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Abstract
This study examines the dynamic nature of voting in modern elections with wide 
voting windows. Our stylized two-period model predicts that, if voters are not 
myopic, turnout in the current period tends to increase as the costs in the other 
period increase. The model also predicts that overall turnout does not always 
decrease even when the costs increase. We test these predictions using novel data 
from Japan’s General Election in 2017 with a weather disruption caused by a power-
ful typhoon. Our analyses show that the tremendous costs on Election Day shifted 
the timing of voting and did not decrease overall turnout in 2017, as compared to 
2014. Our model and findings build a new benchmark to understand how voters 
decide their timing of voting. This study also has implications for the unprecedented 
popularity of early voting in the 2020 U.S. presidential election.

Keywords  Elections · Voter turnout · Inter-temporal decision-making · Typhoon · 
Natural experiment

Introduction

Since the seminal work by Downs (1957), theoretical and empirical studies on the 
cost of voting have assumed that voters make a single decision of whether to turn 
out by considering the overall voting costs in the election. In other words, a turnout 
decision has been viewed as static—voters choose to vote now or never given the 
cost at the time of decision-making.
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In reality, however, in modern elections with wide voting windows, voters can 
choose to vote now or later (or never) by comparing costs that may be higher or 
lower at particular periods compared with others. For example, voters may have 
to work on Election Day, but may have a more flexible schedule the day before. 
Amid a pandemic, voters may choose to vote early by mail with a fear of infection 
at a crowded polling place on Election Day. Alternatively, voters may anticipate that 
rainfall will be heavier in the morning than in the afternoon of Election Day. In these 
cases, voters can avoid higher costs by using early voting, mail voting, or by voting 
in the afternoon of Election Day, respectively. If voters are not myopic, they would 
choose the optimal timing of voting by considering variable costs during the elec-
tion period. This means that the turnout decision can be viewed as an inter-temporal 
dynamic problem.

This study examines the dynamic nature of voting in modern elections for two 
reasons. First, the conventional model of turnout overlooks the possibility that voters 
can shift the timing of voting to avoid higher costs that they would otherwise face. 
As a result, overall turnout is always predicted to decrease as voting costs on Elec-
tion Day increase. Yet this relationship may not hold in elections in which voters can 
choose the timing of voting during a wide voting window. If many voters anticipate 
that the cost on Election Day will be particularly large and choose to vote early, 
overall turnout may not decrease even when costs indeed increase.

Second, many regions and countries have widened voting windows and modes in 
the last few decades by introducing early voting and vote by mail,1 and the number 
of individuals who use these modes is not negligible. Menger and Stein (2020) and 
Stewart (2021) examine the types of voters who use a particular mode of voting 
(e.g., in person vs. by mail), while Clinton et al. (2021) show that changing the loca-
tion of Election Day polling places induces voters to vote early. Yet less is known 
about how voters decide when to vote and how this decision affects overall turnout.

Empirically, several studies have examined the effectiveness of widened vot-
ing opportunities for overall turnout, but their findings are mixed and inconclusive. 
Recent studies (e.g., Gerber et al., 2013; Kaplan & Yuan, 2020; Leighley & Nagler, 
2014) show that wider voting windows increase turnout. By contrast, other studies 
(e.g., Gronke et al., 2007) find no such evidence. Notably, Burden et al. (2014) find 
that adoption of early voting even decreases turnout in U.S. presidential elections. 
We suspect that these mixed findings may originate from either the use of different 
empirical strategies, the focus on different electoral settings in which voters decide 
when and how to vote, or both. We claim that without a formal theory guiding us to 
predict how voters behave during the wide voting window, it is difficult to interpret 
what those mixed findings imply.

This study proposes a new theory to consider the inter-temporal decision-making 
of voting, in which voters decide when to vote or never by comparing anticipated 
costs across periods during the election. We develop a stylized dynamic model of 
turnout in which an election is divided into two voting periods (e.g., the morning 

1  Our investigation indicates that about two-thirds of the countries in the Organisation for Economic Co-
operation and Development (OECD) have adopted early voting as of 2019. See also Blais et al. (2007).
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and afternoon of Election Day, or before and during Election Day). In the first 
period, a voter either turns out or postpones the decision to the next period. In this 
decision, the voter compares the current net benefit with the expected future net ben-
efit. The voter turns out now when it is sufficiently beneficial to do so now, and post-
pones the decision otherwise. If the voter postpones the decision, the next period 
offers only the options of voting or abstaining. The model assumes voting costs that 
vary over time.

The model generates two important predictions. First, if voters are not myopic 
and when the voting cost in the second period increases relative to that in the first 
period, turnout in the first period increases, whereas turnout in the second period 
decreases. That is, voters choose to vote in the first period to avoid the higher costs 
in the second period. We call this behavior “precautionary voting.” Second, notably, 
due to this shift in the timing of voting, overall turnout shows no decrease and even 
an increase if the difference in the costs between two periods is moderately large. 
None of these predictions can be derived from the conventional model of turnout, 
with static costs in a single voting window.

We test these model predictions using novel data from the 2017 Japanese Gen-
eral Election. On the day of the Japanese General Election in 2017, an exception-
ally strong typhoon hit many parts of Japan, during which dozens of municipalities 
experienced record-breaking 24-h rainfall.2 Our analysis uses voter turnout in this 
election with turnout in the previous General Election in 2014, which experienced 
no significant weather disruption.3

Using precipitation and turnout from municipalities in these two elections, we 
develop two sets of panel data. These data are unique because they include turn-
out in two different voting windows in each election. The first panel dataset uses 
hourly turnout on Election Day in 945 municipalities from 25 prefectures in the two 
elections. Several days before the 2017 election day, weather forecasts had already 
warned that heavy rain and strong wind would hit many regions in the late after-
noon on that day. Given this situation, the model predicts that voters would turn out 
earlier on Election Day if they would seek to avoid the higher cost of voting later. 
Indeed, we show that turnout in the morning was higher in 2017 than in 2014 espe-
cially in municipalities with heavier afternoon rainfall in 2017 and a larger percent-
age of senior voters.

The second panel dataset uses turnout during the early voting period and on 
Election Day from approximately 1900 municipalities in 47 prefectures in the two 
elections. As mentioned earlier, several days before the 2017 Election Day, weather 
forecasts tracking the typhoon’s approach predicted that it would hit many parts of 
Japan on Election Day. Accordingly, the model predicts that voters who anticipate 
serious weather disruptions on Election Day are more likely to use early voting. Our 
analysis shows that turnout during the early voting period was higher in 2017 than in 

2  This information is found at https://​www.​data.​jma.​go.​jp/​obd/​stats/​data/​bosai/​report/​2017/​20171​025/​
20171​025.​html.
3  Overall turnout was 53.68% in 2017 and 52.66% in 2014.

https://www.data.jma.go.jp/obd/stats/data/bosai/report/2017/20171025/20171025.html
https://www.data.jma.go.jp/obd/stats/data/bosai/report/2017/20171025/20171025.html
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2014 especially in municipalities for which stronger rainfall was predicted on Elec-
tion Day and with more senior voters.

Finally, using the second panel data set, we also show that overall turnout in 2017 
did not decrease in municipalities with extreme rainfall on Election Day. This indi-
cates that overall turnout does not always decrease despite the increase in the voting 
cost.

Ultimately, this study offers a new benchmark model to understand dynamic turn-
out decisions in modern elections. Our model reveals under which conditions voters 
choose to vote early, which is vital to evaluate the effectiveness of election reforms. 
Moreover, this study explains why overall turnout does not necessarily decrease, 
even when the cost of voting increases.

