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1. Introduction 

Climate change is one of the most important policy issues of our time and hardly any part of 

our day to day life remains unaffected by it. Sea levels are projected to rise between 0.26 and 

0.82 metres by the end of the century (Stocker et al. 2013) and 5% of all global species are at 

the risk of climate related extinction (Díaz et al. 2019). Rigaud et al. (2018) assume that by 

2050, 143 million people will be forced to intra- or internationally migrate due to the effects of 

global warming. These are only a few examples that illustrate the immense consequences of 

climate change. Already in 2007, the much-noticed Stern Review (Stern 2007) estimated that 

in the upcoming years climate change related damages could amount to 5 to 20% of global 

gross domestic product (GDP) – per year. In the recent years, state actors have announced 

ambitious initiatives to reduce carbon emissions in order to limit the consequences of climate 

change. The Paris Agreement, where the member states of the United Nations (UN) agreed to 

limit the increase to “well below 2 °C above pre-industrial levels and [to pursue] efforts to limit 

the temperature increase to 1.5 °C” (United Nations 2015, p. 3), and the Green Deal, one of the 

new European Commission’s first initiatives that aims to transition Europe into the first carbon 

neutral continent by 2050 (European Commission 2019), are only two prominent examples. 

One crucial prerequisite for the success of these ambitious initiatives is public support for 

climate policies, which seems to be on the rise all over Europe, particularly in Germany. After 

the 2019 European Election, 48% of German voters stated that climate and environmental 

policy played the most important role for their voting decision, which was 28 percentage points 

more than after the election in 2014 and significantly more than after the last federal election 

in 2017.1 After the Green Party received a vote share of 8.9% in the last federal election, current 

polls project that they will be able to more than double their result in the upcoming election. 

For the first time in its existence, the Green Party is competing for the position of chancellor 

and temporarily they even overtook the coalition of conservative parties as the strongest party 

in the polls.2 The exact drivers of this trend remain unknown, although the empirical literature 

has identified various factors that are associated with higher levels of support for climate related 

policy initiatives, one of which is the exposure to extreme weather events (EWEs) (Drevs and 

van den Bergh 2015). Therefore, I will investigate the effect of extreme weather events on 

public support for climate policies. 

 
1 Source: https://wahl.tagesschau.de/wahlen/2019-05-26-EP-DE/ and https://wahl.tagesschau.de/wahlen/2017-09-

24-BT-DE/ 
2 Source: https://www.tagesschau.de/inland/deutschlandtrend/deutschlandtrend-2609.html 
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Specifically, I investigate the effect of the heatwaves in the summers of 2018 and 2019, which 

have been two of the three warmest summers since the beginning of regular weather records 

(Deutscher Wetterdienst 2019), on public support for climate policy in the German context. 

Following Otto and Steinhardt (2014), who use the vote share of the Green Party as a measure 

of pro-immigrant attitudes, I use the vote share of the Green Party in five state elections, which 

took place in the second halves of 2018 and 2019, to measure public support for climate 

policies. In order to identify the causal effect of extreme weather on voting results, I match 

temperature data from several hundred weather stations all over Germany to 294 electoral 

districts using the geographic information system (GIS) software QGIS. As extreme weather 

can be considered randomly distributed across different areas (Egan and Mullin 2012), spatial 

differences in temperature deviations provide a compelling source of exogenous variation. I 

begin by estimating the baseline effect of temperature deviations on support for climate policies 

using ordinary least squares (OLS) regression. 

It is possible that the effect of EWEs on public support for climate policy does not affect the 

whole population equally, but instead concentrated among specific groups, which are more 

exposed to the consequences of extreme weather. One such group are farmers who were 

economically affected by the extreme summers of 2018 and 2019 to a great extent (Hari et al. 

2020). To further investigate this, I add an interaction term between temperature deviations and 

the employment share of agriculture to the baseline regression. As shown in Section 3.1, the 

summers of 2018 and 2019 generated a large amount of media attention for the heatwaves 

themselves and for climate change related topics. More informed voters might therefore be 

more aware of the connections between EWEs and climate change, leading them to adjust their 

voting behaviour accordingly. To test this hypothesis, I include an interaction term between 

temperature deviations and the number of newspapers sold in the electoral district, to capture 

the voters’ level of information. 

Although several studies investigate the effect of EWEs on public support for climate policies 

or attention towards climate change, most of them rely on survey responses to measure these 

variables. The problem with these survey responses is that they are relatively non-committal: 

one can claim to support stricter climate legislation without necessarily adjusting one’s voting 

behaviour (Owen et al. 2012). This paper is the first to connect the exposure to extreme weather 

events to the results of electoral competition. Therefore, it contributes to the strand of the 

literature that aims at investigating how exposure to EWEs affects tangible policy change (e.g. 

Hazlett and Mildenberger 2020; Herrnstadt and Muehlegger 2014). 
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The empirical analysis does not reveal a statistically significant baseline effect of temperature 

anomalies on the vote share change of the Green Party, which suggests that the effect of EWEs 

did not generate enough support for climate policies to affect voting results among the entire 

population. The heterogeneity analysis, however, revealed statistically significant effects when 

temperature deviations are interacted with the employment share of agriculture and the number 

of newspaper sales. A one standard deviation increase in both temperature deviations and the 

agriculture employment share increases the Green Party’s vote share change by 0.23 percentage 

points. The same increase in temperature deviations and newspapers sales per 1,000 voters is 

associated with an increase in the vote share by 0.42 percentage points. 

These effects are sizeable compared to the mean vote share of the Green Party and large 

compared to the coefficients obtained for other parties. The coefficient of the information 

interaction effect is robust to splitting the sample by election years, while the agriculture effect 

seems to be driven by the elections in 2018. Due to the distribution of elections between the 

years, this could potentially reflect interesting differences between East and West Germany. 

The remainder of the study is organised as follows: Section 2 gives an overview about the 

related theoretical and empirical literature and defines the contribution of this study to the 

academic discourse. Section 3 provides the background on the summers of 2018 and 2019 in 

Germany and the German electoral system. The definitions of the variables and the sources of 

the data are described in Section 4. Section 5 motivates the identification strategy and describes 

the empirical model. Section 6 provides the results of the baseline estimation and the 

heterogeneity analysis as well as a comparison to the estimates obtained for other parties. 

Sensitivity analyses and robustness checks are conducted in Section 7. Finally, Section 8 

discusses the main findings. 

 

2 Literature 

2.1 Theoretical Framework 

Political economists commonly distinguish between primary policies, also called frontline 

policies, and secondary policies. Primary policies are policies that affect the whole population 

to a degree where they are vital for the individual voting decisions. The most prominent 

example for a primary policy is tax policy (Folke 2014). Secondary policies, on the other hand, 

are policies that are only important for a small subset of the population and are, thus, seen as 

not important for the outcome of the election (List and Sturm 2006). Typical examples for 

secondary policies are trade policy, immigration policy and environmental policy (Folke 2014). 
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Influential models of electoral competition such as the median voter model or the probabilistic 

voting model focus on a single policy issue, the amount of public good provided by the 

government, and thus, a typical dimension of primary policy (Persson and Tabellini 2000, 

Besley 2006). As, according to these models, voters only make their voting decision based on 

the amount of public good the candidates want to provide, secondary policy outcomes cannot 

be determined through electoral competition. Instead, secondary policy outcomes are assumed 

to be decided through lobbying (List and Sturm 2006). One model of this lobbying process is 

developed by Grossman and Helpman (1994) who model the trade policy that is adopted by 

decision makers as the result of the campaign contributions made by different interest groups. 

An alternative model for decision making on secondary policies is developed by List and Sturm 

(2006). Using environmental policy as an example, they propose that there exists a share of 

voters for whose voting decision the secondary policy is more important than the frontline 

policy. Due to these so-called single-issue voters, politicians are incentivised to manipulate 

their secondary policy choices in order to maximise their election probabilities. In the model’s 

equilibrium, the incumbent politician makes a strategic environmental policy choice to build 

up a reputation among single-issue voters. The predictions of the model are tested against time-

series data of gubernatorial elections in the United States (US) and the empirical evidence 

seems to confirm the reputation building hypothesis. 

Although, the German electoral system, which I investigate in this paper, is more complicated 

than the two-candidate system investigated by List and Sturm (2006), the intuitions behind the 

model, the existence of a group of voters for who the secondary policy issue is the most 

important for their voting decisions and of the reputation building equilibrium, remain relevant. 

As, in the German system, multiple party platforms fill the position of two individual 

candidates, the single-issue voters would be expected to cast their vote for the party with the 

most environmentalist reputation, which surveys suggest to be the Green Party.3 Following this 

argumentation this empirical analysis can contribute to the theoretical discourse by finding 

evidence for the general existence of single-issue voters. If exposure to extreme weather leads 

to higher vote shares for the Green Party, these voters likely based their voting decision on 

environmental policy and not on the primary policy issue as suggested by the most influential 

models. Furthermore, finding different responses among different subgroups of the population, 

would shed light on which population groups are most likely to become single-issue voters. 

 
3 In a recent poll 58% of the respondents stated that the Green Party was the most competent in the areas of 

environmental and climate policy. The party which is perceived as the second most competent are the 

conservatives with a share of only 11% (source: https://www.tagesschau.de/inland/deutschlandtrend-2617.pdf). 
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2.2 Literature Review 

There is a rich body of literature that investigates trends in the public perception of climate 

change (Capstick et al. 2015) as well as the determinants of public support for climate policies 

(Drews and van den Bergh 2015), which draws from different scientific disciplines such as 

psychology, sociology, political science and economics. One sub-group of studies, which is 

very extensive, assesses the effect of EWEs on attitudes towards climate change and climate 

policy. 

Most of the studies in this area measure public support by using polls on climate topics or 

willingness to pay measures (Drews and van den Berg 2015). The type of EWEs that are 

investigated varies across studies, but heatwaves, droughts and more general temperature 

anomalies are among the most frequently studied EWEs. For example, Owen et al. (2012) use 

a panel of US survey data from 2007 and 2009 to estimate the effect of EWEs on individuals’ 

attitudes toward climate change. They find that individuals experiencing heat waves attribute 

more importance to climate change and are more likely to support environmental protection 

laws. Using poll data from 2006 to 2008, Egan and Mullin (2012) investigate whether US 

citizens whose area of residence was affected by weather anomalies are more likely to report 

that they believe in anthropogenic climate change. They find a positive relation, although the 

effect appears to be short-lived and significantly different across population groups. Li et al. 

(2011) conduct an experimental survey among citizens of the United States and Australia and 

find that individuals who report their current local weather to be warmer than usual are more 

concerned about climate change and more willing to donate parts of their participation fee to a 

charity organisation. To rule out reversed causality and omitted variable bias, the authors use 

actual temperature deviations as an instrument for perceived temperature deviations, which 

does not substantially alter the results. Using US data, Donner and McDaniels (2013) 

investigate the influence of temperature deviations on a set of opinion polls on climate change 

and the percentage of opinion articles in national newspapers that express support for climate 

policies. Both outcomes are positively associated with temperature anomalies at the national 

level. 

