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Abstract

The COVID-19 pandemic led to unprecedented levels of federal transfers to state and lo-
cal governments. Did this funding impact population health? To answer this question, we
leverage the fact that U.S. states that enjoy excess representation in Congress received sub-
stantially more fiscal assistance than did relatively underrepresented states. We find that
the aid driven by excess representation had substantial impacts on population health. For
each $1,000 increase in federal fiscal aid per state resident, we estimate that states expe-
rienced 38 fewer deaths from all causes per 100,000 residents from 2020 through 2022, of
which 2/3 came from reductions in COVID-19 mortality. We estimate that the last $331
billion in federal pandemic aid, which corresponds with our in-sample variation, generated
$591 billion in value through life years saved. Additional aid also reduced rates of COVID-19
related hospitalizations and emergency room visits, though not in the total number of posi-
tive cases detected. Plausible mechanisms for these improved outcomes include higher rates
of COVID-19 vaccination, which plausibly account for nearly half of the mortality reduc-
tions we observe, and higher rates of COVID-19 testing. Medicaid enrollments and hospital
capacity do not appear to play substantial mediating roles. Our robustness analyses provide
evidence that the effects we estimate cannot be explained by pre-existing mortality trends, by
the pandemic’s differential impacts on relatively dense vs. rural areas, or by the pandemic’s
differential impacts on populations with more elderly individuals or with higher prevalence
of chronic conditions. The mortality impacts we estimate were substantially greater for non-
Hispanic Black Americans than for non-Hispanic White Americans, such that federal funds
are associated with a reduction in population-wide health disparities over the course of the
pandemic.

∗We thank Jacob Goldin, Jonathan Gruber, Sarah Miller, and Krista Ruffini for helpful comments. Clemens thanks the Hoover

Institution at Stanford University for financial support in his capacity as an adjunct Senior Fellow. Work on this paper was

not supported by external grants or other funding sources external to the University of California, San Diego.

†Associate Professor, Department of Economics, University of California, San Diego; Hoover; NBER; CESifo (jeff-

clemens@ucsd.edu).

‡Postdoctoral Scholar, Department of Economics, University of California, San Diego (anmahajan@ucsd.edu).

jeffclemens@ucsd.edu
jeffclemens@ucsd.edu
anmahajan@ucsd.edu


1 Introduction

The COVID-19 pandemic imposed substantial economic costs by both directly impacting

health and by reducing economic activity. Early in the pandemic, for example, Cutler and

Summers (2020) estimated that the pandemic’s 2-year impact would amount to roughly $16

trillion dollars, with similarly sized losses from declines in economic activity and health.

Indeed, with the Centers for Disease Control reporting just over 1.2 million deaths from

COVID-19 through December 2024 (Centers for Disease Control 2024), the health cost fore-

cast by Cutler and Summers can be accounted for through lost lives alone when assessed

using conventional estimates of the statistical value of life.

The U.S. federal government’s effort to mitigate the COVID-19 pandemic’s damages were

substantial. Across four major pieces of pandemic relief legislation, the federal government

authorized roughly $6 trillion in expenditure. The impacts of these expenditures on economic

activity have been widely studied.1 Beyond research on the effectiveness of the COVID-19

vaccines (Schneider et al. 2021), however, relatively little research has addressed the question

of whether government spending mitigated the pandemic’s health impacts, either in total or

in particular for relatively disadvantaged groups. We take this question up with a focus on

the fiscal assistance the U.S. federal government distributed to state and local governments.

The COVID-19 pandemic confronted state and local governments with a mix of con-

ventional recessionary pressures and unconventional public health pressures. The conven-

tional recessionary pressures include expectations for declining tax revenues, rises in Medi-

caid enrollments and expenditures, and strains on states’ unemployment insurance systems

(Clemens and Veuger 2020b, 2021). The less conventional pressures involve additional de-

1On the effects of the Paycheck Protection Program, for example, see Hubbard and Strain (2020); Autor et al. (2022); Splinter

et al. (2023). On the effects of the Economic Impact Payments, alternatively known as the stimulus checks, see Chetty,

Friedman, and Stepner (2024); Parker et al. (2022). On the effects of enhanced unemployment insurance benefit payments,

for example, see Ganong et al. (2024); Holzer, Hubbard, and Strain (2024).
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mands for health care and public health services that relate directly to the pandemic’s threat

to population health.

Federal aid to state and local governments was meant to address both the conventional

and unconventional pressures of the pandemic. As described by Deputy Secretary of the

Treasury Wally Adeyemo in the release of the final rule on State and Local Fiscal Recovery

Funds, for example, “[the COVID-19 relief funds] ensure that governments across the country

have the flexibility they need to vaccinate their communities, keep schools open, support

small businesses, prevent layoffs, and ensure a long-term recovery.” State and local relief

was thus meant to finance the public health response to the pandemic, to support the routine

activities of state and local governments, and, more broadly, to support economic activity.

Studying the effect of federal fiscal aid on health outcomes, as is our focus, is difficult

due to standard endogeneity and omitted-variable concerns. Aid will tend, at least to some

degree, to be targeted towards states in greatest need, which will tend to bias estimates of

aid’s impact on health outcomes towards negative values. To overcome this challenge, we

employ an instrumental variables strategy. Following Clemens et al. (2024) and Clemens

et al. (2023), who study the effect of aid on states’ budgets and macroeconomic activity, we

leverage the fact that pandemic assistance varied based on Congressional representation. In

particular, as shown by (Clemens and Veuger 2021), an additional senator or representative

per million residents predicts roughly $1,000 dollars in additional aid per capita. By pre-

dicting aid levels using Congressional representation as an instrument, we seek to isolate the

effect of federal fiscal aid on health outcomes.

We find that the aid driven by excess representation had substantial impacts on popu-

lation health. For each $1,000 increase in federal fiscal aid per state resident, we estimate

that states experienced 38 fewer deaths from all causes per 100,000 residents, of which 2/3

come from reductions in COVID-19 mortality. They also experienced substantially fewer

COVID-19 related hospitalizations and emergency room visits per 100,000 residents. Plausi-

ble mechanisms for these improved outcomes include substantially higher rates of COVID-19
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testing and moderately higher rates of COVID-19 vaccination. Further, the mortality im-

pacts we estimate were greater for Black Americans than for non-Hispanic Whites, such

that federal funds are associated with a reduction in population-wide health disparities over

the course of the pandemic. Through our event-study estimation framework and assorted

robustness checks, we provide evidence that the effects we estimate cannot be explained by

the pandemic’s differential impacts on relatively dense vs. rural areas, on populations with

more elderly individuals, on populations with a higher prevalence of chronic conditions, on

relatively Republican versus relatively Democratic leaning areas, by baseline differentials in

pandemic response preferences, or by pre-existing differences in mortality trends.

This paper makes three primary contributions. First, the most direct implications of our

analysis relate to the role of state and local governments in pandemic response within the US

federal system. At the pandemic’s outset, estimates from a number of sources projected that

state and local revenue shortfalls would rise easily into the hundreds of billions and might

reach as high as $1 trillion dollars (Auerbach et al. 2020; Bartik 2020; McNichol, Leachman,

and Marshall 2020; Clemens and Veuger 2020b,a; Whitaker 2020). Subsequent research has

turned to the question of what state and local governments did with their federal dollars

and what impact these actions had on outcomes of interest to policy makers. Clemens et al.

(2024) study how states utilized their federal funds. Clemens, Hoxie, and Veuger (2022) and

Clemens et al. (2023) estimate the effect of aid on state and local government employment

and on the roll out of COVID-19 testing and vaccination operations. Our analysis provides

the first evidence on the effectiveness of federal transfers to state and local governments

in mitigating the pandemic’s severity, alongside supportive analysis of the potential role of

several mechanisms. In doing so, it also informs the relative efficacy of various pandemic

response measures in reducing mortality, suggesting that direct federal transfers to state

and local governments had larger mortality impacts than mandated non-pharmaceutical
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interventions (NPIs) (Agrawal et al. 2021; Stype, Yaya, and Osika 2023; Herby, Jonung, and

Hanke 2023).2

Second, our paper adds to a body of research on cost-benefit analyses of policy inter-

ventions for which health gains have the potential to be as, if not more, impactful than

narrowly defined financial or other economic gains. The relative importance of health versus

financial gains has been an ongoing source of debate, for example, in welfare analysis of

public policy towards health insurance, where health gains have sometimes been found to

be surprisingly illusory (Finkelstein et al. 2012; Finkelstein and McKnight 2008). Nonethe-

less, sizeable health gains have been documented in recent studies of the Affordable Care

Act (Miller, Johnson, and Wherry 2021) and of an intervention designed to increase insur-

ance uptake among individuals who are eligible for substantial subsidies (Goldin, Lurie, and

McCubbin 2021). The importance of documenting and accounting for health impacts has

also emerged in recent analyses of disability insurance benefits (Gelber et al. 2023), cash

equivalent benefits (Hoynes, Schanzenbach, and Almond 2016; Bitler and Currie 2005), en-

vironmental regulation (Currie and Walker 2019), as well as seemingly less health-oriented

programs including student employment (Gelber, Isen, and Kessler 2016). In our analysis,

we estimate that the last $331 billion in federal pandemic aid, which corresponds with our

in-sample variation, generated $591 billion in value through life years saved.3

2Herby, Jonung, and Hanke (2023)’s meta-analysis concludes that mandated shelter-in-place policies led to COVID-19 mortality

reductions that, at most, are only half as large as the reductions we find for federal aid to state and local governments in a

conservative counterfactual that we present in section 4.4. Other prominent analyses of shelter-in-place policies, e.g., Agrawal

et al. (2021), find no evidence of an effect on all-cause mortality. Studies of the effects of other NPIs, such as school closures,

bar and restaurant closures, and mask mandates find COVID-19 mortality reductions that tend to be small in magnitude,

with evidence often limited and inconsistent across papers, whether the analyses consider such interventions in isolation or

in combination, e.g., by aggregating across individual NPIs into indices (Herby, Jonung, and Hanke 2023; Stype, Yaya, and

Osika 2023).

3This estimate is derived using inputs from Table 9 panel C which employs the assumption that a death averted within an

age group would translate into a gain of the life expectancy at the median age of that group with an additional downward

adjustment for quality of life, utilizing the Department of Health and Human Services’ central value of statistical life (VSL).

The table presents benefits (in millions of $) for the last $100 million in federal aid or for 100,000 residents. To calculate the

dollar value of benefits for the full 2020 U.S. population of 331.4 million, then, we multiple the estimates in the table by 3,314.

The same calculation for our most conservative assumption (panel D, low VSL) yields total benefits of $167 billion and that

for our least conservative assumption (panel A, high VSL) yields total benefits of $1.040 trillion.

4



Finally, our paper contributes to research on the drivers of disparities in health outcomes

and the role of government programs in alleviating gaps between the health outcomes of

individuals from disadvantaged groups relative to advantaged groups. Members of disadvan-

taged groups are often poised to enjoy the greatest mortality gains from effective interven-

tions, as has been seen in analyses of Medicaid’s enactment (Goodman-Bacon 2018) as well

as subsequent Medicaid expansions (Wherry and Meyer 2016). In the pandemic context, it

has been documented that Black and Hispanic Americans initially experienced substantially

higher rates of excess all-cause mortality (Alsan, Chandra, and Simon 2021). We find that

states that received more federal funds experienced particularly strong reductions in mortal-

ity among non-Hispanic Black Americans. As detailed in Section 4.2, our estimates suggest

that the last $1,000 in federal aid per resident, or $331 billion nationwide, narrowed the

age-adjusted COVID-19 mortality gap between non-Hispanic Black and White Americans

by 21.6 percent.

The remainder of this paper proceeds as follows. In Section 2 we present the data we

analyze. In Section 3 we present our estimation frameworks. In Section 4 we present our

results and in Section 5 we conclude.

2 Data

This section provides an overview of the data sources used for our analysis. Section 2.1

discusses the sources for the outcomes we analyze, Section 2.2 describes our measure of fiscal

aid, Section 2.3 describes our instrument, and Section 2.4 discusses the sources for covariates

that are included in our analysis. A more detailed discussion of data sources and variable

construction is provided in Appendix C. Summary statistics for the variables used in our

primary analyses can be found in Tables 1 and 2.
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2.1 Outcomes

Our primary outcomes of interest are mortality from all causes and from COVID-19. We

construct these measures using data from the Centers for Disease Control’s (CDC) Wonder

database for yearly (or monthly) contemporaneous deaths in both categories. We construct a

death rate per 100,000 state residents by dividing the deaths by the state’s population in 2019

and multiplying by 100,000.4 We use the 2019 state population from the CDC Wonder as a

constant population scaling measure throughout the years to avoid incorporating population

changes that may be endogenously determined by the severity of the pandemic.5

Additional health outcomes in our analysis include hospital admissions and emergency

department visits attributed either to all causes or to COVID-19. For all causes, we ob-

tain these state-level data from the Kaiser Family Foundation (KFF) State Health Facts.

