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Habit Formation in Voting: Evidence from Rainy Elections'

By THOMAS FUITwARA, KYLE MENG, AND ToM VOGL*

We estimate habit formation in voting—the effect of past on current
turnout—nby exploiting transitory voting cost shocks. Using county-
level data on US presidential elections from 1952-2012, we find that
rainfall on current and past election days reduces voter turnout.
Our estimates imply that a I-point decrease in past turnout lowers
current turnout by 0.6—1.0 points. Further analyses suggest that habit
formation operates by reinforcing the direct consumption value of
voting and that our estimates may be amplified by social spillovers.
(JEL D72, D83, N42)

oting is the cornerstone of democracy. However, social scientists, philosophers,
and policymakers have struggled to explain why citizens vote and why turnout
varies extensively within and across countries.!| Because pivotal voting models fail
to provide satisfying explanations for non-negligible turnout in large elections (the
“paradox of voting”), researchers have turned to theories based on intrinsic moti-
vation. Early contributions expanded the “calculus of voting” framework to include
a consumption value of turning out, alternatively known as “expressive utility” or
“civic duty” (Riker and Ordeshook 1968). More recent theories explore how ethics,
prosociality, and social pressure may imbue the act of voting with consumption
value (Harsanyi 1977; Feddersen and Sandroni 2006; Benabou and Tirole 2006;
Ali and Lin 2013). These theories find support in experimental studies showing that
altruism (Fowler 2006; Fowler and Kam 2007; Dawes, Loewen, and Fowler 2011)
and concerns about social image (Gerber, Green, and Larimer 2008; DellaVigna et
al. 2013) play a role in driving voters to turn out. Despite the importance of these
values for a robust democracy, existing research offers limited insight into how they
develop.
We ask if voting is habit-forming, in the sense that past acts of voting raise the
probability of voting in the future. In addition to speaking to theories of political
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!Feddersen (2004) surveys these issues and notes that “it is unsettling that there is no canonical rational choice
model of voting in elections with costs to vote.”
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participation, the answer to this question has important policy implications. If siz-
able, habit formation could alter the cumulative turnout benefit of programs like get-
out-the-vote campaigns, mandatory voting, paid election days, and improved access
to polls, shedding light on a potential mechanism behind the long-term effects of
turnout interventions previously explored in the empirical literature.” Furthermore,
habit formation may influence the optimal age for targeting citizens with these
programs.

This question has long intrigued economists and political scientists, partly for its
importance and partly for its challenging nature. At least since Brody and Sniderman
(1977), researchers have been aware that voter turnout is persistent: voting today is
associated with voting in the future. But while this persistence may reflect habit
formation, it may also reflect stability over time in the benefits and costs of vot-
ing. Empirically disentangling habit formation from other channels of persistence
requires a source of variation in turnout that meets stringent statistical conditions.
Not only must it be uncorrelated with the baseline determinants of turnout, but it
also cannot have a direct effect on the future determinants of turnout.

We address this empirical challenge by exploiting unexpected and transitory
shocks to voting costs due to rainfall on election day. Following previous studies
documenting that rain decreases turnout (Gomez, Hansford, and Krause 2007,
Hansford and Gomez 2010; Fraga and Hersh 2011), our test for habit formation
amounts to asking whether election day rainfall decreases voter turnout not only in
the current election but also during future elections. To ground the analysis concep-
tually, we present a framework for studying habit formation based on a simple “cal-
culus of voting” model, in which rainfall is a transitory shock to the cost of voting.
We use the framework to clarify what is required to identify habit formation, and
we discuss why election day rainfall fits such requirements, not only because it is
orthogonal to voters’ characteristics, but also because it is unexpected (not leading
voters and other agents to adapt their behavior prior to election day) and transitory
(affecting current but not future voting costs).