Heatwaves and droughts are not the only kind of extreme weather which have been studied so 

far. Also, other types of EWEs such as floods and storms are subject of the research. Brulle et 

al. (2012) construct an aggregated measure of several US opinion polls to identify the drivers 

of public concern about climate change. They do not find an effect for temperature and 

precipitation anomalies nor for a broader index of EWEs. Instead, they identify other factors 
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such as media coverage or economic conditions as the main drivers of public concern. Konisky 

et al. (2016), on the other hand, find that extreme weather has small, but significant short-term 

effects on people’s concerns about climate change, which they ascertain by exploiting spatial 

variation in the occurrence of EWEs and climate change related opinion polls in the US. Using 

poll data and meteorological data on a series of floods occurring in the United Kingdom during 

the winter of 2013/14, Demski et al. (2017) find that flood victims see climate change as a more 

serious problem than individuals who are not affected. 

A more recent subset of studies uses attention for climate change as the outcome variable, which 

they measure as the number of tweets that are posted containing the terms “climate change” or 

“global warming”. For the US, Sisco et al. (2017) find that various types of extreme weather, 

such as heatwaves, floods, or tornadoes, affect the public’s attention towards climate change. 

When using anomalies in temperature or precipitation, relative deviations from a reference 

period seem to be more relevant for public attention than absolute values. Kirilenko et al. (2015) 

investigate how local temperature deviations and mass media coverage affect attention for 

climate change in the US. They find that both variables have a significant effect on the number 

of tweets, although media coverage seems to be more important. 

Other studies use more direct measures of public support. Using electoral outcomes of four pro-

environmentalist ballot initiatives that were introduced in California between 2006 and 2010, 

Hazlett and Mildenberger (2020) investigate how the exposure to wildfires affects support for 

stricter climate legislation. They find that in areas that were within 15 kilometres of a wildfire 

a higher share of voters supported the initiatives. This effect is largest in areas that are 

predominantly Democratic and almost non-existent in Republican areas. This finding is 

consistent with the observation that more than half of US-American citizens who identify as 

Republican do not believe in anthropogenic climate change (Dunlap et al. 2016). Bromley-

Trujillo and Poe (2020) investigate how public awareness of climate change, which they 

measure in Google trends data and opinion polls, influences the implementation of climate 

policies in 48 US states between 2004 and 2010. They find that public awareness affects the 

number of policies a state implements and that states experiencing EWEs are more likely to 

adopt these policies. Comparing US states from 2004 to 2011, a study by Herrnstadt and 

Muehlegger (2014) finds a positive relationship between temperature anomalies and climate 

change related Google searches as well as the voting behaviour of Members of Congress on 

environmental legislation. 

This analysis fills an existing knowledge gap by investigating the effect of extreme weather on 

public support for climate policies in the German case. As showcased by the reviewed literature, 
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most of the existing empirical research investigates the United States. There are some studies 

that investigate the effect of EWEs in Germany, but they focus on outcomes such as inequality 

(Reaños  2021) or life satisfaction (von Möllendorff and Hirschfeld 2017; Osberghaus and 

Kühling 2016). To my knowledge, the effect of extreme weather on public support for climate 

policies has not been studied so far. Extending the existing literature by investigating another 

country case always provides further evidence on the external validity of previous findings. In 

this case, the implications of changing the country case are beyond the scope of simply 

improving external validity. 

An advantage of the US-American setting is that states enjoy a lot of autonomy to decide on 

their environmental legislation, which enables comparative analyses across states (Bromley-

Trujillo and Poe 2020). In Germany, climate and environmental legislation are mainly the 

responsibility of the federal government, but because the individual states take on a key role in 

implementing policy initiatives and monitoring their progress (Wissenschaftliche Dienste 

2016), climate and environmental policy should still be relevant for state elections. 

In the US, the question of anthropogenic climate change remains highly controversial and 

beliefs on the question are highly influenced by partisanship.4 Therefore, effects of extreme 

weather on support for climate policies are found to vary significantly between individuals who 

identify themselves as Democrat or Republican (Hazlett and Mildenberger 2020; Egan and 

Mullin 2012). Whereas in Germany, a large majority of the population agrees that human 

activity is the main cause for climate change. A study conducted by the European Perceptions 

of Climate Change project (Steentjes et al. 2017) finds that 83% of Germans see human activity 

as the main cause of climate change while only 6% deny its existence and 9% attribute it to 

natural processes. Therefore, potential effects might be larger than in the US setting because 

they do not only affect one specific partisan group. 

Furthermore, Germany has a proportional representation system with more than two parties, 

some of which, as pointed out by Folke (2014), are mainly focussed on one specific policy area. 

Therefore, the voting results of these parties can be used to measure public support for their 

policy proposals. Otto and Steinhardt (2014) for example, use the vote share of the Green Party 

to proxy for pro-immigrant attitudes. Following their argumentation, I use the vote share of the 

Green Party as a measure of public support for climate policies. This allows the paper to 

contribute to the strand of the literature that looks on tangible changes in behaviour rather than  

 
4 Only 65% of American citizens believe that human activities are the main cause of the changing climate. While 

84% of Democrats see human activity as the main cause of climate change, only 43% of Republicans do so (Dunlap 

et al. 2016). 
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Figure 1: Mean Temperatures, 2018 - 2019 

 
Source: Own depiction based on DWD data. 

mere survey responses (Herrnstadt and Muehlegger 2014). Responding to extreme weather by 

altering one’s voting decision certainly has a higher practical relevance than changing the 

response to a survey question. This study is the first to directly link the effects of extreme 

weather to electoral competition. 

 

3 Background 

3.1 The Summers of 2018 and 2019 

The summers of the years 2018 and 2019 were extremely hot in many parts of western Europe 

(Imbery et al. 2018, Kaspar and Friedrich 2020). In Germany, the summers of 2018 and 2019 

were, respectively, the second and third warmest summers since the start of regular weather 

records in 1881. Additionally, 2019 saw the new all-time temperature record of 41.2 °C, 

surpassing the previous record of 40.3 °C from the year 2015 by almost 1 °C5. Figure 1 shows 

the monthly mean temperatures in the years 2018 and 2019 as well as during the 30-year 

reference period from 1981 to 2010 in the 294 electoral districts that are covered in the analysis. 

During both years, all three summer months6 were on average warmer than they were during 

reference period. 

 
5 A temperature record of 42.6 °C that was initially reported (Deutscher Wetterdienst 2019) needed to be 

withdrawn later due to a measurement error. There are no official documents from the German Weather Service 

(Deutscher Wetterdienst) on the withdrawal but several major news sources reported on the matter (e.g. 

https://www.faz.net/aktuell/gesellschaft/deutscher-wetterdienst-annulliert-temperaturrekord-17106796.html). 
6 When this analysis refers to seasons it uses a meteorological rather than a calendrical definition. Meteorological 

summer for example refers to the time period from the 1st of June to the 31st of August. 
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In 2018, the warmest month in absolute terms was August closely followed by July. Due to the 

fact that July was the warmest month during the reference period, the relative temperature 

deviations were the largest in August. Despite new record temperatures reached at the end of 

July, the warmest month on average in 2019 was June. On average it was more than 3 °C 

warmer than in 2018 and almost 4.5 °C warmer than during the reference period. Thus, June 

2019 is the month with the largest temperature deviations from the reference period. Although 

July and August were about 1 °C cooler than they were in 2018, they were still significantly 

warmer than during the reference period. The progression of the summer heat waves in 2018 

and 2019 by months is shown in Appendix 2. While the exact progression of the summer heat 

waves was quite different between the two years, Figure 2 shows that in the summer aggregate 

both years seem to be comparable, with 2019 on average being only slightly warmer than 2018. 

The summers of 2018 and 2019 were not only warmer than normal, but they were also 

extremely dry. Two consecutive summers have not been as dry in Germany for at least 250 

years (Hari et al. 2020). The droughts put pressure on groundwater reserves and in several 

regions the access to drinking water needed to be restricted. Forests were also affected by the 

extreme weather conditions and the damage done by fires and pests increased as a result 

(Umweltbundesamt 2019). One economic sector that is specifically vulnerable to the recent 

extreme weather conditions is the agricultural sector. It is estimated that in the last two decades 

droughts led to an economic damage of 100 billion euro in Europe alone and just the previous 

record summer of 2003 was estimated to have led to a reduction in agricultural production by 

about 30% (Hari et al. 2020). In light of this evidence, it seems sensible to assume that EWEs 

will have a stronger effect on people working in the agricultural sector. 

The summers of 2018 and 2019 were also perceived as periods of extreme weather by the public 

and portrayed as such by the mass media. Figures 3 and 4 show how attention for heatwaves or 

respectively climate change evolved from 2010 to 2019. As measures of attention, the graphs 

use Google Trends data and Factiva entries. Google Trends is a service made available by 

Google that provides data on how the search frequency of a specific term evolved over time. 

The period with the highest search frequency is reported with a value of 100 and the other 

periods are given relative to the period with the highest search intensity7. Factiva is a database 

of past media publications that lists publications from more than 30,000 news sources in more 

than 20 languages. From the five states covered in the analysis 20 regional newspapers have  

 
7 For a further discussion on Google Trends data and possible applications in research see Herrnstadt and 

Muehleeger (2014). As the data presented here only serves illustrative purposes, the concerns that arise when 

Google Trends data is used for empirical analysis do not apply. 
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Figure 2: Temperature Deviations at the Electoral District Level 

Summer 2018 

 

Summer 2019 

 
Source: Own depiction based on DWD data. 
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Figure 3: Attention for Heatwave, Factiva Entries and Google Trends 

 

Source: Own depiction based on Factiva and Google Trends data. 

full-text entries in Factiva. These are complemented with 5 newspapers with a nationwide 

focus. The number of articles obtained through search in Factiva is represented in relation to 

the month with the highest number of articles to make Factiva entries comparable to Google 

Trends data. 

Figure 3 shows Google Trends data for the search term Hitzewelle (German for heatwave). The 

Factiva time-series includes all articles that contain one or more of the terms Hitzewelle, 

Hitzesommer or Extremsommer (German for heat summer or extreme summer). As one would 

expect both time series are highly cyclical. The highest values are reached during the summer 

while values during the other seasons are close to zero. During the 10-year period covered in 

the figure the highest levels of attention were reached in the summer of 2018 followed by the 

summer of 2019. The maximum volume of Google searches was reached in July 2018 and the 

highest number of Factiva entries was reached in August 2018 with 307 articles. The number 

of Google searches and newspaper articles was lower during previous years; although warmer 

years such as 2010, 2013 and 2015 reached higher levels of attention. Overall, the figure 

suggests that the summers 2018 and 2019 were perceived as unusually warm in the public and 

the mass media. 