For COVID-19, these metrics are available at the hospital level from the HHS COVID-19

Reported Patient Impact and Hospital Capacity by Facility dataset. We construct our state-

level measures by aggregating hospital level measures by state and year for hospitals that

reported for at least 127 of the 130 total weeks, retaining 95.2% of all hospitals in the data.

Data for COVID-19 cases are from the Hopkins Center for Systems Science and Engineering

(CSSE).

In our analyses of mechanisms, we obtain data on monthly number of COVID-19 vaccine

doses administered from the CDC and tests administered from the Hopkins CSSE. For some

analyses we aggregate these data to generate annual observations. Tests include total viral

and antigen tests administered in 89% of state-years and only viral tests in 2% of the state-

years, with no data available for the remaining 9% of state-years. To understand the rate

at which tests convert to positive cases, we construct a ratio of COVID-19 cases to tests

4Although the focus of our analyses is this crude death rate, we account for differential age compositions in states by adding a

covariate for the share of a state’s population above age 50. We also directly use age-adjusted death rates from the CDC or

age-adjusted death rates that we construct ourselves as outcomes (see Tables 6, B.3 and B.4).

5We use the 2020 CDC population to scale fiscal aid per capita and Congressional representation per million residents since

it is more plausible to think that this is the population underlying Congressional decision making on fiscal aid disbursement.

For the same reason, we use the 2020 state populations as population weights wherever we incorporate them.
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using the aforementioned case data and testing data from the Hopkins CSSE. Data for

hospital beds are obtained from the KFF State Health Facts. Separately, we obtain data on

total Medicaid and CHIP enrollments from the Centers for Medicare and Medicaid Services

(CMS).

Our analysis also considers heterogeneity in mortality effects and vaccination by age,

gender and race. Data for mortality within each demographic category are obtained from the

CDC Wonder database just as they are for overall mortality. The population data by which

these within-group deaths are scaled for analyses of group-specific death rates (as in Tables

5, 6, B.4, B.3 and B.7 and Figures A.5 and A.6 and A.9) are the group’s own population in

the 2019 CDC Wonder. For analyses in which we decompose total mortality across groups

(as in Table B.8), we scale each group’s deaths by the total 2019 state population. Data

on vaccination by age and gender are obtained from the CDC whereas data on vaccination

by race are obtained from the National Immunization Survey reports. The definitions of

vaccination used in these heterogeneity analyses are either the number of individuals with at

least one dose of a COVID-19 vaccine by gender or age, or the share of individuals belonging

to a given racial group that had taken at least one dose of a COVID-19 vaccine. These

definitions capture in spirit the same concept as, but technically differ from, the definition

of vaccination in the analyses of overall mechanisms. Additionally, while almost all of our

data sources are administrative and capture a close proxy of the universe of data for that

outcome, the data on vaccination by race are from a survey and are thus subject to all the

usual concerns about survey data reliability.

2.2 Fiscal Aid

Our measure of federal aid to state and local governments reflects spending authorized by

the four major pieces of relief legislation that were passed during the COVID-19 pandemic:

the CARES Act, the Families First Coronavirus Response Act (FFCRA), the Response and

Relief Act (RRA), and the American Rescue Plan Act (ARPA). In particular, our analysis

7



focuses on the nearly $1 trillion in funds that were allocated by these bills to state and local

governments. As in Clemens and Veuger (2021) and Clemens et al. (2023), data from the

Committee for a Responsible Federal Budget (2021) form the basis of our fiscal assistance

variable, supplemented by information from several additional sources.6 Our analysis focuses

on the grand total of aid committed to each state across all four major pieces of COVID-19

fiscal relief.7 That is, our main independent variable is the grand total of aid allocated to

each state per resident in thousands of dollars.

2.3 Instrument

We use a state’s number of Congressional representatives per million residents as our measure

of Congressional representation. Rosters of the House of Representatives and Senate during

the 116th and 117th Congresses come from Lewis et al. (2021). We note that because 2020

Congressional representation was allocated according to state population from the 2010

census, Congressional representation is not affected by variations in population driven by

the COVID-19 pandemic. Variations in aid distributions and Congressional representation

across states are displayed in Figure 1.

2.4 Covariates

Our baseline regression specification includes two covariates. The first, which proxies for

an area’s natural susceptibility to the pandemic’s spread, is population density, which we

6We use data from the CRFB’s COVID-19 Money Tracker as of August 19th, 2021. As in Clemens and Veuger (2021), “[w]e

obtain information on the distribution of transit funds for the RRA and ARPA from the US Federal Transit Administration

(2021). Data on the allocation of ARPA assistance to nonpublic schools come from the US Office of Elementary and Secondary

Education (2021). We obtain estimates of ARPA Section 9817 matching increases from Chidambaram and Musumeci (2021).

We approximate the allocation of ARPA Section 9819 federal matching funds for uncompensated care using FY2021 estimates

of federal disproportionate share hospital allotments by state from the Medicaid and Chip Payment Access Commission

(2021).” The Coronavirus Capital Projects Fund outlined in ARPA is distributed according to guidance from the United

States Department of the US Department of the Treasury (2021a).

7The main drivers of our identifying variation are state level appropriations in the CARES Act and the ARPA which allocated

substantial aid through funding formulas that included floor functions. Additionally, we focus on cross-state variation and

not sub-state variation because federal funds to counties were largely allocated in amounts proportional to population, and

allocations to cities were in some instances at the discretion of states.
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construct using the 2019 state population numbers from CDC Wonder and the state’s land

area in square miles in 2020 from the U.S. Gazetteer Files.8 As a proxy for the state’s political

preferences, which correlate strongly with vaccine hesitancy and variations in preferences for

various pandemic mitigation measures, we also include the share of the state’s votes that

went to Donald Trump in the 2016 Presidential Election, constructed using data from the

MIT Election Lab. In additional analyses, we test the robustness of our key results to the

exclusion of these baseline covariates and, separately, to the inclusion of additional covariates.

A first is a proxy for states’ chronic disease burdens as measured by the 2019 death rate for

diabetes from the CDC’s Chronic Disease Indicators tool. A second, which also proxies for

population vulnerability to COVID-19 mortality, is the share of each state’s population over

the age of 65, which is constructed using 2019 population from the CDC Wonder. A third,

which proxies for states’ baseline pandemic response preferences, is the March 2020 average

of the Oxford Stringency Index, a measure of economic restrictions that we obtained from

data used in Clemens et al. (2023).

3 Methods

The goal of our analysis is to estimate the causal effect of federal aid to state and local

governments on population health outcomes. A general difficulty in estimating the effects of

pandemic fiscal assistance is that fiscal assistance may have been targeted, at least to some

extent, towards the states in greatest need. Näıve regressions of health outcomes on aid

would thus tend to yield estimates that are biased towards negative outcomes (e.g., higher

rates of mortality and hospitalization or lower rates of testing and vaccination).

As a solution to this endogeneity problem, we emphasize reduced form estimates of the

relationship between health outcomes and an instrumental variable, as well as results from

8In addition to using this conventional measure of population density, we also implement specifications with a county-population

weighted measure of each state’s population density, which may in principle be an even stronger proxy the severity COVID-19’s

potential spread, but turns out in practice to have no stronger predictive power than the more conventional measure.
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the associated two-stage-least-squares (2SLS) instrumental-variables estimation framework.

The instrument we propose makes use of the fact that federal aid distributions were far more

generous to states that enjoy overrepresentation in the U.S. Congress. This arises primarily

from the U.S. Senate’s overrepresentation of individuals from low-population states, though

house apportionment also plays a minor role. As shown in earlier work (Clemens et al.

2024; Clemens, Payson, and Veuger 2024), and as reproduced in our analysis, an additional

Senator or representative per million residents was associated with an additional $1,000 in

federal aid per state resident across the four major pieces of fiscal relief legislation. While

much of our analysis presents the reduced form relationship between health outcomes and

overrepresentation, it is useful to keep this estimate of $1,000 per additional Senator or

representative in mind for purposes of scaling, as this is the first stage relationship we

estimate when implementing the 2SLS framework described below.

Before discussing our 2SLS framework, we begin by discussing the reduced form analyses

we implement to generate our initial sets of results. For reasons discussed below, we find it

useful to present both “cumulative” impacts and the associated sets of “contemporaneous”

impacts. Both cumulative and contemporaneous impacts can be derived from the following

event-study framework:

Health Outcomes,t = ϕs + ϕt +
∑

t̸=2019

ρtReps Per Millions × Timet +Xs,tγ + ϵs,t, (1)

where ϕs and ϕt are state and time fixed effects, respectively, and where Xs,t is a vector

of covariates, which typically consists of pre-pandemic, time-invariant, state-level covariates

that are interacted with a set of time dummy variables.9 The coefficients ρt, on interactions

between Reps Per Millions and a set of time dummy variables, trace out the relationship

between Reps Per Millions and Health Outcomes,t over time. Because the interaction be-

tween Reps Per Millions and 2019 is omitted, each ρt can be interpreted as a continuous

9We typically anchor our covariates, as described in Section 2.4, to a single point in time prior to the pandemic to avoid

capturing potential effects of the pandemic on the covariate levels.
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difference-in-differences style estimate of the relationship between representation and health

outcomes in the reference period relative to 2019. While the bulk of our estimates utilize

annual data, we also study our key outcomes (namely mortality, vaccination and testing) at

the monthly level. For both our annual and monthly analyses, we use the full 2019 calendar

year as the base period, as we have found that using a single month as the base period results

in precision losses.

In our annual analyses, the coefficients ρ2020, ρ2021, and ρ2022 are thus estimates of the

causal effect of additional representation on health outcomes during the pandemic. Each of

these three coefficients can be described as a contemporaneous effect, while the sum of ρ2020,

ρ2021, and ρ2022 can be described as an estimate of the cumulative effect through 2022. We

emphasize at the outset that for our outcome of greatest interest, namely all-cause mortality,

estimates of ρ2020, ρ2021, and ρ2022 in the event-study framework of Equation 1 have a natural

interpretation as estimates of the effects of additional representation on excess mortality.

Next, we note that estimates of ρ2016, ρ2017, and ρ2018 provide evidence of whether the health

outcomes of interest moved on parallel trends in over- relative to under-represented states

during the years prior to the pandemic.

Note that the identifying assumption underlying this reduced form framework mirrors

the exclusion restriction that will apply to the associated 2SLS estimator, in which we use

Reps Per Millions as an excluded instrument. That is, conditional on any additional covari-

ates in our model, Reps Per Millions must be uncorrelated with health outcomes through

other channels. A number of pieces of evidence support the plausibility of this assumption.

First, we emphasize that the event-study estimator provides a standard platform for

testing for the relevance of pre-existing trends that differ when comparing relatively over-

and under-represented states. A challenge facing research on the effects of the pandemic

is that for pandemic-specific outcomes, it is of course not possible to generate informative

estimates of pre-existing trends. Our initial outcome of interest is all-cause mortality, which

is an outcome for which differential pre-existing trends are directly testable. The fact that we
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find statistical and economic null relationships between our over-representation instrument

and pre-pandemic changes in all-cause mortality supports the validity of our research design.

Our ability to conduct such a test is an advantage of the present analysis relative to pandemic

research for which pandemic-specific outcomes are the primary or exclusive focus. We also

analyze COVID-19 mortality specifically, however, as well as mechanisms including rates of

COVID-19 testing and vaccination. For these outcomes, we acknowledge that the event-

study’s test for pre-existing trends is uninformative, as the outcomes are uniformly 0 for all

pre-pandemic years and months in our analyses. For these outcomes, it is our analyses of the

robustness of our estimates to controlling in various ways for pandemic-specific factors that

provide informative tests for the validity of our estimates. We further discuss the nature of

this evidence in what follows.

Second, earlier work has shown the variation in federal aid driven by over- and under-

representation was unrelated to a number of plausible correlates of the needs states faced as a

consequence of the pandemic. Clemens and Veuger (2021) show, in particular, that the small-

state advantage is more or less orthogonal to state and local government funding needs as

proxied by forecasts of pandemic-driven revenue shocks, pandemic-driven economic shocks,

and the size of their public sector at baseline. This earlier paper shows that controlling for

these proxies for need has little effect on the relationship between federal aid distributions

and our instrument. It is thus unlikely that any effects on mortality or other mechanisms

we estimate are in fact caused by these or similar other factors.

Third, we directly explore the robustness of our analysis by ruling out a role for some of

the primary dimensions along which the pandemic differentially impacted states’ economies.

First, as is widely recognized, tourism-intensive states like Nevada, Hawaii, and Florida

suffered more dramatically from the pandemic’s initial impacts on their overall economic

activity. Second, as noted by Clemens et al. (2024), the pandemic’s early impacts on oil and

gas prices, as well as on the initiation of new resource extraction activity, had a substantial

impact on the revenues of Alaska, Wyoming, and North Dakota, which rely to a far greater
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degree on severance and other resource-related revenue streams than other states. We explore

robustness to the potential relevance of these issues by showing that our results are little

changed if we drop the most impacted states from the sample. We also show that our results

are robust to whether or not we control for time-varying impacts of plausibly exogenous pre-

pandemic proxies for variations in political and pandemic-policy preferences, for population

density, or for variations in the prevalence of comorbidities or in the age distribution of

states’ populations.