Matching daily weather data with county-level US presidential election returns
from 1952 to 2012, we find that both contemporaneous and lagged election day
rainfall reduce voter turnout. Our main estimates imply that a 1 percentage point
decrease in past turnout lowers current turnout by 0.6—1.0 percentage points. Based
on detailed exploration of the data, our preferred model includes year fixed effects,
county fixed effects, and county-specific quadratic trends, allaying concerns about
unobserved heterogeneity or confounding trends. Turnout shows no relation to rain-
fall on the day of the next presidential election, and it also shows no relation to daily
rainfall within the two weeks before and after the current election day. These results
confirm that only rainfall that fell precisely on the current and previous election

2Prior empirical research in economics has focused predominantly on the contemporaneous effects of pivot
probabilities (Agranov 2012; Hoffman, Morgan, and Raymond 2013), voting costs (Charles and Stephens
2013), and the media (Stromberg 2004; Gentzkow 2006; DellaVigna and Kaplan 2007; Enikolopov, Petrova, and
Zhuravskaya 2011; Gentzkow, Shapiro, and Sinkinson 2011; Drago, Nannicini, and Sobbrio 2014; Falck, Gold, and
Heblich 2014) on turnout.

3Taking this argument even further, Lodge and Birch (2012) propose to “make electoral participation compul-
sory for first-time voters only,” since “introducing an obligation for new electors to turn out once would... go a sig-
nificant way toward breaking the habit of non-voting” and “could have a substantial and lasting impact on turnout.”



162 AMERICAN ECONOMIC JOURNAL: APPLIED ECONOMICS OCTOBER 2016

days matters for current turnout. Additionally, subsamples with stronger contem-
poraneous effects also exhibit stronger lagged effects. For example, the effects of
both contemporaneous and lagged rainfall are larger in poorer and more rural areas,
where the costs of inclement weather may be greater. In contrast, a supplementary
analysis of midterm elections finds no turnout effects of either contemporaneous
or lagged rainfall, except in uncontested elections, which exhibit low turnout and
possibly higher rain sensitivity.

We explore two dimensions of the mechanisms underlying these county-level
results. First, we note that policies and other shocks that affect aggregate turnout
can have persistent impacts due to both individual-level habit formation and social
interactions during and between elections. Because rainfall is a county-level shock,
our approach is well-suited for capturing the joint impact of these channels. A com-
parison of our results with existing estimates of individual persistence in voting
behavior suggests a county-level social multiplier (Glaeser and Scheinkman 2003)
as large as 1.7, implying that for every percentage point increase in turnout result-
ing from individual habit formation, county average turnout rises 1.7 percentage
points. While other factors (e.g., different populations being affected) may account
for the difference between previous estimates and ours, we argue nevertheless that
the large implied social multiplier is noteworthy. Second, guided by our theoreti-
cal framework, we assess which determinant of voting underlies our main result.
Drawing on several additional analyses, we argue that it is unlikely to be driven
by persistent changes in voting costs (including automatic de-registration of non-
voters), by updates to voters’ beliefs about their probability of being pivotal, or by
changes in voters’ preferences over election outcomes. As a consequence, the results
suggest that habit formation may be driven by an increase in the consumption value
of voting, as in classic economic models of habit formation in consumption (Pollak
1970; Becker and Murphy 1988).

Our attempt to disentangle habit formation from other causes of persistence in
the costs and benefits of voting builds on two previous studies.” Gerber, Green, and
Shachar (2003) and Meredith (2009) both exploit plausibly exogenous variation
in past voting to identify the persistent effects of shocks to turnout. Gerber, Green,
and Shachar carry out a randomized get-out-the-vote intervention, while Meredith
implements a regression discontinuity design based on age thresholds for voter eli-
gibility. Relative to their research designs, ours has both benefits and drawbacks. On
the positive side, rainfall is perhaps less likely than their sources of turnout variation
to have direct effects on the future determinants of turnout. In Gerber, Green, and
Shachar’s experiment, the canvassing procedure included messages appealing to a
subject’s sense of civic duty, political competition, or neighborhood solidarity; in
Meredith’s study design, barely eligible voters had time to acquire information in

