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Abstract
Existing research suggests that rainfall on election days has, at least under some
circumstances, a significant negative effect on voter turnout. The purpose of
this thesis is to assess whether this is also the case in the Czech Republic. The
results support the hypothesis, with the preferred specification suggesting that
one additional millimeter (mm) of precipitation on election day is associated
with a drop in turnout rates of around 0.26 to 0.38 percentage points. We find
that election type plays a key role in determining the effect of rainfall on voter’s
participation. For the elections to the Chamber of Deputies, we find evidence of
an inverted U-shape relationship, consistent with the notion that small amounts
of rain do not play a significant role in an important election, while heavy rain
(around 6mm and more) decreases turnout with every additional mm of rain.
For the elections to the European Parliament, which are generally perceived as
less important, we find turnout to be negatively associated with even smaller
amounts of rain: one additional mm of rain is associated with a 0.82 percentage
point decrease in the turnout rate. Finally, we study the link between the
closeness of the election results, precipitation, and turnout, and we find that
for important elections, a close fight between two candidates enhances people
to go to the polls even when it is raining. For unimportant elections, the effect
is opposite: when the result is expected to be tight, precipitation is associated
with lower turnout rates.
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Author Ing. Kristina Kubíková
Supervisor PhDr. Miroslav Palanský, Ph.D.
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Motivation As previous research on US data suggests, one inch of rain decreases
voter turnout per one percentage point. The main goal of this thesis is to measure,
whether the precipitation has the same effect on Czech voters. According to common
beliefs, as well as expert opinions, the rainfall on election day will lead to decrease
in number of voters participating in the election (Franklin, 2004). However, only a
few studies providing empirical evidence supporting this assumption were released
so far.

Besides the already mentioned analysis conducted in the United States, measur-
ing the effect for presidential elections, there is a paper studying elections to Swedish
parliament (Persson et al., 2014). This thesis will replicate these papers on Czech
data. However, it will not focus only on one single type of election and will consider
all elections carried out in the Czech Republic so far, which creates an opportunity
to evaluate the significance of the effect compared to the importance of individual
types of elections.

Voter turnout is influenced by many factors. The ones that most of the papers
have in common are parameters such as income, gender, age, unemployment, edu-
cation etc. One could say that those are uniform all over the world and therefore
there is no need to replicate the research on data from another country. However,
there are very different electoral systems across the world, with different barriers
and both actual and perceived costs and benefits of voting. Therefore, it could be
assumed, that for the Czech Republic the outcomes could be very different than for
other countries.

Hypotheses

Hypothesis #1: The voter turnout will be lower when it is raining.
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Hypothesis #2: The more important the election is, the lower will be the
decrease in voter turnout caused by rain.

Hypothesis #3: The tighter the outcome of the election, the lower is the impact
of precipitation on the turnout.

Methodology As this thesis aims to replicate previous research, the main re-
sources will be the previously mentioned papers which will provide theoretical back-
ground. The data regarding voter turnout for individual elections will be provided
by volby.cz and will cover the period from 2004 to 2020 for each electoral district
and constituency. The historical weather data will be taken from Czech Hydrom-
eteorological Office − institution that provides information taken from numerous
weather stations situated all over the Czech Republic, describing what amount of
precipitation was in the area of a specific constituency by the time the election took
place. Data on other factors determining participation of voters in the election (such
population size or density etc.) will be taken mostly from Czech Statistical office or
other official websites focusing on the specific factor.

Voter turnout and precipitation will be put together, along with other factors
affecting voter turnout, creating a dataset. This panel data will be further analyzed
using Pooled OLS, as the same method was used in the related papers (but might
also be FEM or REM, tbd). The final chapter of this thesis will be dedicated to the
results and their interpretation.

Expected Contribution If this thesis achieves to verify the original claim that
rainfall leads to decrease in voter participation, it might impact the way the elections
are carried out in the Czech Republic. It will contribute to existing literature in at
least 3 ways. First, it will describe whether the rainfall affects Czech voters when
deciding whether to cast their ballots or not. Second, the outcomes will show whether
the effect of rainfall is less significant for these types of election that are perceived as
more important (such as Chamber of deputies’ election). Last but not least, it will
examine whether there is a link between the tightness of the election outcome and
voter turnout while it is raining.

If the effect of rainfall on voter turnout shows to be very significant, calls for
resolving the situation are to be expected. As Gomez et al. (2007) show, the rainfall
plays against some parties since their voters tend to stay at home when it rains.
Also, the effect seems to be more significant for those elections that will not have a
tight outcome − voters perceive it as their vote doesn’t matter and tend to stay at
home when a minor obstacle such as rain occurs. The same applies to elections with
less importance where a minor difficulty might cause the voter not to participate.

https://volby.cz/opendata/opendata.htm
https://www.chmi.cz/historicka$-$data/pocasi/denni$-$data/Denni$-$data$-$dle$-$z.$-$123$-$1998$-$Sb
https://www.chmi.cz/historicka$-$data/pocasi/denni$-$data/Denni$-$data$-$dle$-$z.$-$123$-$1998$-$Sb
https://vdb.czso.cz/vdbvo2/
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In extreme cases the precipitation might cause a different outcome of the election,
which should be considered and prevented.

Outline

1. Context of the Czech Republic − electoral system, division into districts, voting
days, geographical division, climate conditions and weather.

2. Literature review − determinants of voting behavior on both individual and
aggregate level; previous research on the effect of rainfall on voter turnout

3. Data − description of how the data is gathered and processed, basics descrip-
tive statistics of main variables.

4. Methodology − description of the models used to analyze the data (OLS, FE,
DID)

5. Results and Discussion − outcomes of the models as well as their discussion

6. Limitations and further research suggestions − discussion of the drawbacks of
data and models as well as options for durther research
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Chapter 1

Introduction

The effect of rainfall on voter turnout is undoubtedly an interesting topic,
leaving many researchers curious whether there is a relationship between the
two or not. So far, a handful of studies and papers have been published, trying
to answer this question. Most of them conclude that there is a significant
negative effect of rainfall on voter turnout, however, there is no consensus in
the existing literature. The results are rather different among the countries −
in the US 1 inch of the rain reduces turnout by 1 percentage point (Gomez
et al., 2007), in the research conducted on Irish data a 2pp decrease in turnout
caused by rain was found, and the analysis based on Danish data hasn’t found
any significant effects. Besides being interesting, this topic also introduces an
important issue regarding the results of the elections. The research conducted
on the US presidential election data shows, that the election day rainfall favors
the Republicans which might have affected the outcomes of the presidential
elections held in 1960 and 2000 (Gomez et al., 2007).

As the research always covers the elections held in a certain state, and it
is obvious that the effect of precifpitation on turnout is slightly different for
each of them, this thesis aims to analyze whether and how the rainfall on
election day influences Czech voters. Further, this research aims to answer
the question, whether the impact of the rainfall differs for different types of
elections. Undoubtedly, the rainfall is possessing an obstacle when it comes to
decision making whether to cast the ballot or not. It is assumed that there
are some election types that are perceived by the population as more (less)
important than others − which are which can be determined using only such
basic indicator as is the average turnout. Therefore, as intuition suggests,
the will to overcome an additional cost of voting in the form of rain will be
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smaller when the election type is perceived as unimportant by the individual.
To confirm whether this intuition is correct is one of the objectives of this
thesis. Also, the tightness of the anticipated election outcome is believed to
play a significant role. Intuition suggests that when a close fight is expected
between two candidates, people perceive their vote as more pivotal, as only
units of votes might change the outcome of the election. In such situation a
minor inconvenience in the form of precipitation will not discourage them from
coming to the polls. On the other hand, when it is almost clear in advance
who will be the winner, people tend to abstain − the expected winner’s voters
might think that their candidate will definitely win and that he doesn’t need
their votes; on the contrary, others might assume that it is a lost cause anyway,
with or without their vote. Therefore, it is believed that when an issue such as
rain occurs, it might discourage people from voting. One of the goals of this
research is then to confirm whether this intuition can be supported by empirical
evidence.

The evidence from the Czech Republic shows that, as in most of the states,
the effect of rainfall on voter turnout is significantly negative. We found that
1mm of rainfall decreases the number of voters that cast their ballots by around
0.38pp on the district level. The evidence from around 600 Czech villages
confirms the negative effect, showing that with this selected sample the turnout
drops by 0.26pp with every additional mm of precipitation.

Further, the election type is found to play a key role when it comes to voter’s
behavior related to bad weather. The research analyzes the turnout for the
Chamber of Deputies elections, as it is perceived as the most important election
type, and finds that at first the rain enhances voter turnout. Then, when the
precipitation exceeds 6.15mm break point, the turnout tends to decrease with
every mm of rainfall. On the contrary, as the European Parliament election is
seen as the least important election type, the voters are not motivated enough
to cast their ballots when it is raining, and every mm of rainfall lessens the
electoral participation by 0.82pp.

The thesis concludes that tightness of election outcome affects the effect of
precipitation on voter turnout. For the Chamber of Deputies election, when
the outcome is tighter, rain is not found to have as profound effect as it would
have if the difference in the number of received votes was large. Therefore,
when people perceive that the election outcome will be tight and that their
vote might be pivotal and change the results, they are less affected by the rain.
This effect is not confirmed for the European Parliament election. On the
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contrary we found that the effect is quite the opposite − when the difference
between two candidates is small, voters tend to be affected by the rain more
and decide to stay at home rather than go to the polls even when little rain
occurs.

This research contributes to existing literature in at least three ways. First,
it analyzes the effect of precipitation on voter turnout on the data from the
Czech Republic. Until today, no paper studying this effect on Czech data
was published. Therefore, it brings an interesting insight into the situation
in the country, finding that Czechs are significantly negatively affected by the
precipitation. Second, it puts in relationship the tightness of the outcome,
precipitation, and electoral participation. There were papers published about
the impact that closeness of the results has on the voter turnout, as well as
papers that analyze the effect of rainfall on the turnout, but none of them has
ever studied the interaction between these three. Finally, all of the previously
published papers have studied either one type of election or all of the election
types in general. This paper adds to existing research in such a way that it
distinguishes between types of elections and presents separate outcomes for the
most and the least important of them all, as it was assumed that it plays a key
role in the strength of the rainfall effect on the turnout rates.

