
to the Highest Tercile of Disadvantaged Tracts

The fourth counterfactual reduces funding to the lowest tercile of non-
disadvantaged tracts’ funding by a constant percentage to reach Jus-
tice40 targets (as in the third counterfactual) and redistributes the fund-
ing equally to disadvantaged tracts in the top tercile of damages within
each percentile of poverty rate (as in the second counterfactual). This fund-
ing distribution exhibits the most explicit efficiency targeting of any of
the counterfactuals.
The bottom row of figure 9 shows that accounting for climate ex-

posure when deciding where funds are taken from and where they are
given to does tends to concentrate the most funds in high-damage Census
tracts while decreasing funding to the lowest-damage Census tracts. Be-
cause the average tract in the data receives $130,831 ($135,987), the de-
picted reduction in funding by ∼$50,000 is large.
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Taken together, these counterfactuals show that, on the margin, an
equity-efficiency trade-off may not exist for simple reallocation mecha-
nisms that consider a Census tract’s climate exposure.
VI. Discussion: Designing Mechanisms for Achieving
Equity Goals

The tension between equity and efficiency highlights the importance
of designing funding mechanisms that navigate these trade-offs while
utilizing information about local needs and risks. The three adaptation
funding mechanisms assessed here have different trade-offs. Funds that
are allocated by federal discretion may not take advantage of local
knowledge, whereas state or local agencies may have a better sense of
how to efficiently allocate dollars within a state.35 Yet state agencies may
not share a federal agency’s equity (or electoral) goals,36 and a competi-
tive grant process may present an extra hurdle for higher poverty loca-
tions that may have less institutional capacity.37 In practice, we find that
the competitive grant process tends to allocate the greatest share of funds
to disadvantaged tracts and that state formula funding allocates a greater
share of funds to disadvantaged tracts than does federal discretionary
funding. Future work should consider the design of mechanisms to im-
plement equity and efficiency goals and should further assess outcomes
under these mechanisms. In particular, future work would benefit from
obtaining data on the set of locations that applied for competitive fund-
ing but did not receive it.
Future work should also consider interactions among funding mech-

anisms. For instance, if competitive funding processes explicitly favor
disadvantaged tracts, then either federal or state-level spending could
emphasize less disadvantaged tracts. In this case, substitution across pots
of money would undercut the equity objective. This kind of effect is con-
sistent with our data, in which we see around half of competitive funding
going to disadvantaged tracts but only a quarter of federal discretionary
funding going to disadvantaged tracts, and with our statistical estimates,
in which competitive funding increases in the poverty rate among disad-
vantaged tracts whereas state formula funding decreases in the poverty
rate among disadvantaged tracts.
Our analysis also shows the importance of specifying equity objec-

tives carefully. For instance, a funding mechanism could meet Justice40
criteria by directing nearly 40% of its funds to disadvantaged tracts while
favoring lower poverty tracts among the disadvantaged tracts. Specifying
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that all tracts above some threshold contribute equally to equity objectives
will always permit such outcomes. An alternate approach would be to
specify a measure of equity that prioritizes any poorer tract over any richer
tract. Future work should consider trade-offs among different types of
metrics and ways to feasibly implement alternative metrics.
Finally, future work should develop methods for distinguishing value

from spending. In particular, recent work has made progress in devel-
oping and estimating economic models that account for network link-
ages (e.g., Acemoglu et al. 2012; Carvalho and Tahbaz-Salehi 2019), and
recent work in environmental economics has accounted for transport of
pollutants (e.g., Muller, Mendelsohn, and Nordhaus 2011; Mendelsohn
andMuller 2013). Both effects could be critical to evaluating the efficiency
and equity of adaptation spending. Much adaptation spending will pro-
tect supply chains and the environment in other locations. However, the
White House Environmental Justice Advisory Council (2022) emphasizes
that spending, not total benefits, should be prioritized because spending
itself directly benefits disadvantaged communities. Future work should
quantify the trade-offs between these various types of benefits from spend-
ing and assess whether a metric based on benefits could be sufficiently
unambiguous to be noncontroversially implementable.
VII. Conclusions

