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Polling Place Location and the Costs of Voting"

By GAURAV BAGWE ® JUAN MARGITIC ® ALLISON STASHKO'®

We study how distance to one’s polling place affects the likelihood
of voting using a geographic regression discontinuity design with
data from Pennsylvania and Georgia. A one-mile increase in dis-
tance to the polling place reduces the likelihood of voting in person
by 1 to 3 percentage points. Effects are two to three times higher
among those closest to the polling place. When available, voters sub-
stitute to mail-in voting as distance to the polling place increases.
In counterfactual exercises, we identify turnout-maximizing polling
places. Some precincts have large potential gains in turnout, even
when choosing from existing buildings. (JEL D72, K16, R23)

ince the 2020 US presidential election, debates surrounding election administra-

tion have intensified. In 2021 alone, 36 states enacted a total of 96 new election
laws." Many of these laws shift the costs and benefits of voting in person or voting by
mail. While some states made mail-in ballots available to all voters, others introduced
new requirements for voting by mail. Some states expanded the number of early vot-
ing days, while others reduced the number of early voting days or removed polling
places altogether. It is important to know how voters respond to changes in the costs of
voting to assess the impact of these laws. This is especially true in the United States,
where voter participation is low and election law has become increasingly partisan in
nature (Bentele and O’Brien 2013; Burden et al. 2017; Hasen 2012).

State and local government decisions regarding mail-in voting (Meredith
and Endter 2016; Meredith and Malhotra 2011; Lockhart et al. 2020; Thompson
et al. 2020a), early voting (Kaplan and Yuan 2020a), and at-poll voting require-
ments (Highton 2017; Cantoni and Pons 2021) can each potentially have important
consequences for voter participation. Even small changes to the convenience or cost
of voting can determine whether or not someone votes, especially in large elections
(Gomez, Hansford, and Krause 2007; Braconnier, Dormagen, and Pons 2017).
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This paper focuses on a particular cost of voting: the distance from a voter’s
home to their polling place. Distance to the polling place is an important determi-
nant of voting behavior to study for three reasons. First, this cost of voting can-
not be eliminated, unless we remove polling places altogether. The alternative to
voting at a polling place is to vote by mail, though access to mail-in ballots varies
from state to state. Nearly three-quarters of voters chose to vote at polls on elec-
tion day in 2018. During the COVID-19 pandemic, 54 percent of voters cast their
ballot in person in the 2020 election cycle, and 67 percent did so in 2024.7 Second,
the distance to polling place is inherently uneven among the population of eligible
voters. It is important to understand if certain populations are systematically dis-
advantaged by higher costs of voting, in which case politicians may ignore their
interests (Avery 2015; Martin 2003). Given the history of voter suppression in the
United States, it is especially important to understand if the distance to polling
place, and its effect on turnout, varies by race of eligible voters. Third, the polling
place location is a policy choice, in contrast to other determinants of turnout like
candidate characteristics or weather. State and local lawmakers determine how
to divide a state into voting precincts and where to locate polling places within
precincts. A precise understanding of how polling place locations affect voter par-
ticipation is critical for determining the optimal allocation of polling places.

Existing estimates of the effect of distance to polling place on voting vary wide-
ly.” Evidence from panel data in North Carolina suggests that distance to polling
place has a null effect on turnout (Clinton et al. 2021; Yoder 2018)." Using match-
ing methods to study polling place consolidations in Los Angeles County, Brady
and McNulty (2011) find that a one-mile increase in distance to the polling place
reduces turnout by 1 percentage point (pp).’

At the other extreme, Cantoni (2020a) estimates that a one-mile increase in dis-
tance to polling place reduces turnout by 4 to 12 pp in a study of 9 municipalities
in Massachusetts and Minnesota. These findings imply that moving a polling place
one mile closer to a voter would cause an increase in turnout on par with some of the
most successful turnout mobilization tactics (Gerber et al. 2017; Green, McGrath,
and Aronow 2013; Enos and Fowler 2018). Cantoni (2020a) identifies the causal
effect of distance to polling place on turnout by exploiting variation in distance to

2Pew Research Center. “Voters’ and Nonvoters’ Experiences with the 2024 Election.” December4, 2024. Available
at: https://www.pewresearch.org/politics/2024/12/04/voters-and-nonvoters-experiences-with-the-2024-election/.

3We focus on recent studies that use causal identification strategies. Polling places are typically located in
schools and other government buildings that tend to be centrally located within a town. It is likely that eligible vot-
ers who live closer to polling places differ systematically from those who live further away in ways that matter for
turnout. Earlier observational studies on the distance to polling place have found either a negative association with
turnout or null results. Dyck and Gimpel (2005) find that distance to polling place is associated with lower turnout
and more mail-in voting in Clark County, Nevada. Haspel and Gibbs Knotts (2005) find a negative relationship
between distance to polling place and the likelihood of voting in Atlanta, Georgia. Amos, Smith, and Ste. Claire
(2017a) find a negative association between distance to polling place and voting in person on election day, but this
is offset by a positive association between distance to polling place and voting early or absentee. Their study uses
data from Manatee County, Florida.

4 Alipour and Lindlacher (2025) find similar results by studying re-precincting in Munich.

5 From figure 3 of Brady and McNulty (2011), a change in polling place of one mile causes an estimated 4 per-
cent reduction in the likelihood of voting. They estimate that most of this effect (—1.8 percent) is attributable to
search costs of finding a new polling place, so the remaining —2.2 percent is attributable to distance to polling place.
Given the reported turnout rate of 55.1 percent in their study, a 2.2 percent reduction in the likelihood of voting is
equivalent to 1.2 pp.
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polling place among voters near election precinct borders. Intuitively, registered
voters who live close to an election precinct border are likely similar in terms of
potential confounding factors but are assigned to different polling places. Tomkins
et al. (2023) similarly use precinct borders as a source of variation. They estimate
smaller effects: A one-mile increase in distance to polling place reduces turnout by
1.55 pp, on average, across 10 states.

The varied findings in the existing literature underscore the need for further study
of polling places in the United States and their effect on turnout. One possibility is
that the range of results reflects heterogeneous effects, given that each study uses
data from different locations. Moreover, we know that there are large location- and
election-specific effects on voting behavior (Cantoni and Pons 2022). However,
there is also little overlap in methodologies used across existing studies, making
comparisons difficult.

To help fill this gap, we collect information about the distance to polling place
and turnout for over 15 million voters in Pennsylvania and Georgia. We choose two
large swing states in order to estimate effects in urban and rural areas and among
sociodemographic groups of interest. Regulations for accessing mail-in ballots also
differ significantly between the two states, with Georgia providing easy access and
Pennsylvania imposing more restrictions. For each registered voter in these two
states, we observe the location of their residence; the location of their polling place;
and whether or not they abstain, vote in person, or vote by mail in the 2018 election.
We compute both the travel-route distance between a voter and their polling place
and the time to travel to the polling place.®

To estimate the causal effect of distance to polling place on voting behavior, we
use a geographic regression discontinuity (RD) design. Building on the innovation
of Cantoni (2020a), we use election precinct borders as a source of exogenous
treatment assignment. We observe approximately 14,000 borders across the two
states. We measure the distance from a voter to the nearest precinct boundary as the
running variable. The treatment variable, the distance from a voter to their polling
place, introduces additional complexity compared to existing applications of geo-
graphic RDs, which typically have binary treatment variables (Keele and Titiunik
2015; Dell 2010). In particular, two voters in the same precinct can be equidistant
from the border, but differ in distance to the polling place. To accommodate the
continuous treatment variable, we use a fuzzy RD estimator. In the first stage, we
estimate the change in distance to polling place at the discontinuity. In the second
stage, we estimate the change in the likelihood that a registered voter votes.

A second challenge is that the monotonicity condition may not hold in this set-
ting. Monotonicity requires that distance to polling place increases near the border
when crossing from a control precinct to a treatment precinct (Card et al. 2015).
Because distance to polling place naturally varies both across precincts and within
precincts along the same boundary, the distance to polling place may increase near

SExisting papers, in contrast, focus on Euclidean distance to measure the cost of traveling to the polling place. One
concern is that Euclidean distance might differ systematically from travel-route distance in urban versus rural areas.
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the border in one part of a precinct border, but decrease in another part.’ We resolve
this issue by dividing borders into smaller segments, where necessary, such that the
monotonicity condition is satisfied by construction. These methodological consider-
ations are useful for future research that uses geographic RD to study the effects of
a continuous treatment variable.

Our methodology has several advantages over existing approaches. The most
closely related approach to ours is the main specification of Cantoni (2020a).
Cantoni (2020a) estimates treatment effects by regressing voting outcomes on dis-
tance to polling place, including fixed effects (FEs) for a small geographic area that
contains a precinct border (a buffer zone of 0.05 miles around a segment of a bor-
der). We call this the border FE approach. Tomkins et al. (2023) similarly estimate
a border FE model, but they include FEs for neighborhood blocks.® An important
advantage of the RD approach is that treatment effects are estimated using only
across-precinct variation in distance to polling place. The border FE approach uses
both across- and within-precinct variation. Second, one can use data-driven methods
to select voters within a bandwidth around a discontinuity, whereas the border FEs
requires ad hoc decisions about how to define a geographic FE. Third, identifying
assumptions for the RD estimator are perhaps more plausible. The RD requires con-
tinuity of confounding factors at the discontinuity, while the border FE specification
requires that distance to polling place is uncorrelated with confounding factors, after
controlling for border FEs.

Relative to panel data methods, the RD approach allows us to isolate the effect of
distance to polling place, separate from the effects of changes to polling place loca-
tions. Search costs (Alipour and Lindlacher 2025; Clinton et al. 2021; Yoder 2018,;
Brady and McNulty 2011) and habit formation in voting (Fujiwara, Meng, and Vogl
2016; Plutzer 2002) make it difficult to use changes in polling place locations over
time to study the effects of distance alone on voting behavior.” The RD approach,
which relies on cross-sectional data, is useful for policy-makers who are interested
in the long-run effect of a polling place location on turnout, after short-run effects of
a change in polling place dissipate.