The thesis is divided into 6 chapters. The first chapter aims to introduce
the context of the Czech Republic − the types of elections and methods of their
evaluation and overall rules of voting, as the previous research finds all of the
above mentioned important when the voters are deciding whether to cast the
ballot or abstain. Further, it describes the climatic conditions of the country,
as this might be a crucial factor for eventual inter−country comparison. The
second chapter aims to describe the background of voting behavior. Firstly, the
costs and benefits of voting are described on the individual level, as well as the
rational choice model of each voter. Then, the determinants of voter turnout
are presented on the aggregate level, highlighting groups of important variables.
The third chapter is dedicated to data and variables. It is described how the
observations are obtained and put together, as well as some basic descriptive
statistics about the variables. Treatment of missing values and outliers is also
specified. Chapter four focuses on the methodology and the description of the
methods used to analyze the obtained data, as well as reasoning of why they
are chosen. The fifth chapter brings up the results of used models and related
discussion, as well as the hypotheses evaluation. Finally, the main drawbacks
of this research are addressed, and further research options are discussed.



Chapter 2

Context of the Czech Republic

Voter turnout differs in every country, state, city, and municipality. There
are many factors affecting people’s behavior on the election day − some of
them are empirically supported, some are only based on intuition, some haven’t
been identified yet. Based on previous research it is known that demographics,
electoral system, institutional context and local legislation play significant roles
in the decision-making process that voters make while choosing whether to cast
their votes or not (Blais, 2006). For that reason, the next chapter introduces
the way elections are held in the Czech Republic, describing both organization
on general level and the system of each specific kind of elections, as well as
some basic demographic factors that might affect the turnout.

In the Czech Republic, the system is based on general suffrage, meaning that
people over certain age who in all other ways meet the conditions set by law have
the right to express their opinion by casting their ballots. Every person who
has attained the age of 18, no matter their gender, race, religion, income etc.,
has the right to vote1. Based on the Constitution of the Czech Republic Act
No. 1/1993 Coll. adopted on 16 December 19922, every election is subject to 4
main principles. The first one, generality, was described above. The principle
of equality suggests that each citizen has one vote, and the weight of all votes is
the same. The principle of the secret ballot ensures, that it will not be possible
to link specific person to their vote and their identity remains anonymous.
Finally, the principle of directness guarantees that the selection is made by
the voter specifically and the right to vote may not be transferred to another

1Except some minor exceptions e.g., when the person is deprived of their right to vote by
court due to mental illness etc.

2As amended by Constitutional Acts No. 347/1997 Coll., No. 300/2000 Coll., No.
395/2001 Coll., No. 448/2001 Coll., No. 515/2002 Coll., No. 319/2009 Coll., No 71/2012
Coll. and No 98/2013 Coll.

https://www.psp.cz/en/docs/laws/1993/1.html
https://www.psp.cz/en/docs/laws/1993/1.html
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person in any way. This principle is the newest one, since before the year 2013
presidential elections were held in an indirect form − the president was elected
by the parliament (the Senate and the Chamber of Deputies). The link between
voter turnout and the switch from indirect to direct presidential election can be
seen since the participation of citizens in the Senate and Chamber of deputies’
elections significantly decreased after the year 2013 when the direct election
was established3.

As written in the Constitution (1992), the election day is always set to
Friday between 2 pm and 10 pm, and Saturday between 8 am and 2 pm, no
matter the type of election. Unlike most of the countries that only have one
election day, two election days are held in the Czech Republic. The voter
is assigned a polling station based on his permanent address where he must
cast the ballot. There are approximately 1,000 citizens per one polling place
(Ministry of the Interior, 2021). It is necessary that the voter comes in person
to the correct polling station with his ID card to be able to vote. It is possible
to arrange a special permit that allows the citizen to vote outside the allocated
polling station.

To evaluate the election, different types of methods are used based on the
election type. Generally, two main systems are employed − proportional rep-
resentation and plurality voting. In the plurality voting process, the candidate
who obtains more votes than any other counterpart gets elected − winner-
takes-all system. The method of proportional representation reflects the real
distribution of votes. This method is further divided into two categories −
the election number and election quotient. Election number is used to convert
the number of votes acquired by a party into mandates. Its value represents
the minimal number of votes that a party needs to obtain to receive a seat.
The other group works with quotients. This method is based on the idea that
no party shall receive a mandate before another party with greater number of
votes at the time of the distribution process.

The most important general regulations were listed above, however, the
specific requirements differ for each election type. Also, the basic classification
of methods used to evaluate the election was described. Other rules and regu-
lations, as well as the specific evaluation systems differ for each election type
and will be described below.

3This assumption was made based on the data provided by volby.cz

https://www.psp.cz/en/docs/laws/1993/1.html
https://volby.cz/opendata/opendata.htm
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2.1 Summary of election types
The most discussed type is undoubtedly the presidential election. Between the
years 1993 and 2012 the election was indirect, and the president was elected
by the Parliament. After that the direct election was introduced where each
voter that meets legal conditions gets one vote to decide about the future pres-
ident. The president is elected for a period of 5 years and can only be elected
twice. Plurality voting system is used to evaluate the votes, meaning that the
candidate who receives more than 50% of votes wins the election. Generally,
there are two rounds of presidential election since no candidate usually receives
plurality of votes in the first round. In that case, two most successful candi-
dates advance to the next round where the one with majority of votes wins
and becomes the president of the Republic. Anyone with the right to vote who
accedes the age of 40 can run for president if they comply with conditions set
by law. For the candidacy, it is necessary to get support of at least 20 mem-
bers of parliament, 10 senators, or 50 000 citizens who sign related petition.
If a person meets at least one of these conditions no less than 66 days before
the election they are added to the list of candidates (Constitution Act No.
1/1993 Coll., 1992). Voter turnout for presidential election is usually a little
over 60%. Minimal turnout was in the second round of presidential election
held in 2013 − 59.11% (Czech Statistical Office, 2013), the highest turnout was
also in the second round but in 2018 when 66.6% of voters cast their ballots
(Czech Statistical Office, 2018).

The second type of election is the Chamber of Deputies’ election. Chamber
of Deputies is the lower house of the Parliament and consists of 200 seats. The
main activity of the Chamber is to negotiate and approve laws. As written in
the Constitution (1992) the deputies are elected for 4 years and every citizen
older than 21 years with the right to vote is eligible to be elected as a deputy.
The seats are allocated using the party-list proportional representation and the
D’Hondt method. Each party makes a list of candidates and citizens vote either
for the party (meaning that they don’t care who specifically will the deputy
be) or for specific deputies within the party. Every voter can give away up to
4 preferential votes choosing the potential deputies. The mandates are then
assigned based on the number of preferential votes each candidate obtained,
assuming they received more than 5% of the preferential votes (Ministry of the
Interior, 1995). Thanks to the party-list proportional representation system,
the ratio of mandates each party obtains is close to the ratio of votes the party

https://www.psp.cz/en/docs/laws/1993/1.html
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acquired from voters. To be eligible to obtain mandates the parties need to
pass the electoral threshold. The threshold is set to 5% of votes per party,
10% of votes per two-parties coalition, 15% per three-parties coalition and
20% per four-and-more-parties coalition (Chamber of Deputies, 2022). The
distribution of mandates itself was historically done using multiple methods.
First, the mandates were redistributed using the Sainte−Lägue method, that is
very similar to the D’Hondt method described below, only using a series of odd
numbers as a divisor. After 2002 the D’Hondt method was used. When the
election ended, all the votes were tallied and then the seats were distributed
based on a simple formula:

Quotient = V

(s + 1) (2.1)

Where V is total number of votes obtained, and s is the number of mandates
the party has received so far (initially 0 for all the parties). In every round,
the party with the highest quotient received the seat and the quotient was re-
calculated again until all the mandates were distributed (Cortona et al., 1999).
This method was valid until 2021 when it was replaced by Imperiali quota as
an election number combined with the Hagenbach−Bischoff system but giving
the same result as the D’Hondt method. The highest voter turnout was in the
1996 when it reached 76.41%. On the contrary, the lowest turnout was in 2002
when only 58.0% of eligible voters cast their ballots (Czech Statistical Office,
2022b).

The second chamber of the Parliament is the Senate. The Senate also
proposes and negotiates laws but has less competence than the Chamber of
Deputies. When the Chamber of Deputies is dissolved, the Senate takes over
most of its competences and can even approve new laws (Office of the Senate of
the Czech Parliament, 2012). There are 81 senators in the Senate, elected for
6 years. Every 2 years, one third of the senators is replaced by new candidates.
Every person eligible to vote who accedes the age of 40 can become a sena-
tor. The Senate elections work differently than the elections for Chamber of
Deputies, where all the citizens vote at the same time. In this system, there are
81 constituencies, and each constituency gets to choose one senator. First 27
constituencies choose one third of senators, then 2 years later, another third of
constituencies chooses another third of senators and so on. After 6 years, this
cycle repeats itself and the first third of voters chooses new senators. In most
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cases, this election has two rounds (Ministry of the Interior, 1995). The system
is the same as in the case of presidential election − if no candidate receives
over 50% of votes in the first round, two most successful candidates advance
to the next round and the one with majority of votes wins the election and
becomes senator. Voter turnout is typically quite low for the Senate elections.
The highest turnout in the first round was in the year 2010 − 44.59%, the
lowest was in 2002 when only 24.10% of voters showed at the polling stations.
Surprisingly, the highest turnout in the second round was also in 2002 when
32.55% of voters cast their ballots. The lowest turnout in the second round
was in 2016 when only 15.38% of voters showed up. On average, the turnout in
the first round is higher than in the second round − 37% and 22%, respectively
(Czech Statistical Office, 2022b). Generally, the turnout for Senate elections
is lower than for Presidential and Chamber of deputies’ elections, probably
because Senate has less competences than the other two.

Another election type to be introduced is election to Regional Council.
There are 13 Councils that copy the distribution of Czech regions. Interesting
fact is that the capital, Prague, is not considered a region nor a municipal-
ity and has its special election − Prague City Council election that always
takes place two years after the Regional Council elections. Besides that, the
Prague City Council is basically the same as the Regional Councils. As per the
responsibilities, Councils submit drafts of laws to the Chamber of Deputies,
provide subsidies to municipalities from the regional budget, menage land and
real estates owned by the region and effectuate many other things on regional
level. Anyone who has reached the age of 18, has the right to vote and has his
permanent address in the area of the district can become a counselor (Ministry
of the Interior of the Czech Republic, 2020). Each of the 13 Councils has be-
tween 45 and 65 members, based on the number of citizens. Evaluation of this
election is similar to the one of Chamber of Deputies. The system of propor-
tional representation is used, as well as the D’Hondt’s method, and the voter
also gets to choose up to 4 candidates of the party they voted for. The only
difference between the Chamber of Deputies’ election and election of Regional
Council is, that the threshold the party has to cross to obtain mandates is set
to 5%, which applies even for coalitions, no matter the number of parties in it
(Ministry of the Interior of the Czech Republic, 2000). On average, the turnout
is a little over 35% (Czech Statistical Office, 2022b).

