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Abstract

Public funding for adaptation to climate change seeks to be both equitable and efficient. We
evaluate adaptation funding allocated in the U.S. by the 2021 Bipartisan Infrastructure Law,
which is under the Justice40 Initiative. We find that, net of controls, the funding disbursed to
Census tracts does not increase with recent damages from natural hazards, with a prominent
projection of future climate damages, or with the poverty rate. Reallocating funding to dis-
advantaged Census tracts may better target tracts with ongoing exposure to natural hazards
but may not improve targeting of tracts with projected exposure to future climate damages.
We discuss tradeoffs 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.

1 Introduction

With the passage of the 2021 Bipartisan Infrastructure Law (BIL), the United States authorized
its largest investment in climate change adaptation to date. As with much public funding, adap-
tation funding must serve many masters. Two are especially salient. First, efficiency objectives
require targeting places with the greatest marginal benefit of funding. Second, equity objectives
require targeting the most disadvantaged locations. In particular, the BIL is subject to the Biden
administration’s Justice40 Initiative (The White House, 2021a). Accordingly, 40% of the benefits
of BIL funding must flow to communities deemed disadvantaged. It is to date unclear how well

adaptation funding has achieved either objective.
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We undertake a preliminary investigation of adaptation funding under the BIL. We use estimates
of recent damages from natural disasters and econometrically-driven projections of losses from
climate change as heuristics by which we can evaluate how the allocation of BIL adaptation funding
across U.S. 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” under Justice40 to evaluate
how the allocation of BIL funding across U.S. Census tracts accords with equity goals.

We show that the sharpness of equity-efficiency tradeoffs depends on whether efficiency is prox-
ied by the backward-looking or the forward-looking measure of damages. Under the forward-looking
measure, disadvantaged tracts generally have less exposure to climate change damages than do non-
disadvantaged tracts, but under the backward-looking measure, disadvantaged tracts tend to have
greater exposure than do non-disadvantaged tracts. Whereas recent damages from disasters are
concentrated among the Census tracts with the highest poverty rates, the projection of climate
change damages used here forecasts that these tracts will suffer the smallest losses.

We find that the funding disbursed so far under the BIL’s adaptation initiatives does not clearly
target either equity or efficiency. Funding tends to be directed towards Census tracts with less
exposure to climate change. Moreover, funding tends to be directed towards Census tracts largely
independently of poverty rates, not to the ones with the highest poverty rates. 30% of funding goes
to disadvantaged tracts as a group, short of the 40% Justice40 target.

We show that simple heuristics for reallocating funds can improve equity while helping—or at
least not hurting—efficiency. We consider a uniform reallocation of funding from non-disadvantaged
tracts to disadvantaged tracts in order to achieve the 40% Justice40 target, and we consider a
reallocation of funding within disadvantaged tracts so as to fund each equally. We find that either
change alone tends to increase funding to tracts that are only moderately exposed per the forward-
looking damage measure but potentially decreases funding to the tracts that are the very most
exposed by the forward-looking damage measure. Equity-efficiency tradeoffs exist but appear fairly
weak. In contrast, we find mixed evidence that a uniform reallocation of funding to achieve the
40% Justice40 target increases funding to the tracts judged most exposed by the backward-looking
damage measure, which is focused on recent hazards. However reallocating within disadvantaged
tracts—and combining both changes—tends to strongly increase funding to the tracts judged most
exposed by the backward-looking damage measure, which is focused on recent hazards. Per this
metric, there may be no equity-efficiency tradeoff at the margin.

The BIL distributes adaptation funding through three distinct mechanisms: some funds are
awarded at the federal government’s discretion, some are awarded by rule-based grants to states that

subsequently exercise discretion, and some are awarded by competitive application to the federal
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government. As we discuss below, there are, in theory, tradeoffs among these mechanisms. We
estimate broadly similar correlations between each of these mechanisms and our damage measures,
but we also estimate that the competitive mechanism distributes more funding to disadvantaged
tracts with higher poverty rates whereas the state-controlled mechanism distributes more funding
to disadvantaged tracts with smaller poverty rates.!

We contribute to the burgeoning environmental justice literature in economics.? This litera-
ture focuses on inequalities in exposure to environmental harms (e.g. Colmer et al., 2023, 2024;
Bakkensen et al., 2024; Andarge et al., 2024) and on the distributional impacts of policies designed
to mitigate pollutants (e.g. Sigman, 2001; Burda and Harding, 2014; Hernandez-Cortes and Meng,
2023; Currie et al., 2023; Keiser et al., 2024). Within the area of climate justice, the literature
focuses on the documentation of injustice relating to climate hazards like heat or flooding (e.g.
Hoffman et al., 2020; Bakkensen and Ma, 2020; Hsu et al., 2021), to the government’s unequal
response to climate hazards like wildfires or flooding (Billings et al., 2022; Anderson et al., 2023a,b;
Jowers et al., 2023; Begley et al., 2024), to the regressivity of climate policy (Banzhaf et al., 2019;
Pizer and Sexton, 2019), and to the accumulation of burdens (Bakkensen et al., 2024). We extend
this literature by examining justice in the context of the allocation of funding.?> Our analysis of
U.S. adaptation funding also has relevance to international policy as international climate change
adaptation funds have grown severalfold in the last decade, to around $30 billion in 2020, by the
OECD’s estimate (OECD, 2022). Notably, the BIL’s $50 billion target far surpasses the size of
these funds.

In particular, we study the allocation of funds under non-binding Justice40 guidance that aims
to address concerns such as those studied by the prior literature. There are few empirical papers
studying the implications of environmental justice policy because there have been few examples of
environmental justice policies that have such specific goals along with significant funding.* Prior
environmental justice policy in the U.S. has typically been regulatory. The literature generally finds
that regulation either fails disadvantaged groups or does not specially compensate them. Greife

et al. (2017) find no relationship between local community demographics and monetary penalties

'Moreover, we do not find that states with environmental justice boards—bodies responsible for advising policy-
makers on environmental issues related to underserved communities—are more effective at targeting disadvantaged
tracts.

2See Banzhaf et al. (2019), Banzhaf et al. (2019), and Cain et al. (2024) for recent reviews.

3Currier et al. (2023) study inequality in road infrastructure in the United States and find that roads are rougher
in poorer and predominately Black neighborhoods. They find that road resurfacing to improve road quality is only
weakly associated with road roughness. Anderson et al. (2023a) and Anderson et al. (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.

4Prior work explores the equity implications of non-environmental federal spending programs. For instance, Boone
et al. (2014) find that funding under the American Reinvestment and Recovery Act of 2009 favored districts with
higher poverty rates.
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leveled against corporations for violations of environmental law, even though disadvantaged com-
munities have more violations.® 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 poverty
rate vanishes 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 (Justice40) and compare allocations across funding mechanisms.%

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

concluding.

2 Background

2.1 Bipartisan Infrastructure Law

The Bipartisan Infrastructure Law (BIL), also known as the Infrastructure Investment and Jobs
Act, was signed into law on November 15, 2021. It provides $1.2 trillion in investment in infrastruc-
ture, both for new programs ($550 billion) and for existing programs ($650 billion) (UC Berkeley
Labor Center, 2022).

A major aim of the BIL is to reduce climate change damages through infrastructure investment.
The BIL was immediately subject to the Biden Administration’s Justice40 initiative (described
below). Moreover, President 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 President’s Justice40 Initiative (The White House, 2021b).

Over 100 programs in the BIL, across eight federal departments, explicitly allocate funds to
climate resilience. Some of the largest programs are PROTECT (Promoting Resilient Operations
for Transformative, Efficient, and Cost-Saving Transportation — $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 dollars in the BIL
are dedicated to climate resilience (The White House, 2022).

®Campa and Muehlenbachs (2023) find that in-kind settlements of environmental court cases favor funding projects
in higher-income communities.