“Two other papers use instrumental variables methods that rely on debatable identifying assumptions. Green
and Shachar (2000) estimate models where past turnout affects current turnout, including a specification where
past turnout is predicted using lagged demographic controls and opinions. Denny and Doyle (2009) estimate sim-
ilar models using the number of locations a respondent lived while age 16-23 as an instrument for voting in their
first eligible election. In other related work, Franklin and Hoboldt (2011) show that Europeans whose first eligible
election is a (low-turnout) European Parliament election vote less in national elections, while Atkinson and Fowler
(2014) report that saint’s day fiestas depress current and future turnout in Mexico. These papers also require added
assumptions for a habit formation interpretation.
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the lead-up to election day. We argue that a transitory and unexpected shock in the
cost of voting, such as rainfall, may be better suited for estimating habit formation
as it is less likely to alter underlying voter preferences or knowledge. Additionally,
our sample covers the entire continental United States over 60 years, during which
all counties experienced rainfall on at least one election day. Gerber, Green, and
Shachar find effects of a get-out-the-vote campaign preceding the 1998 midterm
election on turnout in a 1999 local election in New Haven, CT, while Meredith’s
results are based on young Californians in the 20002006 period.” On the negative
side, however, our county-level research design cannot isolate individual-level habit
formation from the amplifying effects of social interactions.

The paper also relates to three other strands in the literature. First, it speaks to
the empirical literature on the determinants of turnout. Several papers study the
impacts of media exposure (Stromberg 2004; Gentzkow 2006; DellaVigna and
Kaplan 2007; Enikolopov, Petrova, and Zhuravskaya 2011; Gentzkow, Shapiro, and
Sinkinson 2011; Drago, Nannicini, and Sobbrio 2014; Falck, Gold, and Heblich
2014), but they exploit persistent variation in media exposure and, hence, are not
able to address the impacts of a transitory shock to turnout. Our results comple-
ment this literature by suggesting that the long-run effects of media exposure on
turnout may be partly driven by habit formation. Other subsets of the literature do
focus on transitory shocks and their persistent effects. For example, Madestam et al.
(2013) and Madestam and Yanagizawa-Drott (2012) use rainfall on tax day and
Independence Day, respectively, to estimate the effect of participating in recent
Tea Party protests and Independence Day celebrations on political preferences and
behavior. A voluminous literature within development economics also uses weather
shocks as a source of exogenous variation in agricultural productivity and income.”
Relatedly, Kaplan and Mukand (2011) find persitence from other shocks, showing
that citizens registered to vote shortly after the September 11, 2001 attacks are more
likely to be registered as Republicans even half a decade after the terrorist attacks. In
research that speaks to possible psychological mechanisms underlying our results,
Mullainathan and Washington (2009) show that the act of voting for a candidate
leads to improved opinions of that candidate, consistent with cognitive dissonance
theory. Many of their arguments regarding the choice of candidate can apply to our
study of the turnout decision.

Second, our results add empirical evidence to a recent theoretical literature explor-
ing aggregate turnout when past voting experiences influence future voter participa-
tion. Building on an earlier paper by Kanazawa (1998), Bendor, Diermeier, and Ting
(2003) model the behavior of voters who guide their turnout with rules of thumb
over past turnout decisions and election outcomes. Their model predicts substantial
equilibrium turnout, even in large electorates, thus providing a potential solution

STn both contexts, political competition was low and Democrats dominated federal elections.

SDell, Jones, and Olken (2014) provide an extensive survey of economics papers that estimate the effects of
weather, covering studies in both developed and developing contexts. The vast majority of papers in this literature
deals with weather shocks over periods longer than a day, such as a year or agricultural season. Other papers using
daily weather shocks, as we do, include studies of the effect of race riots on urban development in the United States
(Collins and Margo 2007), of political protests on policy changes in France (Huet-Vaughn 2013), and of extreme
temperature on mortality (Deschénes and Moretti 2009).
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to the paradox that citizens vote in large numbers despite having little chance of
individually swinging the election. While our framework differs from their model
(which does not include a “calculus of voting”), our results corroborate features of
their theory. Given our focus on the development of voting habits, our results lend
particular support to Fowler’s (2006) extension of their theory to incorporate habit-
ual voters who always turn out. Finally, our results speak to a broader literature on
habit formation in other aspects of economic activity./’

L. Motivation: Age Patterns in Voting

To motivate our interest in habit formation, [Figure 1|displays US federal election
turnout as a function of age using data from the Current Population Survey (CPS)
Voter Supplement, 1980-2010. The figure presents two panels, one including all
ages from 18 to 80 and one focusing on the first decade of voter eligibility. Two
aspects of the age patterns are suggestive of habit formation.