The election of Municipal Council is usually held every 4 years. Sometimes
there may be an exceptional election in a municipality when the number of
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Council members falls below certain threshold. The threshold is different for
every municipality and is based on the number of citizens − ranging from 5 to
70 members. Main responsibility of the Council is to independently administer
the municipality − menage the budget and owned properties, adhere to the
development plan or resolve various issues on local level (Ministry of the Inte-
rior of the Czech Republic, 2001). Just like in the Regional Council election,
the system of proportional representation is used, and the Municipal Council
election is evaluated using the D’Hondt method. The threshold for obtaining
mandates is also set to 5%, no matter if it is a party or a coalition of parties.
The voter chooses either a party, specific candidates, or both a party and cer-
tain candidates (Balíik, 2009). Only residents of the specific municipality are
eligible to vote for the Municipal Council members. Unlike in some other types
of elections, the voter’s permit cannot be used, and the voter has to vote at
the assigned poll station. Average turnout is a little over 43%, which is quite
high compared to other election types (Czech Statistical Office, 2022b). The
turnout is higher in small municipalities rather than bigger cities − probably
due to closer interpersonal relationships since the voters vote for somebody
they actually know, not just some politician they have only heard of from the
media.

As the Czech Republic entered the European Union in 2004, Czech citizens
get to elect members of the European Parliament that will represent their
beliefs. The election is held once every 5 years in all of the member countries.
Currently there are 705 members of the Parliament, out of which 21 were elected
by Czech citizens. There is no unified system to evaluate the results. Just
like most of the other election types, proportional representation system and
D’Hondt method are used (Czech Statistical Office, 2021a). Main responsibility
of the European Parliament is adaptation of Union legislation and political
control over other EU institutions. The voting rules are different in every
member country, but in the Czech Republic, every citizen over the age of 18 with
no other obstacles to the right to vote is eligible to cast their ballot (Ministry
of the Interior of the Czech Republic, 2003). Czech Republic was also the only
member country that had two-days election. The voter turnout tends to be
very low − only around 25.9% on average, which puts Czech Republic among 5
EU member states with the lowest voter turnout (European Parliament, 2020).
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2.2 Basic statistics about the Czech Republic
Previous research shows that demographic and economic factors, such as age,
education, income, or unemployment rate, may affect voter turnout (McDonald,
2020). Therefore, it is crucial to introduce some basic statistics describing
Czech Republic. The area is 78 871 km2 divided into 13 regions and the capital,
Prague. As per 31.12.2020 there were 10 700 thousand citizens, out of which
5,426 thousand were females. Almost 30% of people lived in one of the 10
biggest cities. Life expectancy was 79.3 years, fertility rate was at 1.7 children
per woman. The GDP was 5,694.6 bn CZK, inflation rate 3.2%. General
unemployment rate was 2,6% and average gross wage at 38,525 CZK. There
were 1,762.3 thousand people with completed higher education. Around 35%
of the population are believers, typically people after 60 years of age. The
net migration rate is 2.3 migrants per 1,000 people (Czech Statistical Office,
2022a).

Since this thesis aims to examine the effect of rainfall on voter turnout,
something about the climate conditions should be said. The Czech Republic is
placed in central Europe, surrounded by mountains by its boarders. There are
quite big differences between winters and summers. In 2020, the lowest average
temperature was in January − +0.3◦C, the warmest month was August when
the average daily temperature was +18.8◦C. Most rain falls in the summer
months; those are usually big and heavy rains. Rainfall is common until early
November but can be sporadically seen throughout the whole year. In 2020,
the month with the highest precipitation rate was June where the level of
rainfall reached the average of 152mm per day. On the other hand, January is
the month with the lowest precipitation rates − the average of only 19mm of
precipitation per day was observed (Czech Hydrometeorological Office, 2020).

There are quite big differences between the regions regarding both demo-
graphic and economic factors, as well as the weather. A little over 10% of the
whole population live in the capital, where the levels of education, income and
employment are higher than in other regions. Also, there are districts that
are far behind the average, such as Ústí and Labem Region or Karlovy Vary
Region. The weather conditions are also very different − the temperature in
the mountains can be even more than 15◦C lower than in the warmest parts of
the Czech Republic − such as Southern Moravia. Therefore, it can be expected
that the effect of precipitation will vary for different parts of Czechia.



Chapter 3

Literature Review

Undoubtedly, voter turnout is affected by many different factors. Previous
research shows that determinants such as education, income, age or even home
ownership have positive effect on voter turnout. On the other hand, costs of
voting, such as the need to acquire necessary information to be able to make
the decision, were found to have negative effect on turnout rates (Smets & van
Ham, 2013). Basically, anything can influence whether the voter decides to
cast the ballot or not. To simplify the case, the factors have been divided into
two levels − individual and aggregate, and will be described below.

3.1 Individual level
Finding people’s motivations behind the decision whether to go to the polls or
abstain is a quite tricky task. In the Czech Republic, along with absolute
majority of other countries, the election is anonymous. Indeed, this is an
indispensable rule of voting in the modern world established to protect the
voters. On the other hand, it makes it incredibly hard for people studying the
motivations behind casting a ballot. By its very nature it is impossible to link
a certain voter to their ballot, therefore almost impossible to draw conclusions
on what such a voter’s characteristics look like. When trying to examine the
reasons on individual level, science has to rely on surveys. A meta-analysis of
individual-level research on voter turnout was published in 2013, introducing
multiple models summarizing the main ideas behind people’s decision-making
processes (Smets & van Ham, 2013).

The first model to be discussed is the rational choice model. It stresses
out that each voter is creating his own cost-benefit formula while making the



3. Literature Review 12

decision. When the benefits outweigh the costs, the person chooses to cast the
ballot. Otherwise he chooses to abstain (Downs, 1957). The paper found that
people who voted in prior elections are more likely to go to the polls again, as
well as the ones with stronger sense of civic duty. On the other hand, the coun-
try’s national economic situation along with voter’s own economic situation
were not found to have significant effect on the voter’s personal decision about
casting the ballot (Smets & van Ham, 2013). There are also some shortcomings
of the model − the most famous one is called The Down’s Paradox. It empha-
sizes that for a rational voter the costs will always exceed the expected benefits.
The chances that the voter’s ballot will be pivotal are minimal and compared
to his personal sacrifices he has to make to vote, the expected benefits will
always be smaller than the costs.

Another discussed model is the resource model. The main idea behind it
is, that the participation in elections is driven by resources − especially time,
skills, and money. People with better jobs, higher incomes, education, and
socio-economic status are more likely to have more resources and therefore
are more likely to vote (Brady et al., 1995). There are many factors that
can be considered subordinate to the three main resources. The ones that
are repeated throughout most of the studies are age, education, gender, race,
income, marital status, home ownership, unemployment, and citizenship. On
the other hand, some of the variables are insignificant in some of the models
and general conclusions cannot be made. The strengths of the effects of listed
variables also differs from one study to another, but most of the studies consent
on at least whether the effect is negative or positive. One of the strongest
predictors in many papers is education, having a strong positive effect on voter
turnout. Age is also highly relevant − young voters typically tend to abstain, as
well as elderly people that start to withdraw from social life. The highest voter
turnout is typically between the middle-aged citizens. On the other hand,
studies show that the turnout gap between females and males has basically
disappeared, and that gender hardly has any effect on the turnout (Smets &
van Ham, 2013).

Mobilization model considers the impact that external bodies have on the
voter’s decisions. The core theory behind it states that the interest groups,
social movements, parties, and candidates themselves sort of mobilize the citi-
zens, forming their opinions and trying to get their votes. They also minimize
the information asymmetries, informing voters about the electoral process, spe-
cific candidates or even the party’s program itself. This reduces people’s costs
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of voting since they don’t have to look up the information on their own and it
simply gets to them from the outside (Rosenstone & Hansen, 1993). Nowadays,
it is becoming more and more clear which practices and campaigns boost voter
turnout and even alter citizen’s opinions and points of view so that the interest
groups can benefit from it, and voting is changing into a special kind of social
behavior (Green & Schwam-Baird, 2016).

Individual’s childhood and his parent’s attitude to politics is also a predictor
of his voting behavior. The socialization model stresses out that voter’s social
group has a key role in forming his political opinions. Throughout life the
person gets information from different channels that are influencing him −
such as parents, school, media etc. This impacts not only his political opinions
but also the decision whether to even cast the ballot or not (Gidengil et al.,
2016). Some studies even show that the education of parents and their socio-
economic status are predictors of the child’s turnout, having a positive effect
on it (Sandell & Plutzer, 2005).

The model considering the political aspect on the individual’s level is called
the political−institutional model. The base idea of this model is that the
decision to participate in politics is the result of the political system in the first
place. Also, that person’s decision whether to vote or abstain is affected by
the importance of the election, as well as by the expected tightness of election
outcome (Dubois & Leprince, 2017). The legal system of elections undoubtedly
plays a significant role as well. In the systems with compulsory voting, the
turnout is, of course, higher since the cost of non-voting is typically higher
than the cost of voting. Boosting voter turnout by motivating people to vote,
rather than forcing them to, seems like a better approach. Many countries put
incentives in place, such as weekend voting, postal or e−voting, special polling
booths placed in convenient spots or multi-day elections. Research shows some
of those stimulus effective, some as inconclusive but no negative effect on voter
turnout was ever found (Smets & van Ham, 2013). Effective number of parties
shows out to be an important element in this model, since too many parties
are causing the cost of gaining enough information about all of the parties too
high. On the contrary, when there are too little parties to choose from it might
cause the voter not to identify himself with any of the proposed parties and
abstaining.

Last of the models on the individual level is the psychological model, which
focuses on the psychological determinants of voter turnout. This model consid-
ers variables such as political knowledge, political interest, party identification
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or ideology. Internal efficacy (meaning how much does the voter think he can
influence the election result) is positively correlated with voter turnout. Also,
people who have more confidence in the political system are more likely to cast
their ballots (Belanger & Nadeau, 2005). Ideological self-placement is an in-
dispensable component of the psychological model as well. Some papers state
that right−wing and conservative voters tend to perceive going to the polling
stations and casting the ballot as their civic duty. On the contrary, some papers
haven’t found any significant effect of the ideology on the turnout. Last but
not least, the voter’s personality also affects the turnout. Prior research shows
that a hard−working personality can boost voter turnout. Further, hardwork-
ing people and those who are mentally healthy often tend to be more involved
in politics (Denny & Doyle, 2008).