SWe here focus on quantitative outcomes under Justice40. Walls et al. (2024) analyze Justice40 in procedural
terms.
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Table 1: Adaptation programs included in this study

State Formula Programs

-Promoting Resilient Operations for Transformative, Efficient, and Cost-saving Transportation

Program (PROTECT)
-Flood Mitigation Assistance Grants

-Building Resilient Infrastructure & Communities

Competitive Programs

Federal Discretionary Programs

-Community Wildfire Defense Grant Program
For At-Risk Communities

-Aquatic Ecosystem Restoration Projects

-Watershed And Flood Prevention Operations

-Emergency Watershed Protection Program

-Water Recycling

-National Coastal Resilience Fund

-WaterSMART grants

-Water & Groundwater Storage, And Con-
veyance

-Tribal Climate Resilience (12 programs)

-Tribal Irrigation and Power Systems

-Hazardous Fuels Management

-Water-Related Infrastructure Assistance

-Continuing Authorities Program

-Inland Flood Risk Management Projects

-Coastal Storm Risk Management, Hurricane,
And Storm Damage Reduction Projects

-Flood Control and Coastal Emergencies

-Fuel Breaks

-Southeast New England Coastal Watershed
Restoration Program

-Direct Spending For Resilient Recreation
Sites
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We study a subset of the adaptation programs in BIL, accounting for $10.1 billion in funding.
Table 1 lists the 32 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. Section A in the appendix describes one program from each group in more detail.

The first set of projects is funded through competitive grants. Competitive grants cover the
widest variety of programs, including desalination plants, watershed protection, and tribal reloca-
tion. 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 reviewed and chosen by
the agency that runs the grant program. The federal government is aware of the institutional
capacity required to apply for competitive grants and has attempted to make this funding type
more available to disadvantaged communities through rolling deadlines and technical assistance
funding (The White House, 2024b; Walls et al., 2024). In total, $1.32 billion was allocated through
competitive grants to projects in our dataset, 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 Resilient Infrastructure and Communities) or up to a percentage
of previously allocated federal disaster dollars (in Flood Mitigation Assistance Grants’) (Federal
Emergency Management Administration, 2020; Federal Highway Administration, 2022). The fund-
ing must be used within program guidelines, but the federal government otherwise has little control
over how formula funding is used after it is given to states.® Funds distributed via state formula
to projects in our dataset total $1.92 billion, which is 19% of total funding.

The last set of projects is funded by the federal government on a discretionary basis. These
tend to be directly administered by federal agencies, although often in consultation with local
communities. Federal discretionary funding is the largest of the three funding mechanisms with

$6.81 billion in funding allocated to projects in our dataset, accounting for 68% of total funding.

2.2 Justice40

Justiced40 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. Justice4(

"Our main dataset 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
which 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.

8Boone et al. (2014) discuss formula funding in the American Reinvestment and Recovery Act of 2009.
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was established under Executive Order 14008, titled “Tackling the Climate Crisis at Home and
Abroad”, and signed in the first week of President Biden’s presidency (The White House, 2021a).
Unlike previous national environmental justice initiatives, Justice40 applies comprehensively across
departments and includes specific goals and guidance (Mueller and Lilley, 2022). Although Jus-
tice40 is not binding, departments are required to report their methods and outcomes in reaching
the goal (Young et al., 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 dis-
played through the Climate and Economic Justice Screening Tool (Council on Environmental Qual-
ity, 2023). Tracts are considered disadvantaged if (i) they are at the 65th percentile or higher
for the share of households below 200% of the poverty line and (ii) they qualify as disadvan-
taged 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 poverty
to qualify as disadvantaged (for instance, if they are surrounded by other disadvantaged tracts and
fall above the 50th poverty percentile). Figure C5 in the appendix shows that little adaptation
funding flows to disadvantaged Census tracts below the 65th percentile poverty rate threshold. In
total, 94% of tracts above the 65th percentile of poverty rate qualify as disadvantaged, whereas only
11% of tracts below the 65th percentile are considered disadvantaged. Given this close mapping
between a Census tract’s disadvantaged status and whether it’s above the 65th percentile of poverty
rate, in much of our analysis, we collapse “disadvantaged” status to its poverty rate dimension.
Doing so permits graphical and quantitative analyses of a continuous measure that closely proxies
disadvantaged status.

There are several challenges in evaluating Justice40. First, the initiative requires 40% of “ben-
efits”, rather than 40% of “funding”, to flow to disadvantaged communities. Benefits are harder to
measure (see Walls et al., 2024), so we follow recommendations in White House Environmental Jus-
tice Advisory Council (2022) by focusing on funding.? Second, for most programs, the government
does not yet have the ability to track exactly where funding flows. As described in Section 3.2
below, we try a few reasonable approximations to how funding may be distributed. Third, the
Census tract-level disadvantaged measure may be too coarse to target disadvantaged communities,
especially for geographically large Census tracts (Walls et al., 2024). We conduct our analysis at
the Census tract level but recognize that there may be important variation within tracts.

The top two panels of Figure 1 plot, for each Census tract, its poverty percentile and whether it is

9White 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.
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above the 65th percentile poverty rate threshold for being considered disadvantaged. Disadvantaged
tracts tend to be located in the South and West.

3 Data

3.1 Census Tracts

Our data come from the U.S. government’s Climate and Economic Justice 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 (Council on Environmental Quality, 2023). There are
72,739 Census tracts in the U.S.: 36.3% of them are considered disadvantaged, and these include
32.7% of the population of the U.S. Therefore, Justice40 will be met if, on average, $1.17 flows
into disadvantaged tracts for each $1 into non-disadvantaged 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 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.

3.2 Adaptation Projects

Our main source of adaptation project data is Invest.gov (The White House, 2024a). To the best of
our knowledge, this is the most complete source of BIL projects that is categorized by program and
funding type. We categorize projects that are labeled “resilience” and pertain to the environment
(and also some water projects) as adaptation funding. Nevertheless, 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 project description, which often describes natural landmarks, neighborhoods
and towns where projects take place. We geolocate this information using the Google Maps API.
In order to avoid assigning all funding to tracts at, for instance, town centroids, we approximate
the area of a project by drawing a 10 kilometer buffer around its geolocated point. We then assign
funding to Census tracts in two different ways: (1) weighted by area within the buffer, and (2)
weighted by population within the buffer. 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
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Figure 1: Census-tract level data on poverty, disadvantaged status, and damages.

Poverty Percentile Disadvantaged Status

[
p-tile o o o® above 65th p-tile B o N e
FEMA damages CIL damages

Million $ R

Note: The top left panel maps each Census tract’s percentile in the distribution of the share of households below
200% of the poverty line. The top right panel plots whether a Census tract is above the 65th percentile poverty rate,
which is the criterion for being considered ”disadvantaged” on the poverty measure. The bottom left panel plots each
Census tract’s expected annual loss from natural hazards according to the FEMA National Risk Index. The bottom
right panel plots each Census tract’s projected median damages to agriculture, mortality, energy, labor, crime, and
coastal hazards under RCP 8.5 between 2080-2099 from the CIL. Gray areas for CIL damages are locations projected
to have benefits in 2080-2099 under RCP 8.5.
9
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driven by a handful of extremely large projects, we Winsorize the funding variable at the 99.5th
percentile. Appendix Sections B and C assess sensitivity to buffer size, population-weighting, and
Winsorization threshold.

The universe of BIL awards can be found through Spending.gov’s infrastructure spending data
tables (USASpending, 2024). We use this data for the PROTECT formula program, because it is
more complete and better assigned to location than the Invest.gov data.'®

Finally, we collect tribal climate adaptation awards from the Bureau of Indian Affairs since
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 aggregations of our BIL project data. Funding tends to be

concentrated in the West and along the coasts.!!

3.3 Voting

We obtain voter turnout and percent voting for Joe Biden and Donald Trump in 2020 at the precinct
level from the Voting and Election Science Team (Voting and Election Science Team, 2020). We
aggregate the data to the Census tract level.

3.4 Climate and Damages

For projected climate, we use a group of 9 CMIP6 models, disaggregated to a 1 kilometer resolution
over North America, for the SSP2-4.5 emissions scenario, compiled by the AdaptWest Project
(Mahony et al., 2022). The AdaptWest project also provides our baseline climate measure, which
is the temperature average between 1990 and 2020.