We estimate that there is a small negative effect of distance to polling place on the
likelihood of voting in person, on average, ranging from —2.8 to —1.4 pp per mile in
Pennsylvania and Georgia, respectively. Importantly, the average effects mask sub-
stantial heterogeneity. In particular, voters close to the polling place are more sen-
sitive to an increase in distance to polling place than voters who live further away.
In Pennsylvania, a one-mile increase in distance to polling place causes a 7.7 pp
decline in the likelihood of voting in person among voters in the bottom quartile of

7The problem here stems from the fact that precincts are relatively small in size, so that polling places can be
located near the discontinuity itself. This would not be an issue, for example, if using a fuzzy RD design to estimate
the effect of the distance between units of observation and another location that is relatively far from the border.

8 Tomkins et al. (2022) define a block as a group of voters that have similar addresses to each other, differing
only in the last two digits of the building number. They only include blocks in which voters are assigned to two
unique polling places. There are relatively few blocks split across a precinct border, so they pool across ten states.
Estimates from pooled data across multiple states can be difficult to interpret, however, since states differ in rules
about voting by mail.

9For example, a voter’s initial distance to polling place might still affect their voting decisions after a polling
place changes, at least in the short run.
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distance to polling place, who are 0.4 miles from the polling place, on average. In
Georgia, voters in the bottom quartile, who are 0.9 miles from the polling place, are
2.8 pp less likely to vote in person per mile increase in distance to polling place.
In contrast, we fail to reject null effects for voters in the top quartile of distance to
polling place.

Pennsylvania and Georgia voters differ in their substitution to mail-in voting.
In Pennsylvania, where voters were required to provide a justification for their
absence, there is no significant substitution to mail-in voting as distance to polling
place increases. In contrast, in Georgia, where obtaining absentee ballots required
no justification, there is a significant increase in the likelihood of voting by mail as
the distance to the polling place increases. As a result, there is a statistically signif-
icant negative effect of distance to polling place on the overall likelihood of voting
in Pennsylvania and a moderately precise null effect in Georgia.

To reconcile our findings with previous studies, we use the methodologies from
the literature, including the border FE specification, a matching specification, and a
difference-in-differences approach. By comparing results, we conclude that hetero-
geneous effects explain the discrepancies in estimated effect sizes across method-
ologies. Due to nonlinear effects, estimators that impose constant marginal effects
of distance to polling place on the likelihood of voting will underestimate average
effects. Location-specific factors also likely play a role. For example, we find larger
effects in Philadelphia, on the same order of magnitude as those found in Boston and
Minneapolis by Cantoni (2020a).

We then turn to heterogeneous effects to better understand what factors are asso-
ciated with greater sensitivity to polling place locations. The analysis of the two
large states allows us to explore heterogeneous effects by demographic character-
istics, party affiliation, economic variables, and transportation. We find that travel
time and mode of transportation likely explain the heterogeneous effects, more so
than sociodemographic factors.

The estimated effects of distance to polling place on voting behavior tell us
how sensitive voters are to a change in the distance to their polling place. But how
important are these effects in aggregate? How would turnout respond to realistic
changes in polling places? To answer these questions, we study counterfactual
allocations of polling places in Pennsylvania, the only state with an estimated neg-
ative effect of distance to polling place on overall turnout. We numerically solve a
planner’s problem to maximize turnout in an existing voting precinct by choosing
the location of a polling place, based on the locations of all voters as well as the
estimated sensitivity of turnout to changes in distance to polling place. In a second
exercise, we take existing infrastructure into account by compiling a list of can-
didate polling places (schools, libraries, churches, and police stations). We find
the turnout-maximizing buildings and also consider what would happen if each
precinct doubles the number of polling places, using existing buildings. We find
that the polling places used in 2018 in Pennsylvania tend to be located near the
turnout-maximizing polling place locations, with a median distance of 0.4 miles
between them. Using the turnout-maximizing existing buildings, turnout would
increase by 5 pp (10 percent) in aggregate. This is on par with the effects of three
to four additional weeks of early voting (Kaplan and Yuan 2020a). If each precinct
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were to double the number of polling places, using existing buildings, then turnout
would increase by 13 pp (26 percent), which is similar to the effects of large-scale
political advertising campaigns (Enos and Fowler 2018).

Our findings highlight some important lessons for studies of polling places in
the future. First, the importance of polling place locations for voter participation
will vary depending on the context. If the affected population largely owns cars and
drives to work, then a one mile increase in distance to a polling place will likely have
a small effect. On the other hand, a small change to a polling place in an area where
people do not tend to drive can have significant effects on turnout. While polling
closures in rural areas typically draw media attention,'” a change to polling location
in an urban area could possibly have an even larger effect on turnout and should be
evaluated carefully by election commissions.

Electoral design is also likely important. With two states, we cannot determine
how state-level policies affect sensitivity of voting behavior to polling place loca-
tions. However, evidence from Georgia suggests that the availability of no-excuse
voting by mail is important for mitigating the cost of traveling to a polling place.
A longer distance to the polling place makes a voter in Georgia less likely to vote
at polls and more likely to vote by mail. In Pennsylvania, by contrast, fewer vot-
ers substitute to mail-in voting. Importantly, the response of voting in person to
distance to polling place is similar in both states. Distance to polling place could
deter voters from voting at polls, regardless of whether there is a convenient alter-
native method of voting.

I. Institutional Background

We study the 2018 primary and general elections in Pennsylvania and Georgia. We
focus on two large swing states with publicly available voter registration and voter
history data.'!| In 2018, there were 8.6 million registered voters in Pennsylvania and
6.9 million voters in Georgia. In many states, including Pennsylvania and Georgia,
2018 was a year of historically high turnout for a midterm election (58 percent and
53 percent of registered voters cast ballots compared to 43 percent and 37 percent in
2014, respectively). Turnout was much lower for the primary elections (12 percent
for Pennsylvania and 17 percent for Georgia).

The primary elections took place in May and the general elections in November,
2018. Both states elected their governor and all state executives, as well as members
of the state legislature and the US House of Representatives. One US Senate seat
was up for election in Pennsylvania and none were in Georgia.

19See for example, “Voting Precincts Closed across Georgia since Election Oversight Lifted.” Arlanta
Journal-Constitution, August 31, 2018. Available at https://www.ajc.com/news/state--regional-govt--politics/
voting-precincts-closed-across-georgia-since-election-oversight-lifted/bBkHxptlimOGp9pKu7dfrN/.

"By choosing large states, we have the ability to study heterogeneous effects across multiple dimensions. By
choosing swing states, we study voters who are perhaps least sensitive to distance to polling place. If the benefit of
voting is low in relatively uncompetitive elections, then voters may abstain regardless of distance to polling place.
While we cannot test this hypothesis directly and questions of external validity remain, it is useful that Georgia and
Pennsylvania had similar levels of turnout in the 2018 elections.
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Pennsylvania and Georgia differed in a number of election policies in 2018.'
In Pennsylvania, voting in person happened only on election day; there was no
early voting. Voters also required an excuse to vote by absentee ballot at this
time in Pennsylvania.'d In contrast, early voting began in Georgia three weeks
before election day and any voter could request a mail-in ballot up to 180 days
before the election.'?

Both states are divided into voting precincts by local government authorities
(either county election commissions or municipal or county heads of govern-
ment). An accessible location within each precinct—typically a school, library,
police station, or church—is chosen as the polling place location by local authori-
ties. Barring emergencies, polling places must be announced no less than 60 days
prior to an election in Georgia and 20 days prior to an election in Pennsylvania.
This means that voters might need to register to vote before knowing exactly
where their polling place will be located. Neither state used same-day voter reg-
istration, so voters needed to register several weeks in advance of the election
date. In Georgia, eligible voters were automatically registered to vote if they pro-
vided their information to the Department of Driver Services (e.g., to get a driver’s
license), unless they chose to opt out. In 2018, Pennsylvania had no such auto-
matic registration system.

Importantly for our identification strategy, if voting in person on election day,
each voter could only vote at the polling place for the precinct in which they
reside. Election day polls were open from 7 AM to 8 PM in Pennsylvania and from
7 aM to 7 pm in Georgia. If a registered voter had voted before in Pennsylvania,
they did not need to bring identification. Georgia required voters to show photo
identification when voting in person.

We do not have the ability to assess the effect of these electoral policies with
only two states and one cross-section of the data. However, the policies are poten-
tially important for understanding the substantive differences in our findings for
Pennsylvania and Georgia.

II. Data

From the Pennsylvania Department of State (2018) and Georgia Secretary of
State (2020a, 2020b), we obtain voter registration files, which include a unique
voter identification, address, and voting precinct for each registered voter within
the state in 2018. We merge this information with the voter history files, which
records whether or not a registered voter voted in each election as well as their
method of voting (at polls or by absentee ballot).">

2Election policies were retrieved from Pennsylvania and Georgia Secretary of State websites and from state
election law: Pennsylvania Statutes Title 25 and Georgia Title Code 25.

13 Pennsylvania introduced early voting and no-excuse mail-in voting in 2019, after the sample period, with
Act 77.

14 Georgia introduced no-excuse absentee voting in 2005 with House Bill 244. Tn 2021, the state added an ID
requirement to vote by absentee ballot with Senate Bill 202.

15For Pennsylvania, we also observe whether the registered voter participated in previous elections. We also
were able to observe voter locations in 2016 in Pennsylvania, but not in Georgia. We analyze the panel of voters in
Pennsylvania in an alternative empirical specification in Section IIIB.
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We find the locations of polling places from the Georgia Secretary of State’s
website and from Pennsylvania’s state-run polling place look-up website.'® Next,
we determine the latitude and longitude of polling place locations and registered
voter addresses.'’] We compute the travel-route distance, which is the shortest
distance by road in miles between a voter and their assigned polling place.'® The
travel route distance is preferred to Euclidean distance, since it takes road infra-
structure into account. This is especially important since we have urban, suburban,
and rural areas in our study, and road density might vary systematically with other
factors that determine turnout. We also measure the Euclidean distance between
voters and polling places and the travel time to the polling place, which is mea-
sured in minutes by car. To limit noise from imprecise geocoding, we exclude
individuals that are more than ten miles from their polling place (2.44 standard
deviations from the mean in Pennsylvania and 3.09 standard deviations from
the mean in Georgia). We also exclude individuals where there is a discrepancy
between the precinct to which they are geocoded and the precinct listed in voter
registration files. All together, the observations that we exclude as likely geocod-
ing errors account for 3 percent of registered voters in Pennsylvania and 2 percent
of registered voters in Georgia.