3.2 Aggregate level
As the previous part discussed the voter’s decision-making on his personal
level, trying to reveal what specific inner factors are motivating him to get to
the polls or dissuading him from voting, this chapter will rather analyze the
problem from more general perspective. The next part is divided into three
sets of variables grouping multiple factors affecting citizens’ behavior − socio-
economic variables, political variables, and institutional variables.

The first group of variables to be analyzed are the socio-economic variables.
To begin with, population size was found to have a significant effect on voter
turnout. With increasing population size, the voter turnout tends to decrease.
This is simply the result of Down’s Cost-Benefit model each voter makes. The
more voters, the lower is the chance that one single vote will change the outcome
of the election; therefore, the citizens are less motivated to cast their ballots
(Blais & Dobrzynska, 1998). Another factor linked to population thought to
affect turnout was population concentration (density). Some studies show that
population density is negatively affecting voter turnout as people in rural areas
have higher civic duty then in urban areas (Preuss, 1981). Others show the
effect as positive, saying that living in areas with higher population density
might increase the effect of word-of-mouth and the people might encourage
each other to go and cast their ballots. Also, the polling stations are usually
concentrated in urban locations, usually in a bigger city or town. The cost of
voting is therefore higher for citizens living in rural areas since they often have
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to travel to get to the polling station. Some studies also show that this effect
is not significant (Cancela & Geys, 2016).

Another factor in the group of socio-economic variables is population sta-
bility. From this perspective, there are three main reasons for which this has
an effect on voter turnout. First of all, stability in the population increases
group solidarity and feeling of identification, therefore the citizen is more mo-
tivated to cast his ballot. Further, when the resident lives in the same area for
longer period of time, he gains knowledge about local issues and the candidates;
therefore, the cost of acquiring information prior the election is reduced. Fi-
nally, higher out-migration rates might suggest that the residents don’t intend
to stay in the area for longer time, therefore they don’t care about the local
policy (Geys, 2006).

Unemployment is a factor that was found to have a positive effect on voter
turnout by some studies (Cebula, 2017), but also a significantly negative effect
by others (Kroh & Könnecke, 2014). Based on the research conducted on the
psychological level that was introduced earlier, it was found that hard-working
people tend to participate in politics more (Denny & Doyle, 2008), supporting
the negative effect of unemployment on the turnout. On the other hand, the
effect can be even significantly positive stating that unemployed people benefit
from casting the ballots more, as the outcome of the election might change
their life situation (Cebula, 2017).

Previous voting behavior can also effectively predict voter turnout. Studies
show that voting can become a habit, and that people who have voted in
the previous election might do so again. On the other hand, non−voters are
believed to stay idle. This is amplified if the voter is reinforced by the election
result − when their favorite candidate wins, they tend to come to the election
again (Gerber et al., 2003).

The second set of determinants to be discussed are the political ones. First,
there is the closeness − this variable reflects the difference in obtained votes
between the first and the second candidate. As was said earlier, voters need to
perceive that their vote is pivotal and can change the outcome of the election.
If they feel like voting for their candidate is a lost cost, they are less motivated
to cast their ballots and any additional inconvenience, such as rain, might dis-
courage them from going to the polls. On the other hand, when the result of
the election is expected to be tight, voters believe that their vote may influence
the outcome and they are less susceptible to negative effects (Matsusaka, 1993).
Campaign expenditures were also found to have significant positive effect on
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voter turnout. Running a campaign undoubtedly reduces the cost of acquiring
information and increases levels of awareness (Holbrook & Weinschenk, 2014).
Last but not least, political fragmentation is affecting voter turnout as well −
only the effect differs from one study to another. Some of them explain that
the more parties there are, the bigger is the cost of obtaining information. Also
that it is harder for the voter to decide between the parties (Blais & Dobrzyn-
ska, 1998). Others show that the more candidates the better the chances of
voters actually identifying themselves with one of the candidates, making less
compromises (Hansen, 1994).

Last group of variables are the institutional ones. Electoral system, mean-
ing the way that votes are converted into seats, plays a significant role in
determining voter turnout. When the system is more proportional people tend
to perceive it as "fairer" and turn out at the polls (Ladner & Milner, 1999).
Clearly, registration requirements, meaning the need to go and sign up to be
eligible to vote, are decreasing the turnout as it increases the individual costs of
voting (Ansolabehere & Konisky, 2006). On the other hand, compulsory voting
undeniably increases voter turnout as the cost of not not−voting is higher than
the cost of going to the polls (Hirczy, 1994).

3.3 Precipitation and voter turnout
Several studies have already tried to provide some insight on whether the rain-
fall affects voter turnout. Some of them succeeded, some of them found no
significant effect of precipitation on the turnout. Below, the most known anal-
yses and their findings are introduced.

The first paper studying such topic is analyzing how the rainfall influences
turnout on the US presidential elections (Gomez et al., 2007). Data from over
22 thousand meteorological stations were gathered on the county level, covering
the period of 14 presidential elections. It was found that 1 additional inch of
precipitation reduces voter turnout by almost 1pp, and 1 inch of snow reduces
turnout by 0,5pp. Also, the research shows that the rainfall on election day
tends to benefit the Republicans, which might have changed the outcome of
the 1960 and 2000 presidential elections.

Second, evidence from the Swedish Parliament elections are introduced
(Persson et al., 2014). Gathering aggregate data from 290 municipalities, indi-
vidual data from the National Election Study and survey-based data on voter
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turnout, covering 11 elections and almost 140 thousand individuals, no robust
negative effect of rainfall was found.

Further, a research conducted on Danish national parliament elections held
between the years 1971 and 2010 was introduced (Eisinga et al., 2012). Unlike
other studies it wasn’t focused entirely on the precipitation, but also on the
election day temperatures and sunshine duration. It was found that whether
affects the turnout rates, supporting the findings of the research held in the US
(Gomez et al., 2007) that 1 inch of rain decreases turnout by approximately
1 percentage point. Further, when the daily temperature increases by 10◦C it
enhances the turnout rate by almost 1pp. Also, when the sunshine coverage is
at 100%, the turnout is 1,5pp higher than when the overage is 0%.

Another research on the effects of rainfall on the turnout was conducted on
Irish data, covering general elections between the years 1989 and 2016 (Garcia-
Rodriguez & Redmond, 2020). The authors have found that when the election
days is classified as rainy (30mm of rain in 24 hours), it reduces voter turnout
by 2pp. The research also puts the rainfall in relationship with the population
density observing, that the decrease in voter turnout due to rain is greater in
densely populated areas, attaining almost 3pp decrease in voter turnout on a
rainy day.

Even though most of the studies show a negative effect of precipitation on
the turnout od some extent, there is no clear consensus in the existing literature
regarding whether, and how much does the rainfall affect voter turnout.

3.4 Hypotheses
The chapters covering the context of the Czech Republic and the Literature
review have provided the necessary basics for the research. In combination
with previous research conducted in other countries, main hypothesizes were
set up.

Hypothesis #1: Voter turnout decreases with increasing precipitation.

Hypothesis #2: The effect of precipitation on voter turnout will be smaller
the more important the election is.
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Hypothesis #3: The tighter the outcome of the election, the smaller the
impact of precipitation on the turnout.

Intuition behind the first hypothesis is rather obvious − when it rains, people
would rather stay at home then going to the polls, as previous research shows
(Gomez et al., 2007; Knack, 1994; Persson et al., 2014). The aim of second
hypothesis is to show that perceived benefits of different election types may
vary, and therefore the effect of rainfall will not be the same for all kinds of
elections. For example, when it rains for Chamber of Deputies election, an
inconvenience such as rain is less likely to make people abstain because this
election "matters". On the other hand, raining on the day of EU Parliament
elections may cause the turnout to decrease as the outcome doesn’t have such
direct effect on people’s everyday lives as does the outcome of Chamber of
Deputies’ election, and a minor inconvenience such as precipitation may cause
people to abstain even when they planned on casting their ballots. The third
hypothesis reflects the importance of each individual’s vote. When the outcome
is expected to be tight it is more likely that one vote will be pivotal and will
have the power to change the result. Therefore, people are more motivated to
show up at the polling station and rainfall is less likely to make them change
their minds.



Chapter 4

Data

This chapter aims to describe how the datasets for the research were prepared,
showing how the data were obtained and processed to form the final datasets.
It will introduce all of the independent variables, as well as the dependent
variable used in the empirical analysis. Further, it will provide and discuss the
descriptive statistics of selected variables.

To begin with, it is important to stress that two master datasets are being
used in the research − one on the level of districts and one on the level of
municipalities. First of them puts together all observations acquired for all the
variables throughout the election types and available years on the district level.
Basically, for each election type specifically, a panel dataset is formed. In the
master dataset, all of the 6 panel datasets are merged into one. The advantage
of this district-level approach is that there are no missing values that need to
be treated, as all the necessary data for this level of granularity are available.
Also, merging everything into one dataset increases the number of observations
and as different methods and data levels are used further in the research, no
informational value will be lost in the general point of view.

On the other hand, the districts are somewhat wide, and relatively large
degree of variability within each unit can be observed. Therefore, the second
dataset on the municipality level was put together. It combines all relevant
data available throughout the years and election types on the level of cities
and villages, removing the bias of averaging on the level of districts. Unfortu-
nately, the data was available only for a handful of municipalities covering only
something around 10% of the population.
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4.1 Variables
The choice of variables aims to copy the ones that were already used in some
kind of analysis studying either the effect of rainfall on voter turnout or just
turnout in general and are described in the literature review above.

From the first group − socio economic variables − the dataset contains
population size, population density, population stability, and average unem-
ployment. Population size is a pretty straight forward variable, capturing the
number of people living (having their permanent address registered) in the dis-
trict. The data for relevant years and districts were downloaded from Czech
Statistical Office (2022c). Population density is a calculated variable combin-
ing the number of citizens per area of the district and was also obtained from
the Czech Statistical Office (2022c). Population stability is also a calculated
variable characterizing the movements of citizens between the districts and the
values are obtained as a difference between the number of people that have
moved in and the number of people that have moved out of the district, re-
spectively. The data is also obtained from the public database run by Czech
Statistical Office Czech Statistical Office (2021b). Last but not least, there
is the unemployment variable. This variable represents the percentage of un-
employed people actively looking for a paid job on the total labor force in
the district, and it was obtained from Ministry of Labor and Social Affairs
(Ministry of Labor and Social Affairs, 2022).

From the group of political variables, the only variable used is the closeness.
It aims to capture the mood in the society and the rivalry of parties in the
district. Initially, this variable was supposed to be based on prognosis and
the expected outcome of the elections. But as this data is not available on
the level of districts, it is approximated as an ex-post difference between the
competitors. It is computed as a difference between the candidate with the
most and the second most obtained votes in the district, which was computed
from the related datasets downloaded from open data portal (Czech Statistical
Office, 2021c).