Additionally, because Equation 1 can be described as difference-in-differences style es-

timation with a continuous treatment, we consider the implications of the “strong parallel

trends” assumption as articulated by Callaway, Goodman-Bacon, and Sant’Anna (2024).

While it is, of course, not possible to test directly for whether higher-treatment states would

have followed the same path as lower-treatment states had they received lower doses of treat-

ment, it is possible to check in a more granular fashion for whether these groups were on

similar pre-treatment trends. Our robustness analysis presents evidence on this question.

In addition to the event-study framework described by Equation 1, we present comple-

mentary estimates of cumulative reduced form effects using the equation below:

Health Outcomes,2022 = γ0 + γ1Reps Per Millions +Xsγ + ϵs, (2)

where Health Outcomes,2022 are constructed to capture cumulative mortality or other cumu-

lative outcomes from the beginning of the pandemic through the end of 2022. For all-cause

mortality, we subtract a state’s 2019 mortality from each of its 2020, 2021, and 2022 mortal-

ity such that γ1 can, like estimates of ρ2020, ρ2021, and ρ2022 from Equation 1, be interpreted

as causal effects on excess mortality. Because COVID-19 mortality, testing and vaccination

rates uniformly take values of zero prior to 2020, the event-study estimates of Equation 1

and the cross-sectional cumulative estimates of Equation 2 are more obviously comparable.10

10More specifically, both the outcomes and covariates (X) are defined such that γ1 from Equation 2 equals the sum of ρ2020,

ρ2021, and ρ2022 from Equation 1. With respect to covariates, it may be worth noting here that the vector Xs,t from 1 consists
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Finally, we present an equivalent set of cumulative cross-sectional estimates using the

2SLS framework described by the following set of equations:

Total Aids

Pops

= γ0 + γ1Reps Per Millions +Xsγ + ϵs (3)

Health Outcomes,2022 = β0 + β1

̂Total Aids

Pops

+Xsβ + us (4)

The validity of this instrumental variables estimation framework depends on two factors.

As noted above, the exclusion restriction requirement mirrors the identifying assumption

for our reduced form estimation frameworks. Consequently, we do not further discuss this

assumption. The second requirement is that Congressional representation must be a strong,

or relevant, predictor of the amount of aid each state received per resident. This fact has been

established by Clemens and Veuger (2021), who explain that the bias toward overrepresented

states in federal funding arose in large part from the use of floor functions similar to those

used to determine Congressional representation in the otherwise proportional-to-population

formulas for distributing general purpose fiscal relief.

The formal test of our instrument’s strength involves the F-statistic on the excluded

instrument in the first stage of our specifications. As shown in Table 4, the relevant F-

statistic for our baseline specification is just over 170, with an additional representative or

senator per million residents predicting roughly $1,000 in additional aid per state resident.

As shown in Clemens and Veuger (2021), the strength of the relationship between Reps Per

Million and federal fiscal aid is little impacted by adding any of a number of covariates to the

regression model. In the present analysis, we see that either dropping our baseline covariates

from the model or augmenting the covariate set with proxies for population health and

early-pandemic policy preferences result in an F-statistic just above 200. In the population-

of interactions between the Xs from Equation 2 and sets of time dummy variables. Additionally, while the estimates of 1 and

2 are more obviously comparable for COVID-19 outcomes than for all-cause mortality, we emphasize that the construction

of All-Cause Mortalitys,2022 as
∑

2020−22[All-Cause Mortalitys,t − All-Cause Mortalitys,2019] retains the equivalence of γ1

and the sum of ρ2020, ρ2021, and ρ2022.
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weighted version of our baseline specification we obtain an F-statistic of 50, due in part to a

moderate reduction in the first stage coefficient, but due primarily to a 49 percent increase

in the magnitude of the standard error (from 0.075 to 0.112).

4 Results

Our presentation of results is structured as follows. We begin in Section 4.1 by presenting

estimates of mortality impacts using both reduced form evidence from Equations 1 and 2,

as well as 2SLS estimates of Equations 3 and 4, including robustness analyses. We extend

these analyses with a consideration of heterogeneity across demographic groups in Section

4.2 and evidence on potential mechanisms in 4.3. In Section 4.4 we turn to a discussion of

the cost-benefit analysis implied by the magnitude of the estimated mortality impact of each

dollar allocated by the federal government.

4.1 Baseline Reduced Form Mortality Results and Robustness

Checks

Table 3 and Figures 2 and 3 present estimates of Equation 1, which generates our reduced

form estimates of the relationship between Congressional representation and mortality dur-

ing the COVID-19 pandemic. Panel A of Figure 2 presents year-by-year estimates of the

relationship between Congressional representation and changes in all-cause mortality. The

orange circles present estimates of each ρt, while the blue circles present cumulative esti-

mates, as described in Section 3, such that the estimate for 2021 is the sum of ρ2020 and ρ2021

while the estimate for 2022 is the sum of ρ2020, ρ2021, and ρ2022. We find that an additional

senator or representative per capita predicts roughly 16 fewer deaths per 100,000 residents

(from all causes) in 2020, an additional 15 fewer deaths in 2021, and roughly 7 fewer deaths

in 2022. The contemporaneous estimate for 2020 is statistically differentiable from 0 at the

95 percent level, while the contemporaneous estimates for 2021 and 2022 are not. The cu-
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mulative effects are strongly differentiable from 0 over the full course of the pandemic, with

the estimated cumulative effect through 2022 approaching 38 fewer deaths per 100,000 resi-

dents. Panel B presents monthly estimates, illustrating that these gains unfolded gradually

but steadily between spring 2020 and early 2022. Estimates for years and months prior to

2019 illustrate that all-cause mortality in high and low representation states evolved along

parallel trends in the years preceding the pandemic.

Figure 3 presents equivalent estimates for mortality specifically from COVID-19. The

overall profiles of the estimates are quite similar to the all-cause mortality estimates from

Figure 2, but modestly smaller in magnitude. Roughly 2/3 of the reduction in all-cause

mortality is estimated to come through reductions in COVID-19 mortality, with the esti-

mated cumulative effect through 2022 approaching 26 fewer COVID-19 deaths per 100,000

residents. This provides evidence that reductions in mortality from COVID-19 were not off-

set by increases in mortality from other causes, and were if anything augmented by modest

declines in mortality from other causes.

Table 3 presents a robustness analysis for the cumulative all-cause (panel A) and COVID-

19 specific (panel B) mortality impacts of an additional senator or representative from 2020

through 2022. Column 1 reports the estimates from our baseline specification (the same spec-

ification for which year-to-year estimates are presented in Figures 2 and 3), which includes

each state’s population density and Trump’s 2016 vote share as covariates, and in which each

state is given equal weight. The cumulative impact on all-cause mortality is estimated at

-38.0 with a standard error of 17.5, while the cumulative impact on COVID-19 mortality is a

substantially more precisely estimated -25.6 with a standard error of 5.1. The specification

reported in column 2 includes the same covariates, but weights each state according to its

population, such that the estimates can be interpreted as reflecting the effects of the average

dollar spent as opposed to estimating the impact of an additional dollar per resident in a

typical state; the resulting estimates come with moderately larger standard errors and entail

a moderately higher point estimate for all-cause mortality and an essentially unchanged esti-
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mate for COVID-19 mortality. The estimates in column 3 use a county-population weighted

measure of population density rather than a statewide measure of population density as a

covariate, and the estimates are again very little changed. The estimates in column 4 exclude

the population density and 2016 Trump vote share covariates; the resulting estimates are

modestly changed in magnitude from the baseline, while the standard errors are larger, in

particular for the estimated effect on COVID-19 mortality. This reflects the fact that while

the 2016 Trump vote share has very strong predictive content (the associated t-statistic for

its relationship with cumulative COVID-19 mortality is on the order of 4), but is essentially

orthogonal to our representation instrument such that its inclusion has little impact on the

point estimate. Finally, in column 5 we add as controls covariates associated with each

state’s population age structure, the prevalence of combordidities, and the stringency of the

economic restrictions they enacted in March 2020. The inclusion of these covariates, of which

the measure of population age structure (namely the fraction of the population aged 65 or

higher) has strongest predictive content, has little impact on our point estimates and very

marginally improves precision relative to the baseline specification from column 1.11

The scatterplots presented in Appendix Figure A.1 provide a transparent look at the

relationship between our overrepresentation instrument and our mortality outcomes, with

emphasis on how the fit of the relationship is impacted by the covariates we include in our

baseline and more saturated specifications. To that end, the plots in panels A and B present

the unadjusted bivariate relationships between our overrepresentation instrument and either

all-cause mortality (panel A) or COVID-19 mortality (panel B). The relationships depicted

in panels A and B thus correspond directly with the “no controls” specification from column

4 of Table 3. The plots in panels C and D are residualized with respect to the population

density and 2016 Trump vote share covariates. A comparison with panels A and B reveals

that the slope of the best fit lines are little changed, but the fit substantially improved. The

11Appendix Table B.9 provides coefficients and standard errors for all covariates in the estimation of reduced-form effects of

additional representation on COVID-19 mortality.

17



data in panels E and F are further residualized with respect to the baseline prevalence of

comorbidities, the baseline share of individuals ages 65 plus, and the March 2020 measure

of the stringency of states’ economic restrictions. Consistent with what can be seen in the

point estimates and standard errors from Table 3, the addition of these covariates has little

impact on either the slope of the best fit line or the goodness of the relationship’s fit.

Table 4 presents our 2SLS estimates of Equations 3 and 4. The strength and robustness

of the first stage relationship between Congressional representation and federal aid were

discussed earlier and will thus not be discussed here in additional detail. A key point is that

because an additional senator or representative per million residents predicts an additional

$1,000 in per resident federal funds, the scaling of our variables is such that the first stage

coefficient is approximately one and, as a result, the “reduced form” and 2SLS coefficients

are essentially the same. As shown in panels B and C, we thus estimate that an additional

$1,000 in federal aid per resident resulted in roughly 39 fewer deaths from all causes per

100,000 residents and roughly 26 fewer deaths from COVID-19 per 100,000 residents. The

robustness of the IV results is very similar to the robustness observed in our reduced form

results.

Appendix Table B.1 and Appendix Figure A.2 present estimates from additional robust-

ness checks in which we check for the relevance of individual states or specific subsets of

states in driving the results. For Appendix Figure A.2 we run our baseline specification 50

times, each time dropping a separate state from the regression so as to check for whether

any outlier states are exerting substantial leverage in our analysis. The estimates are quite

similar across these 50 regressions, with the evidence suggesting that perhaps Vermont could

be viewed as exerting more influence on the regressions than other states; Vermont’s exclu-

sion from the regressions leads the point estimates to rise moderately in magnitude in the

analysis of all-cause mortality.

Guided by our knowledge of the pandemic’s impact on states’ economies, the exercise

deployed in Appendix Table B.1 is to drop the three most tourism intensive states (Hawaii,
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Nevada, and Florida) and the three states whose revenues are most impacted by resource

extraction industries (Alaska, Wyoming, and North Dakota), as these states were hard hit

at the pandemic’s outset. The estimates in columns 3 and 4 exclude the resource extrac-

tion states, the estimates in columns 5 and 6 exclude the tourism intensive states, and the

estimates in columns 7 and 8 exclude both sets of states. Our point estimates are mod-

estly impacted by these exclusions, in particular for COVID-19 mortality. Notably, however,

because the resource intensive states are among the most over-represented states, their exclu-

sion non-trivially reduces the strength of the first stage relationship between representation

and federal aid, and is associated with increases in both the second stage and reduced form

standard errors, such that the estimated impacts on all-cause mortality become statisti-

cally indistinguishable from 0 while the estimated effects on COVID-19 mortality remain

statistically significant.

As a check for the sensitivity of our estimates to the use of alternative data sources,

Appendix Figure A.3 presents estimates using the Hopkins CSSE measure of COVID-19

mortality. Both the cumulative endline estimate and the estimated monthly dynamics look

quite similar to the monthly dynamics we estimate using CDC’s data, as shown in Figure 3.

Finally, we present some evidence on the potential relevance of the “strong parallel

trends” assumption that applies in difference-in-differences settings with continuous treat-

ment variables (Callaway, Goodman-Bacon, and Sant’Anna 2024). In our setting, this as-

sumption implies that all-cause mortality in states with more Congressional representatives

per capita would have evolved similarly to all-cause mortality in states with fewer Congres-

sional representatives per capita in the period after pandemic aid disbursement, had the

former category of states received lower per capita representation. To probe the plausi-

bility of parallel trends throughout the distribution of our overrepresentation instrument,

Appendix Figure A.4 presents trends in all-cause mortality from 2016 through 2022 for ei-

ther large and small values of our instrument (panels A and B), or for the four quartiles of

our instrument (panels C and D). Values in panels A and C are unadjusted mortality rates
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while values in panels B and D are indexed relative to each group’s 2019 mortality rate, such

that the magnitudes of changes over time are more readily interpreted in percent terms.