We use two measures of climate damages. The first is from FEMA’s National Risk Index
database.'? We add up the expected annual losses for 16 of the natural hazards in the data.'® The
expected annual loss is defined as the historical loss ratio,!* multiplied by the historical annualized

frequency of hazards, multiplied by the value of buildings, agriculture, and population exposed to

10 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.

1The largest projects in our sample are completed directly by federal agencies, which include the Army Corps of
Engineers’ flooding prevention infrastructure (US Army Corps of Engineers, 2024) and fire hazard reduction programs
administered by the Forest Service.

2https://hazards.fema.gov/nri/

13We omit losses from two hazards (earthquakes and volcanic eruptions) that are, barring scientific breakthroughs
linking plate tectonics to ice sheet loss, clearly unaffected by climate change.

14The 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.

10
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Figure 2: County-level maps of adaptation funding

Competitive funding

558 Projects
1.32 billion

State formula funding

1041 Projects
1.92 billion

Federal discretionary funding

501 Projects
6.81 billion

11
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the disaster. Therefore the FEMA measure is a backward-looking measure that proxies current
climate risk.

The second measure of damages is county-level projections for median damages relating to
agricultural yields, mortality, energy expenditures, labor supply, crime, and coast-specific hazards
over 2080-2099 under RCP 8.5, estimated in Hsiang et al. (2017) for the Climate Impact Lab (CIL).
These projections are constructed from estimated relationships between each damage category and
weather. The CIL measure is a forward-looking measure that is a proxy for future climate risk.
In terms of levels, the CIL measure is likely to overestimate 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 mid-century 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 out-
comes 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 mechan-
ical relationship with income and make the CIL measure comparable to the FEMA measure, we
multiply the county-level CIL metrics by tract-level population and per-capita income.

The bottom two panels 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.

3.5 State Environmental Justice Oversight Boards

Our list of states with environmental justice boards comes from the National Conference of State
Legislatures.!® 14 states have environmental justice boards, and 6 of them have been established
since 2021. States with environmental justice boards tend to be large: 46% of tracts in the data

reside in a state with an environmental justice board.

4 Results

We first describe the relationships between climate adaptation funding, poverty, and climate risk.

We then estimate the determinants of funding.

15https ://www.ncsl.org/environment-and-natural-resources/state-and-federal-environmental-justice-efforts

12
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Figure 3: Average damages by poverty rate percentile
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Note: Each point plots a binscatter of annual climate damages (in million $) for our two measures, against each
percentile of the Census tract distribution for the share of households below 200% of the poverty line. Within each
percentile, we plot the average damages for both measures across all Census tracts. The FEMA measure represents
current expectations of weather-related hazards, whereas the CIL measure shows expectations of future (2080-2090)
damages in a high emissions scenario.

4.1 Potential for Equity-Efficiency Tension

The correlation between a location’s climate risk and its poverty rate will determine the sharpness
of any tradeoff between achieving the BIL’s stated equity goals and efficiently allocating its funds
to minimize climate damage. If the most impoverished locations are also those with the greatest
climate risk, then it may be possible to achieve significant climate risk reductions while directing
funds to meet non-climate 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 non-climate 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. This plot is a binscatter,

in which each point corresponds to a poverty percentile (horizontal axis). The level of each point

13
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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 well the average Census
tract from that percentile in poverty rate would perform under each damage metric. The vertical
dashed line corresponds to the 65th percentile, which is a threshold used to define disadvantaged
tracts for the Justice40 initiative (see Section 2.2).

The two measures of climate risk have very different relations to poverty. The backward-
looking, disaster-focused FEMA measure tends to project the worst damages in the tracts with
the most and least poverty. On average, the FEMA measure projects slightly more damage in
disadvantaged Census tracts above the 65th percentile cutoff compared to those below the cutoff.
In contrast, the forward-looking CIL measure projects that the poorest Census tracts are the
least exposed; disadvantaged Census tracts are projected to have damages nearly a quarter less
than non-disadvantaged Census tracts. If climate damage risk reflects the benefit from publicly
funded adaptation investments,'® and if poverty rate captures equity objectives,!” then we can
interpret Figure 3 as describing whether equity-efficiency tradeoffs are sharp. Here we see that
the choice of damage measure matters. The equity-efficiency tradeoff is sharp if we take forward-
looking CIL damages as a measure of where efficient adaptation spending should concentrate. To
reconcile efficiency and equity, funding agencies must be careful to select the most exposed among
the disadvantaged tracts. In contrast, the equity-efficiency tradeoff may be nonexistent 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 allocating

funding to disadvantaged tracts without considering the climate risk exposure of the tract.

4.2 The Relationship Between Funding and Poverty

We now describe the raw association between adaptation funding per capita 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
corresponding percentile.

The solid points and line assign funding to Census tracts in proportion to their area within
the 10km buffer, the hollow points and dashed line assign funding in proportion to population. In
either case, adaptation funding has a fairly flat relation to poverty rate without a clear change at the

65th percentile cutoff used to define disadvantaged tracts. Among disadvantaged tracts, the most

16The 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.

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

14
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Figure 4: Per capita adaptation funding, by poverty rate percentile and funding mechanism
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Note: Each point is the average per capita funding for each percentile of the Census tract distribution of the share
of households below 200% of the poverty line. Before taking the average we Winsorize Census 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 analogous 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.
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disadvantaged may receive slightly more funding on average. The three funding mechanisms show
different funding-poverty rate relationships. State formula funding has a hump-shaped relation
to poverty rate, with funding peaking around the 65th percentile cutoff before slightly declining.
Competitively allocated funding has the opposite relationship, decreasing in poverty rate until
around the median Census tract and increasing in poverty rate after that. Federal discretionary

funding does not show a clear pattern.

16



Figure 5: Per capita formula funding for tracts in each poverty bin
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Note: Each point is the average per capita 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 average 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. Blue squares denote states that have
environmental justice boards and red dots denote states that do not. Binscatter percentiles are calculated using the national poverty rate distribution. Zero
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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 kilometer
radius (Appendix Figure C6 shows results of allocating by population). In many states, there is
not a clear relationship between formula funding and poverty rate, but in many other states, formula
funding either has a hump shape or is decreasing in poverty percentiles, so that the disadvantaged

tracts with less poverty receive more funding than the disadvantaged tracts with more poverty.'®

Table 2: Percent of funding going to disadvantaged tracts, by funding type

Competitive Discretionary Formula Total

All states
Area weighted 0.52 0.23 0.36 0.29
Population weighted 0.53 0.25 0.42 0.32

States with EJ boards

Area weighted 0.32 0.19 0.29 0.22
Population weighted 0.34 0.24 0.29 0.26

Table 2 reports the share of funding going to disadvantaged tracts in our sample of adaptation
projects, using the full definition of “disadvantaged” rather than just the poverty rate dimension.
The Justice40 target is for 40% of the benefits to flow to these tracts.'® Regardless of whether
we assign funding to locations by population or by area, only around 30% of the funding is di-
rected towards disadvantaged tracts.?’ However, there is significant heterogeneity across funding
mechanisms. Over 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 disadvantaged 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.?!

18There are a handful of exceptions, such as Michigan and Tennessee.

9Note that not all disadvantaged tracts are above the 65th percentile of the poverty distribution, as described
in Section 2.2. However, Figure C5 in the appendix shows that little funding flows to disadvantaged Census tracts
below this threshold.

20 Appendix B.1 assesses 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 allocates by population can just meet the Justice40 target but
that other combinations fall short. The shortfall tends to increase with the assumed radius.