Also, the closeness variable is not considered in the master dataset, but
only after it is divided into smaller panel datasets for specific election types.
This is due to the intuition behind − the variable doesn’t make sense for all of
the election types. The closeness of the outcome will not matter for example
for the presidential election where people do not decide up on the perceived
closeness in their district, but rather on the national level. Also, closeness steps
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into the model in combination with precipitation as an interaction variable to
see how it affects the turnout when put together.

The other two variables − political fragmentation and capital expenditures
will not be used in this research. They are both only available on the level
of the Czech Republic as a whole, not reflecting the local situation enough to
capture the differences in turnout between the districts. It might be interesting
to analyze the effect on the national level as well, following the development in
time rather than on the geographical level, but as per now there is not enough
observations to do so.

The institutional variables are undoubtedly very important for comparing
the effect of rainfall on voter turnout between countries but have no effect on
the voter’s behavior analysis on the level of the Czech Republic. The rules
for every citizen and every district are the same, therefore there is no point in
including electoral system or the registration rules into the model.

The most important independent variable for this thesis is the precipitation
variable. The historical data from Czech Hydrometeorological Office (2020)
were gathered, documenting millimeters of precipitation that fell on each elec-
tion day. Unfortunately, as the dependent variable, voter turnout, is only
available as a total of both election days, the precipitation had to be averaged.
Therefore, this variable provides the information about the average daily pre-
cipitation on both election days. This creates a certain bias in the result that,
sadly, can’t be overcome (for further elaboration please refer to Chapter 7).
The data are available on the district level, but there is also information about
precipitation for approximately 600 municipalities available, allowing for some
sort of deeper analysis than on the district level. Also, a squared precipitation
variable is added to the model to determine what happens when the effect of
rain exponentially increases.

The dependent variable in this research is the voter turnout. The turnout
was downloaded from the datasets available at volby.cz (Czech Statistical Of-
fice, 2021c), where the data can be found on the level of electoral districts −
even smaller units than cities. The turnout was calculated as a quotient of
issued envelopes (as each voter receives one after being identified at the polls)
and the number of citizens eligible to vote, giving the final turnout rate. As
was said before, there are no reliable information about the ongoing turnout
rates, therefore the turnout comes as a total per both of the election days. Fur-
ther, for simplification purposes only the turnout rates from the first rounds of
elections are taken into account.
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4.2 Descriptive statistics
The table below shows the basic descriptive statistics of all the variables in the
master dataset.

Table 4.1: Descriptive statistics − Variables

Variable Min Max Mean St.Dev.
Turnout 0.12 0.72 0.44 0.13
Precipitation 0.00 17.57 1.62 2.54
Population Size 37 968 381 436 121 825 58 275
Population Stability -2 239 7 676 224 786.65
Population Density 36.76 1 656 164,40 227.75
Unemployment 1.10 14.78 5.80 2.66

There are 1,858 observations throughout the years 2004 to 2020 and all election
types. Unfortunately, Czech Republic is a relatively small and young country,
with very little history of elections of all kinds . This is making the number of
observations relatively low, compared to other countries for which similar kind
of analysis was conducted.

The lowest turnout was measured in the European Parliament elections
held in 2014 in Chomutov district. On the other hand, the highest turnout was
measured in Praha−Západ district for the election to Chamber of Deputies in
2006. As per the precipitation, there were 318 observations with no rain at all.
Then, the highest precipitation on election day was measured for the European
Parliament election in 2014 in Liberec district. The population size maximum
was measured was recorded in Brno−Město in 2020, and the lowest in Jeseník
district also in 2020. The highest net in-migration was registered in 2008 for
the Praha−Východ district, on the other hand the highest net out-migration
was measured in Karviná, 2020. The highest population density was marked
in Brno−město in 2020, the lowest in 2014 in Prachatice district. The highest
unemployment was measured in 2006 in Most district, on the other hand the
highest employment rate was in 2019 in Praha−Východ district.

Tables below show basic descriptive statistics for the two most important
variables − voter turnout and precipitation; for each election type, as well
as the number of observations and years throughout which the inputs were
gathered. For further elaboration on basic statistics of the rest of the variables,
or basic statistics of the districts, please refer to Appendix A.
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Table 4.2: Descriptive statistics − Election types and Turnout

Election type Years Obs. Min Max Mean St.Dev
European Parliament 2004-2019 304 0.12 0.39 0.25 0.05
Regional Council 2008-2020 304 0.25 0.48 0.37 0.04
President 2013-2018 152 0.48 0.71 0.61 0.05
Chamber of Deputies 2006-2017 304 0.48 0.72 0.61 0.05
Senate 2008-2020 490 0.20 0.72 0.41 0.08
Municipal Council 2006-2018 304 0.30 0.59 0.48 0.06

Table 4.3: Descriptive statistics − Election types and Precipitation

Election type Years Obs. Min Max Mean St.Dev
European Parliament 2004-2019 304 0.00 17.57 3.79 3.78
Regional Council 2008-2020 304 0.00 14.60 1.48 2.20
President 2013-2018 152 0.00 4.03 0.45 0.81
Chamber of Deputies 2006-2017 304 0.00 10.49 2.15 2.44
Senate 2008-2020 490 0.00 14.60 1.09 1.87
Municipal Council 2006-2018 304 0.00 5.67 0.50 1.03

The number of observations for the Presidential elections is quite limited, as
the election was not direct before the year 2013, and therefore there are no
data available. On the other hand, the election to Senate has more observa-
tions available − this is due to the system of voting explained in Chapter 2
summarizing the Context of the Czech Republic when each two years one third
of the population has the right to vote.
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Next, the descriptive statistics of the second dataset is described. Throughout
the Municipalities, years, and election types, 10,582 observations were gathered.

Table 4.4: Descriptive statistics − Variables (Municipalities)

Variable Min Max Mean St.Dev.
Turnout 0.06 0.96 0.47 0.17
Precipitation 0.00 37.20 1.73 3.04
Population Size 40 52 509 4 091 7 381
Population Stability -876 823 -2.18 53.20
Population Density 0.01 23.84 1.68 2.72
Unemployment 0.00 24.73 5.17 3.15

Unfortunately, the data was available only for a handful of municipalities that
can’t be considered a representative sample and the conclusions might be biased
when related to the whole country − the data was acquired only for about 10 %
of Czech cities and villages that do not copy the distribution in the country.
However, it might show whether the findings from the district level research
apply even on the level of municipalities, since unlike this dataset, the district
level data are averaged to some extent.

In this case, no missing data are treated since only the municipalities with
all data available are used. As per the outliers, 3 cities (Prague, Brno, and Os-
trava) were removed from the dataset as their population size highly exceeded
the one of other cities and villages. The next table shows the breakdown of
descriptive statistics of the two main variables − precipitation and turnout,
based on the election type.

Table 4.5: Descriptive statistics − Elections and Turnout (Municipal-
ities)

Election type Years Obs. Min Max Mean St.Dev
European Parliament 2004-2019 2 293 0.06 0.74 0.26 0.08
Regional Council 2008-2020 1 732 0.17 0.74 0.38 0.08
President 2013-2018 1 080 0.42 0.95 0.63 0.07
Chamber of Deputies 2006-2017 2 316 0.36 0.96 0.62 0.07
Senate 2008-2020 1 125 0.17 0.88 0.41 0.10
Municipal Council 2006-2018 2 036 0.21 0.94 0.56 0.12
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Table 4.6: Descriptive statistics − Elections and Rain(Municipalities)

Election type Years Obs. Min Max Mean St.Dev
European Parliament 2004-2019 2 293 0.00 37.20 3,73 4.50
Regional Council 2008-2020 1 732 0.00 18.20 1.39 2.70
President 2013-2018 1 080 0.00 9.50 0.49 1.02
Chamber of Deputies 2006-2017 2 316 0.00 25.85 2.04 2.58
Senate 2008-2020 1 125 0.00 18.20 0.93 1.99
Municipal Council 2006-2018 2 036 0.00 11.90 0.49 1.09

As is visible from the descriptive statistics, the order of the election types based
on average turnout (and therefore the perceived importance of the election)
remained unchanged. Thus, the examined election types to show the contrast
between the most and the least "important" election will be the Chamber of
Deputies and European Parliament again.

4.3 Outliers
As intuition suggests, there is one district that stands out from the others −
Prague. As more than 10% of population of the Czech Republic lives in this
city of area size less than 500 km2, both the population size and density are
considerably higher than for other districts. Also, the in-migration is substan-
tially higher as most of the education and job opportunities are situated there,
the average income is higher and unemployment rates are the lowest in the
country. This difference between Prague and the rest of the districts is also
visible in the table showing descriptive statistics of each district, available in
Appendix A. Therefore, it is reasonable to eliminate observations related to
Prague district to improve the informational value of the data. After remov-
ing Prague from the dataset, the information provided by descriptive statistics
were more accurate on the first sight, (e.g, the average got closer to the middle
between the minimal and maximal value).



Chapter 5

Methodology

As the system of creating the datasets as well as the variables are described
above, this chapter will discuss the models that will be used to process the data
to obtain empirical results.

To begin with, a simple regression will be used using an OLS model to
get first insight on all the relationships between dependent and independent
variables. The formula used is as follows:

Yi = β0 + β1Xi + ϵi (5.1)

where Yi is the dependent variable, β0 is the parameter, β1 represents the
slope and ϵi is the random error. Xi stands for the matrix of independent
variables described in the data section, namely Population Size, Population
Density, Population Stability, Unemployment, Precipitation and Election type
(as a Dummy).
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To check for possible multicollinearity, correlation matrix is presented below.

Figure 5.1: Correlation matrix
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Correlation matrix

As even intuition suggests, the correlation is rather high between Population
Size and Population Density. Still, there is some degree of variability left and as
both of the variables have different meaning and are aiming to explain different
objectives, they will both be used in the research. Besides that, no problem
with high correlation rates between any two variables is detected. Some kind
of negative relationship is already visible from the matrix between turnout and
precipitation suggesting an association between the two.

In the next phase of the research, the panel datasets on the level of specific
election type are used. The model will be conducted on the most and the
least important election types to see how the effect of rainfall on voter turnout
changes when the election is perceived more (or less) crucial. As the average
turnout suggests, those will be the elections to Chamber of Deputies and to
European Parliament, respectively.