Reassuringly, we see that all groupings’ pre-pandemic all-cause mortality rates move on very

similar trends. Appendix Table B.2 shows further that we obtain similar estimates if our

instrument is discretized into an indicator for large vs. small states (panel A) or into quar-

tiles of our instrument (panel B). Reassuringly, the estimated mortality impacts per dollar

of federal funds are similar to what we obtain using our continuous instrument, though the

coarsening of the instrument results, unsurprisingly, in a reduction in the power of the first

stage relationship and a corresponding reduction in second-stage precision.

4.2 Analysis of Heterogeneity

Tables 5 and 6 and Appendix Figures A.5 and A.6 present an analysis of heterogeneity in

our estimated mortality impacts across demographic groups. Appendix Figure A.5 presents

event-study estimates for the effects of additional representation on all-cause mortality, Ap-

pendix Figure A.6 presents event-study estimates for the effects of additional representation

on COVID-19 mortality, and Tables 5 and 6 present point estimates and standard errors for

estimated cumulative effects through 2022 for both COVID-19 and all-cause mortality.

We begin by discussing heterogeneity by sex and age. Columns 1 and 2 of Table 5 present

results separately by sex. The estimates reveal that an additional representative or senator

per state resident predicts 31 fewer COVID-19 deaths per 100,000 males and 21 per 100,000

females, and 42 fewer all-cause deaths for males compared with 35 fewer all-cause deaths

for females. Because males experienced moderately higher rates of COVID-19 and all-cause

mortality during this time period, the differential effects of representation on mortality are

roughly proportional to the COVID-19 disease burden for males relative to females.

Columns 3, 4, 5, and 6 of Table 5 present results separately for individuals ages 0 to 24,

ages 25 to 64, ages 65 to 74 and ages 75 plus, respectively. Like the incidence of COVID-19

mortality, our estimated mortality reductions are highly skewed towards individuals ages 65
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to 74 and ages 75 plus. The estimates reveal that an additional representative or senator per

state resident predicts 88.6 fewer COVID-19 deaths per 100,000 individuals ages 65 to 74, a

reduction of 11.8% relative to the counterfactual, and 142.6 per 100,000 individuals ages 75

plus, a reduction of 6.3% relative to the counterfactual. These reductions are far larger than

the reduction of 19.4 per 100,000 individuals ages 25 to 64 and less than 1 per 100,000 indi-

viduals ages 0 to 24, although the reductions for these non-elderly age groups are relatively

larger in percent terms (12.8% and 18.7% reductions respectively), reflecting the low overall

rates of COVID-19 mortality for these groups. The all-cause mortality improvements we

estimate are similarly skewed towards the elderly, with the differential due to causes other

than COVID-19 loading primarily (though noisily) onto mortality among individuals ages

75 plus. Taken together, the evidence thus suggests that health impacts of federal aid had

a disproportionately favorable impact on the elderly. A potential implication of this finding

is that policy towards nursing homes or towards the testing and vaccination of the elderly

may have played an important role.

Table 6 presents results separately for Hispanics, non-Hispanic Blacks, and non-Hispanic

Whites on both an age-unadjusted and age-adjusted basis. We note that it is of interest to

consider both age-adjusted and age-unadjusted mortality in the context of heterogeneity by

race because the non-Hispanic White population’s more elderly age structure can lead unad-

justed figures to understate racial gaps in the pandemic’s age-adjusted impact (Centers for

Disease Control and Prevention 2023). The results are striking in that estimated mortality

gains for non-Hispanic Blacks are substantially larger than the estimated mortality gains for

non-Hispanic Whites on both an age-unadjusted and age-adjusted basis.12 For COVID-19

mortality, these differences are strongly statistically distinguishable zero, implying strong

12We also find that the estimated age-adjusted mortality gains for Hispanics are larger than those for non-Hispanic Whites

when we use our age-adjustment methodology, but not when we use the CDC’s age-adjusted death rates as outcomes.
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evidence that federal aid reduced the underlying disparity in age-adjusted COVID-19 mor-

tality.13

To put this impact into context, consider the cumulative means of age-adjusted COVID-

19 mortality as reported in columns 6 and 8 of Table 6. For non-Hispanic Black Americans,

age-adjusted COVID-19 mortality (realized in the presence of fiscal aid) was 291.87, or 1.37

times the age-adjusted COVID-19 mortality rate of 213.61 experienced by non-Hispanic

White Americans. Our estimated effects of an additional representative or senator per state

resident, which correspond with an additional $1,000 in aid, suggest that had states received

$1,000 less in aid the age-adjusted COVID-19 mortality rates would have been 55.14 higher

for non-Hispanic Black Americans and 22.84 for non-Hispanic White Americans, implying

a ratio of 1.47 (i.e., of 347.01 divided by 236.45). Our estimates thus suggest that the last

$1,000 in federal aid per resident, or $331 billion nationwide, narrowed the age-adjusted

COVID-19 mortality gap by 32.3 deaths per 100,000 in absolute terms, or by 21.6 percent.14

4.3 Analysis of Potential Mechanisms

In this section we analyze a range of outcomes that may speak to the sources of the mortality

gains discussed above. A first set of outcomes are informative regarding the extent to which

the mortality gains we estimate are accompanied by reductions in hospitalizations and/or

differences in overall estimated disease prevalence. The second set of outcomes are informa-

tive regarding a set of potentially relevant public health or health system inputs to pandemic

13We obtain similar findings whether conduct our own two-category age-adjustment, as in Table 6, our own three-category age-

adjustment, as in Appendix Table B.3, or build from age-adjusted data directly extracted from the CDC Wonder database,

as in Appendix Table B.4. However, because the CDC’s age adjustment makes use of more granular underlying age groups,

it is subject to greater suppression of age-adjusted death rate values for data confidentiality reasons. Consequently, we prefer

estimates that arise from our own adjustment procedure.

14Looking to our analysis of mortality from all-causes, the realized ratio of age-adjusted mortality was 1.127 (i.e., 3,057.06 for

non-Hispanic Black Americans divided by 2,713.2 non-Hispanic White Americans). Our estimated effects of an additional

representative or senator per state resident, which correspond with an additional $1,000 in aid, suggest that had states

received $1,000 less in aid the age-adjusted COVID-19 mortality rates would have been 58.00 higher for non-Hispanic Black

Americans and 32.42 for non-Hispanic White Americans, implying a ratio of 1.135 (i.e., of 3115.06 divided by 2745.62). Our

estimates thus suggest that the last $1,000 in federal aid per resident, or $331 billion nationwide, reduced the all-cause age

adjusted mortality gap by just under 6 percent.
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management, namely the number of tests and vaccines administered, hospital capacity as

measured using the number of beds, and Medicaid enrollment.

Table 7 and Figure 4 present our estimates of the relationship between additional Con-

gressional representation, overall COVID-19 case rates, and rates of hospitalization. The

first four columns of Table 7 show that additional representation was not associated with

declines in hospitalization (either admissions or visits to emergency departments) from all

causes. Additional representation was, however, strongly associated with reductions in both

admissions and emergency department visits associated with either confirmed or suspected

cases of COVID-19. Taken together, these results imply that hospitalizations for other rea-

sons offset differential rates of COVID-19 hospitalization. This is interesting in light of

our earlier finding that deaths from all causes declined moderately more than deaths from

COVID-19 alone. The offsetting hospitalizations are thus unlikely to be driven by a higher

(and thus offsetting) incidence of non-COVID health conditions. In light of our mortality

findings, these hospitalizations more probably arise from a relaxation of capacity constraints

or from preventive and curative care being less likely to be foregone. Consistent with this

interpretation, Appendix Table B.5 shows that among the non-COVID-19 causes of death,

we find evidence of moderate reductions from respiratory diseases and hypertension as a

result of additional representation.15

The estimate in column 6 of Table 7, which reports a moderately positive but statistically

insignificant effect on total COVID-19 cases, transitions our discussion to outcomes including

COVID-19 prevalence, rates of testing, rates of vaccination, hospital capacity, and Medicaid

enrollment. Turning to Table 8, we first briefly note two null results. Specifically, in columns

4 and 5 we see no evidence that states that received more federal funds used those funds to

increase hospital capacity (measured using the number of beds) or to be more solicitous in

15Additionally, we find no effect of additional representation on deaths from external causes such as injuries, accidents and

natural disasters. Under the assumption that additional representation and associated fiscal aid should not have an effect on

mortality from external causes, this finding could be taken as reassuring that our estimated effects on all-cause and COVID-19

mortality are not spurious.
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the management of their Medicaid programs. State residents became neither more nor less

likely to be insured by Medicaid in overrepresented relative to underrepresented states.

We now discuss a combination of results that relate to rates of COVID-19 testing and

prevalence. First, recall from column 6 of Table 7 that our estimated declines in COVID-19

mortality and hospitalizations are not accompanied by a decline in COVID-19 case rates.

Accompanied with the dynamics shown in panel 6 of Figure 4, the estimates give an impres-

sion of increasingly more COVID-19 cases detected over time, although the estimates are

not statistically distinguishable from 0. Table 8 presents evidence on rates of COVID-19 test

administration that help to round out this picture. Consistent with evidence from Clemens,

Hoxie, and Veuger (2022), additional Congressional representation predicts strongly higher

rates of COVID-19 testing. Indeed, the dynamics displayed in Figure 5 (annual) and Ap-

pendix Figure A.7 (monthly) reveal that increased rates of COVID-19 testing began to

materialize the month after the CARES Act’s March 2020 passage. Also relevant is the

finding reported in column 3 of Table 8, which shows that additional representation has a

negative relationship with the ratio of detected COVID-19 cases to the number of tests. This

ratio, which relates closely to the widely discussed test-positivity rate, provides evidence that

the higher testing volumes in states with greater Congressional representation were likely

associated with a greater propensity to catch cases early. This would, in turn have health

benefits both by enhancing the efficacy of treatment and by enabling earlier and thus more

effective self-isolation by those who had tested positive so as to reduce COVID-19’s spread.

Table 8’s column 1, Figure 5’s panel 1 (annual dynamics), and Appendix Figure A.8

(monthly dynamics) present estimated effects of additional representation on COVID-19

vaccination rates. We find positive and statistically significant effects, which emerge most

strikingly in the first months of states’ COVID-19 vaccination campaigns, namely January

through June of 2021. Notably, as can be seen in panel B of Figures 2 and 3, this period cor-

responds with a second substantial burst of gains in both COVID-19 and all-cause mortality
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reductions, suggesting that enhanced early vaccination campaigns played an important role

in shaping the gains associated with states’ receipt of additional federal funds.

A more granular look at vaccination and mortality patterns by age continues to quite

strongly imply an important role of the federal funds in increasing vaccination and gener-

ating associated mortality gains. Appendix Figure A.9 presents the relationship between

our representation instrument and vaccination trends separately by age group. A key find-

ing that emerges from the monthly data is that vaccination of the most elderly sub-set of

the population (panel D) was impacted almost instantaneously upon the vaccines’ arrival,

whereas vaccination among individuals ages 0-24 (panel A) exhibits impacts in the months

immediately following the expansion of vaccine eligibility to children ages 12-15 years old and

again for children ages 5-11 years old.16 Mirroring these results are the effects on COVID-19

mortality by age presented in Figure A.10 which shows that early mortality gains were most

striking among adults (panels B and C) around January 2021 as adult vaccination campaigns

scaled up in earnest. Mortality gains for the youngest age group (panel A) are most visible

between May and October 2021.

The strength of our vaccination results can be contrasted with the results from Clemens

et al. (2023), who conclude that the weight of the evidence supports the view that the effect

of federal aid on vaccination rates was not strongly statistically distinguishable from 0. As

emphasized in the earlier paper, the relationship between Congressional representation and

vaccination rates was more sensitive to specification choice than was the relationship between

Congressional representation and COVID-19 testing rates. Our reading of the data here is

similar. As reported in Appendix Table B.6, when we subject our testing and vaccination

results to the same set of specification checks to which we subject our mortality rates, we find

16Appendix Table B.7 provides additional evidence on heterogeneity in effects on vaccination across demographic groups.

With respect to age, the table presents additional evidence, using high quality vaccination data from the CDC, that the

largest effects on vaccination were experienced by relatively elderly Americans. The CDC’s data also allow for analysis

of vaccination rates by gender; this analysis reveals substantial and statistically similar impacts on vaccination for males

and females. Administrative data on heterogeneity in vaccination status by race are not available from the CDC. Using

lower quality data from the National Immunization Survey, we find no evidence of differential effects for non-Hispanic Black

Americans relative to non-Hispanic White Americans.
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uniformly strong effects on testing and a stronger degree of sensitivity across specifications

in the analysis of vaccination rates. While specifications differ with respect to their degree

of statistical significance, however, we emphasize that the confidence interval surrounding

our baseline estimate includes the baseline point estimate from Clemens et al. (2023), and

that the confidence interval from Clemens et al. (2023) similarly includes the current paper’s

point estimate. Additionally, we note that the earlier paper’s event-study estimates report

statistically significant impacts on the early stages of states’ vaccination campaigns, which

is also consistent with the findings we develop here.