Our analysis suggests that adaptation funding is not strongly correlated
with poverty rate measures of equity and is correlated with some dam-
age measures of efficiency. This type of ex post program evaluation is
possible because the equity criteria were clearly articulated by policy
makers. Future analyses would benefit from a similar articulation of ef-
ficiency criteria. Moreover, our analysis is challenged because the avail-
able datamake it difficult to ascertain preciselywhichCensus tracts either
receive or benefit from funding. Future analyseswould benefit frommore
detailed and consistent data reporting, as also urged by Fencl et al. (2024).
Our analysis shows that equity targets may take work to achieve. The

US government has paid attention to the institutional barriers that may
prevent disadvantaged tracts from applying for funding, and that work
appears to have increased such applications. On the other hand, funding
that is more purely discretionary on the parts of states and the federal
government performsworse at achieving the equity target. It may be that
competitive funding explicitly incorporates equity criteria into scoring
systems that are not used when allocating discretionary funding.
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Our analysis also suggests that equity-efficiency trade-offs can bite at
the margin but need not bite hard. The simplest rules that reallocate
funding toward disadvantaged tracts may reduce resilience to climate
change. However, equity and efficiency could both be improved if fund-
ing agencies can account for exposure to climate change when designing
this reallocation, even if this accounting is done in a fairly simple fashion.
Future work should examine these trade-offs in more detail, including
with additional measures of climate exposure, to learn the degree to which
funding needs to be properly targeted among disadvantaged tracts to
mitigate—or even avoid—equity-efficiency trade-offs.
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1. Moreover, we do not find that states with environmental justice boards—bodies re-
sponsible for advising policy makers on environmental issues related to underserved
communities—are more effective at targeting disadvantaged tracts.

2. See Banzhaf et al. (2019a, 2019b) and Cain et al. (2024) for recent reviews.
3. Currier, Glaeser, and Kreindler (2023) study inequality in road infrastructure in the

United States and find that roads are rougher in poorer and predominately Black neigh-
borhoods. They find that road resurfacing to improve road quality is only weakly associ-
ated with road roughness. Anderson et al. (2023a, 2023b) study the allocation of wildfire
risk management projects and find that projects are often awarded to communities that
are wealthier, more educated, and whiter.

4. In ongoing work, we prescriptively and descriptively analyze the allocation of inter-
national climate adaptation funding to achieve equity and efficiency objectives (Lemoine,
Marcheva, and Rudik 2024).

5. Prior work explores the equity implications of nonenvironmental federal spending
programs. For instance, Boone, Dube, and Kaplan (2014) find that funding under the
American Reinvestment and Recovery Act of 2009 favored districts with higher poverty
rates.

6. Campa and Muehlenbachs (2024) find that in-kind settlements of environmental
court cases favor funding projects in higher-income communities.

7. We here focus on quantitative outcomes under Justice40. Walls et al. (2024) analyze
Justice40 in procedural terms.

8. Our main data set denotes Flood Mitigation Assistance Grants as “formula” even
though FEMA considers them competitive. This may be because the program is actually
the closely related “Hazard Mitigation Assistance” program that functions as described
above, or because only states can compete for Flood Mitigation Assistance. In either case,
the state is the entity that receives money and then distributes the money.

9. Boone et al. (2014) discuss formula funding in the American Reinvestment and Re-
covery Act of 2009.

10. The White House Environmental Justice Advisory Council (2022) argues that the
flow of funding itself directly benefits disadvantaged communities, beyond the resilience
and other benefits procured by the funding.

11. Population is from the 2015–2019 American Communities Survey data. These are
the most recent data that correspond perfectly to the 2010 Census tracts.
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12. For example, projects relating to irrigation efficiency enhancement, aquifer stor-
age, groundwater well drilling, drought-resistant landscaping, and canal enclosure, all of
which are intended to improve economic or welfare outcomes under water scarcity.

13. Apart from PROTECT, the BIL awards in Spending.gov do not have consistent
program labels, which make them difficult to classify as “adaptation spending” or not.

14. The largest projects in our sample are completed directly by federal agencies, which
include theArmyCorps of Engineers’ flooding prevention infrastructure (USArmyCorps
of Engineers 2024) andfire hazard reduction programs administered by the Forest Service.

15. If projects were, instead, privately beneficial, then each household would receive
only the fraction of total funding spent specifically on their household. An example is
the BIL’s Weatherization Assistance Program, which funds improvements to the homes
of low-income families for energy efficiency. However, we do not include that program in
our study because it targets current energy burden rather than future climate resilience.

16. The tracts with the highest poverty rates tend to be in inner cities. These tracts tend
to have small populations because Census tracts were drawn to make demographics, eco-
nomic status, and living conditions fairly homogeneous.