For the panel data that are available on the level of districts, there are
several options when it comes to choosing the right method to use. There is
the Pooled Ordinary Least Squares (OLS) model, the Random Effects model
(REM) and Fixed Effects model (FEM) that can all be used when it comes to
such panel data. To determine, which model will be more suitable for the data,
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a set of tests is carried out. The Breusch−Pagan Lagrange Multiplier test is
used to determine whether the Pooled OLS or the Random Effects model will
better fit the data. To see whether it is better to use Pooled OLS or Fixed
effects model, the F−Test is performed. Hausman test is used to decide between
Fixed effects and Random effects estimation. The conducted tests suggest that
the most suitable model to analyze the datasets is the Fixed Effects model.

Turnoutit = β0 + β1Xit + uit

i ∈ {1..., 76}, t ∈ {1, ..., T}
(5.2)

The choice of this model is also in line with the intuition behind − the average
differences between the groups are controlled for in any observable and unob-
servable predictors. Without FEM there is a chance of picking up an effect
of some of the unobserved variables correlated with precipitation. Using this
method, the omitted variable bias is avoided. Further, FEM was used whilst
analyzing the effect of rainfall on the turnout in previous studies and there-
fore is likely a suitable method for the analysis (Garcia-Rodriguez & Redmond,
2020; Persson et al., 2014).

To analyze the data available on the level of single municipalities, we will use
the Difference in differences (DID) method. This method compares the changes
in outcomes between treatment group and comparison group in time, studying
the effect of a certain treatment.

All the assumptions that are made for OLS are also applicable to DID.
Further, the parallel trend assumption is being made, meaning that without
the treatment, both of the observed subjects would have the same development.
For this assumption to hold, the subjects (municipalities in this case) need to
be very similar to one another. For this, the matching method is being used.

The goal of matching is to find two subjects that have similar observable pa-
rameters to reduce the bias in the treatment effect estimation. It is done based
on the similarity in the parameters for which the data is available − Popula-
tion Size, Population Stability, Population Density, Area and Unemployment.
There are several methods that can be used for matching the municipalities
together, like propensity score matching, balanced k-means clusters, or the k-
nearest neighbors method. In this case, the balanced k-means clusters are being
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used since there is no loss in the number of observations. The rationale behind
this is that if a dataset has N observations, making N/2 balanced clusters (each
consisting of 2 items) will pair every single municipality from the dataset with
another, most similar municipality from the dataset. On the other hand, this
method might create a bias since some pairs of the municipalities will be more
similar to one another than other pairs. For further elaboration on the created
bias, please refer to Chapter 7. To see what steps preceded the choice of this
model, as well as its considered modifications, refer to Appendix B.

The DID method is then applied to created pairs, observing the differences
between the years in both municipalities, and then combining them together to
obtain the final difference in differences. For better understanding the logical
structure of the applied method is shown below.

Figure 5.2: DID model for municipalities (structure)

After gathering all the differences in differences from all of the paired munici-
palities, a dataset is formed. By using a simple OLS regression, the results will
be obtained and interpreted.



Chapter 6

Empirical results and Discussion

The previous chapters described the necessary theoretical background for the
research, as well as the data used as an input, and methodology used to obtain
the results of this empirical study. This chapter below aims to describe them,
along with their interpretation and discussion.

Firstly, we performed a regression on all available data on the district level.
The table below shows the results of the district-level regression executed on
1,858 observations throughout the years and election types.
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Table 6.1: District level regression results (General)

Variable Coefficient
Constant 0.5175***

(0.0057)
Precipitation -0.0038***

(0.0006 )
Population Size -1.30e-08

(3.69e-08)
Population Stability 1.17e-05***

(1.81e-06)
Population Density 2.29e-05**

(9.47e-06)
Unemployment -0.0049***

(0.0005)
Dummy (EP) -0.2264***

(0.0049)
Dummy (Region) -0.1103***

(0.0046)
Dummy (Prez) 0.1259***

(0.0055)
Dummy (Ch.o.D) 0.1372***

(0.0046)
Dummy (Munic.) -0.0767***

(0.0041)

Note: Standard errors in parentheses. *p<0.1; **p<0.05; ***p<0.01; R2: 0.83

From the results it is visible that the election type plays a significant role when
determining voter turnout. Compared to the Senate elections used as a base,
the type with the highest effect on turnout is Chamber of Deputies and the type
with the lowest effect on turnout is the European Parliament. This outcome is
in line with the data available on average voter turnout for each election type
(Czech Statistical Office, 2021c) suggesting that the type of election is indeed
an important determinant of voter turnout.

The variable of population density is significantly positive, which suggests
that with increasing population density the turnout tends to increase as well.
This is in line with both intuition and previous research saying that the costs
of coming to the polling stations are lower in urban areas than in rural, as the
polling stations are closer. Also, as previous research found, people with higher
education and income levels are participating in the elections more often. The
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income and education variables weren’t available on this level of granularity,
but as people with higher levels of the two tend to live in cities with higher pop-
ulation concentration rather than villages (i.e., due to better job opportunities)
the population density variable might serve as a proxy to some extent. There-
fore, it is expectable that along with population concentration the turnout will
increase as well, and the results are therefore in line with the expectations.

Population stability seems to have a significant positive effect throughout
the years and election types. This is in line with the theoretical background
saying that the higher the population stability, the higher the turnout levels.
On the contrary, when the population stability decreases and people are moving
out of the district a lot, it is to be expected that they are no longer interested
in local politics, and therefore don’t go to the polls.

Unemployment has a significantly negative coefficient, which is also in line
with both intuition and literature review. People that are unemployed, seeking
a job, are generally less interested in politics than the working population. An
additional 1pp of unemployment decreases the voter turnout by 0.49pp.

Population size appears not to be significant, and the coefficient has only a
descriptive value providing information about this particular dataset only, as
the relationships might be random. It is negative, which is also in line with
the theoretical foundations of this research. The insignificance of this variable
might be caused by the level of detail of the variable used. As intuition suggests,
when the data is on the level of districts, for some types of the election this
information is not important − for example when the voter is casting their
ballot to the Municipality Council elections, he is not affected by the number of
people in the whole district, but only by the number of citizens in the particular
municipality.

Most importantly, the precipitation variable is associated with a significant
negative effect on voter turnout, supporting the first hypothesis of this thesis.
Previous research, as well as the intuition, shows that precipitation in general
decreases voter turnout, as the costs of voting are rising due to rain. As the
results of this OLS regression show, on the general level where the election
types and years are not distinguished and observations are only in the form of
cross−sectional data, an additional 1mm of precipitation is associated with a
0.38pp decrease in the turnout.
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As the regression suggests, the impacts of the variables on the turnout will be
different for different election types. To see how they influence the turnout on
the level of specific election type, the Fixed Effects model is carried out. The
table below shows the results of the FEMs where (1) and (2) represent the elec-
tions to Chamber of Deputies and European Parliament, respectively, without
the quadratic precipitation term; and (3) and (4) represent the elections to
Chamber of Deputies and European Parliament, respectively, with the added
quadratic precipitation term.

Table 6.2: District level FEM

Variable (1) (2) (3) (4)
Constant 0.7152*** 0.3348*** 0.7290*** 0.3242***

(0.0335) (0.0520) (0.0323) (0.0525)
Precipitation 0.0074*** -0.0082*** 0.0123*** -0.0053**

(0.0009) (0.0009) (0.0014) (0.0023)
Precipitation sq. -0.0010*** -0.0002

(0.0002) (0.0001)
Population Size -1.60e-06*** -1.00e-06 -1.61e-06** -9.13e-07

(5.71e-07) (1.02e-06) (5.47e-07) (1.01e-06)
Population Stability 2.30e-06 -2.35e-06 0.17e-06 -1.52e-06

(1.76e-06) (5.93e-06) (1.71e-06) (5.95e-06)
Population Density 0.0007** 0.0006 0.0007** 0.0006

(0.0003) (0.0005) (0.0003) (0.0005)
Unemployment -0.0052*** -0.0076*** -0.0053*** -0.0077***

(0.0010) (0.0010) (0.0009) (0.0010)
Closeness -0.0779*** -0.0730 -0.1516*** -0.0539

(0.0363) (0.0123) (0.0386) (0.0668)
Precip. X Close. -0.0446** 0.0439*** -0.0194** 0.03657***

(0.0069) (0.0654) (0.0087) (0.0134)
Within R2 0.38 0.53 0.43 0.54

Note: Standard errors in parentheses. *p<0.1; **p<0.05; ***p<0.01 Time
dummies were used in each model. The number of observations is 308 for both
types of elections.

Firstly, the fixed effects estimation for the Chamber of Deputies election is
described as it is perceived as the most important one. Compared to the
regression analysis results on the general level described above, the coefficient
sign of all of the socio−economic variables remains unchanged. The impact
on the dependent variable determined by the coefficients is also very similar
for this specific type of election. Unlike on the general level, for this election
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type the population size appears to be significant with positive effect. On the
other hand, population stability seems not to have a significant effect on the
turnout. This is in line with the intuition since the election to the Chamber of
Deputies is carried out on the national level. Therefore, it is understandable
why migration between the districts doesn’t have any significant effect on the
voter turnout.

The effect of precipitation is rather complex. As is visible from the graph
shown below, it has the form of inverted u−shape, which means that up to some
point the precipitation enhances turnout, and after reaching the maximum a
downturn in the turnout due to rainfall is observed.

Figure 6.1: Turnout v. Precipitation
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Plugging the coefficients into an equation, this breakpoint is computed using
a simple derivation. The calculation shows that this breakpoint is 6.15mm of
precipitation.

Turnout = 0.73 + 0.0123Precipitation − 0.001Precipitation2 + ...
∂Turnout

∂Precipitation
= 0.0123 − 2 ∗ 0.001(Precipitation)

0 = 0.0123 − 2 ∗ 0.001(Precipitation)
Precipitation = 6.15

(6.1)

The effect of precipitation on the turnout is different for different amounts of
precipitation. Plugging into the equation we obtained the results for 3mm (as
this amount of precipitation should enhance the turnout) and for 10mm of
precipitation (as this should decrease the turnout) to illustrate how the effect
changes with different amounts of rainfall 1.

∆Turnout

∆Precipitation
= 0.0123 − 2 ∗ 0.001(Precipitation)

0.0123 − 2 ∗ 0.001(3) = 0, 0063
(6.2)

∆Turnout

∆Precipitation
= 0.0123 − 2 ∗ 0.001(Precipitation)

0.0123 − 2 ∗ 0.001(10) = −0, 0077
(6.3)

It is visible that the initial change from no rain to 1mm of precipitation is
associated with 1.23pp enhance in voter turnout. For 3mm of precipitation the
effect is associated with 0.63pp increase in the turnout rates, and finally 10mm
of precipitation are associated with 0.77pp decrease in the turnout.