Next, we calculate the proportion of our mortality results that may be attributable to

vaccination. A key parameter for this calculation is the medium-to-long run efficacy of initial

vaccine doses against COVID-19 mortality. This is a difficult to parameter to estimate, as it

cannot be inferred from clinical trial data, which tend to be short-run in nature and may not

apply to the general population. We thus draw on a set of observational analyses, including

estimates from the UK Health Security Agency and the CDC. Our baseline estimate of

medium-to-long run vaccine efficacy is 50%, and we emphasize that our conclusions would

be qualitatively similar if we applied estimates ranging from 35% to 65%.17

In our sample, mean COVID-19 mortality across states is 283 per 100,000 (Table 4). If

we add back our estimated reduction of 26 deaths per $1,000 in federal aid per resident, we

can infer that the baseline mean in the absence of the last $1,000 in aid per resident is 309.

The out-of-sample implication of both these figures together is that if the federal aid took

vaccination coverage from 0 to 100% of the population, and if we apply a medium-to-long

17Vaccine efficacy is commonly defined in epidemiological literature as (1 - risk ratio) × 100%, where the risk ratio is the ratio

of the share of deaths among the vaccinated to the share of deaths among the unvaccinated. We calculate vaccine efficacy

from Table 2 in CDC (2023) for the “Overall” group to be 49%. Restricting to the medium run defined as 180-364 days since

the last vaccine dose gives us an estimate of 39% and restricting to the long run defined as greater than 364 days gives us an

estimate of 51%. Pooling the medium and long run samples results in a vaccine efficacy estimate of 44%. Our second source

for the vaccine efficacy estimate is Table 4 in UK Health Security Agency (2023) where this metric is reported to be 50%

for the medium-to-long run of 40+ weeks within the set of individuals receiving 2 vaccine doses, and 57% within the set of

individuals receiving 3 doses. Given that these two sources give us estimates of vaccine efficacy that range from 39% to 57%,

we find it reassuring to settle on a central value of 50%. A caveat worth nothing about the sources is that while both studies

estimate vaccine efficacy using a case-control study design, the UK Health Security Agency sample is adults aged 65 and over

and the CDC sample is all adults who were admitted to a hospital, and is consequently likely to be selected on poorer health.
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run vaccine efficacy estimate of 50%, we would obtain a mortality decline of 155. We find in

our analysis that $1000 dollars per resident generates an additional 7,755 vaccinations per

100,000 residents (Table 8) i.e. 7.8% of the population.18 Then, an additional $1000 per

resident through its effect on vaccinations accounts for 155 times 0.078, i.e., 12 fewer deaths.

Since our point estimate for the effect of aid on mortality is 26 fewer COVID-19 deaths, this

implies that vaccination may account for around 46% of the reduction in mortality.

To support the plausibility of vaccination and testing as key mechanisms through which

federal relief funds reduced mortality, we highlight potential channels through which state

governments could have directed funds to these efforts. Both ARPA’s State and Local

Fiscal Recovery Funds and CARES’ Coronavirus Relief Funds allowed states the flexibility

to use funds to mitigate the public health burden, including expenses related to vaccination

and testing (U.S. Department of Treasury 2023; U.S. Department of the Treasury 2021b).

Vaccine doses were directly purchased from manufacturers by the federal government and

allocated to states based on state populations. Although states were not initially endowed

with the ability to purchase vaccines directly (CBS News 2021), they had the discretion to

distribute doses to counties and local governments, or to vaccination centers directly (Center

for American Progress 2021). Thus one way in which state funds could have enhanced

vaccination is by targeting dose distribution to communities most in need. Indeed, Clemens

et al. (2023) find that states with more fiscal resources were able to mitigate vaccination gaps

across socioeconomic groups. Other examples of states’ use of funds are setting up mobile or

fixed vaccination clinics, promoting vaccination through social media campaigns, providing

gift certificates or stipends in exchange for vaccination and providing PPE and protective

equipment to health workers (U.S. Department of the Treasury 2022).19 Similarly, states

and local governments used funds to provide mobile units for testing, to enhance laboratory

18Note that column 1 in Table 8 presents the effect of additional representation on COVID-19 vaccine doses. Thus the 7,755

estimate we use in this calculation may be an overestimate of the additional individuals vaccinated. A reasonable way to

adjust for this aspect may be to use a lower estimate of vaccine efficacy.

19There is evidence that financial and in-kind incentives increased vaccination uptake (Khazanov et al. 2023).

27



and specimen collection capacity, for testing at airports, to establish contact tracing, and to

provide better testing access to under-served communities (U.S. Department of the Treasury

2022).

We conclude our discussion of COVID-19 testing and vaccination by considering the

magnitude of the potential expenditures associated with the additional deployments of these

healthcare inputs in overrepresented states relative to underrepresented states. In our base-

line specification, an additional senator or representative per million state residents predicts

an additional 83,228 tests and 7,755 vaccinations per 100,000 residents. Regarding the cost

of tests, we follow Clemens et al. (2023) in using Centers for Medicare & Medicaid Services

(2021) to suggest a typical test would have cost state or local governments roughly $100.20

The cost of additional tests may thus have amounted to roughly 8.3 cents out of each addi-

tional dollar received by a state with one additional senator or representative.21 An analysis

from Kates, Cox, and Michaud (2023) suggests that the typical cost of vaccine doses to the

federal government was roughly $20, with an additional $40 in payment to providers for ad-

ministration. The cost of the acquisition and administration of vaccine doses thus amounts

to under 1 cent for each additional federal dollar.22

Our analyses suggest that improved testing and vaccination are the most plausible mech-

anisms behind the health gains we estimate, as we find no impacts of additional federal funds

on alternative mechanisms like Medicaid enrollments and investments in hospital capacity.

That said, the calculations from the previous paragraph reveal that incremental testing and

vaccination can account for no more than 10 cents in expenditure per incremental dollar of

federal funds. We thus view the evidence as suggestive that similar health gains may have

20This cost is driven by the lab testing component of RT-PCR tests.

21The additional senator or representative per million residents predict 83,228 more tests per 100,000 residents, or 0.83 tests

per resident at a cost of roughly $83 per resident. Because an additional senator or representative predicts roughly $1,000 in

additional aid per resident, the cost estimate of $83 amounts to roughly 8.3 percent of the additional federal dollars.

22Here the additional senator or representative per million residents predict 7,755 more vaccine doses per 100,000 residents, or

0.078 doses per resident at a cost of just under $5 per resident if the costs of both acquisition and administration were to

fall on the state government, which they did not. Because an additional senator or representative predicts roughly $1,000 in

additional aid per resident, the cost estimate of $5 amounts to roughly 0.5 percent of the additional federal dollars, which is

an upper bound given the federal government’s role in financing these expenditures on the margin.
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been achievable at lower cost to the federal government had its funds been more effectively

restricted to the financing of critical pandemic oriented health care inputs. That said, we

emphasize the caveat that we cannot speak directly to whether distributions of funds dedi-

cated more restrictively to these health care inputs could have achieved similar testing and

vaccination increases.

4.4 Discussion of Magnitudes and Implications

The magnitudes of the estimated relationships between instrumented fiscal aid and both

all-cause and COVID-19 mortality merit further discussion. Following is an exercise that

connects directly to our within-sample variation. For this counterfactual, we suppose that,

rather than allocating more funds to overrepresented states, the federal government had

instead allocated to all states the same funding it allocated to the least-represented state.

More specifically, using our reduced form estimates we predict the counterfactual death rate

for each state had its number of Congressional representatives equaled the lowest for any

state.23 We note that although California remains the most populous state, Texas residents

were the least well represented at the pandemic’s onset (with 1.294 combined senators and

representatives per resident) due to the state’s substantial population growth over the course

of the preceding decade. Figure 6 presents the results from running this counterfactual. Rel-

ative to realized mortality, this counterfactual exercise implies an average all-cause mortality

increase of 1.3% (14.3 deaths per 100,000 residents, or 47,390 deaths nationwide) in 2020,

1.2% in 2021 (12.9 deaths per 100,000 residents, or 42,751 death nationwide), and about

0.5% in 2022 (5.6 deaths per 100,000 residents, or 18,558 deaths nationwide). Similarly, the

counterfactual exercise implies an average COVID-19 mortality increase of 6.9% in 2020 (7.1

deaths per 100,000 residents, or 23,529 deaths nationwide), 8.8% in 2021 (10.7 deaths per

23We proceed by first estimating the contemporaneous ρt from Equation 1, then multiplying the coefficient for each year by the

change in representation faced by each state if it were shifted down to the 1.294 combined senators and representatives per

resident in Texas. We then subtract this value from the state’s realized death rate in each year to obtain the counterfactual

death rate.

29



100,000 residents, or 35,460 deaths nationwide) and 7.4% in 2022 (4.3 deaths per 100,000

residents, or 24,524 deaths nationwide).24 For scaling purposes, note that our first stage

estimates of Equation 3 imply that this exercise would involve an average reduction in aid

of $845 per resident, which would amount to $280 billion in total nationwide.25

We next conduct cost-benefit analyses that deploy conventional estimates of the statistical

value of life as used by federal regulatory agencies. Our COVID-19 mortality variable is

expressed in terms of deaths per 100,000 residents. The scaling of our variables is such that

the estimate implies a reduction of 260 deaths per $1 billion spent, or roughly $3.8 million

per COVID-19 death averted. For all-cause mortality, the estimated reduction of 390 deaths

per $1 billion spent translates into roughly $2.6 million per death averted. Both estimates

fall well below the thresholds recently used by U.S. federal agencies for estimates of the

statistical value of life (Federal Register 2023).26

Because our estimated impacts of federal aid on COVID-19 mortality are substantially

more precise that our estimated impacts on all-cause mortality, the upper bounds on the

estimated dollars spent per death averted are also much tighter. For all-cause mortality, the

95 percent confidence interval’s lower bound of roughly 1 death averted per 100,000 residents

translates into 10 deaths averted per $1 billion spent, or roughly $100 million per death. For

COVID-19 mortality, by contrast, the lower bound estimate of 15 deaths averted per 100,000

residents translates into 150 deaths averted per $1 billion spent, or $6.7 million per death,

which still falls below the thresholds recently used by U.S. federal agencies for estimates of

the statistical value of life.

24Note that the mean mortality gains we predict from this exercise are not weighted by the states’ population such that the

exercise predicts the effect of an additional representative on mortality gains relative to the counterfactual in a typical state.

25We obtain this figure by multiplying $845 by the 2020 U.S. population of 331.4 million.

26For additional background on the thresholds used by federal agencies, see Table 1 in Section II.B of Federal Register (2023).
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Using our point estimates from Appendix Table B.8 for the number of deaths averted in

various age groups,27 Table 9 presents an exploration of the sensitivity of cost-benefit analysis

calculations to deploying alternative assumptions regarding the number of life years saved

and the quality of those life years. Following the U.S. Department of Health and Human

Services (2021), we consider central, low, and high assumptions for the value of statistical

life (VSL),28 then back out a constant implied value of a statistical life year (VSLY) using

the approach recommended by the Millennium Challenge Corporation (2023).29 We further

consider quality adjustments derived from Hanmer et al. (2006).30 Details regarding the

underlying calculations can be found in Appendix D. The bottom line is that at the central

valuation of a statistical life year, federal aid would be deemed cost effective on the basis

of deaths averted alone (e.g., without consideration for the value of any economic impacts)

regardless of whether we deploy conservative assumptions regarding the number of life years

saved or the quality of life for individuals in each age group.31 For the lower bound estimate

of the VSL, our pessimistic assumptions (see panel D) yield the conclusion that the value

of deaths averted would amount to roughly half the aid’s cost to the federal government.

Under our optimistic assumptions regarding life years saved, the value of deaths averted is

close to, but just below, the aid’s cost to the federal government.

27Note that we use the estimates from panel C of Appendix Table B.8 which are the IV second stage effects of aid on the 2022

cumulative all-cause death rate by age group. Unlike in the heterogeneity-by-age analyses elsewhere, here we decompose total

mortality across age groups by scaling each age group’s deaths by the total 2019 state population.

28See the 2020 estimate in Table D.1 of their updated guidelines (U.S. Department of Health and Human Services 2021).

29The Millennium Challenge Corporation (MCC) is a U.S. foreign aid agency established by the U.S. Congress and is required

to conduct cost-benefit analyses for projects it implements.

30The health-related quality of life adjustment factors from Hanmer et al. (2006) are used by the U.S. Department of Health

and Human Services (2021) in their derivation of quality-adjusted life years. See, for example, Figure D.3 in their guidelines

(U.S. Department of Health and Human Services 2021).