Finally, we assign voters to Census blocks using their geolocation, so that we
can include additional information about the voter’s Census block or block group
from the 2010 Census and the American Community Survey (2006-2010 five year
estimates), including income, education, and mode of travel to work.!'" We also
observe the voting age population of each block, which allows us to test whether
distance to polling place affects the share of the voting-eligible population that is
registered to vote (Section IVD).

III. Identification Strategy

We estimate the effect of distance to polling place on the likelihood of voting
in person, voting by absentee ballot (i.e., voting by mail), and voting by either
method. Estimating this causal effect presents several challenges because a voter’s
distance to their polling place is not random. Local election officials are supposed
to choose convenient and accessible locations for polling places, often using
schools and other public buildings. Voters who live close to polling places might
differ systematically from voters who tend to live far away from polling places in
ways that affect turnout decisions. For example, adults who choose to live close
to a school tend to have school-age children and belong to a demographic group
associated with a relatively low turnout rate (Wolfinger and Raymond 2008).

16 Available at https://www.pavoterservices.pa.gov/Pages/PollingPlacelnfo.aspx. and https://sos.ga.gov/index.
php/elections. Retrieved October 2018 and July 2020.

7To geolocate voters and polling places, we use the address locator provided by ArcGIS. This address locator
uses interpolation to locate addresses, meaning it has the latitude and longitude of the endpoints of every street. It
then interpolates the latitude and longitude of the specific address based on the street endpoints.

18 Travel route distance and travel time were computed by the DIGIT Lab at the University of Utah’s Department
of Geography, which uses ArcGIS.

19We use the IPUMS National Historical Geographic Information System data (Manson et al. 2024).
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Panel A. Pennsylvania Panel B. Georgia

FIGURE 1. ELECTION PRECINCT BORDERS

Notes: These maps show election precinct borders in Pennsylvania and Georgia. Only precinct border segments
highlighted in red are used in the empirical analysis. The red borders do not overlap with the borders of school dis-
tricts, towns, counties, state legislative districts, or federal congressional districts.

These differences might be unobservable or not adequately measured due to the
aggregated nature of some of the covariates in census data.

To identify treatment effects, we use variation in distance to polling place cre-
ated by election precinct borders. Election precincts are small geographic areas
that assign voters to polling places. Intuitively, neighbors who live close to an
election precinct border should be comparable in ways that affect voting behav-
ior, but are assigned to different polling places and, therefore, may have different
costs of voting in person. We focus only on a subset of precinct borders where
this logic applies by discarding precinct borders that coincide with the borders
of school districts, towns, counties, state legislative districts, or US congressio-
nal districts.*" shows the election precinct borders that are included and
excluded for Georgia and Pennsylvania. There are 9,432 borders included in the
sample in Pennsylvania and 3,933 in Georgia.

To estimate treatment effects, we use a geographic RD design (Section IIIA).
Treatment effects are estimated by comparing voters in close proximity to each
other, but on opposite sides of a border segment. To facilitate comparison of the RD
estimates with estimates in the existing literature, we include a border FE regression
approach (Section IIIB). Following closely the methodology of Cantoni (2020a),
we select a sample of voters close to a border segment, then regress voting outcomes
on distance to polling place with border segment FEs.

20We obtain 2010 voting tabulation district boundaries and all other political boundaries from the census (Us
Census Bureau 2012). There may be some differences between precinct boundaries reported to the census in 2010
and implemented by the states in 2018. To account for this, we only include a border in the sample if voters on either
side of the border are assigned to two different polling places locations in 2018.
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Registered voters,
by distance to
polling place
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FIGURE 2. EXAMPLE OF BORDER SEGMENT IN THE GEOGRAPHIC RD

Notes: This figure shows the locations of voters and polling stations along one of the border segments included in
both the RD and border FE specifications. This border is located in Union County, Pennsylvania, and is 1.2 miles
long. Voters are shaded according to distance to the polling place. The running variable is distance to the border.
The RD sample includes all voters located within the 0.5 miles of the segment. The optimal bandwidth, indicated
in gray, is 0.06 miles. The border FE sample includes all voters located within 0.05 miles of the border segment.

The key distinction between the geographic RD and the border FE approach is
that the geographic RD uses only across-precinct variation in distance to polling
place, whereas the border FE approach uses both within and across precinct vari-
ation. Since polling places themselves can be located close to the border, espe-
cially in densely populated areas, there can be substantial, variation in distance
to polling place along one side of the border (see Figure 2). This highlights the
challenges of choosing an appropriate geographic area to ‘define FEs. For exam-
ple, if the border is too long, then the within precinct variation in distance might
be greater than the across precinct variation in distance. Moreover, it is not clear
how to select an appropriate bandwidth around the border. Different bandwidths
might be appropriate in densely populated urban areas versus rural areas. Cantoni
(2020a) uses a buffer zone of 0.05 miles around a border, while Tomkins et al.
(2022) use voters with similar addresses. If the FEs are not properly selected,
then there may be bias from confounding factors. By comparison, in the RD
approach, we only require continuity of confounding factors near the precinct
border. Moreover, we can use existing methodologies to choose bandwidths and
present graphic evidence in a data-driven manner. Finally, an advantage of the
nonparametric RD estimation is that we impose no restrictions on treatment effect
heterogeneity.
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A. Geographic RD

In the RD specification, we use the exogenous jump in distance to polling place
that occurs at the border of an election precinct to identify the effect of distance to
the polling place on voter turnout. Consider the following model of voting decisions:

(1 Y, = )’(di,vi, Mi),

where Y; is one of three outcome variables that indicate whether an individual voted
in person, whether an individual voted by mail, and whether an individual voted
by either method. For ease of interpreting small coefficients, we have ¥; = 100 if
voter i votes and Y; = 0 if voter i does not vote. Voting is a function of the distance
between a voter and the polling place, d;, a running variable, v;, and an error term,
u;. This framework allows for a nonlinear relationship between the outcome and
distance to polling place and for treatment effect heterogeneity. We are interested in
estimating the average marginal effect of distance to polling place on the likelihood
of voting, dy/dd,, called the local average response (Altonji and Matzkin 2005) or
local average treatment effect (LATE).

We construct the running variable, v;, as the Euclidean distance between a voter i
and the nearest point on a precinct border.?! We compute the running variable for all
voters within 0.5 miles of any border.>? The running variable takes negative values
for voters in the control precinct, where distance to polling place is smaller, and
positive values for voters in the treatment precinct, where distance to polling place
is larger. The challenge in this setting is that some borders have substantial variation
in distance to polling place within each precinct. In such precincts, some voters are
closer to their polling place near the border and others are further away, compared
to voters on the other side of the precinct border. This makes it difficult to define
treatment and control precincts. To resolve this issue, we cut borders into smaller
pieces, called border segments, such that all voters sufficiently close to the border
segment in the control precinct are closer to their polling place than all voters suffi-
ciently close to the border segment in the treatment precinct. To do this, we draw a
line connecting two polling places, A and B. The perpendicular bisector of this line
divides the precincts into two areas, one in which voters are closer to polling place A
and the other in which voters are closer to polling place B. Hence, we cut the border
at any point where that the perpendicular bisector intersects the precinct border. All
points along the resulting border segment will be closer to one polling place than the
other. See Supplemental Appendix A for details.

With this running variable and definition of a border segment, we estimate
effects of distance to polling place on voter behavior using a fuzzy RD approach.

21 As Keele and Titiunik (2015) point out, one might avoid using distance to the border as the running variable
for long borders—for example, the border of a nation or state. In that case, voters might be equidistant to the border
yet far from each other. This could cast doubt on the continuity assumption. In our sample, the average length of a
border is 1.1 miles in Pennsylvania and 2.6 miles in Georgia.

22We could, in principle, compute the distance from every voter to every border. We avoid this due to compu-
tational challenges. The data-driven optimal bandwidths for the RD estimator are also substantially smaller than
0.5 miles.
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In the first stage, we estimate the change in distance to polling place at the bor-
der. In the second stage, we estimate the effect of distance to polling place on the
likelihood of voting. The reason that we need a fuzzy RD instead of a sharp RD
is that we cannot write distance to the polling place as a function of the running
variable alone. To see why, note that two voters can be equidistant from the border,
yet differ in their distance to polling place.*”

As we have a fuzzy RD framework with a continuous treatment variable, we rely
on the identification results of Card et al. (2015). The key identifying assumptions
are that (i) the distributions of potential confounding factors are continuous at the
border, (ii) the effect of the running variable on the outcome is continuous at the
border, (iii) the running variable is continuously distributed at the border, (iv) there
is nonzero first-stage effect, and (v) the monotonicity condition holds.

Monotonicity in this case requires that the distance to polling place is increasing
in the running variable for all voters sufficiently close to the border. Typically, in a
fuzzy RD, the outside factors that affect treatment status are unobservable, so mono-
tonicity is an assumption. Here, we observe all factors that determine treatment (the
locations of the voter and polling place) and can, therefore, ensure that monotonicity
is satisfied by the definition of both the running variable and a border segment. The
necessary first-stage effect is also satisfied by construction.

We present evidence in support of continuity assumptions in Appendix A2.
Because we select only those precinct borders that have no administrative purpose
except for on election day, we do not expect to see systematic differences in voter
characteristics at the discontinuity. We test for discontinuities in the sex, age, and
party affiliation of individuals. We also test for discontinuities in Census block
or block-group level variables: median household income, whether it is an urban
block, percent White, percent Black, percent Hispanic, percent with no high school
diploma, percent that walk to work, and the number of cars per household. There are
small but statistically significant discontinuities for age, sex, and cars per household
in Pennsylvania and for likelihood of living in an urban block in Georgia. However,
none of the RD coefficients are statistically significant after adjusting for multiple
hypothesis testing. In Appendix A2, we also investigate evidence of manipulation
of the running variable.