2140% of tracts in states without EJ boards are disadvantaged, compared to 28% of tracts in states with EJ boards.
Neither type of state meets the requirement of $1.17 to disadvantaged tracts for every $1 to non-disadvantaged tracts.
Non-EJ board states achieve $1.08 on the dollar. EJ board states only achieve $0.62 to every dollar.
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4.3 The Relationship Between Funding and Climate Risk

We now assess the relationship between adaptation funding and climate risk. Figure 6 plots funding
per capita against FEMA damages and CIL damages as binscatters. In total, less funding is
allocated to the Census tracts that are more exposed per the backward-looking FEMA measure
and forward-looking CIL measure, except perhaps for the FEMA measure if we assign funding to
Census tracts based on population. Some differences appear between the two damage measures
when considering individual funding mechanisms. Formula funding is allocated to more exposed
Census tracts under the backward-looking FEMA measure but to less exposed Census tracts under
the forward-looking CIL measure.. Discretionary funding appears relatively uncorrelated with the
FEMA measure but targets the least-exposed Census tracts under the CIL measure. Competitive
funding has the opposite relationship: it appears to be uncorrelated with CIL damages and is

negatively correlated with FEMA damages.

4.4 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 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 capture geographic and demographic factors that could influence the
allocation of funding. We proxy for electoral incentives with voter turnout share and the percentage
of the tract voting for Biden in the 2020 presidential election (along with its square). We proxy for
climate risk with 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.??

Our estimates of each factor’s association with funding should not be read as causal. Each asso-
ciation is identified by how funding is allocated among the Census tracts within a state. However,
there is no shortage 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 factor would affect funding. Instead, we describe the cor-
relation between each factor and observed funding flows, net of the other factors included in the

regression.

22The 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.
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Figure 6: Per capita funding by measure of damages
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Our estimating equation is
yl, = o Pis + o Dy + oy (Pig — 0.65) Dy + B9 Xz + 1 + €, (1)

where 4 indexes Census tracts, s indexes states, and j indicates the type of funding mechanism
(competitive, formula, discretionary, or all mechanisms jointly). ygs is per capita funding issued via
mechanism j to tract ¢ in state s. P;s is the percentile rank of Census tract i’s poverty rate. We
again follow the Justice40 criteria in measuring poverty relative to 200% of the poverty line. The D;;
are indicators for whether a tract is disadvantaged in the sense of being above the 65th percentile
poverty rate threshold. Its interaction with poverty rate permits tracts below the threshold to have
a different relation to the poverty rate than do tracts above the threshold. The coefficients o/ are
to be estimated. a{ tells us how funding changes in poverty among the non-disadvantaged tracts,
ag tells us how funding changes as we cross the 65th percentile poverty rate threshold, and ozé tells
us how the slope between funding and poverty rate differs for tracts above the threshold.??

The vector X;, contains the covariates described above, with coefficient vector 37 to be esti-
mated. The ng are state fixed effects. We 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 federal 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 Census tract-funding-mechanism observations receive zero funding. To handle
this large share of zeros, we estimate equation (1) using Poisson Pseudo Maximum Likelihood.?*

Table 3 shows the results of these descriptive regressions when we assign funding to Census tracts
based on area. Table C1 in the Appendix shows that estimates are similar when we instead assign
funding by population. The top panel of Table 3 reports estimates of the association of funding
with poverty rate percentile, allowing 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 Figure 4, except conditioned on state fixed effects.
The first column reports estimates for the total pool of funding. The point estimates suggest that
funding increases with poverty rate percentile among non-disadvantaged tracts, jumps down at
the 65th percentile threshold, and, summing the first and third rows, increases faster in poverty

rate among disadvantaged tracts. None of these estimates are statistically significant. We find

23The slope of funding in poverty rate above the threshold is oz{ + ag.

24Poisson Pseudo Maximum Likelihood does not impose distributional assumptions on the outcome variable and
circumvents the use of arbitrary transformations of the outcome variable, such as log(y + 1) or asinh(y), that are not
scale-invariant.
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that individual funding mechanisms can display different results. In particular, the discretionary
mechanism shows a statistically significant positive relationship between funding and the poverty
rate above the disadvantaged threshold, whereas formula funding increases in the poverty rate up
to the threshold and then decreases in the poverty rate after it (consistent with the hump shape in
Figure 4). In addition, discretionary funding shows a statistically significant jump down in funding
at the disadvantaged threshold.

The R? for the regressions without controls is less than 0.2. Funding allocations are largely
determined by additional factors beyond poverty rates and state fixed effects. The middle panel of
Table 3 includes controls for our two measures of damages. The R? increases by a small amount,
driven by an improved ability to explain the allocation of state formula funding. Only formula
funding has a statistically detectable relationship with poverty rate beyond the threshold, and it
still shows an (attenuated) hump-shaped pattern. The damage measures are each negatively related
to funding, often with statistical significance.

The bottom panel of Table 3 adds the other controls. Including the full set of controls substan-
tially increases the R? for every mechanism, so that the regressions now explain over a quarter of the
variation in total funding. Including controls has mixed effects on the association between funding
and poverty rate. The downward jump in funding at the threshold for disadvantaged status is now
significant in aggregate funding and within the discretionary mechanism. Competitive funding now
increases with the poverty rate beyond the disadvantaged threshold. The inclusion of additional
controls tends to weaken the negative association of funding with the two damage measures.

Several covariates are significantly different from zero at the 10% level or better. First, one of
our infrastructure value variables—building value—is a significant negative predictor of funding.
Second, geographically larger tracts receive more funding of all types. Third, forward-looking CIL
damages remain negatively related to funding. Finally, all else equal, tracts with more voter turnout

receive more funding. We analyze this last determinant in more detail.
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Table 3: Determinants of Per-Capita Adaptation Funding

Mechanisms
Total Competitive Formula  Discretionary
No controls
Percentile of poverty rate 0.360 —0.030 0.870™* —0.053
(0.308) (0.331) (0.360) (0.428)
P-tile > 0.65 —0.143 0.106 —0.057 —0.330""
(0.124) (0.126) (0.120) (0.158)
(P-tile - 0.65) x (P-tile > 0.65) 0.191 1.032 —2.364™" 2.021%**
(0.546) (0.732) (0.945) (0.708)
Damages controls
Percentile of poverty rate 0.057 —0.240 0.240 —0.181
(0.504) (0.354) (0.292) (0.635)
P-tile > 0.65 —0.134 0.065 —0.105 —0.291"
(0.131) (0.131) (0.110) (0.159)
(P-tile - 0.65) x (P-tile > 0.65) 0.244 1.497 —1.421% 1.288
(0.846) (1.037) (0.761) (0.881)
CIL damages (log million $ + 1) —0.358"** —0.142 —0.224 —0.417"*
(0.067) (0.141) (0.171) (0.060)
FEMA damages (log million $) —0.218" —0.369™"* —0.550""* 0.017
(0.124) (0.112) (0.090) (0.151)
All controls
Percentile of poverty rate 0.153 —0.292 0.019 0.205
(0.163) (0.382) (0.341) (0.176)
P-tile > 0.65 —0.197** 0.030 —0.137 —0.288""
(0.099) (0.118) (0.116) (0.141)
(P-tile - 0.65) x (P-tile > 0.65) —0.303 1.710*** —1.119" —0.029
(0.586) (0.649) (0.617) (0.671)
CIL damages (log million $ + 1)  —0.261"" —0.063 —0.177 —0.411"**
(0.103) (0.175) (0.162) (0.133)
FEMA damages (log million $) 0.143 —0.030 —0.206™"* 0.220
(0.154) (0.100) (0.078) (0.229)
Coastal tract = 1 0.528 0.586™** 0.291 0.599
(0.323) (0.196) (0.243) (0.518)
Ave. temp. (1991-2020) —0.008 —0.030 0.015 0.055
(0.051) (0.049) (0.058) (0.065)
Temp. change (2020-2050) —0.642 —1.833"" —1.555""* 0.304
(1.475) (0.935) (0.451) (2.305)
Highway Length (miles) 0.003 —0.001 0.004 0.006**
(0.002) (0.003) (0.003) (0.003)
Building value (log $) —0.495"** —0.279** —0.147 —0.450""*
(0.121) (0.131) (0.094) (0.174)
Voter turnout share 1.497*** 1.048*** 1.069*** 1.686™*"
(0.270) (0.351) (0.152) (0.314)
% rural —0.428 —0.011 0.222 —0.958""*
(0.306) (0.239) (0.249) (0.355)
Tract area (log km2) 0.411*** 0.369"** 0.265"** 0.372***
(0.068) (0.084) (0.094) (0.090)
% white —0.373 —0.177 —0.494 —0.451
(0.370) (0.558) (0.704) (0.276)
% voted for Biden 2.554 1.917 —1.625 4.385"
(1.671) (1.918) (1.203) (2.282)
% voted for Biden? —0.795 —0.048 2.416 —2.375
(1.346)93 (1.725) (1.725) (1.828)
State FEs yes yes yes yes
Num. obs. 72010 70858 71832 70835
Pseudo R” no controls 0.146 0.175 0.156 0.194
Pseudo R? damages controls 0.178 0.215 0.260 0.205
Pseudo R? all controls 0.272 0.307 0.312 0.265