Besides that, the closeness variable is added to the model, as using it is rel-
evant in the case of Chamber of Deputies elections. Its coefficient is significant
and negative, meaning that the bigger is the difference between the first and
the second candidate, the lower the turnout. This is in line with the intuition
that when the expected outcome of the election is closer, the turnout tends to
get higher as the voter perceives that their vote might by pivotal and change
the outcome of the election.

1The choice of the values is random, only to show the changes in the effect.
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To assess the second hypothesis of this research that the effect of precipitation
will be smaller when the election results are close, an interaction variable is
added to the model. The coefficients of the precipitation and closeness vari-
ables show how the turnout changes when all the other variables are held con-
stant. As the closeness variable increases by one unit, the effect of rainfall on
voter turnout decreases by 0,019. This is in line with the initial hypothesis
that when the election outcome is tight, the rainfall doesn’t have as big effect
as it would have if the difference between the first and the second candidate
was substantial.

Columns (2) and (4) of Table 6.2 show the results of the FE model performed
on the data available for elections to the European Parliament, as it is the
"least important" election type, assessed from the turnout point of view.

Compared to the most important election type discussed earlier, the model
assessing the elections to European Parliament only has a handful of significant
variables. First of all, the precipitation is significant. As is visible from the
table, the quadratic term of precipitation is not statistically important as its
p-value is greater then the allowed level. Therefore, the model without it is
being used to interpret the relationships, as it better fits the data. When the
rain increases by 1mm, the turnout decreases by 0.82pp. This supports the
initial claim that for unimportant election types, the effect of precipitation has
greater negative impact on the turnout rates than for the important ones. As
voters don’t perceive this type of election as meaningful enough, an additional
inconvenience in the form of rain is dissuading them from voting.

Also, unemployment significantly decreases voter turnout. With every addi-
tional percentage point of unemployment, the turnout drops by 0.76pp, holding
other variables constant.

An interesting result is that the effect of rainfall on voter turnout is affected
by the closeness of the result, but in rather opposite way than expected. With
one additional unit of closeness, the effect of rainfall on voter turnout increases
by 0,044. Therefore, the bigger the difference between the first and the second
candidate, the smaller is the negative effect of rainfall on voter turnout. This
actually goes against the hypothesis that when the election outcome is tight,
the effect of rainfall on voter turnout will be smaller.
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The previous part of the thesis discussed the results of the models executed
on the level of specific districts throughout the years and election types. Next
part focuses on the models using the data on the level of municipalities.

First of all, a simple OLS regression was run on all available data through-
out the years and election types on the level of specific cities and villages. A
whole of 10,581 observations were gathered and used as an input to the model
whose results are described below. The purpose of this regression is twofold.
First, it describes the relationships in the dataset used for the treatment ef-
fect/difference in difference analysis; and second, it serves as sort of a double
check of the results presented for the level of districts.

Table 6.3: Municipality level regression results (General)

Variable Coefficient
Constant 0.4436***

(0.0030)
Precipitation -0.0026***

(0.0003)
Population Size -3.24e-06***

(1.64e-07)
Population Stability -2.31e-05

(1.71e-05)
Unemployment -0.0040***

(0.0003)
Population Density 0.0024***

(0.0004)
Dummy (EP) -0.1434***

(0.0033)
Dummy (Region) -0.0299***

(0.0033)
Dummy (Prez) 0.2128***

(0.0037)
Dummy (CH.o.D) 0.2164***

(0.0031)
Dummy (Munic.) 0.1527***

(0.0032)

Note: Standard errors in parentheses. *p<0.1; **p<0.05; ***p<0.01; R2: 0.74

Following the previous OLS regression, dummy variables were added to the
model to distinguish between the election types. The order of perceived im-
portance of the election remains the same for the municipalities as it was on
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the district level. The values of the coefficients are slightly different, but for
the analysis it is important that the signs of the coefficients and the order of
importance remained unchanged.

The effect of precipitation on voter turnout is negative, even on the level
of municipalities, suggesting 0.26pp decrease in voter turnout with every ad-
ditional mm of precipitation. The coefficients for population size as well as
unemployment remain negative, on the contrary the population density still
has a positive effect on voter turnout.

6.1 Difference−in−differences model evaluation
The section below shows the results of the introduced experimental method
− DID model, aiming to discover whether there is also a causality between
precipitation and turnout. After obtaining 867 observations of the differences
of differences for each election type, a pooled OLS regression was performed on
the data from elections to Chamber of Deputies and European Parliament. Its
outcomes are described below.

Table 6.4: DID model results

Variable Chamber of Deputies European Parliament
Constant 0.0310*** 0.0420***

(0.0028) (0.0032)
Precipitation 0.0010 -0.0008

(0.0012) (0.0006)
Precipitation sq. -0.0001 -2.21e-05

(0.0001) (2.89e-05)
Population Size -1.48e-05** -4.97e-06***

(5.78e-06) (4.03e-06)
Population Stability -2.32e-05 -9.79e-05

(1.44e-05) (2.23e-05)
Unemployment -0.0027*** -0.0025***

(0.0006) (0.0007)
Population Density 0.0155 0.0070

(0.0106) (0.0057)
R2 0.045 0.053

Note: Standard errors in parentheses. *p<0.1; **p<0.05; ***p<0.01
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Firstly, the results for Chamber of Deputies are discussed. The population size
appears to have significantly negative effect on voter turnout, supporting the
previous findings. Unemployment is also significant and negative, confirming
prior conclusions. On this sample with these criteria, no significant effect of any
of the remaining variables on the turnout was found. Although, the p−values of
population stability and population density are somewhat close to the preset
acceptable level of significance. Their coefficients are also in line with the
outcomes of previous models.

The precipitation variable shows a positive effect on the turnout, but when
this effect is magnified using the quadratic term, it turns negative, suggesting an
inverted u-shape. This is supporting the earlier findings of FEM for Chamber
of Deputies. The p-value of this variable is very high, indicating that the effect
of precipitation on voter turnout is not strong enough to conclude that the
effect exists in the whole population. This might be due to relatively small
size of the sample, or simply the effect of the precipitation is too small for the
model to detect it.
For the European Parliament elections some significant determinants of the
turnout were found. Yet again, the population size significantly decreases the
turnout rate. Also, unemployment was found to be a significant negative deter-
minant. Last but not least, the population density positively and significantly
affects the total count of the people that decide to cast their ballots. The
causality in the effect of precipitation that this model aimed to demonstrate
wasn’t found as the p-value for this variable is rather high.

6.2 The evaluation of hypotheses
Hypothesis #1: Voter turnout decreases with increasing precipitation.

The research supports this hypothesis, showing that the rainfall decreases the
turnout to some extent. In general, the rainfall was found to affect the turnout
rates, being associated with 0.38pp decrease on the level of districts and with
0.26pp decrease on the level of municipalities.

Hypothesis #2: The effect of precipitation on voter turnout will be smaller
the more important the election is.
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As in general the rainfall has diminishing effect on the turnout rates, we also
found that it has a different effect for different election types. For the election
to Chamber of deputies that is perceived as the most important one based
on the average turnout rates, the effect was found to be positive for a small
amount of precipitation. The positive effect decreases with every additional
millimeter of precipitation, reaching the maximum at 6.15mm of precipitation.
After that, additional precipitation tends to decrease the turnout rates. For the
least important election, to European Parliament, the effect was negative from
the very beginning, decreasing the turnout by 0.82pp with every additional mm
of rainfall. Therefore, it can be concluded that the effect of precipitation on
voter turnout is different for each kind of election, supporting the hypothesis
that the impact of rainfall will be smaller for more important elections.

Hypothesis #3: The tighter the outcome of the election, the smaller the
impact of precipitation on the turnout.

The results of the model executed for the Chamber of Deputies elections sup-
port the hypothesis. When the closeness variable increases by 1pp, the co-
efficient of precipitation decreases by 0.019. Vice versa, when the closeness
variable decreases by 1pp, meaning that the election outcome was tighter, the
negative effect of rainfall increases by 0.019 − the influence of rainfall on voter
turnout is smaller. Therefore, when there is a big difference in number of votes
between the first and the second candidate, the more are the voters discouraged
by the rain and tend to abstain as they feel like their vote can’t change the
outcome of the election anyway, and an extra obstacle such as rain dissuades
them from casting their ballots.

On the other hand, this hypothesis is rejected for the "unimportant" Eu-
ropean Parliament elections. Moreover, the results suggest the exact opposite
outcome. The bigger is the difference between the first and the second candi-
date, the less the rain discourages the voters from voting.



Chapter 7

Limitations and further research
suggestions

As every research, even this one has its limitations and biases that unfortu-
nately isn’t possible to overcome, at least at this point. The most important
ones are described and discussed in this section below. Even with these draw-
backs, the research provides an interesting insight into whether and how the
rainfall affects voter turnout.

Firstly, there are several limitations regarding the level of granularity of
the data. Undoubtedly, the best outcomes would be acquired if the research
was conducted on the level of specific villages and cities. Due to lack of data,
this is not possible as for now since the information are not available in such
detail for the whole population of Czech municipalities. Therefore, the research
was conducted on the most detailed level for which the data was available −
districts. This brings up the first bias as all of the variability of the independent
predictors from the level of municipalities is somewhat averaged to the district
level.

The biggest issue and the most of averaging comes up with the precipitation
variable. Firstly, the data on precipitation are given in the average amount of
mm of rainfall that fell per hour, calculated per the specific date. This means
that when it rains 72mm in one hour in the middle of the night, and then for
the rest of the day there is no rainfall at all, the average precipitation per hour
given by the CHMO is 3mm. Even though there was no precipitation present
during the time when the polls were open. Then, the general research is focused
on the districts, therefore not only the precipitation is time-averaged. It is also
averaged with respect to the location. Meaning, that the districts are usually
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relatively wide and the fact that it was raining on one side of the district doesn’t
have to mean that it was also raining on the other side. Last but not least, the
daily precipitation is also averaged between the two days when the elections
are held, due to absence of day-to-day data on voter turnout. Therefore, the
assumption is made saying that the same (average) amount of precipitation
falls on every hour of both of the election days.

When it comes to precipitation, another drawback is observed, namely it
is not distinguished between rainfall and snow. As the studied elections are
held during the summer and early autumn months, this doesn’t create a bias
per se. The only election held in the winter months is the presidential election.
Although, it is expectable that the effect of precipitation on the turnout will
be different for both snow and rainfall. As for now, there wouldn’t be enough
observations to realize such research, but it is undoubtedly an interesting topic
to be studied in the future. The effect of rainfall on the turnout will also most
likely be related to the temperature and sunshine coverage, as the rainfall effect
might be different on hot days and cold days, and cloudy and sunny days. This
opens a door for deeper research studying the impact of weather on the turnout,
not only the impact of rainfall.