Under the identifying assumptions, the fuzzy RD identifies the average of the
treatment on the treated for a single border segment, b. The fuzzy RD estimand is
the ratio of the change in the likelihood of voting at the border over the change in
distance to polling place at the border:

? g lim,_o+E[Y|v = 0] — lim,_o-E[Y|v = 0]
b = .

im, o d, — lim, o d,

23 An alternative to the fuzzy RD with a single-dimensional running variable would be a two-dimensional sharp
RD. We choose to simplify a two-dimensional RD to a one-dimensional RD, in line with the recommendations
of Imbens and Zajonc (2009) and Keele and Titiunik (2015). The simplification from a two-dimensional RD to a
one-dimensional RD means that we can rely on existing identification results for continuous treatment variables, we
can easily pool across many borders, and we can present visual evidence of the discontinuity.
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To estimate average treatment effects (ATEs) across borders, 7%, we follow recom-
mendations of Imbens and Zajonc (2009) and Cattaneo, Titiunik, and Vazquez-Bare
(2020) by pooling across border segments.*! To improve precision, we drop border
segments with fewer than 50 observations and we partial out border segment FEs
from all outcome variables. In the final RD sample, we have 9,674 border segments
in Pennsylvania and 5,207 border segments in Georgia. We estimate RD coefficients
using local linear regression with the mean square error (MSE) optimal bandwidths
of Calonico, Cattaneo, and Titiunik (2015).%

B. FE Regressions

For the border FE specification, we select all voters within 0.05 miles (264 feet
or 80 meters) of any border segment.?S We then estimate the following equation:

(3) Y; = b4 + Bdi + Xiv + w;,

where Y;, d;, and u; are as before, (5s(l~) are border segment FEs, and X; is a set of
covariates for individual i.?/ The identifying assumption is that all unobservable
factors affecting the likelihood of voting are uncorrelated with distance to polling
place, within registered voters that are assigned to the same border segment.

In a second, more conservative FE approach, we pair individual voters with
the nearest voter on the other side of the border.”® The estimating equation is the
same as (3), but with FEs for each matched pair, rather than for a border segment.
Thus, variation used to estimate treatment effects comes from only across precinct
variation in distance to polling place, like with the RD approach. The identifying
assumption is that, within each matched pair, distance to polling place is unrelated
to confounding factors.

In Supplemental Appendix G, we report balance tests for both FE specifications.
We regress individual- and Census block-level covariates on distance to polling

24Keele and Titiunik (2015) propose estimating 74" at several points along the border, using distance to the
point as the running variable, and averaging across these points. This is feasible in our setting and produces similar
results, though estimates are less precise when estimating the RD using observations near to an individual point,
rather than observations near to the full length of the border. In their application, they consider several points along
a single long border. Here, we have many small borders with a relatively low sample size at each border.

2>We use the Stata command rdrobust. To ensure that results for the three voting outcomes are comparable, we
use the same bandwidth for the likelihood of voting in person, by mail, and overall. We choose the MSE optimal
bandwidth for the likelihood of voting at polls. In Supplemental Appendix B, we show that RD estimates are not
sensitive to the choice of bandwidth.

261f a voter is within 0.05 miles of two segments (e.g., in a corner of a precinct), then they are assigned to the
closer of the two segments. For each segment, we only include voters that are assigned to one of the two polling
places for the precincts separated by the border segment (e.g., we exclude voters near an endpoint of the segment
that are in a third precinct).

27We include age, registered Democrat, and registered Republican. In addition to these individual-level covari-
ates, we include Census block- and block group—level covariates: percent female, percent urban, percent White and
non-Hispanic, percent Black and non-Hispanic, percent Hispanic, median household income, percent without high
school diploma, cars per household, and percent who commute to work by walking.

28Each voter is paired with the nearest voter in the other precinct that is also within 0.05 miles of the border
segment. Voters are matched with replacement. Since a single voter can belong to multiple matched pairs, we cluster
standard errors by border and precinct, following Dube, Lester, and Reich (2010) and Cantoni (2020a).
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TABLE 1—RD ESTIMATES

First stage Second stage
Distance (mi) At polls Absentee Total

Panel A. Pennsylvania
RD estimate 0.38 —2.84 0.26 —2.58

(0.02) (0.53) (0.14) (0.53)
Observations 2,981,089 2,981,089 2,981,089 2,981,089
Effective obs., left 409,826 530,655 530,655 530,655
Effective obs., right 369,991 472,381 472,381 472,381
Bandwidth 0.04 0.06 0.06 0.06
Outcome mean 0.87 57.33 2.28 59.61
Panel B. Georgia
RD estimate 1.04 —1.37 1.12 —0.25

(0.03) (0.26) (0.34) (0.38)
Observations 2,968,151 2,968,151 2,968,151 2,968,151
Effective obs., left 463,005 378,674 378,674 378,674
Effective obs., right 415,559 341,580 341,580 341,580
Bandwidth 0.11 0.09 0.09 0.09
Outcome mean 1.90 25.74 28.85 54.59

Notes: This table reports RD estimates for distance to polling place and voting outcomes.
Voting outcomes indicate whether a registered voter voted in person (at polls), by mail (absen-
tee), or by either method (total). Outcomes are scaled so that coefficients are measured in pp.
Distance (mi) measures the travel route distance between a voter and their assigned polling
place. Bandwidths are MSE optimal for distance and at-poll voting. We use the same band-
width for all voting outcomes. Standard errors allow for clustering at the border segment level.

place, including either border or matched pair FEs. Point estimates are similar to RD
coefficients in Appendix A2, though more precise. Given the large sample size, it is
perhaps unsurprising that we find some statistically significant correlations between
distance to polling place and observable characteristics.

IV. Results

We first report the RD estimates for 2018 general elections in Pennsylvania and
Georgia ([Table 1). The RD plots in Figure 3 show corresponding graphical evidence
for both the first-stage and reduced form results.

In Pennsylvania, the average increase in distance to the polling place at the dis-
continuity is 0.38 miles (SE = 0.02). The estimated effect of distance to polling
place on at-poll voting is —2.8 (SE = 0.5), meaning that for every additional mile
of distance to polling place the likelihood of voting in person falls by about 3 pp, a
5 percent reduction. There is a small and statistically insignificant increase in voting
by absentee ballot (0.3 pp, SE = 0.1), such that the estimated decrease in the over-
all likelihood of voting is 2.6 pp per mile (SE = 0.5).

In Georgia, the average increase in distance to the polling place at the disconti-
nuity is 1.04 miles (SE = 0.03). The estimated effect of distance to polling place
on at-poll voting is — 1.4 pp (SE = 0.3), a 5 percent reduction. There is a similarly
sized increase in absentee voting (1.1 pp, SE = 0.3), such that the estimated effect
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FIGURE 3. DISCONTINUITIES IN DISTANCE TO POLLING PLACE AND THE LIKELIHOOD OF VOTING

Notes: This figure shows binned scatter plots and linear regression lines with 95 percent confidence intervals to
the left and right of the discontinuity for the sample within the RD bandwidths. Distance to the border is the short-
est Euclidean distance between a voter and the border segment. Distance to the polling place is the travel route
distance between the voter and polling place (mi). The y-axes measure deviations from the border segment mean
(either miles or pp). We use the Calonico, Cattaneo, and Titiunik (2015) mimicking variance evenly spaced method
to select bins.
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on the overall likelihood of voting is small and statistically insignificant (—0.3 pp,
SE = 04).

In both states, we see similar results if we measure the effects of an increase in
Euclidean distance to polling place (Supplemental Appendix C). We also estimate
the effect of an increase in travel time to the polling place by car. Time to polling
place at the discontinuity increases by 1 minute in Pennsylvania and by 2 minutes
in Georgia. The second-stage estimates imply that the likelihood of voting in person
falls by 1.1 pp (SE = 0.2) in Pennsylvania and by 0.8 pp (SE = 0.2) in Georgia
per minute of increase in travel time by car (Supplemental Appendix C). We also
find similar effects for the 2018 primary election in each state and from the 2016
general election (available for Pennsylvania only, Supplemental Appendix D).

The RD estimates suggest that an increase in distance to polling place deters reg-
istered voters from voting in person. In Pennsylvania, this translates into a decline
in overall turnout. In Georgia, voters substitute to mail-in voting so that there is a
small and statistically insignificant effect on overall turnout. The 95 percent confi-
dence interval rules out any decrease in turnout greater than 1 pp. It is important to
remember that Pennsylvania and Georgia differed in their requirements for voting
by mail in 2018. Pennsylvania required voters to provide an excuse for needing an
absentee ballot, while Georgia did not. Without variation in absentee voting policies
during the study period, we cannot directly test the hypothesis that the availability of
no-excuse absentee voting drives the higher uptake of absentee voting in Georgia.*
However, the estimates are consistent with a larger share of voters substituting to
mail-in voting if it’s convenient to do so in response to a change in the cost of voting
at polls.

To interpret the magnitude of the estimated effects, and to compare estimates
to existing studies in different contexts, we next consider the possibility of nonlin-
ear effects. Although the nonparametric RD approach allows for a nonlinear rela-
tionship between distance to polling place and voting decisions, such heterogeneity
makes it difficult to interpret the LATE estimates.

A. Nonlinear Effects

There are at least two reasons to expect nonlinearities in this setting. It could
be that the costs of voting in person are increasing in distance to polling place,
as with a standard convex cost function. In that case, marginal effects would be
larger in magnitude for voters further away from their polling place. Alternatively,
voters who live close to a polling place may be more sensitive to distance to the
polling place if they are less likely to use a car for transportation. Small changes
in distance to polling place could be more costly for voters who walk or use public
transportation than for those who use cars.

29The switch from excuse-only to no-excuse absentee voting had no immediate effect on the sensitivity of
voters to distance to polling place in the case of Minnesota (Cantoni 2020a). In Georgia, no-excuse absentee voting
may function differently, since it was a long-standing policy by the time of the 2018 election.
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FIGURE 4. NONLINEAR EFFECTS: RD ESTIMATES BY DISTANCE TO POLLING PLACE

Notes: This figure shows binned RD estimates. The RD sample is divided into quartiles based on the average distance
to the polling place among observations in the control precinct of a border segment. The y-axis is measured in pp of
likelihood of voting. The x-axis shows the average distance to polling place within each bin. Vertical lines indicate
95 percent confidence intervals. Standard errors allow for clustering at the border segment level.