31With respect to the number of life years saved, our generous assumption is that a death averted within a given age group

would translate into a gain of the life expectancy at the median age of that group, whereas the more conservative assumption,

reflecting the likelihood that deaths are averted among individuals in worse health than the typical member of their age

group, is that a death averted within a given age group would translate into a gain of the life expectancy at the highest age

of that group. With respect to quality, the downward adjustments come from Hanmer et al. (2006). The quality-adjustment

factor is a utility-based score below 1 where 1 indicates full health and 0 indicates death.
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A final note of interest relates to Section 4.3’s discussion of mechanisms. As discussed

there, if the health gains we estimate are indeed driven in large part by aid’s impact on rates

of testing and vaccination, then the cost of the key inputs for achieving these gains would

have amounted to roughly 10 cents per dollar of federal aid. The associated spending on

testing and vaccination would thus appear to quite easily pass cost-benefit tests under even

our most pessimistic assumptions regarding the number of life years saved and the quality

of life associated with those life years.

5 Discussion and Conclusion

This paper analyzes the unprecedented levels of federal transfers that were made to state

and local governments during the COVID-19 pandemic. We find federal aid had substantial

impacts on population health, with an additional $1,000 in aid per state resident predicting

26 fewer deaths from COVID-19 and 38 fewer deaths from all causes, as well as substantial

reductions in COVID-19 related hospitalizations and emergency room visits.

With respect to mechanisms, we find that more aid predicts substantially higher rates of

COVID-19 testing and moderately higher COVID-19 vaccination rates. Further, the timing

of mortality improvements suggests roles for both testing and vaccination, as some improve-

ment occurred prior to the approval of COVID-19 vaccines, while a substantial additional

mortality improvement occurs over the months immediately following the vaccines’ initial

roll out. In contrast, we find that Medicaid enrollments and hospital capacity are unlikely to

play substantial mediating roles, as neither appear to be meaningfully impacted by a state’s

receipt of additional federal funds.

Finally, the mortality impacts we estimate were substantially greater for non-Hispanic

Black Americans than for non-Hispanic White Americans. Federal funds were thus associated

with a reduction in population-wide health disparities over the course of the pandemic.
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Figure 2: The Reduced Form Effect of an Additional Representative on Yearly and
Monthly All-Cause Mortality
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Notes: This figure shows the effect of an additional Congressional representative on a state’s all-cause death rate per
100,000 residents across different periods. In the panel A using yearly data, the reference period is the calendar year 2019.
In panel B using monthly data, the reference periods are all months in 2019. The coefficient for the contemporaneous
death rate in a period t is the ρt from Equation 1. The coefficient for the cumulative death rate for a period t is the sum
of the coefficients for the contemporaneous death rates for periods 0 to t. The specification incorporates controls for the
state’s vote share for Donald Trump in the 2016 Presidential election and the state’s 2019 population density. It includes
state and period fixed effects, with standard errors clustered at the state level.
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Figure 3: The Reduced Form Effect of an Additional Representative on Yearly and
Monthly COVID-19 Mortality
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Notes: This figure shows the effect of an additional Congressional representative on a state’s COVID-19 death rate per
100,000 residents across different periods. In panel A using yearly data, the reference period is the calendar year 2019. In
panel B using monthly data, the reference periods are all months in 2019. The coefficient for the contemporaneous death
rate in a period t is the ρt from Equation 1. The coefficient for the cumulative death rate for a period t is the sum of the
coefficients for the contemporaneous death rates for periods 0 to t. The specification incorporates controls for the state’s
vote share for Donald Trump in the 2016 Presidential election and the state’s 2019 population density. It includes state
and period fixed effects, with standard errors clustered at the state level.
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Figure 6: Counterfactual All-Cause and COVID-19 Mortality Under Lowest Congres-
sional Representation for All States
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Notes: This figure represents the mean over all states of the death rate from all causes and COVID-19 by year. The
solid line marks the realized mean death rate. The dotted line marks the mean death rate if all states had the number of
Congressional representatives per million residents equal to the lowest for any state in the sample (1.294 in Texas). The
counterfactual death rate for each state is constructed by applying the coefficient from column 1 of Table 3 to predict
the additional death rate in every state given the magnitude of reduction in representatives for that state. The mean
counterfactual reduction in representatives per million from this procedure is 0.86. The mean reduction in aid per capita,
computed by multiplying the counterfactual reduction in representatives by the first stage effect of representation on aid
from Table 4, column 1 is 0.845 thousand USD.
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Table 1: Summary Statistics for Treatment and Control Variables

Variable Mean SD Min Max N
Total federal aid per resident in USD thousands 2.85 0.96 1.82 5.88 50
Congressional representatives per million residents 2.16 0.91 1.29 5.15 50
Population density (2019) 202.61 266.22 1.28 1207.68 50
Population (2019) in thousands 6551 7389 579 39512 50
Vote share for Donald Trump in the 2016 0.49 0.10 0.29 0.69 50
Presidential election
Death rate for diabetes, a proxy for 72.68 19.37 44.40 140.40 50
chronic disease (2019)
Share of population aged 65 or older (2019) 0.17 0.02 0.11 0.21 50
Oxford Stringency Index divided by 100 0.43 0.05 0.32 0.55 50
(average in March 2020)

Notes: This table represents summary statistics for the key covariates in the our analyses that are all constant over time.
Data to calculate the total federal aid and congressional representatives are derived from a variety of sources detailed in
Clemens et al. (2023). Both variables are scaled for population using the 2020 state population figures from the CDC
Wonder database since this is the relevant population measure that applies to congressional decision-making relevant to
the federal aid determination. For all other variables, the 2019 state population figures from the CDC Wonder database
are used. The measure for land area in square miles used to calculate population density is derived from the Census’ 2020
gazetteer files. Data for Donald Trump’s vote share in the 2016 Presidential elections come from the MIT Election Lab.
The 2019 death rate for diabetes is from the CDC’s Chronic Disease Indicators tool. The population share over the age of
65 in a state uses the CDC Wonder’s state population data disaggregated by age. The Oxford Stringency Index measure
is derived from data used in Clemens et al. (2023).
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Table 3: The Reduced Form Effect of An Additional Representative on Mortality

A: Effect on 2022 Cumulative All-Cause Death Rate Per 100,000
(1) (2) (3) (4) (5)

Cumulative Effect of an -38.04** -56.37*** -36.93** -28.20 -46.80***
Additional Representative (17.48) (21.50) (18.29) (18.14) (16.88)

Covariates
Trump Vote Share Yes Yes Yes No Yes
State Population Density Yes Yes No No Yes
Pop. Weighted Density No No Yes No No
Additional Controls No No No No Yes

Population Weights No Yes No No No
Dep. Var. Mean in 2022 3,217.16 3,217.16 3,217.16 3,217.16 3,217.16
Observations 350 350 350 350 350

B: Effect on 2022 Cumulative COVID-19 Death Rate Per 100,000
(1) (2) (3) (4) (5)

Cumulative Effect of an -25.59*** -26.32*** -23.69*** -22.36* -29.41***
Additional Representative (5.12) (8.81) (7.25) (13.28) (5.06)

Covariates
Trump Vote Share Yes Yes Yes No Yes
State Population Density Yes Yes No No Yes
Pop. Weighted Density No No Yes No No
Additional Controls No No No No Yes

Population Weights No Yes No No No
Dep. Var. Mean in 2022 282.66 282.66 282.66 282.66 282.66
Observations 200 200 200 200 200

Notes: This table shows the effect of an additional congressional representative on a state’s yearly death rate per 100,000
residents cumulative up to 2022. To derive the coefficients presented in the table, we first estimate the ρt from Equation 1
which represent the contemporaneous effect of an additional representative in the year t using 2019 as the reference period.
We then derive the cumulative effect of an additional representative up to the year 2022 by adding the contemporaneous
effects for years 2020 to 2022. The outcome in panel A is the all-cause death rate and the outcome in panel B is the
COVID-19 death rate. The mortality data are from the CDC Wonder database. The baseline specification in column
1 includes controls for the state’s vote share for Donald Trump in the 2016 Presidential election and the state’s 2019
population density. In column 2, the baseline coefficients are weighted by the 2020 state population. In column 3, the
state population density is replaced with the 2019 population-weighted average county population density in a state. In
column 4, no control variables or weights are incorporated. The specification in column 5 incorporates controls from the
baseline specification as well as the state’s chronic disease prevalence as measured by the diabetes death rate in 2019, the
share of the state’s population over age 65 in 2019 and the Oxford Stringency Index from March 2020. Table B.9 provides
a more detailed version of panel B with coefficients and standard errors for all covariates. All specifications include state
and year fixed effects, with standard errors clustered at the state level.
*** p < 0.01, ** p < 0.05, * p < 0.1
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Table 4: The Effect of COVID-19 Fiscal Relief on Mortality

A: First Stage Effect on Total Aid Per Resident (USD Thousands)
(1) (2) (3) (4) (5)

Cumulative Effect of 0.981*** 0.784*** 1.020*** 0.948*** 0.983***
an Additional Representative (0.075) (0.112) (0.059) (0.066) (0.069)

Dep. Var. Mean 2.85 2.85 2.85 2.85 2.85

B: Second Stage Effect on 2022 Cumulative All Cause Death Rate Per 100,000
(1) (2) (3) (4) (5)

Total Aid Per Resident -38.78** -71.88** -36.19* -29.75 -47.63**
(USD Thousands) (18.89) (28.67) (18.74) (19.54) (18.74)

Dep. Var. Mean 471.39 471.39 471.39 471.39 471.39

C: Second Stage Effect on 2022 Cumulative COVID-19 Death Rate Per 100,000
(1) (2) (3) (4) (5)

Total Aid Per Resident -26.09*** -33.56*** -23.21*** -23.59* -29.93***
(USD Thousands) (5.53) (12.96) (6.72) (13.51) (5.81)

Dep. Var. Mean 282.66 282.66 282.66 282.66 282.66

Covariates
Trump Vote Share Yes Yes Yes No Yes
State Population Density Yes Yes No No Yes
Population Weighted Average
County Population Density No No Yes No No

Additional Controls No No No No Yes
Population Weights No Yes No No No
First Stage F-Stat 171.403 49.419 300.044 203.143 203.806
Observations 50 50 50 50 50

Notes: This table shows the effect of COVID-19 fiscal aid on the the cumulative 2022 death rate per 100,000 state residents
using the instrumental variables 2SLS approach. The mortality data are from the CDC Wonder database. The baseline
specification in column 1 includes controls for the state’s vote share for Donald Trump in the 2016 Presidential election and
the state’s 2019 population density. In column 2, the baseline coefficients are weighted by the 2020 state population. In
column 3, the state population density is replaced with the 2019 population-weighted average county population density in
a state. In column 4, no control variables or weights are incorporated. The specification in column 5 incorporates controls
from the baseline specification as well as the state’s chronic disease prevalence as measured by the diabetes death rate in
2019, the share of the state’s population over age 65 in 2019 and the Oxford Stringency Index from March 2020. For each
specification, in panel A we show the estimates from Equation 3 for the first stage effect of an additional congressional
representative on total aid per resident measured in thousands of USD. In panels B and C we show the IV 2SLS estimate
from Equation 4 of the effect of total aid per resident on the all-cause death rate and COVID-19 death rate respectively.
We report the first-stage F-statistic as a measure of the instrument’s relevance. We perform a small-sample correction to
obtain the relevant t-statistics for the second stage. The 2022 cumulative all-cause and COVID-19 deaths are calculated by
summing the contemporaneous deaths from 2020 to 2022 in each state. To adjust for pre-existing differences in all-cause
deaths among states receiving varying fiscal aid, we subtract three times the 2019 contemporaneous all-cause deaths from
the raw cumulative value. We use these adjusted cumulative deaths for all causes and the raw cumulative deaths for
COVID-19, scaled by state population, as outcomes in the 2SLS regression. Each regression contains 50 observations for
states observed in the year 2022. Standard errors are robust to heteroskedasticity.
*** p < 0.01, ** p < 0.05, * p < 0.1
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Table 9: Estimates of the Benefits of an Additional 100 Million USD in Fiscal Aid

Inputs Estimates (Million $)

Age Estimated Assumed Quality of Estimated Value of Life
Group Number of Increase in Life Years Saved Per

Deaths Life Adjustment $100M in Fiscal Aid
Averted Expectancy

Value of Statistical Life
(Million $)

Low Central High
5.3 11.4 17.4

Value of Statistical Life
Year (Thousand $)

Low Central High
130 278 423

A: Median Life Expectancy and No Quality Adjustment

0 to 24 1.56 65.5 1.00 8.3 17.8 27.1
25 to 64 13.31 35.7 1.00 61.7 132.0 200.8
65 to 74 7.44 15.6 1.00 15.1 32.3 49.1
75 plus 16.48 5.3 1.00 11.3 24.1 36.6
Total 38.79 96.3 206.1 313.7