Model

We consider a two-period model of voting, which divides a single election into two 
periods. A voter chooses to turn out in either period or to abstain. The two periods 
can be viewed as either the morning and afternoon of Election Day, or as an early 
voting day prior to Election Day and Election Day itself.

In each period, voter i compares the benefits of voting with the costs of voting. 
The benefits and costs of voting vary between these two periods. Let eti be a random 
variable for voter i drawn from the distribution G ∼ U(0, 1) in each period t ∈ {1, 2} . 
This eti includes, for example, the differential benefits a voter receives from the 
success of his or her preferred candidate over the less preferred candidate (which 
is weighted by the probability of being a pivotal voter), satisfaction from voting, 
and sense of civic duty. Thus, eti denotes the overall benefits of voting.4 The costs 
of voting are deterministic and defined as c�

ti
+ c

�

i
∈ [0, 1].5 To focus on a dynamic 

aspect of turnout decisions, we assume that the costs are common to all voters, 
i.e., c�

ti
+ c�

i
= ct for all i and t.6 Such costs can be interpreted as a common weather 

shock. Taken together, voter i’s utility for period t is written as

We solve the model backward. In Period 2, voter i votes if and only if

Thus, among those who did not vote in Period 1, only a fraction of voters in Period 2 
turns out—the proportion for whom the benefits are greater than or equal to Period-2 

(1)
{

eti − ct if vote,

0 otherwise.

(2)e2i − c2 ≥ 0 ⟺ e2i ≥ c2.

4  We assume that the benefits are independent of each other to simplify our discussion. In the online 
appendix, we extend the model so that the benefits in two periods are related to each other.
5  This formulation is added without loss of generality because a random shock is included in the benefit 
part.
6  Including static costs in the model does not change our results. In our empirical analysis, we allow for 
the voting costs to vary across locations.
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costs, i.e., 1 − G(c2) , while the proportion for whom the benefits are less than the 
costs, i.e., G(c2) , abstain.

In Period 1, the voter decides whether to vote in the current period or to wait until 
the next period. Voter i in Period 1 turns out if and only if

where � ∈ [0, 1] is a discount factor. Equation (3) means that she votes in Period 1 
if and only if the benefit-cost difference in Period 1 is greater than or equal to her 
(discounted) anticipation of the benefit-cost difference in Period 2.

We rewrite Eq. (3) as

For brevity, let us define �1 ∶= c1 + �[1 − G(c2)]{E[e2i|e2i ≥ c2] − c2} and �2 ∶= c2 , 
which are the threshold value for e1i and e2i , respectively. Only a fraction 1 − G(�1) 
of all voters votes in Period 1, while the remainder defer until Period 2. We already 
know that only a fraction of the latter group will actually vote in Period 2. Thus, 
overall turnout is written as

where the first and second terms indicate total turnout in Periods 1 and 2, 
respectively.

We now consider the extent to which the magnitude of voting costs, ct , affects 
turnout decisions during each period. Assume that 𝛽 > 0 . This indicates that vot-
ers are not myopic; they do take into account the utility of voting during the second 
period, making a decision during the first period. This assumption is later tested 
using our data. When 𝛽 > 0 , the changing Period-2 costs affect turnout decisions 
in Period 1 because the threshold level for Period-1 turnout depends on c2 (as in the 
Eq. (4)). We can show that �1 (the threshold value for Period 1) is a decreasing func-
tion of c2 , with the larger Period-2 costs increasing Period-1 turnout and vice versa. 
By contrast, if � = 0 and voters are myopic, changing c2 has no effect on Period-1 
turnout. Formally, we can derive the following proposition:

Proposition 1  Let the cost in Period 1 be fixed and assume interior solutions. 

(1)	 Assume that 𝛽 > 0 . If costs increase during Period 2, then Period-1 turnout will 
increase and Period-2 turnout will decrease. If costs decrease during Period 2, 
they will have the opposite effect.

(2)	 Assume that � = 0 . If costs increase during Period 2, turnout will decrease dur-
ing that period. The changing costs in Period 2 will have no effect on Period-1 
turnout.

Proof  See the online appendix. 	�  ◻

(3)e1i − c1 ≥�[1 − G(c2)]{E[e2i|e2i ≥ c2] − c2},

(4)e1i ≥c1 + �[1 − G(c2)]{E[e2i|e2i ≥ c2] − c2}.

(5)
[1 − G(�1)]
⏟⏞⏞⏞⏟⏞⏞⏞⏟

fraction of those voting in Period 1

+ G(�1)[1 − G(�2)]
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏟

fraction of those not voting in Period 1 but voting in Period 2

,
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We refer to the first type of behavior, in which people turn out to vote early if they 
anticipate that voting later will be more costly, as precautionary voting.

We highlight the difference between the conventional turnout model and our 
model. The conventional model views an entire election as a single period, assuming 
that each voter makes a single decision about whether or not to vote. By contrast, 
our model splits the voting window into two periods, investigating how voters make 
decisions during both periods, sequentially. Importantly, our model assumes that the 
costs and benefits of voting may vary between the two periods. Voters consider the 
anticipated costs and benefits of voting during Period 2 while making their deci-
sions during Period 1. This structure allows us to consider the possibility that voters 
decide both when to vote and whether to vote.7

Proposition 1 has important implications for overall turnout. Unlike the conven-
tional turnout model, which suggests that overall turnout always decreases as costs 
increase, the proposition below suggests that overall turnout may not decrease as the 
costs of voting rise because higher Period-2 costs increase Period-1 turnout as long 
as voters are not myopic.

Proposition 2  Let the cost in Period 1 be fixed and assume interior solutions. 

(1)	 Assume 𝛽 > 0 and 𝜖1 < 𝜖2 . Even if Period-2 costs increase, overall turnout may 
not decrease. Under certain conditions, increasing Period-2 costs can increase 
overall turnout.

(2)	 Assume (a) � = 0 or (b) 𝛽 > 0 and �1 ≥ �2 . If Period-2 costs increase, overall 
turnout will decrease monotonically.

Proof  See the online appendix. 	�  ◻

The first part of Proposition  2 is important. It argues that, if voters are not 
myopic (i.e., 𝛽 > 0 ) and Period-2 costs ( �2 ) exceed the sum of Period-1 costs and 
the anticipated benefit-cost difference in Period 2 ( �1 ), then the higher costs of vot-
ing (in Period 2) may not reduce overall turnout, even if it reduces Period-2 turnout, 
because the decrease in Period-2 turnout will be partially offset by the increase in 
Period-1 turnout.

To illustrate this mechanism, assume that the Period-2 costs ( c2 ) are moderately 
high. In this case, the Period-2 costs are likely to exceed the sum of the Period-1 
costs and the anticipated net gain achieved by voting during Period 2, i.e., 𝜖1 < 𝜖2 . 
This is because the threshold value in Period 1 ( �1 ) decreases as Period-2 costs 
increase (as in Proposition 1 (1)); the threshold value in Period 2 ( �2 ) is simply c2 . 
For example, if voters on the morning of Election Day anticipate moderately high 

7  Fowler and Kam (2006) argue that patient voters with higher discount rates are more likely to accept 
the immediate cost of voting and to vote in elections because they are willing to wait for future policy 
benefits (see also Hill (2018) and Schafer (2020)). Importantly, Fowler and Kam view the turnout deci-
sion as a single event.
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costs later that day, they are likely to vote in the morning, rather than in the after-
noon or evening. This shift in timing explains the prediction in Proposition 2 (1), 
namely, that the higher cost of voting (in Period 2) will not always reduce overall 
turnout. Interestingly, overall turnout can increase when c2 increases if parameter 
values for c1 , c2 , and � are within a certain range. Within this parameter range, the 
negative effect of Period-2 costs on turnout is dominated by its positive effect on 
Period-1 turnout.8 Finally, when c2 becomes too high, it suppresses Period-2 turnout, 
causing overall turnout to decrease.