To test for nonlinear effects, we divide the RD sample into quartiles based on the
average distance to the polling place among observations in-the control precinct of
a border segment (Figure 4 and Supplemental Appendix E).>"

In both states, there is a pattern of nonlinear effects in which voters closest to
polling places are more sensitive to distance to the polling place than all other
voters. In Pennsylvania, voters in the bottom quartile (who are 0.4 miles from the
polling place on average) are 7.7 pp (SE = 1.5) less likely to vote in person per
additional mile of distance to polling place. In contrast, there is a statistically insig-
nificant reduction of 0.9 pp (SE = 0.8) likelihood of voting at polls per mile among
voters in the top quartile (who are 1.7 miles from the polling place on average).*’

39Note that each border segment identifies the average marginal effect dy/dd; at a level of d; between the
distance to the polling place in the control and treatment observations. We show that results are similar if we use
the treatment observations to define bins instead in Supplemental Appendix E. In all nonlinear estimates, we pool
across borders that vary in the first-stage effect. In the presence of nonlinear effects, one concern is that border
segments with very large first-stage effects might overestimate (with increasing marginal effects) or underestimate
(with decreasing marginal effects) the treatment effect. A separate concern is that border segments with small
first-stage effects could generate bias due to a weak identification problem. To address these concerns, we show that
estimates in Figure 4 are not sensitive to excluding border segments with the largest and smallest first-stage effects
(Supplemental Appendix E).
'The estimates for the effect of distance on the likelihood of voting in person and the likelihood of voting
overall in the bottom quartile are statistically significantly different from all other quartiles at the 1 percent level
(Supplemental Appendix E).
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In Georgia, voters in the bottom quartile (who are 1.0 miles from the polling place
on average) are 2.8 pp (SE = 0.6) less likely to vote in person per additional mile
to polling place, compared to 1.2 pp (SE = 0.3)for voters in the top quartile (who
are 3.3 miles from the polling place on average.)?? Similar to the results in Table 1,
the effect of distance to polling place on voting by mail is small and statistically
insignificant for each quartile in Pennsylvania, whereas there is a positive and fully
offsetting effect on voting by mail for each quartile in Georgia. One likely explana-
tion for the nonlinear effects for in-person voting is that the mode of transportation
differs for those who live relatively close to the polling place. We return to this
hypothesis in Section IVC.

Given the presence of nonlinear effects, we use the estimates in Figure 4 to interpret
the magnitude of the effects in each state, rather than the estimates in Table 1. The
average of the point estimates in Figure 4 imply that, in Pennsylvania, a mile increase
in distance to polling place causes a 3.1 pp reduction in the likelihood of voting at polls
and a 2.8 pp reduction in the likelihood of voting overall. In Georgia, a mile increase in
distance to polling place causes a 1.5 pp reduction in the likelihood of voting at polls
and a 0.2 pp reduction in the likelihood of voting overall.

Another way to interpret the nonlinear point estimates is to consider the average
change per standard deviation change in distance to polling place, across the four bins.
This approach accounts for the fact that voters who are closest to their polling place
tend to be in small precincts. Thus, voters who are the most sensitive are also less
likely to experience large increases in distance to polling place.?? Measured this way,
the effects of distance to polling place on voting at polls are similar across states. A
one standard deviation increase in distance to polling place decreases the likelihood of
voting in person by 1.4 pp and 1.6 pp in Pennsylvania and Georgia, respectively. The
corresponding reduction in the likelihood of voting overall is 1.2 pp in Pennsylvania
and 0.3 pp in Georgia.

B. FE Regression Results

In Table 2, we report estimated coefficients for specifications that include pre-
cinct FEs (panel A), border segment FEs (panel B), or matched pair FEs (panel C).
Coefficients are fairly stable across the three specifications in both Pennsylvania and
Georgia. Focusing on the border FE specification (panel B), the estimated effect of
distance on the likelihood of voting at polls is —0.6 (SE = 0.2), with 95 percent
confidence intervals ruling out a decrease greater than 1.1 pp in magnitude. There is
an estimated 0.1 pp increase in the likelihood of voting by mail (SE = 0.1) and a
0.6 pp decrease in the overall likelihood of voting (SE = 0.2). In Georgia, the bor-
der FE estimates are —1.2 pp (SE = 0.1) for voting in person, 1.4 pp (SE = 0.1)
for voting by mail, and 0.2 pp (SE = 0.2) for the overall likelihood of voting.
Hence, estimates from the FE specifications are similar to RD estimates for Georgia
but substantially smaller in magnitude for Pennsylvania.

32The estimate for the effect of distance on the likelihood of voting in person in the bottom quartile is statisti-
cally significantly different at the 5 percent level from estimates for all other quartiles (Supplemental Appendix E).
33We report standard deviation in distance to polling place by bin in Supplemental Appendix E.
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TABLE 2—FE ESTIMATES

Pennsylvania Georgia
At polls Absentee Total At polls Absentee Total

Panel A. Precinct FE
Distance to polling place (mi) —0.03 0.28 0.25 —1.08 1.34 0.26

(0.31) (0.09) (0.30) (0.12) (0.12) (0.13)
Observations 753,977 753,977 753,977 348,292 348,292 348,292
Outcome mean 52.93 1.74 54.67 24.70 27.68 52.38
R? 0.11 0.03 0.12 0.05 0.17 0.20
Panel B. Border FE
Distance to polling place (mi) —0.64 0.09 —0.55 —1.21 1.35 0.15

(0.23) (0.05) (0.21) (0.13) (0.14) (0.15)
Observations 753,977 753,977 753,977 348,292 348,292 348,292
Outcome mean 52.93 1.74 54.67 24.70 27.68 52.38
R? 0.12 0.03 0.13 0.05 0.18 0.21
Panel C. Matched pair FE
Distance to polling place (mi) —0.77 0.24 —0.54 —-1.77 1.83 0.06

(0.31) (0.13) (0.30) (0.20) (0.20) (0.20)
Observations 3,615,954 3,615,954  3,615954 4,069,160 4,069,160 4,069,160
Outcome mean 56.36 2.04 58.40 25.20 28.88 54.09
R? 0.55 0.50 0.56 0.52 0.58 0.60

Notes: Regressions in panel A include precinct FEs, regressions in panel B include border segment FEs, and regres-
sions in panel C include matched-pair FEs. Each regression includes individual-level covariates (age, sex, regis-
tered Democrat, registered Republican) and block-level covariates (percent White non-Hispanic, percent Black
non-Hispanic, percent Hispanic, median household income, percent with no high school degree, and percent that
walk to work, cars per household). Outcome variables indicate whether a registered voter voted in person (at
polls), by mail (absentee), or by either method (total). Outcomes are scaled so that coefficients are measured in pp.
Distance (mi) measures the travel route distance between a voter and their assigned polling place. Standard errors
allow for clustering at the precinct level in panel A, at the border segment level in panel B, and at the border seg-
ment and precinct levels in panel C.

The presence of nonlinear effects can help to explain the differences between
the estimated LATEs in Table 1 and ATEs in Table 2.> The LATEs estimated by
the RD approach represent the weighted average of the marginal effect of dis-
tance to polling place on the likelihood of voting, with higher weights for obser-
vations closest to a border segment. The ATEs estimated by the FE specifications
can also be interpreted as weighted ATEs, using the weighting results of Angrist
and Pischke (2009). Observations have relatively higher weights if they belong to
a border segment or matched pair with large variation in distance to polling place.
Given the nonlinear effects in Figure 4, one underestimates the average marginal
effect when up-weighting borders with large differences in distance to polling place.
Indeed, even if we estimate nonlinear effects using subsamples of voters by distance
to polling place, we estimate smaller effects relative to the binned RD estimates
(Supplemental Appendix E).

3*We find no direct evidence of confounding factors that might explain the discrepancies between RD and FE
estimates, and point estimates change very little when we estimate effects using variation from voters that are within
0.05 miles of a border segment (panel B, i.e., all voters along a border) or within a matched pair of voters (panel C,
i.e., voters across a border). However, we cannot rule out such biases in the FE specifications and note that such
bias might be worse in Pennsylvania, where polling places tend to be closer to border segments than in Georgia.
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Several robustness checks confirm that nonlinear effects, and other sources of
treatment effect heterogeneity, can reconcile our findings with those in the existing
literature. To start, heterogeneous effects can explain why estimates in Table 2 are an
order of magnitude smaller than those in Cantoni (2020a), even though the border
FE methodology is essentially the same.” In Supplemental Appendix H, we select
Census blocks in Pennsylvania and Georgia that are similar, based on observables,
to those in the Minneapolis and Boston areas (using replication data from Cantoni
2020b). Point estimates are similar for the matched sample, which contains more
urban areas, and the original sample of Cantoni (2020a). In general, voters tend to
be more sensitive to distance to polling place in large cities with shorter distances to
polling place (see Supplemental Appendix I for estimates specific to Philadelphia,
Pittsburgh, and Atlanta). Given the differences in the estimated effects of distance to
polling place within a state, we further investigate heterogeneous effects next.

C. Heterogeneous Effects

In this section, we investigate differences in the responses to distance to polling
place by demographic, economic, and political factors. To test for heterogeneous
effects, we compare RD coefficients across subsamples.’“ These results are sugges-
tive: We do not have exogenous variation in the covariates of interest, but we can
observe associations between covariates and estimated treatment effects. We first
consider heterogeneous effects for covariates that we observe at the individual-level
from voter registration files: age, sex, political party affiliation, and race/ethnicity
(available for Georgia only). Using data from Census block groups, we test for het-
erogeneous effects by educational attainment, income, and mode of transportation
to work. Since we do not observe these characteristics at the individual level, we
estimate effects for subsamples of border segments with above and below median
values of the continuous covariate.

Age and Sex.—One might expect younger voters to be more sensitive to costs of
voting if they have not yet developed a habit of voting (Fujiwara, Meng, and Vogl
2016; Plutzer 2002). On the other hand, older voters may be more likely to request
an absentee ballot as distance to polling place increases due to health and accessibil-
ity concerns. In Figure 5, point estimates suggest that younger voters are more sen-
sitive to distance to polling place in Pennsylvania, though these differences are not
statistically significant, and younger voters also tend to live closer to polling places
(Supplemental Appendix Table K.1). In Georgia, there is no indication that younger
voters are more sensitive, and belonging to the age group 18-29 is also uncorrelated
with distance to polling place in the RD sample. Instead, in Georgia, the estimated
substitution to mail-in voting is larger among older voters than younger voters. In
Pennsylvania, there is no significant substitution to mail-in voting for any age group,

35The only meaningful difference in methodologies is that Cantoni (2020a) estimates turnout rates for parcels
of land or Census blocks, whereas we focus on individual likelihood of voting. We estimate effects at the Census
block level in Supplemental Appendix F.