Figure 4 shows Google searches using the term Klimawandel (German for climate change) and 

newspaper articles containing the terms Klimawandel and Erderwärmung (German for global 

warming). Compared to the graphs on the term heatwave, attention for climate change stays 

more or less constant throughout the year. Typically, there is a slight increase in media coverage 

and search intensity from November to January. This is likely due to the attention generated 

around the UN Climate Change Conference, which is held annually in December. This pattern 

can most distinctively be observed when the UN conference generated a lot of attention, for  
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Figure 4: Attention for Climate Change, Factiva Entries and Google Trends 

 

Source: Own depiction based on Factiva and Google Trends data. 

example after the conference in Copenhagen in 2009 and around the signing of the Paris 

Agreement in 2015. In general, however attention for climate change does not seem to be higher 

during the summer months. A notable exception is the year 2018 where the number of articles 

increased from 234 in June to 297 in July and then later to 451 in August, which corresponds 

to the pattern of the 2018 heatwave described earlier. Attention to climate change remains high 

throughout the second half of 2018 and further increases during the spring of 2019 possibly 

related to the first global actions of the Fridays for Future movement. Attention remains high 

throughout the summer months and reaches a peak in September when the federal government 

was negotiating new climate legislation. Although the evidence presented here is only 

suggestive, it seems like the heatwaves of 2018 and 2019 generated attention to the problem of 

climate change, directly or indirectly. Additionally, it seems like after the periods of extreme 

weather mass media was emphasising the topic to a higher extent. A logical next step is to 

assess how media exposure might affect the public’s support for climate policy. 

 

3.2 The German Electoral System 

Compared to other countries Germany has an unusual electoral system as it has elements of 

both proportional and direct representation. As in direct representation systems, each voter 

casts a vote (known as Erststimme) for a single candidate running in their specific electoral 

district. The candidate who achieves a plurality of the votes wins the election and enters the 

parliament as the holder of a direct mandate. Additionally, each voter casts a vote (the so-called 

Zweitstimme) for the voting list of a party. Each party that achieves more than 5.0% of the total 

vote will be represented in parliament and receives a seat share corresponding to their 

proportion of the votes cast for the parties represented in parliament. Votes for parties who fail 
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to clear the 5.0% bar are discarded. Thus, the seat shares are decided upon as in traditional 

proportional representation systems. If a party wins more direct mandates than the number of 

mandates the party would win according to the list vote, the other parties receive additional 

mandates to restore the vote shares corresponding to the list vote (referred to as 

Überhangmandate) (Spenkuch 2018). Commonly half of the members of parliament (MPs) are 

elected through direct vote, while the other half is decided upon corresponding to the list vote.8 

The electoral system in the individual states broadly follows the federal election system as 

outlined by Spenkuch (2018).9 

In the last decades, the political landscape in Germany became increasingly diverse as it is 

common in proportional representation systems. Currently, six parties are represented in the 

federal parliament and in most state parliaments: the conservative union of CDU/CSU10 

(Christlich Demokratische Union, Christlich Soziale Union), the centre-left SPD 

(Sozialdemokratische Partei Deutschlands), the libertarian FDP (Freie Demokratische Partei), 

the Green Party (Bündnis 90/ Die Grünen), The Left (Die Linke) and the right-wing populist 

AfD (Alternative für Deutschland) (Spenkuch 2018). Investigating a proportional election 

system has the advantage that smaller parties often form around a specific policy area (Folke 

2014). In a representative exit-poll after the 2019 European election, 56% of respondents stated 

that the Green Party had the highest competence in climate and environmental policy which is 

over 40 percentage points more than the second ranking CDU/CSU (14%).11 Additionally, 

among the voters of the Green Party 88% reported that “Climate and Environment were 

important for their voting decision”, 40 percentage points more than among the voters of the 

other two leftist parties. The perceived competence of the Green Party regarding climate policy 

and the importance its voters attribute to the topic make the vote share the party receives an 

informative proxy of public support for climate policies. 

 

 
8 Thus, the minimum number of MPs is double the number of electoral districts. 
9 There are some minor and rather technical differences across states, mainly regarding the calculation of excess 

mandates and the procedure concerning parties who gain less than 5.0% of the list vote but win direct mandates. 

These differences do not compromise the comparability of the states for the purpose of this analysis. 
10 The CDU runs in all German federal states except Bavaria, while the CSU only runs in Bavaria. Both parties 

form a joint faction in the federal parliament. 
11 The results of the exit poll can be found together with the election results on the website of the German public 

television: https://wahl.tagesschau.de/wahlen/2019-05-26-EP-DE/index.shtml. 
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4 Data 

4.1 Definitions 

4.1.1 Meteorological Data 

The Climate Data Center of the German Weather Service (Deutscher Wetterdienst, DWD) 

provides access to the meteorological data of weather stations all over Germany.12 The main 

variable of interest is the temperature anomaly in the summers of 2018 and 2019. More 

specifically, it is the deviation of the mean temperature from the mean of the reference period 

1981 – 2010 during the three months of meteorological summer (June - August). Although the 

DWD and most other climate scientists use the reference period from 1961 - 1990 (Imbery et 

al. 2018; Kaspar and Friedrich 2020), I use a different reference period. As pointed out by 

Hansen et al. (2012), climate scientists have different requirements for a reference period than 

social scientists. For the former, it is important to consider a reference period that is unaffected 

by anthropogenic climate change, while the latter are mainly interested in how individuals 

perceive the temperature. As this analysis aims to identify how individuals adjust their 

behaviour to temperature anomalies, 1981 – 2010 is the more sensible reference period to 

choose. Most people will simply not remember how the weather was 30 to 60 years ago, if they 

were even born at that point in time. 

Some electoral districts contain multiple weather stations, while there are no weather stations 

located in others. Therefore, weather stations are matched to electoral districts using the GIS 

software QGIS. More specifically, the temperature in an electoral district is defined as the 

weighted average of the three weather stations that are closest to the geographical centre13. It is 

formally defined according to the following equation, 

𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖 = ∑
𝑡𝑜𝑡𝑎𝑙𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖−𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑗

2 × 𝑡𝑜𝑡𝑎𝑙𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖

3

𝑗=1

× 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑗 (1) 

where 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖 denotes the average temperature in electoral district i. The three closest 

weather stations to the central coordinate of electoral district i are denoted j. Consequently, 

distance denotes the distance between weather station j and the central point of electoral district 

i, while 𝑡𝑜𝑡𝑎𝑙𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖 denotes the sum of the distances between the central coordinates of 

district i and the three closest weather stations. 

 
12 For the reference period temperature data is available for 306 weather stations. In 2018, 488 weather stations 

reported complete data and 476 did so in 2019. 
13 I choose the weighted average of three weather stations as it seems to be a good balance between including 

temperatures to all directions of the central coordinates and sticking to those weather stations that are relatively 

close. Alternative results using the closest five weather stations are reported as a sensitivity analysis in Section 7. 
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Table 1: Relevant State Elections 

Federal State Election Date 

Electoral 

Districts 

Green Party 

Vote Share 

Change in 

Vote Share 

Bavaria Oct 14th, 2018 91 17.6% +9.0% 

Hesse Oct 28th, 2018 55 19.8% +8.7% 

Brandenburg Sep 1st, 2019 44 10.8% +4.6% 

Saxony Sep 1st, 2019 60 8.6% +2.9% 

Thuringia Oct 27th, 2019 44 5.2% -0.5% 

Source: Own depiction based on the official election results as obtained from the public German television 

(https://wahl.tagesschau.de/). 

4.1.2 Electoral Data 

The data on the vote share of each individual party is composed of the official results of five 

state elections held in the years 2018 and 2019 and are reported at the electoral district level. 

The elections covered in the analysis are the state elections in the federal states of Bavaria, 

Brandenburg, Hesse, Saxony and Thuringia together yielding a total of 294 electoral districts. 

A compilation of more details on each election can be found in Table 1. As the main focus of 

the analysis is on how the vote share responds to extreme weather conditions, the independent 

variable considered in the main specification is the percentage point change of the Green Party’s 

vote share14 between the 2019/18 state elections and the previous election five years before. 

This also has the side effect of controlling for some of the unobserved variation between 

electoral districts. The vote share changes of the other parties will be investigated as units of 

comparison. 

 

4.1.3 Media Exposure 

Across Germany, there are more than 300 different newspapers that get published on a daily 

basis, about 180 of which cover areas within the five federal states covered in the analysis. 

Newspapers remain an important source of information in Germany. A recent representative 

 
14 The vote that is relevant for the specification is the list vote (Zweitstimme), each voter casts for a party list. As 

the candidate vote (Erststimme) is cast for a candidate many other variables as the candidate’s individual 

characteristics are likely to affect the voting decision. Furthermore, there is evidence of strategic voting when 

casting the candidate vote (Spenkuch 2018). 
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study conducted for the public television finds that 74% of the population consider newspapers 

to be trustworthy and that for 17% of the German population newspapers are the main source 

of information on political events, second only to public television (38%).15 The Newspaper 

Information System (Zeitungs Informations System, ZIS) planning tool of the German 

Newspaper Marketing Society (Zeitungs Marketing Gesellschaft, ZMG) contains data on the 

newspaper issues sold in each municipality from the dissemination analysis of the Information 

Society of Advertisers (Informationsgemeinschaft zur Feststellung der Verbreitung von 

Werbeträgern, IVW). Reported is the most current data for the year 2021, but since data of 

newspaper sales by municipalities can be expected to have a high serial correlation, the data 

should still be a decent measure for media exposure and information of voters. 

As individual newspapers are listed by title, it is possible to differentiate between regular 

newspapers and tabloids. As the information content differs between the two media, they might 

have different effects. Therefore, I distinguish between print media in general, newspapers and 

tabloids. The relevant measure for the regression is the number of issues sold per 1,000 voters 

in the electoral district. 

 

4.1.4 Control Variables 

Most control variables are either reported at the municipality or the administrative district level. 

Like the weather stations, these are matched to electoral districts in QGIS. Included as control 

variables are characteristics, which are found to influence the vote share of the Green Party. 

Typically, the Green Party performs better in urban areas than in rural areas, which justifies the 

inclusion of voter density and the area/ employment share of agriculture. Mean income and 

unemployment share are included as controls because voters of the Green Party are found to 

have a relatively high socio-economic status. Furthermore, the Greens perform above average 

among voters who are younger than 25 years and below average among voters who are older 

than 60 years. Therefore, the share of the respective age groups among the voting aged 

population are included as controls.16 Further details on the definition of these variables, the 

matching procedure and the data sources can be found in Appendix 1. 

  

 
15 Source: https://www.infratest-dimap.de/umfragen-analysen/bundesweit/umfragen/aktuell/glaubwuerdigkeit-

der-medien-2020/ 
16 See https://wahl.tagesschau.de/wahlen/2019-05-26-EP-DE/ and https://wahl.tagesschau.de/wahlen/2017-09-24-

BT-DE/ for an analysis of how the Green Party performed in different voter sub-groups in the 2017 federal and 

the 2019 European Parliament elections. 
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Figure 5: Green Party Vote Share Change 

 

Source: Own depiction based on electoral data. 