*x%k%kx . - N N1. ¥ . -~ NNAFE. ¥ - N1
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4.4.1 Voter Turnout

Table 3 shows that voter turnout is an important determinant of funding: a 1 percentage point
increase in voter turnout is associated with 1.5% more funding. To explore how this relationship in-
teracts with poverty rate, Figure 7 plots funding by poverty percentile for tracts with above-average
turnout and below-average turnout. The associations within the high-turnout and low-turnout
groups are broadly similar to each other. High turnout tracts do receive greater funding than low
turnout tracts across virtually the entire poverty distribution. The estimated positive correlation
between voter turnout and funding is consistent with funding reflecting electoral incentives or with
funding reflecting civic engagement. Of course, voter turnout could simply be correlated with omit-
ted characteristics that determine funding flows, so further analysis would be necessary to evaluate

the role of voter turnout.?®

5 Counterfactual Funding Allocations

Our analysis has shown that, in the aggregate, neither disadvantaged tracts nor high-damage tracts
receive notably more funding, and in fact higher damage tracts may receive less funding. 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 damage measure. Reallocating funding from
the former tracts to the latter tracts could improve both efficiency and equity. Such a reallocation
would, in general, imply reducing funding to tracts in the North and West 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 consider three counterfactual funding allocations: one that in-
creases funding to disadvantaged tracts, a second that increases equity among disadvantaged tracts,
and a third that does both at once.

5.1 Counterfactual 1: Proportionally decrease funding to non-disadvantaged

tracts to meet Justice40 goals

The first counterfactual reduces each non-disadvantaged tract’s funding by an equal percentage and
redistributes the funding equally across disadvantaged tracts. The total funds reallocated are just

enough to meet the Justice40 target of 40% of funds going to disadvantaged tracts: each funded

253ee Boone et al. (2014) for more on how electoral incentives might shape funding allocations.
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Figure 7: Funding by poverty rate percentile, split by voter turnout
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Note: Each point is the average per capita funding for each percentile of the Census tract distribution of the share
of households below 200% of the poverty line. Before taking the average we Winsorize Census tract funding levels to
the 99.5th percentile. We split the data by whether the Census tract is above (blue) or below (red) median in terms
of the voter turnout share. The dotted line corresponds to the locally estimated best fit line for the tracts above the
median percent of voter turnout for each poverty percentile; the solid line is for lower turnout tracts. The vertical
dashed line corresponds to the 65th percentile, which is the threshold for meeting the poverty rate criterion for being
considered disadvantaged.
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Figure 8: Non-funded disadvantaged tracts with high climate damages, with funded

disadvantaged tracts with low climate damages
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Note: Tracts in red are disadvantaged tracts in the top half of climate damages among all tracts which received no
climate adaptation funding of any type. Tracts in blue are non-disadvantaged tracts in the lowest half of climate

damages among all tracts that received positive climate adaptation funding.
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non-disadvantaged tract loses 16.2% (12.7%) of its funding when we map 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 non-disadvantaged to disadvantaged Census tracts increases
funding in Census tracts that have low-to-medium CIL damages and decreases funding in places
that have the highest CIL damages, regardless of whether we use 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 tends to increase funding to the places with the highest damages, but
we find the opposite result when population weighting. Thus, this counterfactual plausibly worsens
efficiency with respect to the forward-looking CIL measure, suggesting a possible equity-efficiency

tradeoff, but results are mixed for the backward-looking FEMA measure.

5.2 Counterfactual 2: Redistribute funds among disadvantaged tracts so all
receive the same amount

The second counterfactual does not alter funding to non-disadvantaged tracts but does reallocate
funding among disadvantaged tracts so that each receives an equal amount of climate funding. This
eliminates inequality among disadvantaged tracts. In our data, 47% (42%) of disadvantaged tracts
receive no funding at all, the tract at the 75th percentile among disadvantaged tracts receives $7,394
($19,042), the tract at the 95th percentile among disadvantaged tracts receives $269,327 ($412,169),
and the highest-funded tract gets $186 million ($186 million).26 In the counterfactual, each tract
ends up with $112,250 ($125,776), so that 92% (90%) of disadvantaged tracts receive more funding
than they did in the observed outcome. The middle row of Figure 9 shows that this reallocation
of funds clearly increases efficiency. According to the backward-looking FEMA measure, funding
decreases on average in Census tracts with low damage and funding increases on average in Census
tracts with high damage. The effect on efficiency with respect to the forward-looking CIL measure
is not as strong: funding is reallocated away from places with the lowest damages and increases in

places with slightly more damages, but not in places with the greatest damages.

26This tract is located in Kenai Peninsula, Alaska and is the fourth-highest funded tract in the data, with most
of its funding from the eleventh-largest award in the dataset, an Army Corps of Engineers’ Inland Flood Risk
Management project. The highest-funded tract overall receives $204 million (271 million), from an Army Corps of
Engineers water-related environmental infrastructure project in Missouri. The second-highest funded disadvantaged
tract receives $120 million ($106 million), from the same Missouri project.
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Figure 9: Change in funding per capita by CIL and FEMA damages

Reach Justice 40; distribute moved funds equally
CIL FEMA
50 o oo 50 o

pop weighted
A Y

area’weighted

-25 [

pop WeigHted

Change in funding per capita (3$)
Change in funding per capita %)

-50 . -50 = =
0.1 1.0 10.0 100.0 1 10 100

Redistribute Justice 40 funds equally within disadvantaged tracts
CIL FEMA
50 50

pop weighted

area weighted

-25

-25 .

Change in funding per capita ($)
1
Change in funding per capita ($)

-50 = -50 L -
0.1 1.0 10.0 100.0 1 10 100

Reach Justice 40; redistribute Justice 40 funds

CIL FEMA

50 50 .
e e
b . b v "
825 o 825 ¢
o [¢] o
21_) ?6 v i area weighted
(=} o 0 2 2
=] o n oo 0 '- Ol -
g 0----- Koty - - - £ o——_‘p - popMeighted -
c o, ) c -
3 . eg X 2 t . °

arePweighted ) o

£ . £ o g
@ -25 @ -25 .
[=)] . [o)] ¢ o
c . c o
© ©
Rt Rt L
(@] O .

-50 = -50 . [

0.1 1.0 10.0 100.0 1 10 100

Annual weather / climate damages (log million $)
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5.3 Counterfactual 3: Reach Justice40 by decreasing funding to non-disadvantaged
tracts and redistribute funds among disadvantaged tracts

The third counterfactual is a combination of the first two counterfactuals. We first reduce non-
disadvantaged tracts’ funding by a constant percentage in order to reach Justice40 targets, and
we then equalize total funding to each disadvantaged tract. In this counterfactual, each disadvan-
taged tract receives $155,842 ($160,504). The bottom row of Figure 9 shows that this reallocation
improves efficiency under the backward-looking FEMA measure and worsens it under the forward-

looking CIL measure.

6 Discussion: Designing Mechanisms for Achieving Equity Goals

The three adaptation mechanisms assessed here have different tradeoffs. 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.?” Yet state agencies
may not share a federal agency’s equity (or electoral) goals,?® and a competitive grant process may
present an extra hurdle for higher-poverty locations that may have less institutional capacity.?
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 implement 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 funding but did not receive it.

Second, equity objectives need to be specified 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 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 tradeoffs among different types of metrics and ways to feasibly
implement alternative metrics.