36We test if coefficients are equal across subsamples using standard #-tests, with p-values reported in tables in
Supplemental Appendix K.
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FIGURE 5. HETEROGENEOUS EFFECTS BY AGE

Notes: This figure shows RD estimates for subsamples of registered voters by age. The y-axis is measured in pp of
likelihood of voting per mile of distance to polling place. Vertical lines indicate 95 percent confidence intervals.
Standard errors allow for clustering at the border segment level.

even among voters aged 65 and above who are more likely to qualify for an absen-
tee ballot. We find no differences in sensitivity to distance to polling place between
male and female registered voters (Supplemental Appendix Table K.3).

Race and Ethnicity.—Race and ethnicity are especially important to consider in
the context of the cost of voting due to both a persistent turnout gap between White
and non-White voters (Fraga 2018; Ansolabehere, Fraga, and Schaffner 2022) and
long-standing concerns of voter disenfranchisement. During the 2018 elections,
decisions to close or move polling places came under scrutiny due to concerns over
voter suppression.’’ Related to these concerns, recent studies show that Black vot-
ers are more likely to experience longer waiting times at polls (Chen et al. 2020)
and are more likely to have their mail-in ballots rejected (Shino, Suttmann-Lea,
and Smith 2021).

In Figure 6, we find no statistically significant differences in how the over-
all likelihood of voting responds to distance to polling place between White
non-Hispanic, Black non-Hispanic, and Hispanic voters in Georgia. This is despite
the fact that Black non-Hispanic voters tend to live closer to the polling place than
other voters (Supplemental Appendix Table K.1), and voters who live close to the

37“The Georgia Governor’s Race Has Brought Voter Suppression into Full View,” The Atlantic. Retrieved
November 6, 2018. “Republican Voter Suppression Efforts Are Targeting Minorities, Journalist Says,” NPR.
Retrieved October 23, 2018.
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FIGURE 6. HETEROGENEOUS EFFECTS BY RACE AND ETHNICITY

Notes: This figure shows RD estimates for subsamples of registered voters by race and ethnicity, as reported on
voter registration files. This information is available at the individual level in Georgia only. The y-axis is measured
in pp of likelihood of voting per mile of distance to polling place. Vertical lines indicate 95 percent confidence inter-
vals. Standard errors allow for clustering at the border segment level.

polling place tend to be more sensitive (Figure 4). Despite the similar effects of
distance to polling place on overall turnout across groups, estimates suggest dif-
ferential rates of substitution to voting by mail. The increase in absentee voting per
mile increase in distance to polling place is statistically significantly lower among
Hispanic voters relative to White non-Hispanic voters and to Black non-Hispanic
voters. Existing evidence of differential effects of distance to polling place by race
is mixed. Cantoni (2020a) finds that areas with a larger non-White population are
more sensitive to distance to polling place, while Clinton et al. (2021) find that
non-White voters are less likely to substitute to early voting in response to polling
place changes than White voters. In studying recent polling place and precincting
decisions in North Carolina, Shepherd et al. (2021) find no evidence of manipula-
tion of polling place choices that would systematically affect voters differently by
race. The mixed findings suggest that context-specific factors and electoral design
are important to take into account when considering whether election rules will
have disparate racial impacts.

Political Party Affiliation.—Using party affiliation from voter registration files,
we estimate the effect separately for registered Democrats, registered Republicans,
and for voters that do not register with either party (Figure|(7). Estimates suggest
that Republicans are less sensitive to changes in distance t polling place than
Democrats in Pennsylvania and that Independents are less sensitive than both
Democrats and Republicans in Georgia. However, these differences are difficult
to disentangle from the nonlinear effects in Figure 4, since Democrats tend to
live closer to their polling place than Republicans or Independents in both states
(Supplemental Appendix Table K.1). Further, Georgia and Pennsylvania are both
swing states, so these findings may not generalize to states with strong support for
one political party.
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FIGURE 7. HETEROGENEOUS EFFECTS BY POLITICAL PARTY

Notes: This figure shows RD estimates for subsamples of registered voters by party affiliation, as reported on voter reg-
istration files. The y-axis is measured in pp of likelihood of voting per mile of distance to polling place. Vertical lines
indicate 95 percent confidence intervals. Standard errors allow for clustering at the border segment level.

Income and Education.—Participation in elections in the United States has his-
torically been higher among those with relatively high income and educational
attainment (Milligan, Moretti, and Oreopoulos 2004; Sondheimer and Green
2010; Leighley and Nagler 2014). In theory, the direction of how income might
moderate the effect of distance to polling place on turnout is unclear. On one hand,
high-income voters may have a higher opportunity cost of voting because of their
income-earning opportunities. On the other hand, low-income voters may have a
higher opportunity cost of voting due to lower flexibility to take time out of work
and because they are more likely to receive hourly wages. In both states, voters in
relatively low income and low educational attainment areas tend to live closer to
the polling place. In Figure 8, the likelihood of voting in person is more sensitive
to distance to polling place in relatively low income areas in Pennsylvania, though
there are no statistically significant differences between low and high income areas
in Georgia. Patterns are similar for educational attainment (Supplemental Appendix
Table K.7).

Transportation.—Finally, the cost of distance to the polling place will vary by
mode of transportation. We have already seen that voters who live closer to their
polling place are more sensitive to distance to polling place in Section IVA. Voters
who live closer to their polling place are also less likely to drive to the polls. It
could be that nonlinear effects in Figure 4 represent associations between distance
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FIGURE 8. HETEROGENEOUS EFFECTS BY INCOME

Notes: This figure shows RD estimates for subsamples of border segments with above and below median income.
The income-level of border segment is measured as the average of the median household income. The y-axis is
measured in pp of likelihood of voting per mile of distance to polling place. The x-axis shows the average median
household income of each subsample. Vertical lines indicate 95 percent confidence intervals. Standard errors allow
for clustering at the border segment level.

to polling place and time to polling place. We test this hypothesis by constructing a
measure of time to polling place that takes mode of transportation into account. We
assume that voters within one mile of the polling place walk along the travel route at
three miles per hour, and that all other voters drive along the travel route according
to the speed limit.”8 Figure 9 shows that, using this measure of time to polling place,
there is no strong evidence of nonlinear effects. Although there is no way to know
the actual mode of transportation and travel time experienced by voters, we interpret
this as suggestive evidence that the nonlinear effects in Figure 4 reflect differences
in mode of transportation and travel time costs.

To further test this hypothesis, we estimate effects for subsamples of border seg-
ments in areas where there is an above and below median rate of commuters who
travel to work by walking. In Supplemental Appendix Table K.8, we see that voters
in areas with above median rates of commuting by walking are more sensitive to dis-
tance to polling place in Pennsylvania. The effect of an additional mile to polling place
reduces the likelihood of voting in person by 4.2 pp (SE = 1.0) in areas with high

38 Three miles per hour is the average walking speed used by Google Maps.
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FIGURE 9. NONLINEAR EFFECTS: RD ESTIMATES BY TRAVEL TIME TO POLLING PLACE

Notes: This figure shows binned RD estimates. The RD sample is divided into quartiles based on the average time to
the polling place among observations in the control precinct of a border segment. To measure time to the polling place,
we assume that voters within one mile of the polling place walk instead of drive. The y-axis is measured in pp of like-
lihood of voting. The x-axis shows the average distance to polling place within each bin. Vertical lines indicate 95 per-
cent confidence intervals. Standard errors allow for clustering at the border segment level.

rates of commuting by foot (10 percent commute by walking, on average), versus only
1.9 pp (SE = 0.6) in areas with low rates of commuting by foot. In Georgia, there
are no significant differences, which may be due to the lower rates of people who
commute by walking overall (3 percent commute by walking in the above-median
sample). There are no significant differences in substitution to voting by mail by mode
of transportation in either state.

D. Voter Registration Costs and Search Costs

In this section, we address additional costs of voting that are related to polling
place locations. First, a larger distance to polling place may reduce the likelihood that
a voter registers to vote if the voter is aware of the polling place location in advance.
We test for voter registration effects using a block-level border FE regression.”” At the
block level, we have information on the voting age population—a proxy for voting
eligibility—from the 2010 Census. We regress the percent of the block’s voting age
population that is registered to vote on the distance from the block centroid to the poll-
ing place. We include border segment FEs and only include blocks that contain voters

39 Cantoni (2020a) similarly aggregates data to the block level, noting that the benefit of avoiding selection bias
comes at the cost of less precise measurement of distance.
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within 0.05 miles of the border. We find no evidence of a change in voter registration
rates due to increased distance to polling place (Supplemental Appendix Table F.1).
The point estimates are small and statistically insignificant: They imply that a mile
increase in distance to polling place is associated with a 0.1 and 0.5 pp reduction
in registration rates in Pennsylvania and Georgia, respectively. Consistent with there
being no large effects on voter registration, we find point estimates similar to those
in Table 2 when we regress turnout (number of votes per voting age population) on
distance to polling place (Supplemental Appendix Table F.1).

Second, changes to distance in polling place in practice might be accompanied
by additional short-term costs for a voter that needs to locate the new polling place,
either because the polling place has moved or because the voter has moved to a new
location. Such search costs are the focus of Clinton et al. (2021) and Yoder (2018). We
construct a panel of voters and polling place locations for Pennsylvania (from 2016
to 2018). Using a differences-in-differences approach, we find that a polling place
location change is associated with a 1 pp reduction in the likelihood of voting, inde-
pendently from the change in distance (Supplemental Appendix J).

V. Turnout-Maximizing Polling Place Locations

In the previous empirical sections, we estimate the effect of a one-mile increase
in distance to polling place on the likelihood of voting in person, by mail, and over-
all. From these estimates alone, it is difficult to predict how polling place location
choices influence aggregate turnout in an election. For any change in polling place
location, the distance to polling place might increase for some voters and decrease
for others. With the goal of understanding how polling place changes affect voter
participation in the aggregate, we use the RD estimates to find turnout-maximizing
polling place locations for each precinct.* Since the effect of distance to polling
place on the overall likelihood of voting is small and statistically insignificant in
Georgia, we do this exercise for Pennsylvania only.