Figure 1 presents a graphic illustration of the discussion above. Based on Prop-
osition 2, we set � = 0.9 , indicating that voters place a relatively large weight on 
the future when making a decision.9 We fix the Period-1 costs at c1 = 0.1 , 0.5 or 
0.9. When c1 is smaller, �1 decreases for a given c2 (see Eq. (4)). Thus, 𝜖1 < 𝜖2 in 
Proposition 2 (1) is more likely to hold ceteris paribus. As the figure shows, when 
the Period-1 costs are low ( c1 = 0.1 ), overall turnout does not decrease, even when 
the cost of voting in Period 2 increases. This occurs, for example, when there is 
no weather disruption in Period 1 but voters anticipate moderate-to-severe weather 
disruption in Period 2. Moreover, overall turnout is shown to increase slightly when 
the Period-2 costs increase from 0.5 to 0.6. Even when the Period-1 costs are moder-
ately large ( c1 = 0.5 ), overall turnout does not decrease rapidly, even when the cost 
of voting in Period 2 increases. Again, this phenomenon occurs because some voters 
change the timing of their voting, opting to turn out earlier.

Weather Disruptions in the 2014 and 2017 Elections

An empirical test of the model requires an exogenous shock that significantly 
changes the cost of voting during the election. Building on previous research that 
uses rainfall as a measure of the voting cost (e.g., Gomez et al., 2007), this study 
uses a strong typhoon that hit Japan on the day of the General Election in 2017 
as an exogenous shock to the cost. This typhoon generated two types of temporal 
variations in the cost during the voting window. First, the typhoon hit the country 
in the afternoon and evening of Election Day, meaning that the amount of rainfall 
on Election Day was significantly larger in the afternoon than in the morning. This 
feature leads to examining turnout in the morning versus the afternoon on Election 
Day in section ‘Turnout in the Morning vs. Afternoon of Election Day’. Second, no 
major weather disruption occurred prior to Election Day in 2017, so the early vot-
ing period was unaffected. This motivates us to examine early voting turnout versus 
Election Day turnout in section ‘Turnout Before vs. on Election Day’. These differ-
ences in rainfall between two periods indicate that the cost was considerably higher 
in the second period than in the first. In addition, as shown below, the typhoon in 

8  The exact conditions are shown in the proof of Proposition 2 in the online appendix. For example, if 
� = 0.9 , c1 = 0.1 , and c2 = 0.6 , then greater Period-2 costs increase overall turnout.
9  The economics literature often assumes such a value; various experiments have also confirmed it. (e.g., 
Harrison et al. (2002)).
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2017 hit only a limited number of regions, which suggests that the differences in 
precipitation between two periods varied significantly among localities.

We create panel data on precipitation and turnout at the municipality level 
between the 2017 election and the 2014 General Election, which experienced no 
significant weather disruption.10 Thus, we use changes in precipitation and turnout 
in each voting window between the elections. For example, we compute the change 
in precipitation and turnout during the morning or on Election Day between 2017 
and 2014. This differentiation allows us to control for time-invariant municipal char-
acteristics. Importantly, the size of the changes in precipitation varies considerably 
across municipalities because the typhoon affected a limited set of regions. This 
means that we can exploit geographic variation in changes in precipitation to iden-
tify the causal effect. Thus, we do not merely compare the two elections. Our study 
can be viewed as a rare natural experiment, because the spatial and temporal varia-
tions of a serious natural disaster are beyond human control and therefore plausibly 
exogenous.11

We briefly describe the main features of weather conditions in 2017 and 2014. 
The typhoon formed in the South Pacific Ocean on October 16, 2017, a week before 
the scheduled snap election, and subsequently moved toward Japan. As early as 
the morning of October 22, the day of the General Election, heavy rain and strong 
wind began to impact regions along Japan’s Pacific (East) coast. The center of the 
typhoon reached Omaezaki in Shizuoka Prefecture around 3 am on October 23. Fig-
ure 2 plots the forecasted and actual paths of the typhoon from October 16 to 22, 
using data from the Japan Meteorological Agency (hereafter JMA). The forecasted 
path indicates the predicted locations of the typhoon 48 h later. Figure 2 shows that 
the forecast was highly accurate because the forecasted and actual paths coincided 
very closely. Building on the forecast made by JMA and other weather services, four 
major national newspapers (i.e., Asahi, Mainichi, Nihon-Keizai, and Yomiuri) pub-
lished a total of 109 articles between October 16 and 21 warning that Election Day 
might be disrupted by heavy rainfall and strong wind.12 Therefore, it is reasonable to 
assume that most voters were aware of potential disruptions caused by the typhoon 
at least a few days prior to Election Day in 2017.

12  We searched articles that contained words “Typhoon” and “General Election” between October 16 
and 21 using electric databases of these national newspapers, and confirmed that each article addressed 
the anticipated influence of the typhoon on the election. These articles were published in either national 
or regional editions of the newspapers.

10  The 2014 election was held on December 14. The elections in 2014 and 2017 are quite compara-
ble because they were snap elections under similar economic circumstances. The incumbent coalition 
government with the Liberal Democratic Party and the Komei Party won the elections. Prime Minister 
Shinzo Abe remained in power after the elections. Thus, it is unlikely that political or economic factors 
reversed a decline in turnout caused by the typhoon. See Scheiner et al. (2018) for additional details on 
the 2017 election.
11  Several studies (Bodet et al., 2016; Lasala-Blanco et al., 2017; Rudolph & Kuhn, 2017; Stein, 2015) 
also examine the effect of natural disasters on electoral behavior. Our study differs from them primarily 
because we focus on voter turnout on Election Day hit by a natural disaster, while these studies examine 
voter behavior in the aftermath of natural disasters.
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Figure 3 shows total precipitation by municipality during the voting window from 
7:00 to 20:00 on Election Day in 2014 and 2017 using data from JMA.13 The amount 
of precipitation is measured every hour at approximately 1300 stations, which is 
then interpolated by JMA into 1 km × 1 km grid cells with JMA’s algorithm. Using 
this information, we calculate total precipitation in municipalities between 7:00 and 
20:00 on the day of the General Election in 2014 and 2017 and later use these data 
to test our hypotheses. The left and center panels of Fig. 3 display total election day 
precipitation in 2014 and 2017, while the right panel displays differences in pre-
cipitation between 2017 and 2014. Municipalities colored orange or red had heavier 
rainfall or snow, while municipalities colored blue or green had smaller amounts. 
The left panel shows that in 2014, the number of municipalities with significant pre-
cipitation was limited. In other words, no major weather disruption occurred in most 
municipalities. By contrast, the center panel shows that many municipalities, espe-
cially in central Japan, were strongly affected by the typhoon in 2017. Finally, the 
right panel shows that the spatial differences in precipitation between the two elec-
tions were large.14

Turnout in the Morning vs. Afternoon of Election Day

Empirical Model

Our first set of analyses uses unique hourly panel precipitation and turnout data from 
945 municipalities in 25 prefectures on the election days of 2014 and 2017. Hourly 

Fig. 1   Overall turnout for different voting costs in Period-1 and Period-2. Notes We assume that � = 0.9