4.2 Descriptive Statistics 

Figure 5 shows the main dependent variable, the vote share change of the Green Party, across 

all 294 electoral districts of sample. Overall, the Green Party performed very well achieving an 

average vote share gain of 5.5 percentage points. However, their vote share gain was very 

unevenly distributed. While vote share gains were rather modest in many rural areas, they were 

very high in the bigger cities with the maximum being as high as a 24.3 percentage point 

increase in München-Mitte (Central Munich). Furthermore, the vote share changes differ 

between Eastern and Western Germany. In the Western German states of Bavaria and Hesse 

they performed extremely well achieving a mean vote share gain of 8.9 percentage points. With 

2.1 percentage points, the average vote share change in the Eastern German states of 

Brandenburg, Saxony and Thuringia was considerably lower. It is important to keep in mind 

the split between East and West Germany. The Western German states in the sample both held 

their elections in 2018, while all Eastern German states held their elections in 2019. Due to the 

differences between the heatwaves in 2018 and 2019 described in the background section this 

would be a potential source of selection bias. Therefore, as a robustness check the sample is 

split by election years, in order to prove that the estimates are not driven by the selection bias  
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Table 2: Descriptive Statistics 

 Mean 

Standard 

Deviation Minimum Maximum 

Panel A: Temperature 

Deviations     

Summer 2.51 0.54 0.8 4.75 

June 3.55 1.58 0.45 5.97 

July 1.56 1.09 -0.42 5.24 

August 2.41 0.65 0.29 4.45 

     

Panel B: Vote Share 

Changes     

Green Party 5.5 4.7 -1.4 24.3 

Union (CDU/CSU) -9.88 3.48 -19.2 -0.9 

SPD -8.07 4.29 -26.8 0.7 

AfD 12.35 4.83 1.9 25.7 

FDP 1.87 1.14 -1.5 5.3 

The Left -2.01 4.96 -12.5 8.5 

Federal Government -17.95 6.01 -36.5 -3.4 

State Governments -8.78 5.53 -19.2 6.3 

     

Panel C: Print Media Sales, 

per 1,000 voters     

Print Media 200.8 66.46 54.4 680.3 

Newspapers 170.48 52.69 38.8 484.2 

Tabloids 30.32 34.9 6.3 293.9 

     

Panel D: Control Variables     

Voter Density (100/ km2) 5.02 9.51 0.27 82.5 

Unemployment Rate 4.48 1.68 1.3 10.8 

Mean Income (1000€) 37.4 7.51 26.4 72 

Share of under 25-year-olds 8.36 2.11 4.4 16.6 

Share of above 60-year-olds 35.64 5.36 24.7 46.8 

Share of Employees in 

Agriculture 
1.98 1.4 0 6.9 

Share of Area used for 

Agriculture 
43.59 15.53 7.7 80.8 
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described above. Descriptive Statistics on the other variables are provided in Table 2. Maps 

showing the spatial variation of the variables which are relevant for the heterogeneity analysis 

are provided in Figure A2 in Appendix 3. Descriptive statistics by sample years can be found 

in Table A5 in Appendix 4. 

 

5 Methodological Framework 

5.1 Baseline Specification 

The empirical literature commonly considers variation in weather to be exogenous to other 

observable and unobservable variables (Egan and Mullin 2012). Therefore, the case outlined in 

this study can be considered a natural experiment (Angrist and Pischke 2009, Stock and Watson 

2011). If temperature variations between different districts are truly randomly assigned, typical 

threats to inference such as selection bias and omitted variable bias are not a threat to 

identification (Stock and Watson 2011). The formal equation that I estimate is a simple OLS 

model based on the one used by Herrnstadt and Muehlegger (2014): 

∆𝑉𝑜𝑡𝑒𝑆ℎ𝑎𝑟𝑒𝑖𝑠𝑦 = 𝛿𝑡𝑒𝑚𝑝𝐷𝑒𝑣𝑖𝑠𝑦 + 𝛽𝑋 + 𝛾𝑠 + 𝜖𝑖𝑠𝑦 (2) 

The variable ∆𝑉𝑜𝑡𝑒𝑆ℎ𝑎𝑟𝑒𝑖𝑠𝑡 measures the change in the vote share of the Green Party since the 

last election in electoral district i, state s and year y. 𝑡𝑒𝑚𝑝𝐷𝑒𝑣𝑖𝑠𝑦 represents the temperature 

deviation in district i during the summer of the election year with regards to the reference period 

1981 – 2010. 𝛾𝑠 represents a state and, thus, also an election fixed effect to pick up unobservable 

characteristics, which are unique to a state e.g. if the Green Party is member of the government 

coalition or the popularity of their frontrunner. 𝑋 denotes a vector of control variables which 

includes voter density; unemployment rate; mean income; the share of eligible voters that is 

aged below 25 or above 60; the share of employed in the agricultural sector; and the number of 

newspapers sold per 1,000 voters. As argued above, the question considered here is likely to 

constitute a natural experiment, which means that control variables are not strictly required to 

obtain unbiased results. In Section 6, I report estimates with and without control variables to 

assess this assumption. In any case, including control variables will improve the precision of 

the estimates (Angrist and Pischke 2009). Formally speaking, the identifying assumption which 

underlies the analysis is that, conditional on state fixed effects and control variables, 

temperature deviations are exogenously distributed across electoral districts. Robust standard 

errors are clustered at the state level. 
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5.2 Heterogeneity Analysis 

Previous work has found the effects of extreme weather to significantly vary across sub-groups 

of the population (Egan and Mullin 2012). Finding insignificant or small coefficients does not 

necessarily mean that EWEs do not affect public support for climate policy at all, but the effect 

could be concentrated among specific sub-groups. Therefore, it seems logical to investigate 

potential heterogeneities. As already discussed, one group that is specifically affected by 

climate change and subsequent extreme weather are farmers (Hari et al. 2020). It is a possibility 

that the effect of extreme weather is more pronounced in electoral districts where agriculture is 

more important. To investigate this hypothesis, the baseline specification is modified to include 

an interaction term between temperature deviations and the importance of agriculture, 

∆𝑉𝑜𝑡𝑒𝑆ℎ𝑎𝑟𝑒𝑖𝑠𝑦 = 𝛿1𝑡𝑒𝑚𝑝𝐷𝑒𝑣𝑖𝑠𝑦 + 𝛿2𝑡𝑒𝑚𝑝𝐷𝑒𝑣𝑖𝑠𝑦 × 𝑎𝑔𝑟𝑐𝑖𝑠𝑦 + 𝛽𝑋 + 𝛾𝑠 + 𝜖𝑖𝑠𝑦 (3) 

where 𝑎𝑔𝑟𝑐𝑖𝑠𝑦 denotes the importance of agriculture, which is measured by two alternative 

variables, the share of employed in the electoral district that work in the agricultural sector and 

the share of the electoral district’s area that is used for agriculture. Due to the fact that the share 

of farmland is not necessarily predictive for the amount of people whose livelihoods depend on 

agriculture, I choose the employment share of agriculture for the main analysis. 

As already discussed, the summers of 2018 and 2019 generated a large amount of attention in 

the media. It is possible that the media coverage on the heatwaves made people more aware of 

the connections between extreme temperatures and climate change. Assessing the effect of 

information seems to be an interesting and relevant addition to the analysis. The importance of 

voters’ information for electoral competition is widely recognised in the theoretical literature 

(Persson and Tabellini 2000, Besley 2016) and several empirical studies have suggested its 

importance for example to hold corrupt politicians accountable (Ferraz and Finan 2008; 2011), 

to increase turnout and select the most competent candidates (Banerjee et al. 2011) or to reduce 

the information asymmetries between politicians and voters that lead to political budget cycles 

(Repetto 2018). Similar to the sub-analysis on the importance of agriculture, I add an interaction 

term between temperature deviations and exposure to information to the regression. Once again, 

different definitions of the variable are explored, the number of all print media sold in the 

electoral district, the number of newspapers sold (all print media excluding tabloids) and the 

number of tabloids that are sold in the electoral district. Of these variables, the second is more 

relevant as, compared to tabloids, newspapers have the more informative content. 
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Table 3: Baseline Specification 

 (I) (II) (III) 

 Green Party Vote Share Change 

Temperature Deviation 
-0.433 

(1.66) 

-0.217 

(0.5) 

-0.467 

(0.302) 

Voter Density 
  

0.145*** 

(0.027) 

Unemployment Rate 
  

0.068 

(0.128) 

Mean Income 
  

0.238** 

(0.078) 

Share of under 25-year-olds 
  

0.22 

(0.226) 

Share of above 60-year-olds 
  

0.035 

(0.107) 

Agriculture Employment 

Share   

-0.323 

(0.182) 

Newspapers Sold 
  

0.025 

(0.165) 

    

Observations 294 294 294 

R-squared 0.02 0.604 0.869 

State-Fixed Effects no yes yes 

Note: Estimates of Equation (2) are shown in the table above. The dependent variable is the vote share change of 

the Green Party at five state elections in 2018 and 2019 in percentage points. In Column I estimates the baseline 

specification without fixed effects and controls. State-fixed effects are added in Column II and control variables 

are added in Column III. The number of newspaper sales per 1,000 voters is transformed so that a value of 1 equals 

a one standard deviation increase from the mean. Robust standard errors are reported in parenthesis and clustered 

at the state level. * p < 0.1, ** p < 0.05, *** p < 0.01. 

6 Results 

6.1 Baseline Estimation 

The results of the baseline estimation are reported in Table 3. Column I shows the regression 

without state-fixed effects and control variables. The coefficient is negative, but not significant 

at any conventional significance level. Column II adds a state-fixed effect, which decreases the 

magnitude of the negative coefficient that remains statistically insignificant. Column III shows 

the results of the regression when control variables are included, which increases the coefficient 

of temperature deviations compared to the regression without control variables. Most control 

variables behave as expected. Voter density and mean income have a positive effect on the vote 
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share change of the Green Party that is significant at the 5% confidence level. The remaining 

variables are statistically not significant. The results of the baseline estimation suggest that the 

isolated effect of temperature deviations is not large enough to affect voting results. 