B: Downward-Adjusted Life Expectancy and No Quality Adjustment

0 to 24 1.56 54.0 1.00 8.3 17.8 27.1
25 to 64 13.31 19.2 1.00 33.2 71.0 108.1
65 to 74 7.44 12.2 1.00 11.8 25.2 38.4
75 plus 16.48 2.0 1.00 4.3 9.2 13.9
Total 38.79 57.6 123.2 187.6

C: Median Life Expectancy with Quality Adjustment

0 to 24 1.56 65.5 1.00 8.3 17.8 27.1
25 to 64 13.31 35.7 0.88 54.3 116.1 176.7
65 to 74 7.44 15.6 0.81 12.2 26.1 39.8
75 plus 16.48 5.3 0.76 8.6 18.3 27.8
Total 38.79 83.4 178.4 271.5

D: Downward-Adjusted Life Expectancy with Quality Adjustment

0 to 24 1.56 54.0 1.00 8.3 17.8 27.1
25 to 64 13.31 19.2 0.88 29.2 62.5 95.1
65 to 74 7.44 12.2 0.81 9.6 20.4 31.1
75 plus 16.48 2.0 0.76 3.3 7.0 10.6
Total 38.79 50.3 107.7 164.0

Notes: In this table we provide our estimates for the benefits from an additional $100 million spending in fiscal aid. The
estimates for benefits are obtained by first estimating the effects of fiscal aid on lives saved by age group in Appendix
Table B.8, then applying the CDC’s estimates for life expectancy by age and quality-adjustment factors from Hanmer
et al. (2006) to estimate the number of quality-adjusted life years saved by age group and finally multiplying these by the
value of a statistical life year constructed from guidelines provided by the U.S. Department of Health and Human Services
(2021). Further details about our cost-benefit analysis methodology are provided in Appendix D.
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Figure A.1: 2022 Cumulative Mortality and Congressional Representation
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(A) All-Cause Mortality vs Congressional Representation
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(B) COVID-19 Mortality vs Congressional Representation

AL

AK

AZ

ARCA
CO

CT

DE
FLGA

HI
ID

ILIN

IAKS

KY
LA

ME
MD
MA

MI

MN

MS

MO MT

NE

NV

NH

NJ

NM

NY
NC

ND

OHOKORPA
RI

SC

SD

TN
TX

UT

VTVA
WA

WV

WI WY

-400

-200

0

200

400

R
es

id
ua

liz
ed

 - 
20

22
 C

um
ul

at
iv

e
A

ll-
C

au
se

 D
ea

th
 R

at
e

-1 0 1 2 3
Residualized - Number of Representatives

Per Million Residents
Slope of fitted line:-38.04
SE: 17.04

(C) All-Cause Mortality vs Congressional
Representation, Residualized (Baseline Controls)
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(D) COVID-19 Mortality vs Congressional
Representation, Residualized (Baseline Controls)
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(E) All-Cause Mortality vs Congressional
Representation, Residualized (Additional Controls)
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(F) COVID-19 Mortality vs Congressional
Representation, Residualized (Additional Controls)

Notes: This figure plots a state’s 2022 cumulative mortality as measured by the death rate per 100,000 state residents
against Congressional representatives per million residents. Panels A and B plot the 2022 cumulative all-cause and COVID-
19 mortality respectively against Congressional representation, mirroring results in column 4 of Table 3. Panels C and D
plot the remaining variation in mortality and representation after controlling for our baseline controls which are the state’s
vote share for Donald Trump in the 2016 Presidential election and the state’s 2019 population density, mirroring results
in column 1 of Table 3. Panels E and F plot the remaining variation in mortality and representation after controlling for
our baseline controls as in panels C and D plus additional controls which are the state’s chronic disease prevalence, the
share of the state’s population over age 65 in 2019 and the Oxford Stringency Index from March 2020, mirroring results
in column 5 of Table 3. 2022 cumulative deaths are the sum of the contemporaneous deaths in years 2020, 2021 and 2022.
To adjust for pre-existing differences in all-cause deaths among states receiving varying fiscal aid, we subtract three times
the 2019 contemporaneous all-cause deaths from the raw cumulative value. The 2022 cumulative deaths are then scaled
for the 2019 state population to get a measure of mortality per 100,000 state residents. Data for mortality are from the
CDC Wonder database and data for Congressional representation are from various sources described in detail in Clemens
et al. (2023).
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Figure A.2: Sensitivity of Key Mortality Estimates to Exclusion of States from the
Sample
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(A) Event-Study Estimates
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(B) IV 2SLS Estimates

2022 Cumulative All-Cause Death Rate Per 100,000 Residents
2022 Cumulative COVID-19 Death Rate Per 100,000 Residents

Notes: This figure displays estimates for the effects of fiscal aid on yearly mortality upon excluding one state at a time
from the estimation sample. Data for all-cause and COVID-19 mortality are from the CDC Wonder database. Panel A
displays the reduced form event-study estimates of the 2022 cumulative effect of an additional Congressional representative
on mortality as in Table 3, with our baseline controls. Here, we first estimate the ρt from Equation 1 which represent
the contemporaneous effect on mortality per 100,000 residents of an additional representative in the year t using 2019 as
the reference period. We then derive the cumulative effect of an additional representative up to the year 2022 by adding
the contemporaneous effects for years 2020 to 2022. Panel B displays the second stage IV 2SLS estimates from Equation
4 of the 2022 cumulative effect of total aid per resident (USD thousands) on mortality as in Table 4, with our baseline
controls. Here, the 2022 cumulative deaths are calculated by summing the contemporaneous deaths from 2020 to 2022 in
each state. To adjust for pre-existing differences in all-cause deaths among states receiving varying fiscal aid, we subtract
three times the 2019 contemporaneous all-cause deaths from the raw cumulative value. We use these adjusted cumulative
deaths for all causes and the raw cumulative deaths for COVID-19, scaled by state population, as outcomes in the 2SLS
regression. The event-study specification clusters standard errors at the state level and the IV 2SLS specification accounts
for standard error heteroskedasticity.
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Figure A.3: The Reduced Form Effect of An Additional Representative on Monthly
COVID-19 Mortality (Hopkins CSSE Data)

-40

-30

-20

-10

0

10

C
oe

ff.
 o

n 
R

ep
s P

er
 M

ill
io

n

Jan
 '1

6
Jan

 '1
7

Jan
 '1

8

Dec 
'18 20

19
Jan

 '2
0

Jan
 '2

1
Jan

 '2
2

Dec 
'22

Month

Contemporaneous Death Rate
Cumulative Death Rate

Notes: This figure shows the effect of an additional Congressional representative on the COVID-19 death rate per 100,000
state residents. Data for mortality are from the Hopkins CSSE. The x-axis marks the calendar month and the y-axis
marks the coefficients derived as follows. The contemporaneous coefficients for month t presented in the figure are the
estimates ρt from Equation 1. We then derive the cumulative effect of an additional representative in each month t by
adding the contemporaneous effects from January 2020 to t. The baseline event-study specification used to estimate each
of the effects incorporates controls for the state’s vote share for Donald Trump in the 2016 Presidential election and the
state’s 2019 population density, state and year-month fixed effects, and standard errors clustered at the state level.
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Figure A.5: Heterogeneity in the Effect of an Additional Representative on All-Cause
Mortality
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Notes: This figure shows the effect of an additional Congressional representative on the all-cause death rate per 100,000
state residents within various demographic segments. Data for mortality are from the CDC Wonder database. The x-axis
marks the calendar year and the y-axis marks the coefficients derived as follows. The contemporaneous coefficients for
year t presented in the figure are the estimates ρt from Equation 1. We then derive the cumulative effect of an additional
representative in each year t by adding the contemporaneous effects from year 2020 to t. The baseline event-study
specification used to estimate each of the effects incorporates controls for the state’s vote share for Donald Trump in
the 2016 Presidential election and the state’s 2019 population density, state and year fixed effects, and standard errors
clustered at the state level.
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Figure A.6: Heterogeneity in the Effect of an Additional Representative on COVID-19
Mortality
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Notes: This figure shows the effect of an additional Congressional representative on the COVID-19 death rate per 100,000
state residents within within various demographic segments. Data for mortality are from the CDC Wonder database. The
x-axis marks the calendar year and the y-axis marks the coefficients derived as follows. The contemporaneous coefficients
for year t presented in the figure are the estimates ρt from Equation 1. We then derive the cumulative effect of an
additional representative in each year t by adding the contemporaneous effects from year 2020 to t. The baseline event-
study specification used to estimate each of the effects incorporates controls for the state’s vote share for Donald Trump
in the 2016 Presidential election and the state’s 2019 population density, state and year fixed effects, and standard errors
clustered at the state level.
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Figure A.7: The Reduced Form Effect of an Additional Representative on Monthly
COVID-19 Testing
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Notes: This figure shows the effect of an additional Congressional representative on a state’s COVID-19 testing rate per
100,000 residents across different months. Testing data are from the Hopkins CSSE and are available for the months March
2020 to September 2022. The top panel depicts the effects across this entire period while the bottom panel zooms into the
months up to June 2020. The outcome is constructed using the total viral and antigen tests administered in a majority of
state-months and only viral tests in some state-months, with no data available for approximately 5% of state-months. The
coefficient for the contemporaneous testing rate in a month t is the ρt from Equation 1. The coefficient for the cumulative
testing rate for a month t is the sum of the coefficients for the contemporaneous testing rates for months 0 to t. In each
panel, the left y-axis shows the effect of an additional Congressional representative on the contemporaneous outcome and
the right y-axis show the effect on the cumulative. The specification incorporates controls for the state’s vote share for
Donald Trump in the 2016 Presidential election and the state’s 2019 population density. It includes state and year-month
fixed effects, with standard errors clustered at the state level.
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Figure A.8: The Reduced Form Effect of an Additional Representative on Monthly
COVID-19 Vaccination
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Notes: This figure shows the effect of an additional Congressional representative on a state’s COVID-19 vaccination rate
per 100,000 residents across different months. The data for vaccinations are obtained from the CDC and are available
from December 2020 to December 2022 since December 2020 was when the earliest vaccines were available in the U.S.
The coefficient for the contemporaneous vaccination rate in a month t is the ρt from Equation 1. The coefficient for the
cumulative vaccination rate for a month t is the sum of the coefficients for the contemporaneous vaccination rates for
months 0 to t. The left y-axis shows the effect of an additional Congressional representative on the contemporaneous
outcome and the right y-axis show the effect on the cumulative. The specification incorporates controls for the state’s
vote share for Donald Trump in the 2016 Presidential election and the state’s 2019 population density. It includes state
and year-month fixed effects, with standard errors clustered at the state level.
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Table B.2: The Effect of a Categorical Instrument on Mortality

IV First IV Second Event-Study
Stage Stage Reduced Form

(1) (2) (3) (4) (5)
A: Aid Per All-Cause COVID-19 All-Cause COVID-19

Capita Mortality Mortality Mortality Mortality

Cumulative Effect of Being 1.08*** -64.81* -29.73*
a Small State (0.25) (34.93) (16.50)

Total Aid Per Resident -60.15* -27.59*
(USD Thousands) (35.81) (15.54)

Dep. Var. Mean in 2022 2.85 471.39 282.66 3,217.16 282.66
First Stage F-Stat 18.13
Observations 50 50 50 350 200

(1) (2) (3) (4) (5)
B: Aid Per All-Cause COVID-19 All-Cause COVID-19

Capita Mortality Mortality Mortality Mortality

Cumulative Effect of 0.54*** -35.56*** -18.94***
Being in a Higher Quartile (0.11) (13.62) (5.84)
of Representation

Total Aid Per Resident -66.26** -35.30***
(USD Thousands) (30.49) (12.97)

Dep. Var. Mean in 2022 2.85 471.39 282.66 3,217.16 282.66
First Stage F-Stat 23.62
Observations 50 50 50 350 200

Notes: This table shows the effect of congressional representation on mortality using a categorical instrument. In panel
A, the instrument is binary with a small state having a higher number of representatives per million residents and a
large state having fewer representatives per million residents. The categorization of states as small or large is borrowed
from Clemens and Veuger (2021). In panel B, the instrument takes the value 1, 2, 3 or 4 for the quartile in which a
state’s congressional representation falls. Column 1 shows the first stage effect from an IV 2SLS regression of fiscal aid on
mortality. Columns 2 and 3 show the second stage effects of fiscal aid on all-cause and COVID-19 mortality respectively.
Columns 4 and 5 show the reduced form effects of the instrument on all-cause and COVID-19 mortality respectively from
our event-study specification. We report the first-stage F-statistic as a measure of the instrument’s relevance. We perform
a small-sample correction to obtain the relevant t-statistics for the second stage. In the IV regressions, the 2022 cumulative
all-cause and COVID-19 deaths are calculated by summing the contemporaneous deaths from 2020 to 2022 in each state.
To adjust for pre-existing differences in all-cause deaths among states receiving varying fiscal aid, we subtract three times
the 2019 contemporaneous all-cause deaths from the raw cumulative value and use this as our outcome. Standard errors
are clustered at the state level in columns 4 and 5 and robust to heteroskedasticity in columns 2 and 3.
*** p < 0.01, ** p < 0.05, * p < 0.1
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Table B.8: Decomposition of the Full Population Mortality Effects by Age