13  Data were provided by JMA upon our request.
14  See also Fig. A.2 in the online appendix for the distribution in the change in rainfall between the two 
elections.
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turnout data are from the election commissions of 25 prefectures.15 Our data cover 
approximately 50% of 1896 municipalities in the 47 prefectures of Japan. Our analy-
sis treats wards in major cities as separate units.
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E Current

E
EE

EEEEEE
EEEEE

E EEE
E

E

E

E
E

E

E
E
E
E
E
EE

E
E
E
E
E
EE
E
E
E
E
EE
EE
EE
E
E
EE
EE
EE
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
EE
E
E

E

E
E

E

20171022.2100

20171022.1500

20171022.0900

20171022.0300

20171021.2100

20171021.1500

20171021.0900
20171021.0300
20171020.2100

20171020.0900
20171020.0300

20171019.1500
20171019.0900

20171019.0300
20171018.2100

20171018.0900
20171018.0300

20171022.2300
20171022.2200

20171022.2000

20171022.1800
20171022.1600

20171022.1400
20171022.1200

20171022.1000
20171022.0800
20171022.0600
20171022.0400

20171022.0200
20171022.0000

20171021.2100
20171021.1800

20171021.1500
20171021.1200

20171021.0600
20171021.0000

20171018.1800
20171018.1500
20171018.1200
20171018.0900
20171018.0000

20171016.0600

48hrs later (forecast)

Fig. 2   The path of the typhoon in 2017. Notes Hours are in the 24-h clock

15  We collected these data by accessing the websites of the prefecture’s election commissions or contact-
ing them individually. We could not obtain or use turnout data from 22 out of 47 prefectures. In addition, 
we dropped municipalities that were divided into multiple districts because we could not compute the 
rate of turnout.
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On the day of the 2017 election, voters in several prefectures were warned that 
rainfall would be much heavier in the afternoon than in the morning. Figure 4 shows 
total precipitation from 7:00 to 11:00 (left), 11:00 to 15:00 (center), and 15:00 to 
20:00 (right). Similar to Fig.  3, municipalities colored orange or red had heavier 
precipitation, while municipalities colored blue or green received smaller amounts. 
The typhoon hit the central part of Japan, especially in the afternoon and evening. 
By contrast, the eastern and western parts of Japan were only slightly affected by the 
typhoon throughout the day.

Using these temporal and spatial variations in precipitation on election days, we 
test the hypothesis, derived from Proposition 1, that precautionary voting was more 

(a) 2014 (b) 2017 (c) Difference

Fig. 3   Total precipitation on Election Day in 2014 (left) and 2017 (center), and the difference between 
them (right)

(a) 7:00-11:00 (b) 11:00-15:00 (c) 15:00-20:00

Fig. 4   Total precipitation between 7:00–11:00 (left), 11:00–15:00 (center), and 15:00–20:00 (right) on 
Election Day in 2017
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likely to occur in municipalities where it rained more heavily in the afternoon than 
in the morning. In other words, we expect that voters became more likely to vote 
during the morning hours in 2017 than in 2014, where they anticipated more severe 
weather disruptions later in the day.16

Note that our analysis uses actual weather disruptions on Election Day as a proxy 
for the expected costs of voting. This approach rests on the assumption that the 
expected timing and amount of precipitation were highly correlated with the real-
ized timing and amount of voting. A supplementary analysis in the online appendix 
(Figs. A.3 and A.4 and Table A.1) offers evidence to support this assumption. First, 
the predicted probability of precipitation reported 1–7 days prior to Election Day is 
positively correlated with the actual amount of precipitation on Election Day; this 
relationship seems to become stronger as Election Day approaches. Taken together 
with news reports, warning that Election Day could be disrupted by the typhoon, 
voters in areas with a higher probability of rainfall were more likely to know that 
it could rain heavily on Election Day. Second, the predicted amount of precipita-
tion reported for each region at 10 pm on October 21 is positively correlated with 
the actual amount of precipitation on Election Day, suggesting that areas with more 
predicted rainfall did receive a larger amount of rain on Election Day. Importantly, 
the JMA accurately reported on the morning of October 22 that a typhoon was 
approaching western and eastern Japan at night, leading to heavier rainfall on the 
afternoon of Election Day, rather than the morning. These results suggest that the 
weather forecast prior to Election Day conveyed accurate enough information about 
the actual amount and timing of precipitation on Election Day 2017 to allow the 
realized costs to be used as the expected costs.

We test the hypothesis using the following model specification:

where ΔTjt and ΔPjt denote the change in turnout in percentage and precipitation in 
millimeters between the 2017 and 2014 elections during time period t ∈ {1, 2} in 
municipality j, respectively, and Δ�jt is the error term. Voting hours on Election Day 
are split into two windows, from 7:00 to 10:59 and from 11:00 to 17:59, and dummy 
variables, C1 and C2 , denote each of these windows. ΔDj denotes the difference in 
precipitation between the afternoon and morning hours. We subtract morning pre-
cipitation (7:00–10:59) from midday and afternoon precipitation (11:00–17:59) for 
2017 and 2014, and then compute the difference between the two election years. The 
values of ΔDj are mostly positive because of the typhoon in 2017.

(6)ΔTjt = �1C1 + �2C2 + �3C1 × ΔDj + �4C2 × ΔDj + �ΔPjt + Δ�jt,

16  This part of our analysis uses the increasing amount of precipitation over time on Election Day (as 
shown in Fig.  4) and splits the voting hours into two periods: low-cost morning hours and high-cost 
afternoon hours. This choice is driven mainly by the availability of hourly turnout data, as discussed 
below. In fact, an alternative approach might work better. For example, if we knew exactly when a 
typhoon was predicted to cause heavy rainfall across regions, we could use this cutoff point to separate 
high- and low-cost voting hours. Unfortunately, this type of information is unavailable, leading us to split 
the voting windows roughly in half and to associate the second half with higher costs.
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Two time windows, 7:00–10:59 and 11:00–17:59, are chosen due to the availabil-
ity of hourly turnout data. Prefectural election commissions typically report turnout 
in municipalities every 2–3 h and the timing differs across prefectures. For exam-
ple, Hyogo Prefecture reported turnout at 9:00, 11:00, 13:00, 15:00, 17:00, 18:00 
and 19:00 in 2014 and 2017, while Gifu Prefecture did so at 10:00, 11:00, 14:00, 
16:00, and 18:00. All 25 prefectures from which we could obtain data reported turn-
out at 11:00, while 23 prefectures reported it at 18:00 in 2014 and 2017.17 Using this 
information, we compute turnout between 7:00 and 10:59 and between 11:00 and 
17:59.18 Percentage turnout is defined as the number of eligible voters who cast a 
ballot during each time window, divided by the total number of eligible voters in the 
municipality j. Summary statistics of all variables are reported in Table 1. The total 
number of observations is 1890.19

Recall that Proposition 1 from our model predicts that voters vote earlier if the 
cost in Period 2 is relatively larger than that in Period 1. Thus, we predict that �3 
is positive because voters, especially in municipalities with more severe weather 
disruptions in the afternoon of Election Day in 2017, were more likely to vote in 
the morning hours, compared to 2014. By contrast, �4 is predicted to be negative 
because many voters tended to vote in the morning and be discouraged from doing 
so in heavy rain in the afternoon in 2017.

Note that these hypotheses rest on the assumption that most voters were aware 
of potential weather disruptions in the afternoon. If they were unaware of them, we 
would find no increase in turnout during the morning of Election Day in 2017, as 
compared to 2014. In addition, if voters were unable to make a plan for precaution-
ary behavior, our hypotheses would receive no support. In these cases, neither �3 nor 
�4 would be statistically different from zero.

