Environmental Science and Policy 140 (2023) 35-45

Contents lists available at ScienceDirect

Enyvironmental
Science &
Policy

Environmental Science and Policy

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/envsci

Check for

Changing seasonal temperature offers a window of opportunity for stricter &
climate policy

Lena Pfeifer *™“%" Ilona M. Otto *"

2 Leibniz-Centre for Agricultural Landscape Research (ZALF) e.V., Eberswalder Str. 84, 15374 Miincheberg, Germany

Y Wegener Center for Climate and Global Change, University of Graz, Brandhofgasse 5, 8010 Graz, Austria

¢ Potsdam Institute for Climate Impact Research, Telegrafenberg, 14473 Potsdam, Germany

4 Technische Universitit Berlin, Institute of Landscape Architecture and Environmental Planning, Strafe des 17. Juni 135, 10623 Berlin, Germany

ARTICLE INFO ABSTRACT

Keywords:

Climate change concern
Longitudinal data
Observational weather data
Seasonal temperature change
Mitigation

Germany

Environmental catastrophes, including the increased severity and frequency of climate extremes, can act as
“windows of opportunities” that challenge citizens’ mental models and motivate them to engage in reflective
processes, challenging their pre-conceived ideas. Less well understood is whether experiencing changing weather
conditions, common in mid-latitudes, can have a similar effect and increase the citizens’ concerns about climate
change and their willingness to accept more stringent climate policies. In this paper, we investigate the effects of
changing seasonal temperature on the perceived seriousness of climate change and willingness to mitigate
climate change. We use data from four yearly waves of a spatially explicit representative population survey in
Germany and weather records from the postal code areas in which they live. To our knowledge, this study is the
first analysis to link individual perceptions towards climate change and different mitigation options with sea-
sonal temperature changes at specific locations in Europe. The analyzed perceptions were strongly influenced by
socio-demographic characteristics and broader societal changes, as well as individual experiences of seasonal
temperatures. The results show that experienced seasonal temperature change influences personal climate
change concerns as well as the willingness to mitigate climate change, although with a weaker effect. The results
indicate that it is the absolute temperature variation experienced that is important, rather than whether it is
getting colder or warmer than usual. Considering the influences identified in this study can offer a window of
opportunity for more stringent and targeted climate change policy.

“windows of opportunity” that give rise to uncertainty and confusion,
which might, in turn, motivate actors to engage in reflective processes

1. Introduction

The experience of climate change and events that are conceptualized
as impacts of climate change, have the potential to shape human un-
derstanding, attitudes and risk assessment of global environmental
changes (Kundzewicz et al., 2020; Otto-Banaszak et al.,, 2011).
Enhanced climate mitigation measures require far-reaching political
action and their successful implementation strongly depends on public
opinion and pressure (Agnone, 2007). Understanding public opinion on
climate change and how it is influenced is therefore essential to not only
get a clear picture of the status quo but to also predict trends, and
identify possible “windows of opportunity” for successful climate
change policy implementation and communication (Sisco et al., 2017).
Several authors point out, that environmental catastrophes, including
increased severity and frequency of climatic extremes, might act as
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and challenge their pre-conceived ideas (Burns, 1994; Cremades et al.,
2018). Also at the individual level, life events that disrupt everyday
habits might open up a window in which individual behavior is more
likely to be deliberately reconsidered (Schafer et al., 2012; Verplanken
and Wood, 2006). Such opportunities are usually triggered by unpre-
dictable external or environmental factors (Otto et al., 2020), however,
it is important to work on social complexities such as public acceptance
and support for proposed transformational changes. This can help a
process of creative destruction (Schumpeter, 2010) by preparing new
social structures to replace old ones.