17. https://hazards.fema.gov/nri/
18. We omit losses from three hazards (earthquakes, tsunamis, and volcanic eruptions)

that are, barring scientific breakthroughs linking plate tectonics to ice sheet loss, clearly
unaffected by climate change. We also omit losses from hazards that are either expected
to decrease with climate change or have an uncertain relation to climate change (cold
waves, hail, ice storms, lightning,wind,winterweather, avalanches, and landslides). Such
hazards are not explicitly targeted by adaptation projects in our data. We also omit losses
from tornadoes, for similar reasons and also because they tend to dominate the loss metric
(their losses are very large relative to losses from other hazards). We explore the associa-
tion of a broader set of disasters with BIL funding in the appendix.

19. The percentage of buildings, agriculture, and people expected to be lost during
a disaster is estimated from historical data in the Spatial Hazard Events and Losses
Database.

20. The CIL measure will retain some direct income dependence based on, for in-
stance, coastal damages depending on the capital stock and the labor valuation using
state-level value-added. However, mortality is the largest component of the CIL index
and does not directly depend on income, as the CIL measure uses a constant value of sta-
tistical life.

21. https://www.ncsl.org/environment-and-natural-resources/state-and-federal
-environmental-justice-efforts

22. $0.14 million for nondisadvantaged vs. $0.145 million for disadvantaged.
23. The benefit from additional adaptation spending in fact also depends on the efficacy

of adaptation spending at offsetting climate risk and on how public spending interacts
with private spending.

24. Poverty rate is the primary criterion for classifying a tract as disadvantaged under
Justice40. In a distinct context, Hansen et al. (2021) recommend using the poverty rate as
the metric for assessing equity when distributing drinking water funds.

25. There are a handful of exceptions, such as Michigan and Tennessee.
26. Note that not all disadvantaged tracts are above the 65th percentile of the poverty

distribution, as described in Section II.B. However, figure C5 in the appendix (http://
www.nber.org/data-appendix/c15011/data-appendix/) shows that little funding flows
to disadvantaged Census tracts below this threshold.

27. Appendix B.1 (http://www.nber.org/data-appendix/c15011/data-appendix/) as-
sesses sensitivity to the radius used to assign funding to nearby tracts. It shows that
the combination of a very small radius with a rule that is allocated by population can just
meet the Justice40 target but that other combinations fall short. The shortfall tends to
increase with the assumed radius.

28. Forty percent of tracts in states without EJ boards are disadvantaged, compared
with 28% of tracts in states with EJ boards. Neither type of state meets the requirement
of $1.16 to disadvantaged tracts for every $1 to nondisadvantaged tracts. Non-EJ board
states achieve $0.81 on the dollar. EJ board states achieve only $0.59 to every dollar.
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29. The coastal indicator may be correlated with the FEMA and CIL damage measures,
as both explicitly include coastal damages.We find that including or excluding the coastal
indicator in the regression has little effect on our other coefficient estimates, including the
damage coefficients.

30. The slope of funding in poverty rate above the threshold is aj
1 + a

j
3.

31. Poisson Pseudo Maximum Likelihood does not impose distributional assumptions
on the outcome variable and circumvents the use of arbitrary transformations of the out-
come variable, such as log(y + 1) or asinh(y), that are not scale-invariant.

32. However, CIL damages are positively correlated with funding under the discre-
tionary mechanism.

33. Specifically, 14.4 times more by the CIL damage measure; 2.2 times more by the
FEMAdamagemeasure. For the CILmeasure,more than half of the highest-damage tracts
are in Florida. For both measures, tracts in the 99th percentile of damages are more than
three times more likely than average to be a coastal tract.

34. Reallocating all the funds in the lowest tercile of nondisadvantaged Census tracts
under area weighting and FEMA damages is insufficient to achieve Justice40, so we re-
duce funds in the second tercile.

35. See Levinson (2003) and Millimet (2014) for discussion of topics related to environ-
mental federalism.

36. To mitigate this principal-agent problem, the White House Environmental Justice
Advisory Council (2022) recommends disbursing funds in a staggered fashion that per-
mits evaluation and developing penalties for noncompliance.

37. Hansen et al. (2021) and the White House Environmental Justice Advisory Council
(2022) recommend ways to overcome application hurdles, andWalls et al. (2024) summa-
rize current efforts at overcoming these hurdles.
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