Our identification assumption is that Ct ∗ ΔDj was quasi-randomly assigned to 
the municipalities, and thus uncorrelated with the error term Δ�jt in Eq. (6). This 
means that the typhoon shock should be uncorrelated with an omitted variable that 
could affect the timing of voting in the two elections. We argue that this assump-
tion is justifiable for several reasons. First, the typhoon shock in 2017 is plausibly 
exogenous. Second, we control for the change in total rainfall, ΔPjt , allowing for the 
comparison of observations where the total amount of rainfall was similar but the 
timing of it within the day was different. Third, our estimation uses a cross-sectional 
variation in the change in rainfall between the elections as well as the morning and 
afternoon, thus controlling for time-invariant characteristics across municipalities.

Even so, one may be concerned with the possibility that the shock is accidentally 
correlated with other variables captured by Δ�jt . We alleviate this concern in two dif-
ferent ways. First, our regression model controls for prefecture fixed effects, leading 

17  For Aichi and Saitama Prefectures, which did not report turnout at 18:00, we used the information at 
17:00. All prefectures report turnout at 20:00, but this is total turnout combining the early voting period 
turnout and Election Day turnout, and not hourly turnout from 18:00 to 20:00.
18  The Ministry of Internal Affairs and Communications reported that about a third of polling stations, 
typically in rural municipalities, were closed at 18:00 or 19:00 in the 2014 and 2017 elections. This does 
not affect our turnout information measured at 11:00 and 18:00.
19  See Fig. A.5 in the online appendix for the change in precipitation and turnout by prefectures.
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to a comparison between the treatment and control groups within each prefecture.20 
The prefecture fixed effects capture common trends potentially correlated with the 
typhoon shock and the timing of voting across municipalities in each prefecture.21

Second, our regression model includes additional controls, such as the interac-
tions between Ct and municipality-level variables that we think might affect the tim-
ing of voting. For example, suppose that the typhoon shock was larger in municipali-
ties where electoral competition became more intense between 2014 and 2017. If 
more intense competition increased turnout in the morning in 2017, omitting this 
variable would cause an upward bias. In other words, the more serious typhoon 
shock was by chance assigned to municipalities with higher competition, and both of 
these variables explain the increase in turnout during the morning hours in 2017. We 
check whether this is plausible by adding an interaction between the time window 
dummies and the vote margin as a measure of electoral competition. If the estimates 
on �3 and �4 are mostly unaffected by including this interaction, the typhoon shock is 
likely to be orthogonal to it. We also include interactions between the time window 
dummies and baseline socioeconomic characteristics that are potentially correlated 
with the timing of voting as additional robustness checks.

Results

Table 2 reports estimation results. We drop the intercept to include both time win-
dow variables in the regression model. Standard errors are clustered at the munici-
pality level to account for autocorrelation and heteroskedasticity.22 The coefficients 
in column (1) suggest that turnout from 7:00 to 10:59 increased by 1.783 percentage 
point in 2017 compared to 2014, whereas turnout from 11:00 to 17:59 decreased 
by 4.580 percentage point. Coefficient sizes are different considerably between the 
two time windows, partly because the morning window includes only 4 h while the 
afternoon window includes 7 h. These results suggest that some portion of voters 
changed the timing of voting on Election Day in 2017 from that in 2014; they went 
to the polling station early in anticipation of afternoon weather disruptions.

Columns (3) and (4) of Table  2 are the main estimation results. They include 
the interactions of the time window dummies with the difference in precipitation 
between the afternoon and morning. Prefecture fixed effects are included in column 
(4).23 The results indicate that the increase in turnout during the morning hours was 

20  We plot a geographical distribution of residuals from a regression model where the difference in pre-
cipitation between afternoon and morning is regressed on the prefecture fixed effects. Figure A.6 in the 
online appendix shows that the remaining variation in the difference in precipitation seems to be distrib-
uted randomly across Japan.
21  We could not include district fixed effects because of redistricting between the 2014 and 2017 elec-
tions.
22  We cannot cluster the standard errors at the district level because of redistricting between the two 
elections. As a robustness check, we use the method by Hsiang (2010), which extends Conley (1999) to 
account for temporal and spatial autocorrelation. The results reported below are similar to those using 
this method. Please see Tables A.2 and A.3 in the online appendix.
23  In all of the analyses using the prefecture fixed effects, Osaka prefecture is set as an omitted category.
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larger in municipalities where rainfall was much heavier in the afternoon. For exam-
ple, column (4) indicates that in municipalities where rainfall was more than 50 mm 
heavier in the afternoon, turnout in the morning increased additionally by 1.550 (= 
0.031*50) percentage point. The results in columns (3) and (4) also indicate that the 
decrease in turnout during the afternoon was larger in municipalities with heavier 
rainfall.

Our estimation in Table 2 relies on the assumption that the difference in precipi-
tation between the afternoon and morning hours in each election was uncorrelated 
with socioeconomic and political characteristics that could systematically change 
the turnout pattern in each window. This assumption seems plausible because the 
inclusion of prefecture fixed effects in column (4) does not change the signs and 
sizes of 𝛽3 and 𝛽4 between columns (3) and (4). This indicates that our results are 
not driven by different trends across prefectures. Moreover, we add to Eq. (6) the 
interactions between the time windows and local characteristics as additional con-
trols. In particular, we consider the vote margin between the top candidates in the 
2014 election, the log of population, and the shares of senior residents and college 
graduates.24 The first variable is the proxy for electoral competitiveness at the dis-
trict level. Estimation results in Table 3 indicate that adding these variables has a 
marginal influence on coefficient sizes and signs of the main interactions.

Next, we consider who was more likely to shift the timing of voting in response to 
the anticipated weather disruption in the afternoon in 2017. In particular, our analy-
sis examines whether those with a higher propensity to vote tended to find a less 
costly timing to vote. Drawing on literature that seniors are more likely to vote than 
the young (e.g., Leighley & Nagler, 2014) and to do so earlier (Ashok et al., 2016), 

Table 1   Summary statistics of differences in hourly precipitation and turnout between 2017 and 2014 on 
Election Day

The differences are computed between the 2017 and 2014 elections

Mean SD Min Max

Δ Turnout − 2.798 5.035 − 23.330 16.871
Δ Precipitation 27.128 22.849 − 3.806 151.571
Δ Turnout during 7:00–10:59 0.717 3.913 − 23.330 16.871
Δ Precipitation during 7:00–10:59 20.655 14.323 − 2.877 65.393
Δ Turnout during 11:00–18:59 − 6.314 3.267 − 22.270 14.070
Δ Precipitation during 11:00–18:59 33.600 27.489 − 3.806 151.571
Δ Precipitation, afternoon–morning 12.945 19.330 − 42.148 132.857
N of time windows 2
N of municipalities 945
N 1890

24  The vote margin is calculated at the district level by using the the JED-M database (Mori, 2015, 
2017). The data on these socioeconomic variables are obtained from Statistical Observations of Munici-
palities by the Statistics Bureau of Japan. When using the vote margin, we drop municipalities that are 
divided into multiple districts.
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we split the sample into two groups below and above the median percentage of the 
voting-age population aged 65 and over in municipality j. Table 4 reports two esti-
mation results, where column (1) is based on the sample below the median and col-
umn in (2) is based on the sample above the median. The prefecture fixed effects are 
included in the estimation. The coefficients of the interaction between the morning 
window dummy and the difference in precipitation between the afternoon and morn-
ing are statistically significant both in columns (1) and (2), but the coefficient in col-
umn (2) is much larger and statistically different from that in column (1).25 Similarly, 
the coefficient associated with the interaction between the afternoon period and the 
difference in precipitation is much larger in column (2).26 These results, together 
with the earlier results in Table 3 that the percent of senior residents per se does not 
alter our main estimates, might indicate that senior voters with a higher propensity 
to vote did not miss the less costly timing of voting and acted accordingly.