Panel A, which spans the lifecycle, plots age-specific means and local linear
regressions with bandwidths of two years, separately for presidential and midterm
elections. Turnout increases monotonically in age through the late 1960s, at which
point it gradually declines, perhaps due to the onset of old-age disability. This pat-
tern is striking because the opportunity cost of time— wages, employment, chil-
drearing—follows a similar age profile. Hence, over most of the lifecycle, turnout
increases with age despite a rising cost of voting.® The natural implication is that the
perceived benefits of voting increase with age more rapidly than does the opportu-
nity cost of time. Although this implication has several potential explanations, habit
formation may play an important role.

In fact, one can glean some evidence of habit formation from these age profiles
alone. To highlight this evidence, panel B of Figure 1 zooms in on ages 18-27,
showing scatter plots of deviations from the fitted relationships.” The scatter plots
display clear jumps in turnout from age 19 to age 20 in midterm elections and from
age 21 to age 22 in presidential elections, exactly matching the age pattern of eligi-
bility for one previous presidential election. Similar jumps are evident at the age cut-
offs for eligibility for two previous presidential elections: 24 in midterm elections
and 26 in presidential elections. The four jumps average 2.1 (standard error = 0.7)
percentage points. Since presidential elections tend to involve high turnout, these
discontinuous increases in age-specific turnout suggest habit formation: past voting
experiences increase the likelihood of future voting. The evidence is similar to that
of Meredith (2009), who studies age patterns in voting using more finely grained
age data from California. However, as we discuss in the next section, although it

7For example, habit formation has drawn interest for its potential to resolve puzzles related to asset markets
(Constantinides 1990), economic growth (Carroll, Overland, and Weil 2000), monetary policy (Fuhrer 2000), and
trade (Atkin 2013).

8 One possibility is that voters learn how to minimize the costs of voting—faster transportation to the polls, more
practical times to vote—as they age. But this argument is difficult to square with the fact that turnout rises with age
even in late middle age, when individuals have been eligible to vote for more than two decades.

9 All birth cohorts in Figure 1, panel B became eligible to vote at age 18 under the 26th Amendment of 1971.
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FIGURE 1. AGE PATTERNS IN VOTING, CPS VOTER SUPPLEMENT 1980-2010

Note: Age profile estimated by local linear regression with a bandwidth of two years.

suggests habit formation, one needs additional assumptions, which may fail to hold,
to interpret the effect of past eligibility as the effect of past voting per se.

II. Identification: Insights from the Downsian Framework

For our purposes, “habit formation” means that the act of voting today, hold-
ing constant voters’ characteristics, affects voting decisions in the future. Our cen-
tral contribution is to separate “habit formation” from “persistence” in general,
which can be explained by serial correlation in the benefits and costs of voting. For
instance, those with interest in politics or a strong sense of civic duty will turn out
often, while those with low levels of these variables will rarely vote. A regression
of current turnout on its lagged values is thus a poor test of habit formation, since
persistent unobserved heterogeneity may explain any serial correlation in voting.

In this section, we draw on the “calculus of voting” framework to pinpoint the
conditions necessary to identify habit formation. Within this framework, we discuss
previous research designs to estimate habit formation and explain why they may fall
short of these conditions. As an alternative source of identifying variation, we pro-
pose election day rainfall. We take care to list both the benefits and the limitations
of our approach, as well as to raise interpretation issues arising from the fact that
rainfall affects entire communities, rather than individuals.

A. Downsian Framework

To be explicit about the identification problem, we consider habit formation
within the “calculus of voting” framework of Downs (1957), Tullock (1967), and
Riker and Ordeshook (1968). Citizen i has probability P;, of being the pivotal voter
in period #’s election: with probability P;, her preferred candidate wins if and only
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if she votes. She obtains benefit B, if her preferred candidate wins the election in
period ¢, regardless of whether she voted, and alse enjoys direct utility D;, from the
act of voting, regardless of the election outcome.'’ The product P;,B;, is commonly
known as the “instrumental utility” of voting, representing the expected policy pay-
off from the act of voting. In contrast, D;, is the direct consumption value the citizen
gains from the act of voting, also known as the “expressive utility” of voting. It
represents benefits from carrying out a civic duty, adhering to an ethical standard, or
complying with social pressure. The citizen incurs cost C;; from voting, also regard-
less of the election outcome. She votes if and only if her net utility of voting P;,B;,
+ D;, — C; is positive. Denote the voting decision as V;,, which equals 1 if the cit-
izen votes, 0 otherwise.