A: Reduced Form Effect on 2022 Cumulative All-Cause Death Rate Per 100,000
(1) (2) (3) (4) (5)

All Ages 0 - 24 25 - 64 65 - 74 75+
Years Years Years Years

Cumulative Effect of an -38.04** -1.53** -13.06** -7.30* -16.17
Additional Representative (17.44) (0.73) (5.36) (4.27) (9.89)

Dep. Var. Mean in 2022 3,217.16 63.48 789.91 662.86 1,700.82
Observations 250 250 250 250 250

B: Reduced Form Effect on 2022 Cumulative COVID-19 Death Rate Per 100,000
(1) (2) (3) (4) (5)

All Ages 0 - 24 25 - 64 65 - 74 75+
Years Years Years Years

Cumulative Effect of an -25.59*** -0.20*** -10.23*** -7.21*** -7.96**
Additional Representative (5.12) (0.05) (2.28) (1.61) (3.84)

Dep. Var. Mean in 2022 282.66 0.88 67.9 65.5 148.37
Observations 200 200 200 200 200

C: IV Second Stage Effect on 2022 Cumulative All-Cause Death Rate Per 100,000
(1) (2) (3) (4) (5)

All Ages 0 - 24 25 - 64 65 - 74 75+
Years Years Years Years

Total Aid Per Resident -38.78** -1.56** -13.31** -7.44* -16.48
(USD Thousands) (18.89) (0.77) (5.88) (4.50) (10.47)

Dep. Var. Mean in 2022 471.39 5.74 140.08 124.66 200.92
Observations 50 50 50 50 50

Notes: This table shows the reduced form effect of an additional congressional representative (Equation 1) on all cause
(panel A) and COVID-19 (panel B) mortality, and the second stage from the IV 2SLS effect of fiscal aid per resident
(USD thousands; Equation 4) on all-cause mortality (panel C), by age. In all panels the coefficient reported is the effect
on the 2022 cumulative death rate per 100,000 state residents. We derive the 2022 cumulative coefficients presented in
panels A and B by first estimating the ρt from Equation 1 which represent the contemporaneous effect of an additional
representative in the year t using 2019 as the reference period. We then derive the cumulative effect of an additional
representative up to the year 2022 by adding the contemporaneous effects for years 2020 to 2022. In panel C, we calculate
the adjusted 2022 cumulative deaths by subtracting three times the 2019 contemporaneous deaths from the raw 2022
cumulative deaths. We then convert these adjusted deaths into the 2022 cumulative death rate by scaling for the state
population. Our IV estimation takes this modified 2022 cumulative death rate as the outcome with the total aid per
resident as the endogenous regressor and representatives per million residents as the instrument. The data for deaths are
from the CDC Wonder database for years 2018 to 2022. The specification used in each panel and column incorporates
controls for the state’s vote share for Donald Trump in the 2016 Presidential election and the state’s 2019 population
density, state and year fixed effects, and standard errors clustered at the state level in panels A and B and robust to
heteroskedasticity in panel C.
*** p < 0.01, ** p < 0.05, * p < 0.1
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Table B.9: The Reduced Form Effect of An Additional Representative on COVID-19
Mortality

Effect on 2022 Cumulative COVID-19 Death Rate Per 100,000
(1) (2) (3) (4) (5)

Cumulative Effect of an -25.59*** -26.32*** -23.69*** -22.36* -29.41***
Additional Representative (5.12) (8.81) (7.25) (13.28) (5.06)

Covariates
Trump Vote Share 640.48*** 751.05*** 690.53*** 699.14***

(176.67) (99.40) (165.81) (182.68)
State Population Density -0.04 -0.03 -0.06

(0.05) (0.04) (0.05)
Pop. Weighted Density 0.0003

(0.004)
Chronic Disease Prevalence -0.06

(0.86)
Population share over 65 1579.73**

(729.59)
Oxford Stringency Index 170.78

(161.44)

Population Weights No Yes No No No
Dep. Var. Mean in 2022 282.66 282.66 282.66 282.66 282.66
Observations 200 200 200 200 200

Notes: This table shows the effect of an additional congressional representative on a state’s yearly COVID-19 death rate
per 100,000 residents cumulative up to 2022. To derive the coefficients presented in the table, we first estimate the ρt
from Equation 1 which represent the contemporaneous effect of an additional representative in the year t using 2019 as the
reference period. We then derive the cumulative effect of an additional representative up to the year 2022 by adding the
contemporaneous effects for years 2020 to 2022. The mortality data are from the CDC Wonder database. The baseline
specification in column 1 includes controls for the state’s vote share for Donald Trump in the 2016 Presidential election and
the state’s 2019 population density. In column 2, the baseline coefficients are weighted by the 2020 state population. In
column 3, the state population density is replaced with the 2019 population-weighted average county population density
in a state. In column 4, no control variables or weights are incorporated. The specification in column 5 incorporates
controls from the baseline specification as well as the state’s chronic disease prevalence as measured by the diabetes death
rate in 2019, the share of the state’s population over age 65 in 2019 and the Oxford Stringency Index from March 2020.
All specifications include state and year fixed effects, with standard errors clustered at the state level.
*** p < 0.01, ** p < 0.05, * p < 0.1
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C Data Sources and Variable Construction

Table C.1 describes the construction, sources and period of availability of all variables used

in our analyses. We provide some additional details about variable construction below.

All mortality data are from the CDC Wonder database. The database contains death

counts by underlying cause of death from all death certificates registered in the United

States and is a product of collaboration between federal and state statistical agencies. The

underlying cause of death on a death certificate is the cause that leads to the chain of events

that ultimately result in an individual’s demise, even if it is not the immediate (i.e. final)

cause of death. For causes other than COVID-19, we use mortality data from 2016 to 2022.

For COVID-19, mortality from 2016 to 2019 is by construction zero. This is the reason why

any coefficients for the effects on COVID-19 mortality are precise zeroes in years prior to

2020.

The CDC Wonder censors values of death between 0 and 9. We encounter this when our

level of analysis is more granular, such as when studying monthly COVID-19 mortality or

COVID-19 mortality by demographics. Where possible, we accurately calculate a censored

value by subtracting the total of uncensored values from the provided value for a broader

level of analysis. Where we can only infer the sum of a few censored values, we split that sum

evenly across the censored observations. This results, in some cases, in non-integer values

for deaths.

To obtain age-adjusted death rates by race, we first compute the crude age-specific death

rate within a racial group for each of two broad age groups, 0 to 64 and 65 and above.

Each age-specific death rate is then multiplied by the proportion of the 2000 U.S. standard

population in that age group. This proportion was 0.87 for ages 0 to 64 and 0.13 for ages

65 and above. These proportion-weighted age-specific death rates within a racial group are

then summed to get the final age-adjusted death rate.
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For COVID-19 hospital admissions and ED visits, we aggregate facility-week level data to

the state-year level for facilities that reported data for at least 127 of the 130 weeks, retaining

95.2% of the total facilities. When a missing value exists for a facility’s reported outcome,

the aggregation treats it as a zero unless all facilities in a state had missing values in the

given year. For all-cause hospital admissions and ED visits, the KFF State Health Facts

provide data points that are already scaled for the state’s population as per the Census in

that year. To maintain consistency of variable construction across our analyses, we use the

census population Figures to undo the original population scaling and rescale using the 2019

state population from the CDC. The Hopkins CSSE provides data on confirmed COVID-19

cases and deaths at the county level, which we aggregate to the state level.

Data on vaccination, representing the number of doses administered, in the main analyses

are from the CDC and are collected from all vaccine disbursement facilities. Data on tests

administered are from the Hopkins CSSE. We find some outliers in monthly testing growth

in the months of March and June 2022. We handle these by smoothing the test counts

between February and March 2022 and May and June 2022.32 Additionally, we encounter

two instances (state-months) of reductions in cumulative tests administered. We make a

correction to the anomalous value that results in this reduction.33 Neither of these two steps

alters the yearly total of tests administered. Two other cases where we encounter declines in

cumulative values are those of monthly COVID-19 deaths from the Hopkins data, which do

not form the basis of our main mortality analyses, and yearly vaccination by race from the

National Immunization Survey. We correct these using a similar procedure as in the case of

tests.34

32In this procedure we allocate some tests from March and June 2022 to February and May 2022 respectively such that the

new percentage change in tests from February to March and May to June would be at most at the 90th percentile of changes

calculated from all states in that month (relative to the previous month) and at least at the 10th percentile of changes from

all states in that month.

33In one instance we replace the current month’s value with the previous month’s and in another instance do the opposite.

34For monthly COVID-19 deaths, we correct 4 instances by replacing the previous month’s value with the current month’s. For

vaccination by race we correct 14 instances by replacing the current year’s value with the previous year’s.
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D Methodology for Costs-Benefits Analysis

Our point estimates from panel C of Appendix Table B.8 provide the effect of an additional

$1000 per resident on the number cumulative all-cause deaths per 100,000 residents averted

in various age groups by 2022. Unlike in the heterogeneity-by-age analyses elsewhere, here

we decompose the total mortality effects across age groups by scaling each age group’s deaths

by the total 2019 state population. From this result we get that an additional $100 million

in fiscal aid predicts 1.56 fewer deaths among residents aged 0 to 24 years, 13.31 fewer deaths

among residents aged 25 to 64 years, 7.44 fewer deaths among residents aged 65 to 74 years

and 16.48 fewer deaths among residents with age over 75.35 To calculate life years saved by

age group in panels A and C, we use the CDC’s 2020 life tables (National Vital Statistics

Reports 2022) and apply the value of the life expectancy of an individual of median age

within each group.36 These are our baseline estimates of number of life years saved per

death averted in each group.

In panels B and D, we employ a more conservative assumption that each death averted

in an age group is that of the oldest individual in that group, or alternatively, that each

death is that of an individual with the health status of the oldest individual in their age

group. Further, in panels A and B, we don’t further adjust the number of life years saved

by their quality. In panels C and D, we down-weight each estimated life year saved by a

quality-adjustment factor that we obtain from Hanmer et al. (2006). The quality-adjustment

factor is a utility-based score below 1 where 1 indicates full health and 0 indicates death.37

Hanmer et. al.’s quality-adjustment factors are also used by the U.S. Department of Health

35Multiplying both the $1000 in aid per resident and the predicted deaths averted per 100,000 residents by 100,000 gives us

the effect of $100 million on deaths averted.

36See Table 1. The life tables provide life expectancy for one year age ranges, for example 12-13 and 13-14. When the median

age in the age group in our estimation falls at one of the end-points of an age interval in the CDC table, we pick the CDC

interval where the median age is the lower bound of the interval, for example the interval 12-13 when the median age is 12.

For the last age group of 75 and over, we calculate a median age by assuming that the highest possible age is 100.

37Negative values are possible and indicate health states worse than death.
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and Human Services (2021) in their derivations of quality-adjusted life years. The values we

use are the average of the male and female factors in every age group in our estimation. In

summary, multiplying the number of deaths averted by the implied increase in life expectancy

and the quality-adjustment factor gives us the number of quality-adjusted life years saved

per $100 million spent in fiscal aid.

Next, we turn to the U.S. Department of Health and Human Services (2016) to obtain

the value of a statistical life (VSL). The HHS set regulatory guidelines by first reviewing

the most reliable literature to identify VSL values. The review yielded a range of VSL

values such that the HHS recommended conducting sensitivity analyses of policy benefits

using the highest as well as lowest values of the range, and their mid-point. These are

the high, low and central VSL values respectively (U.S. Department of Health and Human

Services 2016).38 We then back out a constant implied value of a statistical life year (VSLY)

using the approach recommended by Millennium Challenge Corporation (2023).39 The MCC

guidelines recommend dividing the VSL by the life expectancy at the average U.S. adult age.

The most reliable estimate for the adult population age distribution comes from the U.S.

2020 Census (U.S. Census Bureau 2023) and only provides the median adult age of 38.8

years. So we use this in our analysis and divide the VSL by 41.1 which is the life expectancy

for 38 to 39 year-olds in the CDC 2020 life Table.40 Our final estimates for the value of life

years saved are obtained by multiplying the quality-adjusted life years saved by the VSLY

derived from each of the low, central and high VSL values. For the 0 to 24 age group only,

we assume that a death averted amounts to a full life saved and multiply the deaths averted

directly by the VSL.

38See the 2020 estimate in Table D.1 of their updated guidelines (U.S. Department of Health and Human Services 2021).

39The Millennium Challenge Corporation (MCC) is a U.S. foreign aid agency established by the U.S. Congress and is required

to conduct cost-benefit analyses for projects it implements.

40The constant-VSLY methodology is also common in the health literature as summarized in Hammitt (2023).
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