In summary, as predicted by our model, voter turnout in the first period increases 
when the cost of voting is much larger in the second period. This pattern for precau-
tionary voting is stronger where voters anticipate a much larger cost in the second 
period, and where they are older.

We note that no other mechanisms can be a major explanation for the above findings. 
First, the typhoon was unlikely to have an immediate influence on other major determi-
nants of voter turnout, such as participatory resources and psychological engagement 
(Verba et al., 1995). Second, the typhoon might induce political parties to change their 

Table 2   Differences in turnout between 2017 and 2014 during each time window on Election Day

Table entries are the regression coefficients with standard errors clustered at the municipality level in 
parentheses
***p < .01, **p < .05, *p < .10 (two-tailed tests)

(1) (2) (3) (4)

7:00–10:59 1.783*** 3.633*** 1.101*** 1.663***
(0.161) (0.284) (0.217) (0.444)

11:00–17:59 − 4.580*** − 2.336*** − 4.546*** − 3.984***
(0.167) (0.380) (0.180) (0.462)

7:00–10:59 × Δ Precipita-
tion, afternoon–morning

0.038*** 0.031***
(0.008) (0.007)

11:00–17:59 × Δ Precipita-
tion, afternoon–morning

− 0.026*** − 0.030**
(0.009) (0.014)

Δ Precipitation − 0.052*** − 0.082*** − 0.043*** − 0.046***
(0.004) (0.006) (0.007) (0.013)

Prefecture fixed effect No Yes No Yes
Adjusted R2 0.647 0.736 0.657 0.740
N 1890 1890 1890 1890

25  The difference in the coefficients is 0.025 with standard error 0.013.
26  The difference in the coefficients is 0.030 with standard error 0.026.
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mobilization strategy, but their focus was likely to encourage their supporters to vote 
early to avoid their abstention due to the higher cost during the afternoon. This possi-
bility does not contradict with the prediction of our model.

Table 3   Differences in turnout between 2017 and 2014 during each time window with additional controls

Table entries are the regression coefficients with standard errors clustered at the municipality level in 
parentheses
***p < .01, **p < .05, *p < .10 (two-tailed tests)

(1) (2) (3) (4)

7:00–10:59 2.144*** − 7.842*** 4.329*** − 0.616
(0.443) (1.251) (0.712) (0.514)

11:00–17:59 − 4.320*** − 8.200*** − 1.556** − 3.544***
(0.451) (1.064) (0.658) (0.533)

7:00–10:59 × Δ Precipitation, afternoon–morning 0.028*** 0.025*** 0.031*** 0.022***
(0.006) (0.006) (0.006) (0.006)

11:00–17:59 × Δ Precipitation, afternoon–morn-
ing

− 0.022* − 0.031** − 0.029** − 0.022
(0.012) (0.013) (0.014) (0.014)

7:00–10:59 × Vote margin in 2014 − 0.008
(0.007)

11:00–17:59 × Vote margin in 2014 0.021***
(0.007)

7:00–10:59 × Log population 0.864***
(0.104)

11:00–17:59 × Log population 0.342***
(0.085)

7:00–10:59 × Percent 65 and over − 0.087***
(0.018)

11:00–17:59 × Percent 65 and over − 0.080***
(0.016)

7:00–10:59 × Percent college graduates 0.174***
(0.020)

11:00–17:59 × Percent college graduates − 0.064***
(0.019)

Δ Precipitation − 0.051*** − 0.043*** − 0.047*** − 0.045***
(0.011) (0.012) (0.012) (0.012)

Prefecture fixed effect Yes Yes Yes Yes
Adjusted R2 0.705 0.715 0.707 0.716
N 1832 1890 1890 1880
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Turnout Before vs. on Election Day

Empirical Model

Our second set of analyses uses panel data including information on precipitation 
and voter turnout during the early voting period as well as on Election Day in the 
2014 and 2017 elections. The data include 1891 municipalities from all 47 prefec-
tures, covering 99% of all municipalities in 2014 and 2017.27 We treat 175 wards in 
20 major cities as separate units.28

Since 2005, voters in Japan have been allowed to vote early in person without an 
excuse at established early voting places during an 11-day period prior to the the 
General Election. Municipalities typically set up several early voting places that are 
open from about 8:30 to 20:00. Voters may cast a ballot at any early voting place 
within their municipalities. Early voting places are typically located at municipal 
offices and are therefore different from polling places used on Election Day. This 
means that transportation costs can be higher for early voting than for election-day 
voting. Those who do not use early voting can vote in their precincts on Election 
Day.

Table 4   Differences in turnout 
between 2017 and 2014 during 
each time window below and 
above the median of percentage 
65 years and over

Table entries are the regression coefficients with standard errors 
clustered at the municipality level in parentheses
***p < .01, **p < .05, *p < .10 (two-tailed tests)

(1) (2)
Below Above

7:00–10:59 2.496*** 0.395
(0.456) (0.881)

11:00–17:59 − 3.512*** − 5.078***
(0.457) (0.892)

7:00–10:59 × Δ Precipitation, 
afternoon–morning

0.021** 0.046***
(0.008) (0.010)

11:00–17:59 × Δ Precipitation, 
afternoon–morning

− 0.003 − 0.033**
(0.020) (0.016)

Δ Precipitation − 0.065*** − 0.037**
(0.015) (0.015)

Prefecture fixed effect Yes Yes
Adjusted R2 0.805 0.694
N 968 922

27  We drop several municipalities because of missing information or boundary changes during the study 
period.
28  We found that 0.2% of polling stations, mainly in remote islands, moved forward the polling day 
from October 22 in 2017 to earlier days. The main results hold even after we drop 34 municipalities that 
include these remote islands.
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As discussed earlier, people in much of Japan were warned that the typhoon 
would affect their communities and that weather would be severe on Election Day 
in 2017. Accordingly, we hypothesize that precautionary voting was more likely 
to occur in municipalities where the anticipated precipitation on Election Day was 
extremely large.

We test the hypothesis using the same model as Eq. (6) with an alternative defi-
nition of two time windows. All variables are defined in similar fashion to Eq. (6), 
but for this analysis, C1 means the early voting period, while C2 means Election Day. 
Thus, ΔTj1 denotes early voting turnout and ΔTj2 denotes Election Day turnout in 
municipality j. ΔPjt denotes total precipitation during the last four days of the early 
voting period and on Election Day. We focus on the last four days of the early vot-
ing period because the typhoon in 2017 was predicted to reach Japan only a few 
days prior to Election Day (Fig. 2). We interact C1 and C2 with ΔDj that measures 
differences in rainfall between the early voting period and Election Day. We calcu-
late ΔDj by subtracting total precipitation during the 4-day early voting period from 
total precipitation on Election Day for 2017 and 2014, and then taking the difference 
between the two election years.

We expect that �3 is positive because voters, especially in municipalities with 
more severe weather disruptions on Election Day in 2017, were more likely to vote 
during the early voting period, compared to 2014. By contrast, �4 is expected to be 
negative because many voters were more likely to avoid voting in heavy rain on 
Election Day in 2017.