We explore three scenarios for counterfactual polling place locations. First, we
find the turnout-maximizing latitude and longitude for a polling place in each pre-
cinct. In the second exercise, we take existing infrastructure into account and iden-
tify the turnout-maximizing location among existing public buildings in a precinct.*’
Third, we consider the experiment of doubling the number of polling locations per
precinct by identifying the two turnout-maximizing public buildings per precinct.
For these counterfactual exercises, we use the nonlinear RD estimates from Figure 4

40The turnout-maximizing set of polling places is the relevant counterfactual for analyzing changes in voter
participation. This objective is also aligned with the stated objective of local election officials who choose where to
put polling places. Other objectives, like maximizing partisan advantage, could also be interesting, though we find
no strong evidence of heterogeneous effects by partisanship in Section IVC. Further, Ferrer et al. (2024) find no
effect of the partisan makeup of a county election commission on the county’s turnout or vote shares.

“I'We construct a new dataset of polling place candidates by combining the locations of all public schools, libraries,
police stations, and places of worship. These data are available from the Homeland Infrastructure Foundation-Level
Data of the Geospatial Management Office (US Department of Homeland Security 2023). We also include the existing
polling place as a candidate.
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FIGURE 10. OPTIMAL AND EXISTING POLLING PLACE LOCATIONS IN PENNSYLVANIA

Notes: This figure shows the locations of optimal and existing polling places. The gray lines show precinct borders.

and a linear probability model of vote choice.*” For the first exercise, we numeri-
cally solve for the turnout-maximizing latitude and longitude for a given allocation
of voters. This is an unconstrained problem, in that the optimal polling location may
not be near any existing infrastructure and may even fall outside the boundaries
of the precinct. For the second and third exercise, we select the building or pair of

42 Specifically, we use the quartile from Figure 4 that the voter belongs to under the existing polling place
location. Then, for each voter, we draw an individual-specific marginal effect from a normal distribution with the
mean and standard deviation matching the point estimate and standard error for that bin. Finally, the change in the
likelihood of voting for each individual and counterfactual polling place is the individual’s marginal effect multi-

plied by the change in distance.
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FIGURE 11. DISTRIBUTIONS OF GAINS TO TURNOUT

Notes: For each simulation exercise, this figure shows the distribution of the difference in turnout between the opti-
mal and existing polling place locations at the precinct level. Difference in turnout is measured as the change in the
number of votes per voting age population (pp). Median values are indicated by vertical lines. To enhance readabil-
ity, the histograms omit observations with greater than 100 pp increase in turnout. This excludes 1 percent, 0.3 per-
cent, and 0.2 percent of precincts for the three exercises, respectively.

buildings that maximize the gains to turnout from the existing set of possible build-
ings in a precinct. See Supplemental Appendix L for more details.

Figure 10 shows the locations of existing and optimal polling places for all pre-
cincts in Pennsylvania, as well as for an urban and rural area within the same county.
This rough look at the raw data and our computed optimal polling places shows that
the counterfactual locations are not too far from existing polling places. However,
for 36 percent of precincts, the optimal polling place location is located outside the
boundaries of the precinct. This suggests that there may be gains to redrawing pre-
cincts so that they include the optimal polling place.*’

The distribution of gains in turnout from implementing turnout-maximizing poll-
ing places are shown in Figure 11. The optimal polling place location tends to be
relatively close to the existing polling place, with a median distance of 0.13 miles.
The resulting median increase in turnout is approximately 110 votes per precinct,
equivalent to an 12 pp or a 25 percent increase in turnout.*

The gains to voter participation from this first exercise may be unrealistic,
since many precincts have only a handful of buildings that would be suitable poll-
ing places. The number of polling place candidates per precinct ranges from 1
to 19, with a median value of 2. In the second counterfactual exercise, we iden-
tify the turnout-maximizing building, among the known candidates. The median
increase in turnout per precinct is zero, as the existing polling place is also the
turnout-maximizing building for roughly 70 percent of precincts. However, among
the remaining 30 percent of precincts, the median increase in turnout is 5 pp—a

43 Precinct boundaries change relatively infrequently, typically as part of a decennial redistricting process.
Polling places can change with each election cycle. Cantoni (2020a) considers an optimal re-precincting prob-
lem, given existing locations of polling places. The objective is to minimize distance, whereas we consider a
turnout-maximization problem, allowing for nonlinear effects of distance on turnout.

“We measure turnout as the number of votes per voting age population in order to compare our results with
other studies of voter participation. By choosing voting age population instead of registered voters in the denom-
inator, we assume that no unregistered voters respond to changes in distance to polling place, consistent with the
findings in Section IVD.
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10 percent increase. Statewide, if Pennsylvania were to use all turnout-maximizing
buildings as polling places, there would be a gain of approximately 442,000 votes,
equivalent to a 5 pp increase in turnout (9 percent).

For perspective, these gains are on par with other relatively successful voter mobi-
lization tactics and policies. In a large-scale field experiment in the United States,
mailings that add elements of social pressure (e.g., the voting history of neighbors)
increase turnout by 2 pp (Gerber et al. 2017). The average effect of canvassing
across 71 studies is 3 pp (Green, McGrath, and Aronow 2013). Kaplan and Yuan
(2020a) estimate that an additional day of early voting increases turnout by 0.2 pp.
This makes the statewide effect equivalent to more than 3 weeks of early voting.

Finally, we consider doubling the number of polling places, using existing
buildings. Approximately 30 percent of precincts have only 1 candidate building
and hence no possible gains under this counterfactual exercise. Nonetheless, the
median increase in turnout is 20 votes per precinct, a 2 pp increase (5 percent). If
Pennsylvania were to double the number of polling places statewide, where feasible,
then the overall gain in turnout would be 1.3 million votes, a 13 pp increase in turn-
out (26 percent). This is on par with the estimated effect of large-scale presidential
campaigns in the most heavily targeted states, including all advertising and canvass-
ing (Enos and Fowler 2018).

While doubling the number of polling places could be costly, we can also use
counterfactual simulations to identify a small number of precincts with large gains
to reoptimizing existing polling place locations. The ninetieth percentile increase
in turnout from simply relocating the polling place to another existing building is
33 pp. Compared to other voter mobilization efforts, relocating or increasing the
number of polling places might be a cost effective way to improve voter participation.

VI. Conclusion

We study the causal effect of distance to polling place on voter participation and
voting method, at polls or by mail, in two large swing states. On average, there is a
small negative effect of distance to polling place on the likelihood that a registered
voter goes to the poll to vote. A standard deviation increase in distance to polling
place reduces the likelihood of voting in person by 1.4 and 1.6 pp in Pennsylvania
and Georgia, respectively. We find that effects are nonlinear, with voters closest to
polling places being most sensitive to an increase in distance to the polling place,
likely due to differences in mode of transportation. In Georgia, voters substitute to
voting by mail, such that there is no net effect of distance to polling place on the
likelihood of voting. In Pennsylvania, substitution to mail-in voting is limited and
there is a negative net effect of distance to polling place on the likelihood of vot-
ing. An important difference between the states in the 2018 elections is that voters
needed no excuse to vote by mail in Georgia and did need an excuse to vote by mail
in Pennsylvania.

In our preferred specification, we adapt a geographic RD methodology for the
case of a continuous treatment variable, where the change in treatment is not nec-
essarily monotonic at the discontinuity. Our application is useful for future studies
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of voting costs, which might similarly exploit election precinct boundaries in other
settings, and for research involving geographic discontinuities more broadly.

The results highlight some important lessons for studies of electoral design and
voter participation in the future. First, it is important to use large datasets to study
costs of voting in large elections, where power is needed to detect small effects. The
ability to estimate small effects with precision is especially important in settings
where we expect close margins of victory. Second, the comparison of our findings
to those in the existing literature as well as our own heterogeneous effects analysis
suggest that changes in voting behavior can be highly context specific. Third, it is
important to take context into account when determining the effect of any election
design change. For example, the effect of changes to polling place locations likely
depends on the availability of voting by mail and other convenience voting meth-
ods. Cantoni and Pons (2022) show that a voter’s context and location influences
whether or not they vote. This paper adds that voters’ sensitivity to costs of voting
is also highly context dependent.

The findings in this paper can help election commissions that face costly trade-offs
in choosing how many polling places to open and where to place them. Our coun-
terfactual exercise shows that the causal estimates from our paper are not merely
of academic interest but are policy relevant if local officials want a practical way
of increasing turnout. In Pennsylvania, using the set of turnout-maximizing public
buildings for polling places could increase turnout by 5 pp in aggregate. In future
work, one might take into account the differential costs of voting in person and by
mail and of opening and closing polling places, in order to determine the cost effi-
ciency of implementing turnout-maximizing polling place locations. With a more
nuanced understanding of when voters choose to vote in person, vote by mail, or
abstain, election commissions have an opportunity to reduce costs of voting or to
make costs of voting more equal across the population.
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APPENDIX A

Al. Summary Statistics

TABLE A1—SUMMARY STATISTICS

Pennsylvania Georgia
All RD sample All RD sample

Mean SD Mean SD Mean SD Mean SD
Voting history
Primary election, at polls 18.41 38.75 18.99 39.23 1230  32.84 12.18 32770
Primary election, absentee 0.38 6.16 0.40 6.34 4.60 20.95 4.37 20.44
Primary election, total 18.79  39.06 19.40 39.54 1690  37.48 16.55  37.16
General election, at polls 56.79  49.54  56.99 49.51 25779 43775 2573 4371
General election, absentee 2.23 14.78 2.21 14.68 29.76 45.72 29.03 45.39
General election, total 59.03  49.18  59.19 49.15 5555  49.69 5476  49.77
Distance to polling place
Travel route distance (mi) 1.29 1.41 0.88 0.94 2.45 3.60 1.90 1.44
Euclidean distance (mi) 0.93 3.72 0.57 0.63 1.66 2.70 1.22 1.02
Travel time (min) 3.07 241 2.58 1.93 4.064 4.19 4.14 2.24
Demographics
Democrat 0.48 0.50 0.54 0.50 0.08 0.27 0.09 0.29
Republican 0.38 0.49 0.32 0.47 0.09 0.28 0.07 0.26
Independent 0.14 0.35 0.14 0.34 0.00 0.05 0.00 0.05
Age 50.17 18.47 5043 1833 46.66 17.89  46.01 17.77
Female 0.45 0.50 0.46 0.50 0.54 0.50 0.54 0.50
Urban 0.80 0.40 0.95 0.21 0.75 043 0.90 0.29
Percent Black 0.11 0.23 0.15 0.27 0.30 0.33 0.34 0.34
Percent White 0.83 0.27 0.77 0.30 0.62 0.33 0.56 0.34
Percent Hispanic 0.05 0.11 0.06 0.13 0.07 0.11 0.07 0.12
Median household income ($10,000)  5.86 2.89 5.78 3.08 5.85 2.89 6.12 3.09
Percent no highschool degree 0.12 0.10 0.12 0.11 0.15 0.11 0.13 0.11
Percent that walk to work 0.04 0.09 0.05 0.10 0.01 0.04 0.02 0.04
Cars per household 1.67 0.49 1.52 0.49 1.85 0.39 1.78 0.41
Observations 8,245,349 4,811,720 6,981,879 3,451,302

Note: For each voting history variable, we observe whether or not a registered voter votes, by method of voting. The
means and standard deviations of voting history variables are measured in pp. Party affiliation, age, and gender are
measured at the individual level. Race and ethnicity are measured at the Census block level. Income, education, and
mode of transportation variables are measured at the block group level. The RD sample is described in Section IIIA.