 

6.2 Heterogeneity Analysis 

The results of the heterogeneity analysis are shown in Table 4, the first two columns show the 

effect of agriculture and the last three columns show the effect of information. Column I shows 

the regression results when the importance of agriculture is measured as the share of workers 

employed in the agricultural sector. The coefficient of the interaction terms is statistically 

significant at the 5% confidence level. A positive change in both, the temperature deviation and 

the employment share of agriculture, by one standard deviation increases the vote share change 

of the green party by 0.26 percentage points. Considering the average absolute vote shares of 

the Green Party of 7.5% in 2013/14 and 13% in 2018/2019 a vote share gain by a quarter of a 

percentage point seems to be a relatively large effect. As expected when including an interaction 

term into the regression, the coefficients for the aggregated temperature deviation and the 

employment share of agriculture change. The effect of temperature deviations becomes 

statistically significant, albeit at the 10% significance level, which suggests that in areas with a 

low share of employees in the agricultural sector higher temperature deviations lead to lower 

increases in the vote share of the Green Party. The coefficient for the employment share of 

agriculture remains negative and becomes statistically significant at the 5% confidence level, 

which is consistent with the assumption that generally the Green Party performs worse in rural 

areas where agriculture is more important. 

Column II shows the same estimates when the area share of agriculture is used as an explanatory 

variable. Unlike in the previous specification, the interaction term does not enter statistically 

significant, although the size of the effect would be comparable with the one in the last 

specification: a standard deviation increase in both variables increases the vote share of the 

Greens by 0.23 percentage points. Despite not finding a significant effect in the second 

specification, obtaining point estimates, which suggest an effect of similar magnitude, is still 

slightly encouraging, specifically because the correlation coefficient between the two variables 

is only 0.55. In any case, the employment share of agriculture should be the better measure as 

it should be more predictive of how many voters are actually exposed to the consequences of 

extreme weather for the agricultural sector. 
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Table 4: Heterogeneity Analysis 

 (I) (II) (III) (IV) (V) 

 Green Party Vote Share Change 

Temperature 

Deviation 

-1.076* 

(0.482) 

-1.537* 

(0.664) 

-0.461 

(0.314) 

-0.746 

(0.498) 

-0.702 

(0.332) 

Temp. Deviation × 

Agriculture Share 

0.343** 

(0.077) 

0.028 

(0.015) 
   

Temp. Deviation × 

Print Media Sold 
  

0.133 

(0.194) 

0.782** 

(0.273) 

-1.346* 

(0.57) 

Agriculture Share 
-1.138** 

(0.331) 

-0.081* 

(0.037) 
   

Print Media Sold   
-0.055 

(0.507) 

-2.061** 

(0.737) 

3.973* 

(1.452) 

      

Observations 294 294 294 294 294 

R-squared 0.873 0.867 0.872 0.874 0.888 

Agriculture Share employment area    

Print Media   all newspapers tabloids 

State-Fixed Effects yes yes yes yes yes 

Note: Estimates of Equation (3) are reported in the table above. The dependent variable is the vote share change 

of the Green Party at five state elections in 2018 and 2019 in percentage points. Columns I and II add an interaction 

term between temperature deviations and the importance of agriculture, measured as the employment share of 

agriculture in Column I and the area share of agriculture in Column II. Columns III to V interact temperature 

deviations with various definitions print media sales per 1,000 voters. In Column III all print media sales are 

included. Column IV limits the definition to newspapers excluding tabloids, while Column V uses only tabloids. 

For easier interpretation, the number of newspaper sales per 1,000 voters is transformed so that a value of 1 equals 

a one standard deviation increase from the mean. State-fixed effects and control variables are included in all 

regressions. Robust standard errors are reported in parenthesis and clustered at the state level. * p < 0.1, ** p < 

0.05, *** p < 0.01. 

The remaining columns of the table show the regressions that assess the effect of information. 

For the sake of easier interpretation, the number of print media sales per 1,000 voters has been 

normalised to the standard deviation so that a value of 0 equals the mean and a value of 1 refers 

to an increase by one standard deviation. The effect of print media in general is shown in 

Column III. The coefficient of the interaction term is small and statistically insignificant. 

This changes when the definition of print media that is considered excludes the number of 

tabloids sold and solely focuses on newspapers. The corresponding results are shown in Column 

IV. The coefficient of the interaction term is positive and statistically significant at the 5% level. 

An increase in temperature deviation and the number of newspapers sold by one standard 

deviation increases the vote share of the Green Party by 0.42 percentage points. 
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Column V reports regression results when only the number of tabloids sold are considered. As 

could be expected from the previous two specifications the interaction effect between 

temperature deviations and the number of tabloid readers is negative and significant at the 10% 

level. A standard deviation increase in both variables is associated with a 0.73 percentage point 

decrease in the vote share of the Green Party. This negative relation might partially capture 

education effects. The Greens typically perform better among voters with higher levels of 

education17 while tabloid readers are typically assumed to have lower levels of education 

(Boykoff 2008), but it could also be related to how information is presented in tabloids. In any 

case it is an interesting finding that print media readership affects the vote share change of the 

Green Party and that the effect is positive for readers of newspapers and negative for readers of 

tabloids. 

 

6.3 Party Comparison 

The heterogeneity analysis has revealed that the importance of agriculture in an electoral district 

as well as voters’ information measured in the share of newspaper readers affect how 

temperature deviations influence the vote share gains of the Green Party. An increase by one 

standard deviation in the temperature deviation during the summer and the employment share 

in agriculture or the newspapers sold per voter, increase the vote share change of the Green 

Party by about 0.23 and 0.42 percentage points respectively. This effect seems to be meaningful 

but without a reference value it is hard to tell whether the coefficients found for the Green Party 

are actually remarkable. Therefore, Figure 6 shows the coefficients of the interactions described 

in the last section for all six parties that are represented in the federal parliament and the 

incumbent coalition parties, both at the federal and at the state level. The figure reports the point 

estimates as well as the 95% confidence intervals. For reference the mean vote share in 

2018/2019 and the mean vote share change are reported below in Panel C. 

Panel A of Figure 6 depicts the interaction effects between temperature deviations and 

agriculture employment share. The Green Party coefficient is the largest one that is statistically 

significant at the 5% level. The point estimate of the conservative Union is higher (0.384) 

though not statistically significant and with a much wider confidence interval, which is likely 

due to them having the highest average vote share. The libertarian FDP has the third largest 

coefficient (0.217) which is statistically significant at the 5% level. This result appears puzzling. 

Despite having a very similar voter base to the Greens (younger, well-educated voters, mostly 

 
17 Source: https://www.tagesschau.de/wahl/archiv/2017-09-24-BT-DE/index.shtml 
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Figure 6: Party Comparison 

Panel A: Agriculture Effect 

 

Panel B: Information Effect 

 

Panel C: Mean Vote Shares and Vote Share Changes 

 
Greens Union SPD AfD FDP 

The 

Left 

Incumbent 

- Federal 

Incumbent 

- State 

Mean Vote Share 13% 28.9% 13.3% 18.5% 5.2% 10.5% 42.3% 40.7% 

Vote Share Change +5.5 -9.9 -8.1 +12.3 +1.9 -2 -18 -8.8 

Note: The figure compares the coefficients obtained for the Green Party in Table 4 to the coefficients found for 

other parties. Reported are point estimates and the 95% confidence interval. Panel A reports interaction effects 

with the employment share of agriculture, the estimate of the Green Party is thus the same coefficient shown in 

Column I of Table 4. Panel B lists the estimates when temperature deviations are interacted with newspaper sales. 

The reported estimates correspond to the one shown in Column IV of Table 4. For comparison Panel C lists the 

average vote shares and the mean vote share changes of all parties. The two measures that are reported for 

incumbent parties refer to the coalition parties of the federal government and the coalition parties of each individual 

state government during the term before the investigated election respectively. 
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living in urban areas), the liberals are mainly perceived as competent in areas of economic 

policy, while climate policy does not seem to play an important role for their voters. After the 

European election in 2019 only 19% of the FDP voters stated that climate and environmental 

policy was important for their voting decision, the lowest value among all parties.18 The only 

party with a coefficient that is negative and significant is the social democratic SPD (-0.839). 

Intuitively, this seems sensible in so far as the social democrats are found to be the party that 

loses the most voters to the Greens19. One possible reason why specifically the SPD is losing 

in response to extreme temperatures is that they occupy the position of the Federal Minister for 

the Environment since 2013. Therefore, voters might hold them more accountable for 

shortcomings in environmental policy. 

The results on the effect of information are reported in Panel B of Figure 6. Here, the coefficient 

for the Green Party is the largest positive coefficient of all parties and the only one that is 

statistically significant. The point estimates of the Union (0.368) and the FDP (0.29) are the 

second and third largest but they are not statistically significant. The coefficient of the SPD is 

not statistically significant as well but remains the largest negative coefficient (-0.917). 

Comparison of the estimation results among different parties shows that the coefficients found 

for the Green Party are not only statistically significant, but also large in comparison to the 

coefficients obtained for the other parties. Specifically, the results obtained for the information 

effect stand out from the ones obtained for other parties. 

 

7 Robustness Checks 

7.1 Sensitivity Analyses 

To improve the credibility of the empirical results, it is important to show that the results are 

not sensitive to the definition of the variables that are chosen for the analysis. The first, 

sensitivity analysis presented here investigates how relevant the choice of the reference period 

is for the results. As already discussed, the main analysis does not use the usual reference period 

of 1961 – 1990, which is commonly used by climate scientists (Imbery et al. 2018, Kaspar and 

Friedrich 2020), but a more recent reference period: 1981 – 2010. This choice follows an 

argument made by Hansen et al. (2012) who point out that climate scientists and social scientists 

might have different requirements when working with relative temperature deviations. When 

 
18 Source: https://wahl.tagesschau.de/wahlen/2019-05-26-EP-DE/ 
19 Source: https://www.tagesschau.de/wahl/archiv/2019-05-26-EP-DE/ 
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the focus lies on temperature deviations as perceived by individuals a more recent reference 

period might be a better choice. 

Although the choice of the reference period is well motivated, a comparison between 

coefficients of the two reference periods is presented in Table A1 in Appendix 4, descriptive 

statistics for temperature deviations are reported in Panel A of Table A5 in Appendix 5. There 

are a few differences between the estimates using the two different reference periods. The 

negative coefficient in the base period becomes significant at the 5% significance level and 

increases. In the agriculture specification the interaction effect is higher when 1961 – 1990 is 

used as a base period. The interaction effect between temperature deviations and newspaper 

sales is not statistically significant for the 1961 – 1990 reference period, although the point 

estimate is comparable to the coefficient for the 1981 – 2010 reference period. Overall, the 

results seem to be sensitive to the choice of the reference period, specifically when it comes to 

the significance of the different estimates. Still, all coefficients have the same algebraic signs 

and are of a similar magnitude. As the variables for temperature deviations using the two 

different reference period are only correlated with a coefficient of 0.42, certain differences in 

the estimates can be expected. 

The second sensitivity analysis that is performed controls for control variables that are 

potentially specified wrong. As discussed in Appendix 1, there are eight electoral districts, 

which contain one of the municipalities that are split between multiple districts and other 

municipalities. Due to the procedure of how control variables are computed, these districts 

could potentially use the wrong control variables, to ensure that the results are not driven by 

this potential error source, the concerned eight districts are excluded. As reported in Table A2 

in Appendix 4, this does not change the results in any meaningful way. 