This analysis relies on a similar identification assumption, as discussed in sec-
tion  ‘Turnout in the Morning vs. Afternoon of Election Day’. We assume that 
Ct ∗ ΔDj was quasi-randomly assigned to the municipalities. To control for politi-
cal and socioeconomic variables potentially correlated with Ct ∗ ΔDj , we include 
prefecture fixed effects.29 In addition, we also include interactions between the 
time windows and local political and socioeconomic characteristics as additional 
controls.

Data on turnout are obtained from the JED-M database (Mori, 2015, 2018) and 
the election commissions of 47 prefectures. Early voting turnout and Election Day 
turnout are computed by dividing the number of eligible voters who cast a ballot 
before or on Election Day, by the total number of eligible voters in municipality j 
in each election year. The total number of observations is 3782 because the data 
include two time windows for 1891 municipalities. Summary statistics for precipita-
tion and turnout are reported in Table 5.30 

29  We plot a geographic distribution of residuals from a regression model in which the difference in pre-
cipitation between Election Day and the early voting period is regressed on prefecture fixed effects. Fig-
ure A.7 in the online appendix shows that the remaining variation in the difference in precipitation seems 
to be distributed randomly across Japan.
30  See Fig. A.8 in the online appendix for the change in precipitation and turnout by prefectures.
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Results

Table 6 presents estimated results. Standard errors are clustered at the municipality 
level.31 Column (1) indicates that turnout during the early voting period increased 
8.736 percentage point in 2017, compared to 2014. On the other hand, turnout 
on Election Day decreased by 4.418 percentage point in 2017. These coefficients 
suggest that many voters decided to use early voting instead of voting on Election 
Day. Column (2) shows the similar results even after the prefecture fixed effects are 
included.

Columns (3) and (4) of Table  6 show the main results. As hypothesized, the 
change in turnout during the early voting period depends on the difference in precip-
itation between two periods. The coefficient associated with the interaction between 
the early voting period and the difference in precipitation is positive, whereas the 
coefficient associated with the interaction between Election Day and the difference 
in precipitation is negative. These results suggest that the increase in early voting 
turnout and the decrease in Election Day turnout were larger in municipalities with 
heavier precipitation on Election Day. The results hold even when prefecture fixed 
effects are included. Column (4) suggests that early voting turnout increased addi-
tionally by 0.65 (= 0.013*50) percentage point, where rainfall was more than 50 
mm heavier on Election Day than during the early voting period.

Table 6 also indicates that turnout decreased by 0.2–0.3 percentage point as pre-
cipitation increased by 10 mm. This last result appears consistent with some previ-
ous studies (e.g., Fujiwara et  al., 2016; Gomez et  al., 2007) showing the negative 
effect of bad weather on Election Day turnout. The coefficient suggests that munici-
palities experienced a decrease in turnout by about 1.0–1.5 percentage point where 
they received 50 mm of precipitation.

Table 7 presents the results after including additional controls. As in Table 3, we 
consider the possibility that the difference in precipitation between the early voting 
period and Election Day might be correlated with local political and socioeconomic 
characteristics. We add the interactions between the voting window dummies and 
the vote margin, the log of population, and the percentages of seniors and college 
graduates. Table 7 shows that the main coefficients show only a minor change after 
the additional interactions are included. This again suggests that the typhoon shock 
is likely to be independent of municipal characteristics.

Table 8 examines the possibility that precautionary voting was more likely to 
occur among senior voters. As in Table 4, we split the sample into two groups, 
below and above the median percentage of the voting-age population aged 65 
and over in municipality j. Column (1) of Table 8 indicates that the interaction 
terms between each period and the difference in precipitation show no statisti-
cally significant coefficient when we focus on the municipalities with the smaller 
size of senior population. By contrast, column (2) shows strong evidence for 

31  We also use the method by Hsiang (2010) to account for temporal and spatial autocorrelation. Most 
of the results reported below are similar to those using this method. Please see Tables A.4 and A.5 in the 
online appendix.
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precautionary voting in municipalities with more senior residents.32 This result, 
together with the earlier result in Table 7, might indicate that senior voters with 

Table 5   Summary statistics of differencess in precipitation and turnout between 2017 and 2014 during 
the early voting period and on Election Day

The changes in precipitation and turnout are computed between the 2017 and 2014 elections

Mean SD Min Max

Δ Turnout 1.069 8.824 − 41.071 38.906
Δ Precipitation 36.800 46.818 − 65.408 287.510
Δ Turnout during the early voting period 8.358 4.348 − 8.836 38.906
Δ precipitation during the early voting period 12.753 24.707 − 65.408 157.598
Δ Turnout on election day − 6.219 5.529 − 41.071 14.202
Δ Precipitation on election day 60.846 51.160 − 9.194 287.510
Δ Precipitation, election day − early voting 48.093 38.240 − 117.169 194.691
N of time windows 2
N of municipalities 1891
N 3782

Table 6   Differences in turnout between 2017 and 2014 during the early voting period and on Election 
Day in 1891 municipalities of 47 prefectures

Table entries are the regression coefficients with standard errors clustered at the municipality level in 
parentheses
***p < .01, **p < .05, *p < .10 (two-tailed tests)

(1) (2) (3) (4)

Early voting 8.736*** 8.730*** 7.889*** 7.103***
(0.102) (0.264) (0.227) (0.350)

Election day − 4.418*** − 3.908*** − 4.272*** − 5.058***
(0.179) (0.516) (0.227) (0.340)

Early voting × Δ precipita-
tion, election day − early 
voting

0.017*** 0.013***
(0.004) (0.004)

Election day × Δ precipita-
tion, election day − early 
voting

− 0.004 − 0.020***
(0.005) (0.006)

Δ Precipitation − 0.030*** − 0.040*** − 0.029*** − 0.018***
(0.002) (0.005) (0.002) (0.004)

Prefecture fixed effect No Yes No Yes
Adjusted R2 0.705 0.715 0.707 0.716
N 3782 3782 3782 3782

32  The difference in the coefficients is 0.019 with standard error 0.010. For the interaction with Election 
Day, the difference in the coefficients is 0.020 with standard error 0.012.
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a higher propensity to vote tended to compare the costs over time and shift the 
timing of voting.

In summary, the findings are consistent with our hypothesis. Turnout dur-
ing the early voting period increased and turnout on Election Day decreased in 
2017, compared to 2014. This pattern was stronger in municipalities where rain-
fall on Election Day was stronger and more senior residents resided.

Table 7   Differences in turnout between 2017 and 2014 during the early voting period and on Election 
Day with additional controls

Table entries are the regression coefficients with standard errors clustered at the municipality level in 
parentheses
***p < .01, **p < .05, *p < .10 (two-tailed tests)

(1) (2) (3) (4)

Early voting 6.369*** 11.357*** 5.730*** 7.272***
(0.369) (1.019) (0.698) (0.349)

Election day − 4.361*** − 16.755*** 0.622 − 5.382***
(0.373) (1.067) (0.757) (0.374)

Early voting × Δ precipitation, election 
day − early voting

0.011*** 0.018*** 0.015*** 0.014***
(0.004) (0.004) (0.004) (0.004)

Election day × Δ precipitation, election 
day − early voting

− 0.020*** − 0.025*** − 0.019*** − 0.021***
(0.006) (0.005) (0.006) (0.006)

Early voting × vote margin in 2014 0.049***
(0.007)

Election day × vote margin in 2014 − 0.026***
(0.008)

Early voting × log population − 0.492***
(0.088)

Election day × log population 1.135***
(0.095)

Early voting × percent 65 and over 0.021
(0.016)

Election day × percent 65 and over − 0.176***
(0.020)

Early voting × percent college graduates − 0.019***
(0.006)

Election day × percent college graduates 0.028**
(0.013)

Δ Precipitation − 0.018*** − 0.017*** − 0.017*** − 0.018***
(0.004) (0.004) (0.004) (0.004)

Prefecture fixed effect Yes Yes Yes Yes
Adjusted R2 0.705 0.715 0.707 0.716
N 3616 3772 3772 3772
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Consequences for Overall Turnout

Our final analysis examines the consequences of the typhoon in 2017 on overall 
turnout. Proposition 2 derived from the model predicts that overall turnout changes 
little if the voting cost in the first period is small and the voting cost in the second 
period is moderately large, as shown by the red solid curve in Fig. 1. This happens 
because voters are more likely to engage in precautionary voting when the antici-
pated cost in the second period is large. Contrarily, overall turnout may decrease 
when the anticipated cost in the second period is not much larger, because voters 
wait to vote until the second period and then abstain. As a result, decreased turnout 
in the second period is not offset by increased turnout in the first period.