Another bias on the general level of research might be caused by the omis-
sion of certain variables. Even though the R2 of the general level OLS is quite
high for a model that estimates people’s behavior, some of the variables that
were shown by previous research to be significant, such as education or income,
were omitted as they weren’t available. Further, the model is only conducted
on the aggregate level, excluding the individual decision-making process of each
citizen. In this case, further research is needed, working with the data gathered
from each individual, for example by a questionnaire survey. The sample will
expectably be rather small, but it might show the impact of variables, that are
not available on the aggregate level.

Next, the drawbacks of the DID model are to be discussed. This model is
rather experimental and aims to show whether there is some causality present
between the rainfall and voter turnout by trying to explain the year-to-year
changes in variability of the dependent variable with the precipitation variable.
It is expected that the R2 will be very small, on the other hand the introduced
model only explained around 5% of the variability of the dependant variable,
which is far below the expectations.

Although some of the variables were found to have significant effect on
the turnout, precipitation wasn’t one of them. This doesn’t necessarily mean,
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that there is no causality. It only shows that the effect isn’t strong enough in
this sample to be related to the whole population. This might be caused by
a number of things − small sample size, too much variability etc. But also,
it might be due the chosen method of matching. As the pairs of the most
similar municipalities are forced together, creating balanced clusters of exactly
2 municipalities in one, the actual similarity can be somewhat averaged. A
different matching method couldn’t be used as the dataset was already small
to some extent and therefore it was desirable to use all of the observations.
Nevertheless, when there will be more observations available in the future due to
improvement in digitalization and data availability and/or as more elections will
be held, it is suggestable to use a different method of matching. Such that the
similarity of the municipalities will be controlled, determining boundaries and
thresholds which, when exceeded, will not (unlike the used matching method)
pair the village to any other village from the available observations.

Previous research shows that the effect of rainfall on the turnout is different
for different levels of another variable − we found that the rainfall decreases the
turnout more in densely populated areas then in rural ones (Garcia-Rodriguez
& Redmond, 2020). In this research, one interaction term like this is introduced,
measuring how the effect of rainfall on the turnout depends on the closeness of
the election results. It might be interesting to carry out further analysis in this
area on Czech data, presenting other interaction terms such as precipitation
and density, precipitation and unemployment or precipitation and population
size as the strength of the effect might differ for specific levels of some variables.

What might also be interesting is conducting the research on a different level
of granularity. When analyzing the impact of rainfall on turnout on the national
level, more variables will be available − such as campaign expenditures or the
number of parties that the voter can choose from (as this increases the cost of
obtaining information about the candidates, but on the contrary increases the
chances that a person might identify themselves with some of the candidates).
Therefore, it is suggestible to execute a research that would analyze the effects
from time perspective rather than the geographical one.



Chapter 8

Conclusion

As previous research showed on evidence from multiple countries, in most of
them there is a significant negative effect of precipitation on voter turnout ob-
served. The analysis of presidential election in the US (Gomez et al., 2007)
found that one additional inch of rain causes a 1pp decrease in turnout rates.
Analysis conducted on the Irish data (Garcia-Rodriguez & Redmond, 2020)
found a 2pp decrease in turnout induced by rain. On the other hand, the re-
search based on Danish data hasn’t found any significant effect of precipitation
on people’s participation in voting (Eisinga et al., 2012). As the studies al-
ways covered different states, getting different results for each of them, it was
desirable to conduct similar research providing the evidence from the Czech
Republic.

The first goal of this thesis was to analyze whether the rainfall has any
effect on Czech citizens when they are deciding whether to go to the polls or
not. A simple OLS regression was run on all available cross−sectional data on
district level. It was found that in general, the rainfall has significant negative
effect on the turnout, reducing voter’s participation in elections by 0.38pp with
every additional mm of precipitation. The same regression was run on a random
sample of around 600 municipalities, showing the results on more detailed level.
It was found that rainfall has a significant negative impact, decreasing the
turnout by 0.26pp with every other mm of rain.

Next, the thesis aimed to address the assumption, that the effect of rainfall
on the turnout is different for each election type based on their importance
saying, that the effect will be smaller when it comes to an important type of
election. As the average voter turnout suggested, the most important election
is the election to Chamber of Deputies and the least important one appears to
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be the election to European Parliament. Therefore, the analysis was carried
out for these two election types to show the contrast in the importance of the
election. It was found that for the election to the Chamber of Deputies the
effect of rainfall has an inverted u-shape. At first the voter turnout is enhanced
by the rainfall, but after reaching the maximum of 6.15mm of precipitation, the
turnout starts to decrease with every additional mm of rain. For the election
to the European Parliament, the effect of rainfall on voters’ participation was
less complex, being significantly negative from the very beginning. As the
results showed, with every other millimeter of rainfall, the turnout decreases
by 0.82pp. Therefore, the initial assumption that the effect of rainfall will be
bigger the less important the election is, was confirmed.

Last but not least, the link between the tightness of the election, precipita-
tion and voter turnout was to be examined. It was expected that the smaller the
difference between the first and the second candidate, and therefore the tighter
the outcome, the smaller will be the effect of the rainfall on the turnout. The
evidence to support this expectation was only found for the election to Cham-
ber of Deputies, where the bigger was the difference between the candidates,
the bigger was the decrease in turnout caused by rain − with every additional
1pp difference in the tightness, every additional mm of rainfall caused an extra
1.9pp decrease in turnout. Hence, the initial assumption was confirmed. The
hypothesis had to be rejected for the European Parliament, as the empirical
evidence showed the exact opposite. The less tight the outcome of the election
was, the stronger was the effect of precipitation on the turnout. With every
additional 1pp difference in the tightness between the candidates, every addi-
tional mm of precipitation increased the turnout by 4.4pp, which goes against
the assumed effect.

In addition, to assess whether there is also a causality effect between the
rainfall and voter turnout an experimental treatment effect model was intro-
duced, analyzing the differences in the differences between the variables. Even
though the coefficients describing the impact of the independent variables on
the turnout were in line with theoretical background and the results of this
thesis, precipitation was not found to have any significant effect on the turnout
− no matter the election type.

Further, the thesis addressed the main drawbacks and limitations of con-
ducted research. Firstly, the averaging on the district level and related bias
was discussed. Due to limited availability of the data, the research had to be
conducted on the level of districts, instead of the level of municipalities. This
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issue is addressed by using the random sample of municipalities for which the
data is available, executing a regression on them and double checking the re-
sults. Also, the data available for the daily precipitation come as a per-hour
average, which doesn’t reflect the exact current precipitation. Further a two-
days average had to be created as the turnout data is only available for the
election as a total. Lastly, the matching method used to create pairs for the
DID model had to be used not to reduce the number of observations, as it was
already low due to lack of available data on this level of granularity. Ideally, a
different matching method would be advisable, considering the actual similar-
ity between the municipalities while pairing them instead of finding the most
suitable pair within the dataset regardless of the level of similarity. Despite
these limitations, the outcomes of the models bring enough evidence to address
the hypotheses and draw meaningful conclusions.

Although this research answered some basic questions related to the rela-
tionship between voter turnout and rainfall, further research is needed in this
particular area. With the increase in digitalization and automatization it is
likely that in time more data will be available, even on the level of munici-
palities. This would allow for addition of some other variables into the model
and also for an analysis executed on more detailed data. Also, the number of
observations will increase naturally, as more and more elections will be held.
What might be interesting is conducting the analysis studying the effects of
weather on the turnout in general, adding sunshine coverage or average daily
temperatures. Another option is to study interactions between precipitation
and other determinants of voter turnout to see whether the effect of precipita-
tion differs for different segments of populations (clusters). Further, a different
level of data granularity might be chosen. As some of the variables are only
available on the level of the whole country it would be interesting to assess
the data from the time perspective rather than the geographical one. Also,
analyzing one specific election type into more depth, assessing for example the
contents of the candidates’ programs, seems like a good approach.

To conclude, this thesis provides an initial insight into how the rain affects
the turnout in the Czech Republic based on different election types, but further
research in this area is needed.
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Descriptive Statistics



A. Descriptive Statistics II

Figure A.1: Descriptive statistics of Districts



A. Descriptive Statistics III

Figure A.2: Descriptive statistics of Districts continued



A. Descriptive Statistics IV

Figure A.3: Descriptive statistics - Election Types (Districts)

Figure A.4: Descriptive statistics - Election Types (Municipalities)



Appendix B

Methodological Addendum

The purpose of this appendix is to describe the process that preceded the final
form of the treatment effect / DID model. At first it might seem that there
are better ways related to the DID to evaluate the available data, however this
chapter aims to explain why it was not possible to use them.

Initially, the villages were matched based on all available data in the first
year − population size, population stability, area, population density and un-
employment; creating the most alike "pair". After that the precipitation for
each year for both of the villages was inspected, searching for years when there
was no rainfall on election day in both of the villages − where both subjects of
the study were without the treatment in the first period. For those pairs that
passed this condition it was searched for those where it would be applicable to
use the binary treatment effect DID method described above. In other words, it
was checked for such pairs where there was no rainfall in one of the villages and
some rainfall in the other village in the second period. In the first year there
was no treatment in both and in the second year there was treatment in one
of them and no treatment in the other one. This approach is similar to event
study method, that is used to describe an effect of some event (precipitation)
on the outcome (turnout). Unfortunately, only lower units of such cases were
found, as only limited amount of data on this level of granularity is available,
and therefore it would be impossible to draw any conclusions out of that.

After that, the data was adjusted, not allowing only for the one most similar
village to be paired with another but searching for more villages that would
fall within set range in the available parameters, creating a cluster. As an il-
lustrative example: for village A not only the village B with the most similar
parameters (e.g., unemployment) was found, but also villages C, D, etc., that
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would fall within a pre−set range in the parameters (e.g., +− 0,5% of unem-
ployment rate) would also be grouped together. After using this approach, the
number of observations increased, which was also supported by the fact that
the acceptable range in the parameters was only determined intuitively, and
therefore it was possible for it to be expanded as needed to increase the num-
ber of observations. On the other hand, the condition of a certain similarity to
reduce the bias while using the DID could have been violated and in the end,
the number of observations was still insufficient even with a quite wide range
of tolerance, being in lower tens of observations.

Finally, the condition of being either in the no−treatment or the treatment
group (village) was dropped, evaluating only the differences in the amount of
the treatment (mm of precipitation) received, changing the treatment vari-
able from binary to continuous. Also, the criterion related to the 2−period
model was abolished, observing all available periods at once. Therefore, the
final model considers all of the observations available for both villages in the
pairs, not dividing them into the with or without treatment groups but rather
evaluating the differences between the villages in time and all of the variables,
treatment variable included.
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