We wish to identify whether V; ,_ affects V;, but as mentioned above, an identi-
fication problem arises: the model terms {Pm B, Dj,, C,-,} may be serially correlated
within an individual. As such, we take advantage of a transitory shock &; to the net
utility of voting.'! Incorporating this shock into the framework above, the citizen
votes if and only if

(1) PyBiy + Dy — Cyy + &, > 0.

In principle, &;; could work through any term of the Downsian framework, but in
practice, our strategy relies on shocks to C;;, while existing research relies on shocks
to D;,.

Whatever term it affects, the shock must satisfy two conditions. First, it must be
independent of the baseline determinants of voting in the same period:

(2) {Pit’ Bit’ Dit’ Cil}J—git'

Condition (2) allows us to estimate the effect of the shock on contemporaneous
turnout. The second condition for the shock is dynamic:

(3) {Pit’ Bit’ Dit’ Cit’ git}’ vi, tflj—fi, t—1>»

which states that, conditional on the voting decision the last period, the last period’s
shock is independent of the current determinants of voting. Condition (3) is similar
in spirit to the exclusion restriction in a standard instrumental variables setup, imply-
ing that §; ,_; affects period 7 voting only through its effect on period # — 1 voting
and not by directly affecting P, B;;, D;;, or C;,.. Additionally, because the determi-
nants of voting in period ¢ include both the baseline terms of the Downsian frame-
work and the shock &, condition (3) implies that &;, cannot be serially correlated.
Under these conditions, an association between ¢; , | and V;, provides evidence of

191 the American context, if V¥ is the benefit to citizen i if a Republican candidate wins and V2 is the benefit
if a Democratic candidate wins, then B;, = ‘ vk _ybl,
"' We assume that the support of ¢;, includes values that change some citizens’ turnout decisions.
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habit formation. In Section V, we discuss how we rely on these conditions to esti-
mate a local average treatment effect of V; ,_; on V. 1

Even if ¢, is independent of the baseline benefits and costs of voting before
the realization of the shock, it may not satisfy condition (3). For example, con-
sider a randomized intervention that encouraged citizens to vote in period ¢t — 1.
Randomization guarantees that the intervention satisfies condition (2). But depend-
ing on its nature, the intervention may directly influence a citizen’s consumption
value or cost of voting for many periods into the future. In this case, §; ,_ affects V;,
through D;, or C;;, not solely through V; ,_;.

B. Previous Research Designs

Two important contributions to the literature on voting persistence rely on research
designs that satisfy condition (2) but not necessarily condition (3). The first involves
a field experiment, while the second exploits a regression discontinuity design.

In the first study, Gerber, Green, and Shachar (2003) report the results of a ran-
domized trial of a get-out-the-vote (direct mail and canvassing) campaign conducted
in New Haven, CT prior to the general election of 1998. They find higher turnout in
the treatment group in both the 1998 general election and the 1999 local election,
which they interpret as the effect of habit formation. However, this interpretation
assumes that the campaign had no direct lasting effect on the benefits or costs of vot-
ing. Although plausible, this assumption is far from certain. For example, if the cam-
paign raised voters’ perceived benefit of voting, and this effect lasted more than a
year, then condition (3) would be violated. In fact, the experimental get-out-the-vote
campaign embedded several messaging treatments that appealed to a subject’s sense
of civic duty, political competition, or neighborhood solidarity. Because they aim to
exploit or manipulate a subject’s emotions, these messaging treatments may plausi-
bly affect D, in a lasting way. In other words, the shock to D;, may not be transitory.