The dataset described in the previous section is ideal to test this prediction 
because precipitation during the early voting period was small in both the 2014 
and 2017 elections, whereas the change in precipitation on Election Day between 
2014 and 2017 was large particularly for dozens of municipalities. We examine 
how changes in Election Day precipitation between 2017 and 2014 as a measure 
of the cost in the second period were associated with the changes in overall turnout 
including both early voting and Election Day turnout. The changes are measured 
for each municipality. We expect that Election Day precipitation is negatively cor-
related with overall turnout in municipalities where Election Day precipitation mod-
estly increased in 2017, as compared to 2014. We also expect that this negative rela-
tionship disappears in municipalities where Election Day precipitation considerably 
increased 2017 due to the typhoon.

Figure  5 plots changes in overall turnout against changes in Election Day pre-
cipitation between 2017 and 2014. We capture an overall relationship by adding a 

Table 8   Differences in Turnout 
between 2017 and 2014 during 
the early voting period and on 
Election Day below and above 
the median of percentage 65 
years and over

Table entries are the regression coefficients with standard errors 
clustered at the municipality level in parentheses. ***p < .01, **p < 
.05, *p < .10 (two-tailed tests)

(1) (2)
Below Above

Early voting 7.307*** 6.257***
(0.436) (0.670)

Election day − 4.497*** − 6.321***
(0.419) (0.640)

Early voting × Δ precipitation, 
election day − early voting

0.004 0.023***
(0.005) (0.007)

Election day × Δ precipitation, 
election day − early voting

− 0.008 − 0.028***
(0.010) (0.007)

Δ Precipitation − 0.024*** − 0.016***
(0.007) (0.005)

Prefecture fixed effect Yes Yes
Adjusted R2 0.726 0.716
N 1886 1886
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locally weighted regression curve in gray to the plot. Figure  5 shows two impor-
tant patterns. First, the small to medium increases in Election Day precipitation (i.e., 
from 0 to 150 mm), as shown on the left side of the plot, were associated with a 
decline in overall turnout. However, the relationship between them was flat where 
the change in Election Day precipitation was much larger (i.e., from 150 to 300 
mm), as shown on the right side of the plot. Municipalities where Election Day pre-
cipitation increased from 150 to 300 mm in 2017, as compared to 2014, exhibits 
no decline in overall turnout. Notably, the overall shape of the relationship is quite 
similar to the simulated red solid curve in Fig. 1 with a small cost in Period 1. In 
short, overall turnout does not necessarily decrease even as the voting cost increases, 
which is plausibly explained by precautionary voting.

Conclusion

This study proposes a model to consider the inter-temporal decision-making of vot-
ing, in which voters decide when to vote, by comparing the varying benefits and 
costs during the time that the polls are open. We argue that the conventional Down-
sian model of turnout is not suitable to analyze the possibility that voters shift 
the timing of voting. Our stylized dynamic model of turnout predicts that turnout 
in each period changes as the relative costs between the two periods change. The 
model also predicts that, contrary to the conventional turnout model, overall turnout 
does not necessarily decrease even as the cost increases.

This prediction is tested using data for rainfall and turnout in the Japanese Gen-
eral Elections of 2014 and 2017. Using panel data from municipalities, we find evi-
dence for our hypothesis that voters shift the timing to avoid the higher cost. This 
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pattern was stronger in municipalities with more rainfall in the latter period and with 
more senior voters. These findings explain why voter turnout remained similar in the 
2017 election with the greater costs of voting, compared to the 2014 election.

This study contributes to the literature in several ways. First, our model that con-
siders turnout during the election as an inter-temporal dynamic problem can serve as 
a benchmark to understand the decision of when and whether voters turn out as costs 
vary temporally. Our model can apply to various types of costs that vary during the 
voting window. For example, the serious pandemic during the 2020 U.S. presiden-
tial election increased the cost of in-person voting on Election Day, which might 
explain why the historic number of voters chose to use early or mail voting. Alterna-
tively, if elections are scheduled on weekday, a scheduling conflict may induce many 
voters to vote early. Most importantly, our theory is useful to understand the pattern 
of voter turnout when voters can predict temporal variations in the voting costs.

Second, we reveal that the relationship between the voting cost and voter turnout 
is not as simple as supposed in the literature. Turnout does not always decrease even 
as the cost increases because voters can shift the timing of voting.

Third, our findings imply what type of voters are more likely to engage in early 
(thus precautionary) voting, which might explain why the findings in the previous 
research are mixed. Early voting is expected to provide more voting opportunities 
for non-regular voters, but it does not necessarily encourage them to compare the 
voting costs during the election period. As Ashok et al. (2016) reported that older 
voters and party registrants are more likely to vote early than on Election Day in the 
U.S., early voting may only shift the timing of voting among those with the higher 
propensity to vote and retain their active participation. In combination with the find-
ings about planning for voting (Nickerson & Rogers, 2009), we may stimulate par-
ticipation among less active voters by encouraging them to compare costs during the 
voting period and to think about voting early if anticipated costs are high on Elec-
tion Day. This is left for future research.

Revising the traditional view that voting is a static decision creates new oppor-
tunities for research. The literature in behavioral economics has developed theories 
on time preferences, such as present bias (O’Donoghue & Rabin, 1999). If voters 
have present-biased preferences, for example, they tend to procrastinate costs. Thus, 
if voting is costly, they tend not to go to the polling station until the very end of the 
election period, and most likely, they abstain. Although we cannot distinguish pre-
sent-biased voters from other types of voters in our data, the magnitude of precau-
tionary voting could be larger if there are fewer naive present-biased voters. Addi-
tionally, procrastination might explain why young voters and independents were 
more likely to vote on Election Day (Ashok et al., 2016). These groups with the low 
propensity tend to vote later or abstain not only because they may face the higher 
cost but also because they may be present-biased.

Finally, our findings relate to the literature on the relationship between turn-
out and election outcomes. Rainfall on Election Day tends to benefit the Republi-
can Party in the U.S. presidential election because the negative effect of rainfall on 
turnout is larger on Democratic supporters (Gomez et  al., 2007) and rainfall may 
change voters’ risk preferences and lead them to embracing more conservative views 
(Horiuchi & Kang, 2018). If convenience voting may only shift the timing of voting 
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among voters with particular ideological views, their active participation may affect 
party vote shares (see Barber & Holbein, 2020; Thompson et  al., 2020). Alterna-
tively, severe weather disruptions like the typhoon in this study may also change vot-
ers’ political preferences. The relationship between weather disruptions, the timing 
of voting, and election outcomes is an important topic for future research.
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