Third, future work should consider interactions among funding mechanisms. For instance, if

competitive funding processes explicitly favor disadvantaged tracts, then either federal or state-level

27See Levinson (2003) and Millimet (2014) for discussion of topics related to environmental federalism.

28To mitigate this principal-agent problem, White House Environmental Justice Advisory Council (2022) recom-
mends disbursing funds in a staggered fashion that permits evaluation and/or developing penalties for noncompliance.

?Hansen et al. (2021) and White House Environmental Justice Advisory Council (2022) recommend ways to
overcome application hurdles, and Walls et al. (2024) summarize current efforts at overcoming these hurdles.
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spending could emphasize less disadvantaged tracts. In this case, substitution across pots of money
would undercut the equity objective. This kind of effect is consistent 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 poverty rate among disadvantaged tracts whereas state formula
funding decreases in poverty rate among disadvantaged tracts.

Finally, future work should develop methods for distinguishing value from spending. In partic-
ular, recent work has made progress in developing and estimating economic models that account
for network linkages (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 et al.,
2011; Mendelsohn and Muller, 2013). Both effects could be critical to evaluating the efficiency and
equity of adaptation spending. Much adaptation spending will protect supply chains and/or the
environment in other locations. However, 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 tradeoffs between
these various types of benefits from spending and assess whether a metric based on benefits would

be sufficiently unambiguous to be implementable.

7 Conclusions

Our analysis suggests that adaptation funding is not strongly correlated with poverty rate measures
of equity and may actually be negatively correlated with damage-focused measures of efficiency.
This type of ex post evaluation is possible because the equity criteria were clearly articulated.
Future analyses would benefit from a similar articulation of efficiency criteria. Moreover, our
analysis is challenged because the available data make it difficult to ascertain precisely which
Census tracts either receive or benefit from funding. Future analyses would benefit from more
detailed data reporting.

Our analysis shows that equity targets may take work to achieve. The U.S. government has
paid attention to the institutional barriers that may prevent disadvantaged tracts from applying
for funding, and that work appears to have paid off. On the other hand, funding that is more
purely discretionary on the parts of states and the federal government performs worse 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.

Our analysis also suggests that equity-efficiency tradeoffs may be either soft or nonexistent at

the margin. Simple rules that reallocate funding towards and among disadvantaged tracts may
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increase (or at least not decrease) resilience to climate change. Future work should examine this
relationship in more detail, with additional measures of climate exposure, in order to learn the
degree to which funding needs to be properly targeted among disadvantaged tracts in order to

mitigate—or even avoid—equity-efficiency tradeoffs.
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A Example Programs for Each Funding Mechanism

A.1 State Formula: PROTECT

Promoting Resilient Operations for Transformative, Efficient, and Cost-Saving Transportation
(PROTECT) is a program under the Fixing America’s Surface Transportation (FAST) Act, im-
plemented under the Obama administration (Federal Highway Administration, 2021).3° The act
funded highway repairs in 2016-2020. The act was renewed in October 2020 for one year, and then
renewed again under the BIL, both with the same apportionment rule as the original act. The
PROTECT Formula Program under the BIL is charged with improving the climate resilience of
transportation infrastructure through the distribution of funding to state authorities. Examples of
the type of resilience improvements include construction of tide gates to protect against sea level
rise, and development of natural infrastructure that protects transportation infrastructure, among
others.

Funding under PROTECT totals $7.3 billion from 2022-2026. Funds are allocated to states
based on their share of total funding received from the Highway Trust Fund in 2021 with three
caveats: (1) a state must get at least 95% of what it contributes to the Highway Trust Fund, (2)
funding is over 2% more than what was allocated in 2021, and (3) funding allocations increase
by at least 1% per year. The share of funding allocated to states in 2021 is determined by a
federal highway funding formula that has not been changed since those implemented under the
Safe, Accountable, Flexible, Efficient Transportation Equity Act of 2005. Factors in the formula
include the state’s share of lane-miles, vehicle miles traveled, and fatalities on federal aid highways,
as well as population.

The FAST act distributes the set formula of transportation funding to each state, split among
several programs. PROTECT gets 2.91% of the remaining highway funding after states allocate
about 8.5% of funding to the Congestion Mitigation and Air Quality Improvement Program, Na-
tional Highway Freight Program, and the Metropolitan Planning Program. This leaves approxi-
mately $1.4 billion per year to the PROTECT program (Federal Highway Administration, 2021).

States have substantial discretion in how they spend federal highway dollars. State governments
decide which projects to undertake, and get reimbursed by the federal government for projects that
meet federal eligibility requirements under the various programs. Usually, the federal government
is allowed to reimburse up to 80% of the project. About 95% of federal highway dollars are used
on capital projects, whereas state funds tend to be for operations and maintenance (Congressional
Budget Office, 2023).

39Gee U.S. Code Title 23, Chapter 1, Section 104 for additional details.
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A.2 Competitive: National Coastal Resilience Fund

The National Coastal Resilience Fund (NCRF) is a competitive grant funding mechanism aimed
at restoring or improving natural infrastructure to protect coastal communities and ecosystems
from coastal hazards like flooding and storms (National Fish and Wildlife Foundation, 2023a). The
NCRF is primarily funded by the National Oceanic and Atmospheric Administration and jointly
operated with the National Fish and Wildlife Foundation. In 2023 the NCRF allocated nearly $150
million in awards.

The goal of the NCRF is to fund natural infrastructure investments in projects like coastal marsh
restoration, dune rebuilding, and living reef development. It prioritizes projects that are able to
be completed quickly and start generating benefits as well as projects that benefit underserved
communities. Projects are evaluated using the Regional Coastal Resilience Assessments which
identifies lands that have the greatest benefits from natural coastal infrastructure investments
(National Fish and Wildlife Foundation, 2023b).

A.3 Federal Discretionary: Hazardous Fuels Management

The Hazardous Fuels Management program allocates funds to the US Forest Service for wildfire
mitigation and the development of resilient forests through the reduction of flammable vegetation
(USDA Office of the Inspector General, 2023). Total funding is approximately $100 million per
year from 2022-2026.

The program funds several different activities hazardous fuels activities to reduce wildfire risk
such as forest thinning and timber harvesting, prescribed fires, and installation of fuel breaks in the
natural habitat. In addition, grants are also awarded to incentivize the use of lammable biomass
through, for example, increasing wood manufacturing capacity and further developing wood energy
markets. Funds are also allocated for projects under the Tribal Forest Protection Act of 2004, which
is responsible for funding projects to protect tribal lands and communities from wildfire, insects,
and disease. Approximately 45% of program funds have been used on hazardous fuels activities

and 8% has been used for Tribal Forest Protection Act purposes.

B Sensitivity Checks

B.1 Sensitivity to assumed buffer size

In our main analysis, we use a 10km buffer around the approximately 900 projects with only point
locations because 10km is roughly the size of a town. We now assess sensitivity of our results to

buffer size.
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Figure B1: Change in descriptive statistics with buffer size
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Note: In the left panel, we calculate the average of tracts’ percent rural, weighted by dollars of funding to each tract,
as assumed to be distributed with each funding weighting scheme (equal across area, weighted by population) and
each buffer size around the ~ 900 awards with only point locations. The horizontal line shows the average percent
rural across all tracts in the 50 United States. The right panel shows the percent of funding to disadvantaged tracts
that each buffer size around point locations implies.

One might be concerned that a given buffer size makes more rural tracts appear to receive more
funding because they completely contain the buffer around some point and so absorb all of the
funding assigned to that point. The left panel of Figure B1 plots the rural share for the average
dollar of funding. This value is sensitive to buffer size but is always well above the national average
rural share, reflecting a consistent rural bias in funding.

The right panel assesses whether the value of funding flowing to disadvantaged tracts is sensitive
to the assumed buffer size. Funding to disadvantaged tracts does fall sharply as the buffer size
increases. In fact, the Justice40 target can be met if we use both a very small buffer and a rule
that assigns funding to tracts based on population shares in the buffer. The Justice40 targets is
not attained under other assumptions.