A similar logic applies to Meredith (2009), who uses data from California to
compare the voting behavior of those whose eighteenth birthday was just before
the 2000 general election to that of those who turned 18 just after. This approach is
similar to ours in Figure 1, panel B, except that it uses more finely grained age data
on a sample from a particular state in a shorter period. Meredith estimates that those
barely eligible to vote in 2000 are more likely to vote in 2004. However, to interpret
this evidence as habit formation in voting per se, one must assume that experiencing
a presidential campaign while eligible to vote for the first time has no persistent
direct effects on a citizen’s tastes and costs. As Meredith notes, citizens who know
they will be eligible to vote may pay more attention to media coverage and campaign
messages than those who know they will not be eligible. Because those turning 18
around election day are likely to be high school students, they may also pay more
attention to school-based efforts to increase civic engagement. If exposure to these
sources of information during an individual’s first eligible election has persistent
effects on the perceived benefits and costs of voting, then condition (3) is violated.

12Together with the assumption stated in footnote 11, conditions (2) and (3) are equivalent to condition (1) in
Imbens and Angrist (1994).
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In other words, the change in voting costs is expected, which may lead to exclusion
restriction violations.

In summary, although Gerber, Green, and Shachar (2003) and Meredith (2009)
have moved the literature substantially forward, we do not know the extent of pos-
sible exclusion restriction violations in their study designs. To identify habit forma-
tion, a shock to the costs or benefits of voting must be transitory and unexpected.

C. Identification Using Election Day Rainfall

As an alternative approach to identifying habit formation in voting, we exploit a
transitory shock to the cost of voting: election day rainfall. Four important charac-
teristics of this shock justify our choice. First, as we show below (and as previous
research has established), rainfall reduces contemporaneous voter turnout. Second,
it is outside of the control of voters, candidates, or any other political agent and is
orthogonal to the baseline benefits and costs of voting, before the realization of the
shock. Third, it is transient and thus affects contemporaneous voting costs without
having a direct effect on the future costs or benefits of voting. Fourth, net of the
year fixed effects, county fixed effects, and county-specific trends we include in
our econometric model, the remaining variation in rainfall is extremely difficult to
predict long in advance. Given this difficulty, voters and candidates are unlikely to
modify their behavior leading up to an election in anticipation of a rainfall shock.
We emphasize this point in light of our discussion of Meredith’s (2009) results:
if a shock to voting costs can be predicted well in advance, voters and political
campaigns may adapt their consumption and production of political information,
respectively, in the period leading up to the election, which may lead to a violation
of condition (3).

At the same time, our research design does not fully avoid potential exclusion
restriction violations. For example, the unpleasantness of voting on a rainy day may
influence the affective state that voters associate with the act of voting. In this case,
the positive act of voting (rather than the negative act of abstaining) on a rainy day
may reduce future voting propensity, so an effect of lagged rainfall need not imply
habit formation. However, this hypothesis assumes that voters fail to blame bad
weather for the unpleasantness of voting. Given that most voters have experienced
many rainy days in the past, we conjecture that such attribution error is minimal,
although we acknowledge the possibility that it biases our results.

Supposing that the exclusion restriction holds, election day rainfall can identify
the effect of past turnout on future turnout at the local level. However, because
rainfall is an aggregate shock, affecting all individuals within a community, this
aggregate form of habit formation may differ from the individual-level form of habit
formation and is a notable limitation of our approach. In addition to reflecting the
individual-level phenomenon, aggregate habit formation may incorporate additional
autoregressive effects arising from social interaction effects, for example, if peo-
ple speak to their neighbors about positive voting experiences between elections.
Given the literature’s current emphasis on social influences on voter turnout, this
refinement of the parameter of interest may be desirable, although we acknowledge
that many readers may be interested in the individual-level parameter. This possible
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social multiplier creates ambiguity; although exclusion restriction violations may
inflate previous estimates, our estimates may be larger yet, due to a social multiplier.

As with other research designs to identify habit formation in voting, ours cannot
isolate particular mechanisms. This limitation is common in design-based strategies
to disentangle causality. Habit formation may work through V; ,_, affecting P;, B;,
D, C;;, or some combination therein. In other words, past acts of voting may change
a citizen’s perceived influence on the election outcome (P;), her interest in the elec-
tion outcome (B;;), her sense of ethics or civic duty (D;,), or her voting costs (Cj,).
Although rainfall cannot by itself disentangle these mechanisms, we draw on other
sources of variation to shed light on this issue in Section VI.

III. Data: County-Level Panel

Mid-latitude rainfall systems, as observed over the United Sta