A2. Manipulation and Balance Tests for RD Specification

In this section, we estimate RD coefficients for covariates and test for manip-
ulation of the running variable. First, we report RD estimates for twelve placebo
outcomes in each state (Table A2). To ensure that the samples are comparable, we
use the same bandwidth as the one used for voting outcomes in Table 1. As with
the main RD specification, we use residualized outcomes, after removing border
segment FEs. We correct for multiple hypothesis testing with the Westfall-Young
procedure, using Stata command wyoung by Jones, Molitor, and Reif (2019) with
1,000 bootstrap replications.
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TABLE A2—RD ESTIMATES FOR PLACEBO OUTCOMES

FEBRUARY 2026

Median house-

Female Age Democrat ~ Republican hold income Urban
Panel A. Pennsylvania
RD estimate —0.0042 —0.3856 —0.0006 —0.0017 0.0280 —0.0029
(0.0018) (0.1639) (0.0019) (0.0019) (0.0224) (0.0018)
[0.26] [0.26] [0.95] [0.84] [0.79] [0.61]
Observations 2,432,851 2,978,409 2,981,089 2,981,089 2,974,297 2,930,658
Effective obs., left 433,424 530,314 530,905 530,905 527,050 522,384
Effective obs., right 386,052 472,160 472,628 472,628 471,815 462,539
Bandwidth 0.06 0.06 0.06 0.06 0.06 0.06
Outcome mean 0.46 50.52 0.52 0.34 5.93 0.96
Percent with
Percent no high Percent that walk ~ Cars per
Percent White Percent Black  Hispanic  school degree to work household
RD estimate —0.0031 0.0001 0.0006 —0.0010 0.0013 0.0077
(0.0022) (0.0016) (0.0012) (0.0011) (0.0010) (0.0032)
[0.77] [0.95] [0.95] [0.86] (0.79] [0.26]
Observations 2,930,658 2,930,658 2,930,658 2,975,723 2,980,814 2,529,423
Effective obs., left 522,384 522,384 522,384 527,360 530,900 464,013
Effective obs., right 462,539 462,539 462,539 471,858 472,614 408,786
Bandwidth 0.06 0.06 0.06 0.06 0.06 0.06
Outcome mean 0.79 0.13 0.06 0.11 0.05 1.56
Median house-
Female Age Democrat ~ Republican hold income Urban
Panel B. Georgia
RD estimate —0.0026 —0.2105 —0.0011 —0.0029 0.0098 —0.0090
(0.0031) (0.2536) (0.0021) (0.0019) (0.0420) (0.0038)
[0.95] [0.95] [0.96] [0.71] [0.96] [0.20]
Observations 2,962,541 2,967,147 2,968,151 2,968,151 2,966,880 2,904,346
Effective obs., left 379,477 380,080 380,239 380,239 380,239 369,078
Effective obs., right 342,253 342,752 342,894 342,894 342,879 332,614
Bandwidth 0.09 0.09 0.09 0.09 0.09 0.09
Outcome mean 0.54 45.96 0.09 0.07 6.10 0.91
Percent with
Percent no high Percent that walk  Cars per
Percent White Percent Black  Hispanic  school degree to work household
RD estimate 0.0087 —0.0079 —0.0027 —0.0013 —0.0011 0.0042
(0.0053) (0.0050) (0.0026) (0.0025) (0.0009) (0.0074)
[0.71] [0.71] [0.93] [0.96] [0.93] [0.96]
Observations 2,904,346 2,904,346 2,904,346 2,968,150 2,968,150 2,610,017
Effective obs., left 369,078 369,078 369,078 380,239 380,239 338,389
Effective obs., right 332,614 332,614 332,614 342,894 342,894 304,784
Bandwidth 0.09 0.09 0.09 0.09 0.09 0.09
Outcome mean 0.55 0.35 0.07 0.13 0.02 1.79

Notes: This table reports RD estimates for placebo outcomes. Female, age, Democrat, and Republican are observed at the
individual level from voter registration files. Median household income, urban, race/ethnicity, percent with no high school
degree, percent that walk to work, and cars per household are observed at the Census block or block group level. Standard errors
allow for clustering at the border segment level (in parentheses). Square brackets contain p-values for statistical significance after
applying the Westfall-Young procedure for multiple hypothesis testing.

Overall, we do not find strong evidence against the identifying assumption that
potential confounding factors are continuous at the border. Estimated coefficients
are small and most are statistically insignificant. Before correcting for multiple
hypothesis testing, there are three statistically significant coefficients (of 12) in
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FIGURE Al. DISTRIBUTION OF DISTANCE FROM VOTER TO BORDER SEGMENT

Note: These figures show histograms for the Euclidean distance in miles between the voter and the nearest border
segment, for all voters within 0.5 miles of any border segment.

Pennsylvania and one in Georgia. In Pennsylvania, there is a statistically significant
decrease in the probability a voter is female (—0.004, SE = 0.002), decrease in age
(= 0.386, SE = 0.164), and increase in cars per household (0.008, SE = 0.003).
These effects are small (the coefficients equal 0.9 percent, 0.8 percent, and 0.5 per-
cent of the mean, respectively) and not statistically significant after correcting for
multiple hypothesis testing. In Georgia, there is a statistically significant decrease in
the likelihood of being in an urban block (—0.009, SE = 0.004, equal to 1 percent
of the mean). The coefficient is not statistically significant after correcting for mul-
tiple hypothesis testing.

Next, we evaluate the distribution of the running variable near the discontinuity.
However, we first note that the underlying distribution of the distance from voter to
the border is irregular, primarily due to road patterns. Voters are not distributed evenly
around precinct borders, but instead either live very close to the border, which is typi-
cally a road itself, or on the next nearest road. Figure A 1| shows the distance to the bor-
der for all voters within 0.5 miles of a border segment for Pennsylvania and Georgia.
The distributions are bimodal. The first peak consists of voters that live on the road
that acts as a border. Approximately 14 percent of the RD sample in Pennsylvania
and 6 percent of the RD sample in Georgia live within 0.01 miles (about 50 feet or
16 meters) of the border segment. The second peak represents the modal distance to
the next nearest road. The pattern is more pronounced in Pennsylvania, in part due to
the grid pattern in Philadelphia, the largest city in either state.

Due to the shapes of these distributions, a standard McCrary test is difficult to
implement. Nonetheless, for completeness, we use local polynomial density estima-
tion to test for discontinuities in the running variable with the Stata package rdden-
sity. Figure A2 shows histograms of distributions of the running variable for each
state. We show the distribution for three times the optimal bandwidth (the default)
and use a fourth-order polynomial to estimate the density function. Despite this,
the local polynomial density estimation does not match the distribution well. Point
estimates for the jump in density at the discontinuity fall outside of bias-corrected
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FIGURE A2. ESTIMATED DENSITY OF RUNNING VARIABLE NEAR THE DISCONTINUITY

Notes: These figures show histograms and estimated kernel densities of the running variable, which is the Euclidean
distance from the voter to the nearest border segment (mi). The values are negative for the control precinct (shaded
in red) and positive for the treatment precinct (shaded in blue).

TABLE A3—LocAL PoLYNOMIAL DENSITY ESTIMATION

Pennsylvania Georgia
Bandwidth 0.06 0.09
Polynomial for estimation 4 4
Effective obs., left 530,905 380,239
Effective obs., right 472,628 342,894
T-statistic for density test —15.33 —17.00
p-value for density test < 0.001 < 0.001

confidence intervals proposed by Cattaneo, Jansson, and Ma (2020). With these
caveats, for both states, we reject the null hypothesis that there is no discontinuity at
the cutoff (with p-values <0.01).

Given the irregular distribution of the running variable, we prefer the randomiza-
tion inference approach of Cattaneo, Frandsen, and Titiunik (2015) in this setting. We
test if the running variable is as good as randomly assigned for a set of increasingly
large windows around the cutoff. The results of the binomial tests are reported in
Table A4. We follow the recommendation to include approximately 20 observations
in the first window, and to expand the window in equal-sized increments for ten win-
dows. The smallest p-value is 0.09 in each state. If we consider the mass of voters
that are within 0.01 miles to the border in both states (a much larger window than
used in the binomial test), 47 percent of observations (observations = 446,663)
are in the treatment precinct in Pennsylvania and 48 percent of observations (obser-
vations = 182,959) are in the treatment precinct in Georgia. Taken together, the
balance tests and binomial tests fail to show strong evidence of manipulation of the
running variable. This suggests that we successfully eliminated any precinct borders
that would induce systematic sorting by voters that might violate the continuity
assumption (e.g., precinct borders that overlap with school district borders).
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TABLE A4—BINOMIAL TESTS

Window Observations left Observations right p-value for Hy: prob.
length/2 (mi) of cutoff of cutoff of left side = 0.5
Panel A. Pennsylvania

0.0000003 16 7 0.09
0.0000007 21 12 0.16
0.0000010 23 18 0.53
0.0000014 28 22 0.48
0.0000017 31 27 0.69
0.0000021 34 29 0.61
0.0000024 38 37 1.00
0.0000028 45 44 0.92
0.0000031 51 44 0.54
0.0000034 60 49 0.34
Panel B. Georgia

0.000002 14 7 0.19
0.000036 18 17 1.00
0.000053 40 53 0.21
0.000071 56 65 0.47
0.000089 73 80 0.63
0.000107 89 89 1.00
0.000124 98 107 0.58
0.000142 118 133 0.38
0.000160 125 149 0.16
0.000178 134 164 0.09

Note: The p-value is for the null hypothesis that the probability of being on left of the thresh-
oldis 0.5.
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