For Figure B2, we run our main regression specification for various buffer sizes and plot the
coefficients. Coefficients are insensitive to buffer size: we can always reject that they are statistically
different.
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Figure B2: Coeflicients by buffer size, funding weights
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Note: We show coefficient estimates and 95% confidence intervals for total per capita funding on each of the variables
listed at the tops of plots, in our main specification with all controls. Blue squares show the central estimate for the
assumption of population-weighted funding, while black dots show the central estimate for funding allocated equally

over space. A horizontal dashed line is plotted at zero for reference.
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Figure B3: Un-Winsorized Census tract funding distribution
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B.2 Sensitivity to winsorizing

Figure B3 shows the distribution of funding levels across census tracts along with the values at
particular percentiles. The distributions appear to be lognormal, however there are a handful of
Census tracts receiving orders of magnitude more funding than the others. Because of this, we
winsorize our data at the 99.5th percentile.

In Figure B4, we show how our main coefficients change as we winsorize per-capita funding
data. The values of the coefficients with no winsorizing (at winsorized quantile = 1) are very
different from the trend of coefficients with winsorizing, which are comparatively stable. The plot
suggests that outliers drive our results in the absence of winsorizing. We choose to winsorize our
data conservatively, at the .995 quantile. We can see that choosing a lower or higher quantile would

not drastically change our main coefficients.

C Supporting Results

C.1 Most funding to disadvantaged tracts goes to lower-poverty tracts

94% of tracts above the 65th percentile of poverty qualify as disadvantaged. Therefore, Justice40
applies equally to a broad group of tracts of various levels of burden and poverty. We assess

whether funding is targeted to certain characteristics within disadvantaged tracts, first by poverty
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Figure B4: Main coefficients with winsorized funding values

Main coefficients with winsorizing
Percentile of Poverty Above 65th p-tile poverty Above 65th p-tile poverty x poverty p-tile
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Note: We show coefficient estimates and 95% confidence intervals for total per capita funding on each of the variables
listed at the tops of plots, in our main specification with all controls. Blue squares show the central estimate for the
assumption of population-weighted funding, while black dots show the central estimate for funding allocated equally
over space. A horizontal dashed line is plotted at zero for reference. The x-axis shows the quartile of per-capita
funding where the data is winsorized at. A winsorized quantile of 1 is equivalent to no winsorizing.

percentile.

Figure C5 shows what percentage of adaptation funding to disadvantaged tracts goes to each
poverty rate percentile. 38.3% of tracts are either disadvantaged by the Justiced0 definition or
are above the 65th percentile of the poverty rate. Of these tracts, 84.3% fall into both categories;
10.6% are disadvantaged but below the 65th percentile of the poverty rate, and 5% are above
the 65th percentile and not considered disadvantaged. Of the funding that goes to disadvantaged
tracts and tracts above the 65th percentile, 92.6% goes to tracts in both categories. Only 5.3%
goes to disadvantaged tracts below the 65th percentile of the poverty rate, and 2% goes to non-
disadvantaged tracts above the 65th percentile of the poverty rate. More funding goes to the lower-
poverty half of qualifying tracts, even if this pattern partly reflects outliers in the dataset. In fact,
of the 22 tracts that received more than 50 million dollars, only 6 were considered disadvantaged, all
were below the 85th percentile of the poverty rate, and 2 were at the 65% cutoff. We do not remove

outliers in the dataset because they may reflect intentional targeting of tracts to meet Justice40.

C.2 State-by-state population weighted plots show very similar patterns
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Figure C5: Histogram of funding to disadvantaged tracts, by poverty rate
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Figure C6:

Per capita formula funding for tracts in each poverty bin, population weighted

Wisconsin Vermont New Hampshire Maine
1e+02 : : ....} % :
0o .
% L/ *
Ter0p eesees®to b0 e aofp,, ool . o
o e o
16-02 | ANNE, O
1 1 1 ° 1
o
1 - Ll 1 a la aa aa a la aea
Washington Idaho Montana North Dakota Minnesota lllinois Michigan New York Massachusetts
' ' ' ' ' ' 1 i '
1e+02 oat .'l. b & o ”'.o Ll ] N 1 1 1 1
] ° ® o 0% 1 I ! o Juxiatin) o THHTH R
1e+00 ob dh e % ol e X ° @%PFM o o oty
AR b A A ' o | !
1e-02 : 1 1 Iye 1 o0 %0 1 1 1 1

1 L 1 I 1 1 1 1 1 1

1 - a 1 o assses 1 - A a - a | O 1 1 1 1
P Oregon Nevada Wyoming South Dakota lowa Indiana Ohio Pennsylvania New Jersey Connecticut Rhode Island
2 1ei02 ' ' ' . ' ' ! ' ' ' '

! ogbe’e 0000 | o o o® 1 ! 1 ! 1 1 1
© 16400 D:PDEFﬂ:‘D df‘:'m S e RS . .- P cee’%% *° o ®, ..M.... DEEH:I ' 0099%0000005000q0,
= bt ! I . P R T s !
o o

1e-02 I I 1 1 e 10 1 1 I 1 1 1
CU 1 1 L] 1 1 k4 1 1 1 1 1 1 1
Q 1 1 - laa 1 1 a 1 1 1 1 1 1
GLJ California Utah Colorado Nebraska Missouri Kentucky West Virginia Virginia Maryland Delaware QQQ Q‘f’f’c?bg Q’\(”
16402 ' ' ' ' ' ' \ ' ' '
o I lo o ! o ! © 0000090020 ° " o ! ! ! EJ board
g P o, \ m | PO ] o op | o8 O atens’es®™ oty 00l e Iy, o 0 (Trrsh [,
@1e+00 bl e .". D%DD .0.‘ o * l.. 0 % f L L |. < 1 ,d]m .‘”‘. . e No
C 1 1 1 1 1 1 1 1 1 1
-— 1e-02 1 1 1 1 1 1 1 1 1 1
O Yes

1 1 1 1 1 1 1 1 1 1
-8 1 1 1 n 1 - 1 1 - 1 1 1 -a 1 -a
E Arizona New Mexico Kansas Arkansas Tennessee North Carolina  South Carolina Jistrict of Columbg.QQ Q‘?jo Q‘?Q Qﬁb

16402 ' ' ' ' ' ! ' '

o oo 1 1 1 1 1
®© o Y .f-.... e Lo so | o eatpatesteutoony, Ethq:qpnd}ﬁttp .
S ° 1 1 J I oere o ..W So0ateqqe,, 1 ) 1 1 1
1 L] 1 1 1 L] 1 1 1

E qp

1e-02 1 1 1 1 1 1 1 1
p - 1 1 1 1 1 1 1 ° 1
O | 1 ame aa o e alececsn o 1 | 1 1 ........_...1......

L O Q‘,ﬁOQ‘O N Oklahoma Louisiana Mississippi Alabama Georgia
1e+02 d e . L L !
% 1 ] B 1 |
.o‘ "'.ﬂ.. 1 % fostews ol_® .-_.,."Yo.o.o
1e+00 1 1 1 o P, o % 1
| 1 1 o 1 1
1e-02 1 1 1 1 1
] 1 1 ° 1 ]
1 1 1 ansca & 1 - 1
Hawaii Alaska Texas Q.QQ Q']ﬁog‘?g Qﬁh QQQ Q,]ja IS 0(1(’06?3 N QQQ Q,_io IS Florida
10602 o te o e : :
Lvo0 Cestoroeryd o o e S T o o0000000%00steney
1 . 1 1 1
1 1 1 1
1e-02 1 1 1 1
1 . 1 1 1
1 — - laa a 1 1
N O Ao L 2 D A2 L 2 AN
QQ Qf'b 0({3 Q/\ Q'Q 0('7/ %(? Q/'\ QQ Q(‘Y/ B(o 0/\ QQ QQ/ Q(p 0/\

poverty percentile

Note: Each point is the average per capita population weighted funding for each percentile of the Census tract distribution of the share of households below
200% of the poverty line, for each state. The vertical dashed line corresponds to the 65th percentile which is the threshold for meeting the poverty rate
criterion for being considered disadvantaged. Blue squares denote states that have environmental justice boards and red dots denote states that do not.
Binscatter percentiles are calculated using the national poverty rate distribution. Zero values indicate either 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.
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C.3 Coefficients on regressions for when population weighting funding