Additionally, I explore whether the results are sensitive to how temperatures are defined at the 

electoral district level. Instead of using the closest three weather stations, the closest five 

weather stations are used to calculate the temperature variable at the electoral district level. The 

equation from Section 4 is modified as follows: 

𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖 = ∑
𝑡𝑜𝑡𝑎𝑙𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖−𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑗

4 × 𝑡𝑜𝑡𝑎𝑙𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖

5

𝑗=1

× 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑗 (4) 

The average temperature in the electoral district i is denoted 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖. The five closest 

weather stations to the central coordinate of electoral district i are denoted j. As before, distance 

denotes the distance between weather station j and the central point of electoral district i, while 

𝑡𝑜𝑡𝑎𝑙𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖 denotes the sum of the distances between the central coordinates of district i 
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and the five closest weather stations. Summary statistics of the temperature deviation variable 

using the closest five weather stations are shown in Panel A of Table A5 in Appendix 5. 

The results of the sensitivity analysis are reported in Table A3 in Appendix 4. The coefficient 

for temperature deviations remains negative and becomes statistically significant at the 5% 

significance level. An increase in temperature deviations by one standard deviation is associated 

with a 0.4 percentage point decrease in the vote share change of the Green Party. Both 

interaction effects become statistically significant at the one percent when the weighted average 

of five weather stations is used instead of three. The corresponding coefficients are also larger: 

a one standard deviation increase in temperature deviations and the agriculture employment 

share increases the vote share change of the Green Party by 0.52 percentage points, while a 

corresponding increase in temperature deviations and newspaper sales increases the vote share 

of the Green Party by 0.6 percentage points. Despite the estimates the baseline estimation being 

negative, the overall results of this sensitivity analysis are encouraging for the main results of 

the analysis, as the interaction coefficients suggest larger effects than in the main analysis. 

Finally, I investigate if the results hold when daily maximum temperatures are used instead of 

daily mean temperatures. Several studies use maximum temperatures (e.g. Herrnstadt and 

Muehlegger 2014; Kirilenko et al. 2015), suggesting that individuals are more responsive to 

extreme temperatures than average temperatures. To investigate this, the difference in the 

number of hot days between the reference period (1981 – 2010) and the election year is used as 

an alternative explanatory variable. All days with a maximum temperature of 30 °C or higher 

are defined as hot days. The related descriptive statistics are reported in Panel B of Table A5 in 

Appendix 5. 

The corresponding results are found in Table A4 in Appendix 4 and they are qualitatively very 

close to the main results, which use mean temperatures. The baseline coefficient of temperature 

deviations is negative and statistically significant at the 10% significance level. All interaction 

effects are comparable to the estimates found in the main analysis and slightly larger in 

magnitude. Increasing the number of hot days and the agriculture employment share by one 

standard deviation each, increases the vote share change of the Green Party by 0.36 percentage 

points. A one standard deviation increase in the number of hot days and newspaper sales is 

associated with a 0.53 percentage point increase in the vote share of the Green Party. Regression 

results using the deviation in the number of summer days (daily maximum >= 25 °C), which 

are not reported, are very similar. Finding comparable results for two different explanatory 

variables, which are only correlated with a coefficient of 0.5, is once again very encouraging 

for the overall validity of the main results. 
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Table 5: Exogeneity of Temperature Deviations 

 (I) (II) 

 

 
Temperature Deviations 

Voter Density 
-0.004 

(0.004) 

-0.007 

(0.006) 

Unemployment Rate 
0.045 

(0.054) 

-0.038 

(0.032) 

Mean Income 
-0.005 

(0.016) 

-0.001 

(0.012) 

Share of under 25-year-olds 
-0.022 

(0.013) 

-0.004 

(0.033) 

Share of above 60-year-olds 
0.000 

(0.008) 

0.009 

(0.015) 

Agriculture Employment 

Share 

-0.069 

(0.052) 

-0.039* 

(0.017) 

Newspapers Sold 
-0.037 

(0.036) 

-0.021 

(0.049) 

   

Observations 294 294 

R-squared 0.188 0.247 

Reference Period 1981 - 2010 1961 - 1990 

State-Fixed Effects yes yes 

Note: The estimates reported above show the regression results when the explanatory variable, temperature 

deviations during the summer, are regressed onto the control variables that are included in the analysis. Column I 

uses temperature deviations from the 1981-2010 reference period which is used in the main specifications. Column 

II uses the reference period from 1961-1990 which is used as a robustness check. State-fixed effects are included 

in both regressions. Robust standard errors are reported in parenthesis and clustered at the state level. * p < 0.05, 

** p < 0.01, *** p < 0.001. 

7.2 Exogeneity of the Heatwave 

As argued above, the analysis can be considered a natural experiment. The identifying 

assumption for obtaining unbiased results is that variation in the explanatory variable, 

temperature deviations during the summer, is exogenous and “as good as randomly” assigned 

among the different electoral districts. Although, there are good reasons to believe that this 

assumption is fulfilled (Owen et al. 2012), there is no formal way to test this assumption. 

However, one can regress the explanatory variable on the control variables, which are included 

in the regression. This rules out that there is a “selection” of temperature deviations in electoral 

districts at least based on the other control variables. 
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This regression is reported in Table 5. Column I shows the results when the reference period of 

the main specifications, 1981 – 2010, is used. All coefficients are close to zero and statistically 

insignificant. Column II shows the same estimates for the 1961 – 1990 reference period. Here 

the employment share of agriculture is the only estimate that is statistically significant. 

Although significant at the 10% level, the coefficient is relatively small: a one standard 

deviation increase in the agriculture employment share decreases temperature deviations by 

0.55 °C, which roughly corresponds to one standard deviation. Overall, the evidence for 

selection of temperature deviations on observables is very limited, at least for the reference 

period from 1981 – 2010, which I mainly use. The assumption of temperature deviations to be 

randomly distributed across electoral districts seems to be reasonable. 

 

7.3 Election Year Analysis 

One of the biggest drawbacks of the sample is that elections in two separate years need to be 

estimated to increase the sample size. Due to the different progression of the heatwaves in the 

two years and differing election results, this is a potential source of selection bias. To control 

for this possibility, the main specifications will be separately estimated for each year. This is a 

particularly interesting analysis because the sample is not only split by election years, but also 

by east and west. The states of Bavaria and Hesse, which held their elections in 2018, belonged 

to the Federal Republic of Germany since 1949, while the states of Brandenburg, Saxony and 

Thuringia where new state parliaments were elected in 2019 were part of the German 

Democratic Republic until the reunification of Germany in 1990. As once again shown by the 

results of the last federal election, differences in the political landscape and voting results 

between Eastern and Western Germany persist until today, even 30 years after the 

reunification20. The vote share of the Green Party for instance, was twice as high in the Western 

German federal states as in the Eastern German federal states. 

Descriptive statistics for each of the two years can be found in Table A6 in Appendix 6. The 

results of these regressions, including the regression results for the whole sample for 

comparison, are reported in Table 6. Columns I to III show the estimates of the baseline 

estimation. When splitting the sample, the coefficients stay negative, but neither of them is 

 
20 While the conservative Union of CDU and CSU was the strongest party in the Western and Eastern German 

federal states, their vote share was 6.5 percentage points higher than in the west. Second strongest party in Western 

Germany was the centre-left SPD, while second strongest party in Eastern Germany was the right-wing populist 

AfD. The Green Party and the libertarian FDP performed significantly better in Western Germany, while the far-

left party Die Linke performed better in Eastern Germany (source: https://www.tagesschau.de/wahl/archiv/2017-

09-24-BT-DE/index.shtml) 
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statistically significant. The effect of agriculture is shown in Columns IV to VI. The coefficient 

of the interaction term is statistically significant in neither of the two years. This drop in 

statistical significance is not necessarily surprising, because the sample size is significantly 

reduced. While the point estimate for 2018 has a similar magnitude to the effect found for the 

whole sample, the coefficient for 2019 is negative. This pattern would suggest that the 

agriculture effect found in the whole sample is largely driven by the effect found in the two 

Western German states. Estimates of the effect of information are shown in Columns VII to IX. 

Both point estimates are of a very similar magnitude to the coefficient obtained for the whole 

sample with the coefficient for 2019 being significant at the 5% level. Although, the estimates 

for the 2018 interaction term is not statistically significant, which to a certain extent could be 

expected due to the reduced sample size, the underlying statistical coherence in the two years 

seems to be rather similar to the one in the whole sample. This is encouraging in so far as the 

results do not seem to be driven by any form of selection bias that is related to the sample 

spanning two distinct years. 
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Table 6: Election Year Analysis 

 (I) (II) (III) (IV) (V) (VI) (VII) (VIII) (IX) 

 

 
Green Party Vote Share Change 

Temperature Deviation 
-0.467 

(0.302) 

-0.692 

(0.22) 

-0.194 

(0.455) 

-1.076* 

(0.482) 

-1.197 

(0.311) 

0.096 

(0.52) 

-0.746 

(0.498) 

-1.048 

(0.572) 

-0.191 

(0.327) 

Temperature Deviation 

× Agriculture Share 
   

0.343** 

(0.077) 

0.288 

(0.048) 

-0.159 

(0.243) 
   

Temperature Deviation 

× Newspapers Sold 
      

0.782** 

(0.273) 

0.713 

(0.433) 

0.691** 

(0.089) 

Agriculture Employment 

Share 
   

-1.138** 

(0.331) 

-1.269 

(0.207) 

0.449 

(0.643) 
   

Newspapers Sold       
-2.061** 

(0.737) 

-1.980 

(1.267) 

-1.634** 

(0.373) 

          

Observations 294 146 148 294 146 148 294 146 148 

R-squared 0.869 0.724 0.859 0.873 0.727 0.859 0.874 0.732 0.866 

Year 
2018 

-2019 
2018 2019 

2018 

-2019 
2018 2019 

2018 

-2019 
2018 2019 

State-Fixed Effects yes yes yes yes yes yes yes yes yes 

Note: The table above splits the sample by election years. Columns I to III correspond to the estimates reported in Column III of Table 3. Columns IV to VI and Columns VII to 

IX correspond to Columns I and IV of Table 4 respectively. Columns I, IV and VII provide estimates for the whole sample for comparison. Columns II, V and VIII limit the sample 

to the states that held elections in 2018, while Columns III, VI and. IX limit the sample to states where parliaments were elected in 2019. The number of newspaper sales per 1,000 

voters is transformed so that a value of 1 equals a one standard deviation increase from the mean. Control variables and state-fixed effects are included in all regressions. Robust 

standard errors are reported in parenthesis and clustered at the state level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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8 Discussion 

The empirical analysis could not confirm the initial hypothesis that the exposure to the extreme 

heat waves in the summers of 2018 and 2019 generated an amount of support for climate 

policies that was sufficient to translate into voting results. The obtained regression coefficients 

are not statistically significant and if anything, negative. This does not necessarily mean that 

these extreme weather events did not generate support for climate policies at all, only that this 

potential amount of support was not enough to translate into voting results. Studies that find 

evidence of extreme weather on support for stricter climate regulation, such as Owen et al. 

(2012), typically measure support by using survey results. As already pointed out by the authors 

of said study, survey responses that state support for climate policy might not necessarily 

translate into voting results. 

While an effect of temperature deviations on the general population could not be found, the 

heterogeneity analysis has revealed two interesting patterns. There are statistically significant 

interaction effects between temperature deviations and the employment share of agriculture and 

the sales of newspapers. An increase in temperature deviation and newspaper sales by one 

standard deviation increases the vote share of the Green Party by about 0.4 percentage points. 

For the agriculture interaction effect, a one standard deviation increase in both temperature 

anomalies and the employment share of agriculture increases the vote share of the Green Party 

by 0.25 percentage points. 

The results suggest that, in response to the heat waves of 2018 and 2019, farmers as members 

of a group that are more exposed to climate change and more informed voters were more likely 

to cast their vote for the Green Party. As hypothesised earlier, this behaviour might be due to 

the fact that exposure to extreme weather generated a higher level of support for climate 

policies. Furthermore, these results support the existence of single-issue voters as suggested by 

List and Sturm (2006). Following the empirical results, mainly voters whose livelihoods are 

severely impacted by climate change and more informed voters are likely to base their voting 

decision on environmental policy. 

These vote share increases seem to be large in relation to the vote share of the Green Party and 

the coefficients found for the other parties. The estimates are not sensitive to the definition of 

control variables and the choice of the reference period. When five instead of three weather 

stations are used to define temperature variables, the coefficients that are obtained are very 

similar with the associated effects being larger: a one standard deviation increase in the relevant 

variables increases the Green Party’s vote share change by 0.52 percentage points for the 
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agriculture interaction and 0.6 for the information interaction term. The results behave 

similarly, when daily maximum temperatures are used as explanatory variable rather than mean 

temperatures. Finding larger effects, when altering the definition of variables, suggests that the 

estimates of the main regression might be rather conservative. 

When splitting the sample by election years, the information effect remains consistent in both 

years, while the agriculture effect seems to be driven by the states that held elections in 2018. 

Due to the fact that all states that held elections in 2018 are West German, while all states that 

held elections in 2019 formerly belonged to Eastern Germany, this pattern could reflect 

interesting differences between east and west more than 30 years after the reunification. Further 

research is needed to explore the exact reasons behind these differences. 

Finding a positive effect of information in connection with temperature anomalies deviates 

from previous findings by Owen et al. (2012) who found that support for climate policies of 

individuals who consult a larger variety of news sources are less affected by temperature 

deviations. This difference could be explained by support for climate policies being measured 

by a binary survey response in their study. In reality though, support for climate policies is 

likely to be more nuanced. It is possible that informed voters are in general more likely to be in 

favour of stricter climate regulation, but that experiencing extreme weather increases the 

importance of this policy issue for their voting decision. 

It is interesting to note that in this case the effect of extreme weather seems to last for a longer 

time: temperature deviations during the summer months (June – August) seem to still affect the 

results of elections that are held two months later in October. Typically, effects of extreme 

weather are found to be short-term (Egan and Mullin 2012). This could be due to the severity 

of the heatwaves and the amount of attention they generated. As found by Konisky et al. (2015), 

more severe extreme weather events generate longer lasting effects. Another possible 

explanation is brought up by Donner and McDaniels (2013) who suggest that temperature 

deviations that are aggregated over a longer period have a longer lasting than temperature 

deviations at any one point in time. 

This analysis uses multiple elections from two different years. Despite this being a potential 

source of selection bias, the split of the sample by election years suggested that this was not the 

driver of the results. Still, a large-enough sample that contains only a single election would be 

preferable. Depending on the temperatures during the upcoming summer, a possible follow up 

assessment could revisit the research question by looking at the 2021federal. An analysis which 

would use one single election and all 16 federal states seems very promising. 
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Appendix 1 – Data 

Matching to Electoral Districts  

The unit of observation used in this analysis is the electoral district. Besides electoral results, 

the number of voters, and the area of an electoral district, all other data is reported at the 

municipality or the administrative district. Similarly, to the weather station data, these datasets 

are matched to electoral districts in QGIS. Technical details of this procedure as well as the 

definition of the individual variables are described below. 

Administrative District Data 

The borders of electoral and administrative districts are commonly intersecting. Most 

administrative districts are split between multiple electoral districts and it is common that an 

electoral district contains parts of two or more administrative districts. I define the value of a 

variable at the electoral district level as an area-weighted average of the administrative districts 

that overlap with the electoral district: 

𝑋𝑖 = ∑
𝑜𝑣𝑒𝑟𝑙𝑎𝑝𝑖𝑑
𝑎𝑟𝑒𝑎𝑖

𝑛

𝑑=1
× 𝑋𝑑 (A1) 

𝑋 denotes the value of a control variable. An electoral district i overlaps with n administrative 

districts d. The area of each of these overlaps are denoted 𝑜𝑣𝑒𝑟𝑙𝑎𝑝𝑖𝑑 and 𝑎𝑟𝑒𝑎𝑖 gives the total 

area of the electoral district. Overlaps which account for less than 2% of the electoral district’s 

area are excluded because these are likely caused by inaccuracies in the projection of the 

Shapefiles. The total area of the electoral district 𝑎𝑟𝑒𝑎𝑖 is adjusted for the omitted overlaps, to 

avoid calculating downward biased values for the electoral district level. Variables that are 

reported at the electoral district are: 

Unemployment rate: Unemployment rate measures the share of unemployed among the civilian 

labour force. The variable is reported as the yearly average of the unemployment rate during 

the election year. 

Agriculture employment share: The employment share of agriculture is defined as the share of 

employed in the first sector among all employed. The number of employed persons in the first 

sector contains all persons who are employed in agriculture, forestry or fishery. As all of the 

investigated states are landlocked, fishery should be negligible. As already discussed, forests 

were also heavily affected by the extreme temperatures (Umweltbundesamt 2019). As 

individuals working in forestry are very similarly affected by extreme weather like individuals 

employed in agriculture, combining the two categories should not be a problem. For the analysis 

I use the average sector employment in the pre-election year. 
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Municipality Data 

All of the control variables that are reported at the municipality level are measured in relative 

terms. These relative values are calculated at the electoral district level, after the dividend and 

the divisor are added up according to the following equation, 

𝑋𝑖 =∑
𝑜𝑣𝑒𝑟𝑙𝑎𝑝𝑖𝑚
𝑎𝑟𝑒𝑎𝑚

𝑛

𝑚=1
× 𝑋𝑚 (A2) 

where 𝑋 denotes the value of a variable. An electoral district i contains n municipalities which 

are denoted m. The area of the overlap between electoral district and municipality is denoted 

𝑜𝑣𝑒𝑟𝑙𝑎𝑝𝑖𝑚 and 𝑎𝑟𝑒𝑎𝑚 gives the area of the municipality.  

Different to administrative districts, municipalities are usually not split between electoral 

districts. The only municipalities that are split are bigger cities. In the sample 18 municipalities 

are split across a total of 63 electoral districts. As these 18 cities are the only municipalities that 

are split between electoral districts, I ignore all overlaps, but the largest overlap between 

electoral district and municipality, because they reflect inaccuracies in the Shapefiles. The area 

of the overlap is adjusted to these omissions. Therefore, the fraction 𝑜𝑣𝑒𝑟𝑙𝑎𝑝𝑖𝑚 𝑎𝑟𝑒𝑎𝑚⁄  equals 

1 for all municipalities, but the above mentioned 18 cities. Most of these 63 urban electoral 

districts contain no other municipalities, but the city that was split, which is why they simply 

use the city average. Only 8 electoral districts contain a part of a split municipality and another 

municipality in addition. Since the equation that is described above would potentially yield 

wrongly specified control variables, these 8 electoral districts will be dropped in a sensitivity 

analysis. The results are reported in Table A2 in Appendix 4. Control variables that are reported 

at the municipality share are: 

Mean income: Mean income is defined as the sum of taxable income divided by the total 

number of taxable persons and reported in thousand euro of pre-tax income. The analysis uses 

data from 2016 is used because it is the closest year to the investigated period. 

Age share: Age share is defined as the share of the voting age population that is younger than 

25 or older than 60 years respectively. The number of inhabitants in specific age groups is 

reported at the end of each year before the election. The voting age for four of the five states is 

18 years. Only Brandenburg has a voting age of 16 years. As the closest relevant age group is 

15 to under 18 years old, the voting age population for Brandenburg is defined as the number 

of inhabitants aged 15 and older. This definition is not entirely correct, but since the age group 

of 15 to under 18 years only accounts for 63,291 individuals of a total voting age population of 

2,179,000, the effect of the misspecification should be rather limited. 
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Agriculture area share: The area share of agriculture is defined as the share of area used for 

agriculture of the total area of the electoral district. Land use is reported at the end of the year 

before the election was held.  

Electoral District Data 

Voter density: Voter density measures the how many eligible voters live on a given area. The 

variable is reported in hundred voters per square kilometre. The number of eligible voters in 

each electoral district is reported in the official election results and the area of each electoral 

district is computed from the Shapefiles in QGIS. 
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attribution – Version 2.0 (https://www.govdata.de/dl-de/by-2-0). 

Landeswahlleiter des Freistaates Sachsen (2014): Official Results of the State Election 2014 

[Excel file]. Retrieved from https://www.wahlen.sachsen.de/landtagswahl-2014-

informationen-und-downloads.html. Used under the data licence Germany – attribution – 

Version 2.0 (https://www.govdata.de/dl-de/by-2-0). 