Table C1 reports the same estimates as Table 3 but when weighting by population. Estimates are

broadly similar across all specifications.
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Table C1: Determinants of Per-Capita Adaptation Funding (Population weighted funding)

Mechanisms
Total Competitive Formula  Discretionary
No controls
Percentile of poverty rate 0.317 0.016 0.805* 0.134
(0.262) (0.266) (0.421) (0.372)
P-tile > 0.65 —0.153 0.047 0.001 —0.309""
(0.101) (0.093) (0.092) (0.135)
(P-tile - 0.65) x (P-tile > 0.65) 0.420 1.4727** —2.010"" 1.381**
(0.476) (0.526) (0.921) (0.570)
Damages controls
Percentile of poverty rate 0.184 —0.148 0.421 0.114
(0.409) (0.280) (0.353) (0.552)
P-tile > 0.65 —0.135 0.005 —0.033 —0.278""
(0.103) (0.093) (0.082) (0.129)
(P-tile - 0.65) x (P-tile > 0.65) —0.207 1897 —2.011*** 0.322
(0.714) (0.724) (0.508) (0.791)
CIL damages (log million $§ + 1) —0.425"** —0.094 —0.385"" —0.428"**
(0.080) (0.115) (0.184) (0.093)
FEMA damages (log million $) —0.033 —0.325"** —0.270"** 0.141
(0.099) (0.118) (0.099) (0.125)
All controls
Percentile of poverty rate 0.602"** 0.129 0.644" 0.571"**
(0.110) (0.268) (0.335) (0.147)
P-tile > 0.65 —0.154" 0.003 —0.053 —0.258""
(0.085) (0.087) (0.095) (0.117)
(P-tile - 0.65) x (P-tile > 0.65)  —1.208* L797**  —2.380°**  —0.954"
(0.524) (0.613) (0.565) (0.439)
CIL damages (log million $ + 1) —0.310"** —0.038 —0.271* —0.445"**
(0.092) (0.128) (0.151) (0.129)
FEMA damages (log million $) 0.098 —0.174 —0.172** 0.211
(0.152) (0.124) (0.070) (0.227)
Coastal tract = 1 0.491 0.564"** 0.382 0.657
(0.300) (0.172) (0.314) (0.460)
Ave. temp. (1991-2020) 0.001 —0.048 0.008 0.106
(0.074) (0.064) (0.068) (0.084)
Temp. change (2020-2050) —0.493 —1.367 —1.415™* 0.742
(1.531) (1.110) (0.534) (2.419)
Highway Length (miles) 0.004 —0.000 0.005 0.007***
(0.003) (0.004) (0.004) (0.003)
Building value (log $) —0.419"** —0.118 —0.195"* —0.389**
(0.116) (0.127) (0.097) (0.165)
Voter turnout share 1.3117** 0.859** 0.788"** 1.469***
(0.238) (0.330) (0.134) (0.282)
% rural —0.682*" —0.208 —0.370 —1.120"**
(0.294) (0.249) (0.375) (0.318)
Tract area (log km2) 0.222*** 0.192** 0.088 0.260***
(0.086) (0.080) (0.129) (0.094)
% white —0.030 —0.052 —0.150 —0.203
(0.417) (0.627) (0.667) (0.369)
% voted for Biden 3.191 2.222 —0.812 4.194™*
(1.152) (1.997) (1.110) (1.933)
% voted for Biden? —1.647"* —0.909 0.977 —2.425%
(0.739)46  (1.719) (0.955) (1.284)
State FEs yes yes yes yes
Num. obs. 72010 70858 72010 72010
Pseudo R? no controls 0.202 0.209 0.246 0.236
Pseudo R? damages controls 0.220 0.243 0.287 0.252
Pseudo R? all controls 0.269 0.281 0.310 0.295

***p < 0.01; **p < 0.05; *p < 0.1
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C.4 Results split by states with environmental justice boards

State formula funding presents special obstacles to a federal equity goal because states have dis-
cretion about how to allocate funds within their borders but may not share either the broader
equity goal or the definition of the equity goal. 14 states, covering 46.2% of Census tracts, have
either a task force, commission, or office that advises the state government on environmental justice
concerns. To test whether funding patterns are different in states with these boards, we estimate

the following equation:
Yl = od Py + alDig + &d(Pis — 0.65) Dy + ol Dy EJ, + ol (Pig — 0.65) Dis EJy + 8 Xjo + 1) + €.

EJs is an indicator for whether state s has an environmental justice board. The coefficients ai
and ozg tell us whether the jump in funding at the 65th percentile poverty rate threshold and
whether the correlation between poverty rate and funding beyond the threshold differ in states
with environmental justice boards.

Table C2 reports the results. States with environmental justice boards do not appear to direct
more formula funding to Census tracts near the threshold and direct less formula funding to the
disadvantaged tracts with the highest poverty rates. However, having an environmental justice
board is associated with more discretionary funding going to the tracts with the highest poverty
rates. This difference between formula and discretionary funding is surprising, since one might
expect environmental justice boards to be most important for directing state formula funding. Of
course, states choose whether to form such boards. As a result, states with such boards could have
particular preferences and/or characteristics that affect how each mechanism allocates funding to

disadvantaged tracts.
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Table C2: Determinants of per-capita adaptation funding, split by states that have environmental
justice boards

Mechanisms
Total Competitive  Formula  Discretionary
No controls, equal distribution over area
Percentile of poverty rate 0.448* —0.574 0.873** 0.015
(0.255) (0.598) (0.420) (0.358)
P-tile > 0.65 —0.088 0.159 —0.018 —0.335
(0.144) (0.173) (0.114) (0.247)
(P-tile - 0.65) x (P-tile > 0.65) 0.031 2.795%** —2.345** 2.104
(0.824) (0.786) (1.133) (1.357)
(P-tile > 0.65) x EJ board =1 —0.133 —0.012 —0.184 0.009
(0.241) (0.249) (0.331) (0.303)
(P-tile > 0.65) x (P-tile - 0.65) x (EJ board = 1) 0.248 —3.529"** —0.358 —0.243
(1.022) (1.004) (1.742) (1.408)
All controls, equal distribution over area
Percentile of poverty rate 0.004 —1.203* —0.191 0.105
(0.377) (0.711) (0.425) (0.418)
P-tile > 0.65 —0.163 0.030 —0.093 —0.268
(0.134) (0.201) (0.123) (0.223)
(P-tile - 0.65) x (P-tile > 0.65) —0.634 3.243*** —0.860 —0.233
(0.816) (1.132) (0.598) (1.225)
(P-tile > 0.65) x EJ board =1 —0.091 0.074 —0.144 —0.043
(0.248) (0.293) (0.290) (0.316)
(P-tile > 0.65) x (P-tile - 0.65) x (EJ board = 1) 1.182 —2.446*** —0.899 0.549
(1.002) (0.924) (1.702) (1.470)
All controls, funding weighted by population
Percentile of poverty rate 0.360 —0.457 0.424 0.488
(0.304) (0.757) (0.348) (0.346)
P-tile > 0.65 —0.086 —0.025 —0.039 —0.209
(0.082) (0.195) (0.097) (0.168)
(P-tile - 0.65) x (P-tile > 0.65) —1.632*** 3.192*** —2.109*** —1.779**
(0.624) (1.132) (0.534) (0.876)
(P-tile > 0.65) x EJ board = 1 —0.170 0.103 —0.006 —0.098
(0.174) (0.241) (0.251) (0.244)
(P-tile > 0.65) x (P-tile - 0.65) x (EJ board = 1) 1.485* —2.350** —0.830 1.609
(0.781) (0.945) (1.554) (1.040)
State FEs yes yes yes yes
Num. obs. 72010 70858 72010 72010
Pseudo R? no controls 0.146 0.177 0.157 0.194
Pseudo R? all controls 0.273 0.309 0.312 0.266
Pseudo R? all controls, pop weights 0.270 0.282 0.310 0.296

*xp < 0.01; **p < 0.05; *p < 0.1
48