Landeswahlleiter des Freistaates Sachsen (2019): Official Results of the State Election 2019 
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Appendix 2 – The Heatwaves of 2018 and 2019 

Figure A1: Monthly Temperature Deviations, between 2018/2019 and 1981 – 2010 

June 2018 

 

July 2018 

 

August 2018 

 

June 2019 

 

July 2019 

 

August 2019 

 

Source: Own depiction based on the temperature data obtained from the DWD
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Appendix 3 – Distribution of Control Variables 

Figure A2: Control Variables at the Electoral District Level 

Agriculture Effect 

 

Newspaper Sales per 1,000 voters 

 
Source: Own depiction based on DWD data
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Appendix 4 – Sensitivity Analyses 

Reference Period 

Table A1: Comparison of Reference Periods 

 (I) (II) (III) (IV) (V) (VI) 

 Green Party Vote Share Change 

Temperature Deviation 
-0.467 

(0.302) 

-0.776 

(0.375) 

-1.076* 

(0.482) 

-2.528* 

(0.933) 

-0.746 

(0.498) 

-0.889 

(0.613) 

Temperature Deviation 

× Agriculture Share 
  

0.343** 

(0.077) 

0.898** 

(0.223) 
 

 

Temperature Deviation 

× Newspapers Sold 
    

0.782** 

(0.273) 

0.688 

(0.377) 

Agriculture Employment 

Share 
  

-1.138** 

(0.331) 

-3.192** 

(0.761) 
 

 

Newspapers Sold     
-2.061** 

(0.737) 

-2.379 

(1.231) 

Observations 294 294 294 294 294 294 

R-squared 0.869 0.873 0.873 0.886 0.874 0.878 

Reference Period 1981 - 2010 1961 - 1990 1981 - 2010 1961 - 1990 1981 - 2010 1961 - 1990 

State-Fixed Effects yes yes yes yes yes yes 

Note: The table compares two different reference periods. Columns I and II correspond to the estimates reported in Column III of Table 3. Columns III to VI correspond to Columns 

I and IV of Table 4 respectively. Columns I, III and V provide estimates for the reference period 1981 - 2010 for comparison. Columns II, IV and VI use the alternative reference 

period 1961 - 1990. The number of newspaper sales per 1,000 voters is transformed so that a value of 1 equals a one standard deviation increase from the mean. Control variables 

and state-fixed effects are included in all regressions. Robust standard errors are reported in parenthesis and clustered at the state level. * p < 0.1, ** p < 0.05, *** p < 0.01. 



 47 

Sample Restriction 

Table A2: Excluding Electoral Districts Which Contain a Split Municipality and Other Municipalities 

 (I) (II) (III) (IV) (V) (VI) 

 

 
Green Party Vote Share Change 

Temperature Deviation 
-0.467 

(0.302) 

-0.457 

(0.299) 

-1.076* 

(0.482) 

-1.057* 

(0.474) 

-0.746 

(0.498) 

-0.746 

(0.499) 

Temperature Deviation 

× Agriculture Share 
  

0.343** 

(0.077) 

0.336** 

(0.081) 
 

 

Temperature Deviation 

× Newspapers Sold 
    

0.782** 

(0.273) 

0.815** 

(0.277) 

Agriculture Employment 

Share 
  

-1.138** 

(0.331) 

-1.12** 

(0.34) 
 

 

Newspapers Sold     
-2.061** 

(0.737) 

-2.179** 

(0.741) 

       

Observations 294 286 294 286 294 286 

R-squared 0.869 0.872 0.873 0.870 0.874 0.874 

State-Fixed Effects yes yes yes yes yes yes 

Note: The table tests the sensitivity of the results to the exclusion of eight electoral districts for which control variables are potentially wrongly specified. Columns I and II correspond 

to the estimates reported in Column III of Table 3. Columns III to VI correspond to Columns I and IV of Table 4 respectively. Columns I, III and V provide estimates for the whole 

sample for comparison. Columns II, IV and VI exclude the above mentioned eight electoral districts. The number of newspaper sales per 1,000 voters is transformed so that a value 

of 1 equals a one standard deviation increase from the mean. Control variables and state-fixed effects are included in all regressions. Robust standard errors are reported in parenthesis 

and clustered at the state level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
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Five Weather Stations 

Table A3: Comparison Between Results for Three and Five Weather Stations 

 (I) (II) (III) (IV) (V) (VI) 

 

 
Green Party Vote Share Change 

Temperature Deviation 
-0.467 

(0.302) 

-0.932** 

(0.305) 

-1.076* 

(0.482) 

-2.852** 

(0.709) 

-0.746 

(0.498) 

-1.538** 

(0.529) 

Temperature Deviation 

× Agriculture Share 
  

0.343** 

(0.077) 

0.877*** 

(0.186) 
 

 

Temperature Deviation 

× Newspapers Sold 
    

0.782** 

(0.273) 

1.397*** 

(0.225) 

Agriculture Employment 

Share 
  

-1.138** 

(0.331) 

-2.442** 

(0.34) 
 

 

Newspapers Sold     
-2.061** 

(0.737) 

-3.601*** 

(0.633) 

       

Observations 294 286 294 286 294 286 

R-squared 0.869 0.868 0.873 0.882 0.874 0.883 

Weather Stations three five three five three five 

State-Fixed Effects yes yes yes yes yes yes 

Note: The table shows regression results when the temperature in an electoral district is calculated using the closest five instead of the closest three weather stations. Columns I and 

II correspond to the estimates reported in Column III of Table 3. Columns III to VI correspond to Columns I and IV of Table 4 respectively. Columns I, III and V provide estimates 

with three weather stations for comparison. Columns II, IV and VI use five weather stations to calculate temperature variables. The number of newspaper sales per 1,000 voters is 

transformed so that a value of 1 equals a one standard deviation increase from the mean. Control variables and state-fixed effects are included in all regressions. Robust standard 

errors are reported in parenthesis and clustered at the state level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
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Daily Maximum Temperatures 

Table A4: Effect of Maximum Temperatures 

 (I) (II) (III) (IV) (V) (VI) 

 Green Party Vote Share Change 

Number of Hot Days 

Deviation 

-0.098* 

(0.035) 

-0.180** 

(0.049) 

-0.293*** 

(0.047) 

-0.091** 

(0.032) 

-0.108 

(0.052) 

-0.082* 

(0.031) 

Hot Days Deviation 

× Agriculture Share 
 

0.045*** 

(0.004) 

0.005** 

(0.001) 
  

 

Hot Days Deviation 

× Newspapers Sold 
   

0.001 

(0.013) 

0.094*** 

(0.006) 

-0.055* 

(0.02) 

Agriculture Share  
-0.899*** 

(0.169) 

-0.082** 

(0.02) 
  

 

Print Media Sold    
0.241 

(0.240) 

-1.721*** 

(0.153) 

1.306** 

(0.42) 

       

Observations 294 294 294 294 294 294 

R-squared 0.876 0.881 0.880 0.878 0.888 0.892 

State-Fixed Effects yes yes yes yes yes yes 

Note: The table tests the sensitivity of the results when daily temperature maxima are investigated rather than mean temperatures. The explanatory variable is defined as the 

difference in the number of hot days (daily maximum temperature > 30 °C) during meteorological summer between the election year and the reference period 1981 – 2010. Column 

I shows baseline estimates corresponding to Column III of Table 3. The other estimates correspond to Table 4. The agriculture interaction effect using the agriculture employment 

share is listed in Column II, Column III uses the area share of agriculture. The information interaction effect using all print media is shown in Column IV; Column V uses only 

Newspapers and Column VI only tabloids. Print media sales are transformed so that a value of 1 equals an increase by one standard deviation. Control variables and state-fixed 

effects are included in all regressions. Robust standard errors are reported in parenthesis and clustered at the state level. * p < 0.1, ** p < 0.05, *** p < 0. 
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Appendix 5 – Descriptive Statistics, Sensitivity Analyses 

Table A5: Descriptive Statistics of Alternative Explanatory Variables 

 Mean 

Standard 

Deviation Minimum Maximum 

Panel A: Temperature 

Deviations     

1961 – 1990 Reference     

   Summer 3.3 0.57 -0.96 5.59 

   June 3.99 1.59 -1.44 7.22 

   July 2.54 0.94 -1.57 5.22 

   August 3.36 0.55 0.07 4.82 

5 Weather Stations     

   Summer 2.5 0.43 1.05 3.79 

   June 3.53 1.54 0.72 5.77 

   July 1.56 1.03 -0.1 4.01 

   August 2.4 0.58 0.86 4.54 

     

Panel B: Daily 

Maximum Temperatures     

Hot Days (> 30 °C)     

   Summer 14.27 5.68 1.3 29.9 

   June 4.02 4.62 -1.6 13.2 

   July 3.67 3.67 -1.1 13.7 

   August 6.58 3.37 0.2 14 

Summer Days (> 25 °C)     

   Summer 26.74 5.74 11.5 41.4 

   June 10.84 5.99 -0.1 21 

   July 6.87 4.44 -0.3 18.9 

   August 9.02 1.96 2.3 14 

Note: The table shows descriptive statistics of alternative definitions of the temperature deviation variable which 

are used for the sensitivity analyses described in Section 7.1. Estimates using these variables are reported in Tables 

A1, A3 and A4 of Appendix 4. 
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Appendix 6 – Descriptive Statistics by Election Year 

Table A6: Descriptive Statistics by Election Year 

 2018 2019 

 Mean 

Standard 

Deviation Minimum Maximum Mean 

Standard 

Deviation Minimum Maximum 

Panel A: Temperature 

Deviations 

    

    

Summer 2.46 0.66 0.8 4.75 2.56 0.38 0.99 3.25 

June 2.1 0.66 0.45 4.52 4.98 0.58 3.12 5.97 

July 2.37 0.94 0.24 5.24 0.76 0.45 -0.42 1.89 

August 2.87 0.55 0.77 4.45 1.96 0.36 0.29 2.67 

         

Panel B: Vote Share 

Changes 
        

Green Party 8.91 3.78 1.3 24.3 2.14 2.65 -1.4 10.6 

Union (CDU/CSU) -11.2 3.33 -19.2 -2.1 -8.57 3.12 -16.4 -0.9 

SPD  -11.24 3.58 -26.8 -5.8 -4.94 2.06 -12.6 0.7 

AfD  9.81 2.49 3.2 15.8 14.86 5.26 1.9 25.7 

FDP  1.96 0.94 -0.9 4.3 1.78 1.3 -1.5 5.3 

The Left 1.13 0.99 -0.4 4.9 -5.11 5.36 -12.5 8.5 

Federal Government -22.44 4.69 -36.5 -13.2 -13.51 3.23 -21.2 -3.4 

State Governments -7.97 5.32 -19.2 0.8 -9.59 5.63 -18.6 6.3 
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 2018 2019 

 Mean 

Standard 

Deviation Minimum Maximum Mean 

Standard 

Deviation Minimum Maximum 

Panel C: Print Media Sales, 

per 1,000 voters 
        

Print Media 220.71 60.76 73.9 534.9 181.16 66.18 54.4 680.3 

Newspapers 188.44 48.23 39.5 372.5 152.76 51.01 38.8 484.2 

Tabloids 32.27 42.91 10.2 293.4 28.4 24.57 6.3 208.1 

         

Panel D: Control Variables          

Voter Density (100/ km2) 6.13 11.38 0.5 82.5 3.93 7.07 0.27 46.2 

Unemployment Rate 3.41 1.32 1.3 9.2 5.53 1.3 3.5 10.8 

Mean Income (1000€) 42.47 6.94 31.53 71.98 32.39 3.77 26.36 55.15 

Share of under 25-year-olds 9.61 1.23 7.8 16.6 7.12 2.07 4.4 11.8 

Share of above 60-year-olds 31.97 3.24 24.7 38.1 39.26 4.53 29.7 46.8 

Share of Employees in 

Agriculture 
1.88 1.48 0 6.9 2.08 1.31 0 6 

Share of Area used for 

Agriculture 
39.47 14.49 7.7 69.8 47.66 15.5 26.36 55.15 
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