Most previous studies in the European context have addressed the
impact of extreme events on public opinion (Demski et al., 2017; Gartner
and Schoen, 2021; Kreibich, 2011; Spence et al., 2011; Taylor et al.,
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2014a,b; von Mollendorff and Hirschfeld, 2016; Janko et al., 2018). For
this reason, we do not yet fully know whether temperature changes that
are less dramatic but, nonetheless, affect practically everyone can also
influence public attitudes toward climate change and climate mitiga-
tion. The main objective of this study was to identify the impact of
changes in externally measured seasonal temperature on an individual’s
opinion about climate change and their support for climate policy,
considering the individual’s characteristics and prior beliefs. We asked
whether the way individuals experience variations in seasonal temper-
atures affects their opinions about the severity of climate change and
their support for mitigation policy. The study advanced our knowledge
in this area by making use of a representative longitudinal dataset
collected from a population in Germany by the GESIS Panel (GESIS,
2019) and a high-quality interpolation of weather and climate obser-
vations made at Deutscher Wetterdienst weather stations, which was
available at the Potsdam Institute of Climate Impact Research (Potsdam
Institute for Climate Impact Research, 2019). Germany is one of the
largest countries in the European Union in terms of its area, population
size and economic production; as such, it is also one of the countries with
the largest greenhouse gas emissions (IEA, 2022). The country plays an
active role in European Union environmental and climate policy, and its
active environmental social movements are known to shape the coun-
try’s politics (Renn and Marshall, 2016; Smith et al., 2020). In 2011,
after the Fukushima nuclear disaster, public protest led to a rapid shift in
domestic energy production known as the ‘Energiewende’ (Smith et al.,
2020). The German population has been subject to several studies
exploring the links between the political orientation, values, personal
characteristics, and environmental and climate perceptions, attitudes
and behavioral choices. As an example, Engels et al. (2013) used pop-
ulation survey data from Germany to analyze the links between public
climate-change skepticism, energy preferences and political participa-
tion. The study results indicate that climate-change skepticism corre-
lates negatively with support for renewable energy resources and
political participation, although this skepticism has not diffused widely
in Germany. Smith et al. (2020) analyzed German society panel data and
investigated the relationship between knowledge, concern and indi-
vidual willingness to make behavioral changes in response to polar ice
loss. The authors found that the concern for the polar regions is the
strongest predictor for the willingness of an individual to make behav-
ioral changes in response to polar ice loss. A study by Gartner and
Schoen (2021) identified no significant effect of weather extremes on
climate change perceptions in Germany.

Personal experiences with weather and their influence on climate
change perceptions have been addressed by a growing body of literature
since the early 2000 s (Marquart-Pyatt et al., 2014). This pathway of
investigation is still new and limited in terms of which kind of weather,
climate extremes and parts of the world reviewed, and the data and
methods used. The main focus of previous research has been on the USA
(Akerlof et al., 2013; Borick and Rabe, 2014; Donner and McDaniels,
2013; Egan and Mullin, 2012; Hamilton and Stampone, 2013; Li et al.,
2011; Marquart-Pyatt et al., 2014; Myers et al., 2012; Ray et al., 2017,
Zanocco et al., 2018); only a few can be found for the UK (Demski et al.,
2017; Spence et al., 2011; Taylor et al., 2014a), or other European
countries (Howe, 2018; Janko et al., 2018; Gartner and Schoen, 2021;
Kreibich, 2011; Shum, 2012; von Mollendorff and Hirschfeld, 2016).
Several studies, however, suggest that results in temperate climate
zones, that are typical for northern and central Europe, differ slightly
from the findings from warmer and less temperate climates, and
emphasize the need for country-specific approaches (Taylor et al.,
2014a,b). While some of the studies use perceived (subjective) experi-
ences of climate change, others use observed (objective) weather and
climate experiences to draw their conclusions.

Gartner and Schoen (2021) conducted a mixed-effects regression
with German panel data and objective weather observations, hence
followed a similar study design as proposed in this article. Their study
could not find an effect of weather extremes on climate change
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perceptions. Weather extremes are still rare and more moderate in the
investigated climate zone compared to world regions most affected by
climate change. Hence our attention focuses on continuous and more
subtle changes of seasonal temperature conditions, which might be more
relevant for understanding the influence of climate change on climate
change perceptions and policy attitudes.

This study is to our knowledge the first analysis to link individual
perceptions towards climate change and different mitigation options
with measured seasonal temperature changes at specific locations in
Europe. Its small geographical roster on a national scale is novel to
previous international research.

First, background information is provided to describe the association
between an individual’s experience of weather phenomena and their
perceptions of climate change. We then outline the method and the data
used in the study, present the study results, and finally present a dis-
cussion and conclusion based on these results.

2. The influence of weather phenomenon experience on climate
change perceptions and attitudes towards mitigation policy

Over the past decade, numerous studies have appeared on shared
knowledge, personal opinions and risk perceptions regarding climate
change, with several placing a specific focus on Germany. Diekmann and
Preisendorfer (2003) showed that, already in the early 2000 s, envi-
ronmental problems were an emotionally charged topic in Germany:
74% of survey respondents expressed fear about the environmental
conditions and their effects on future generations, and 66% expected an
environmental catastrophe to occur, if the style of living was main-
tained. Fifty-four percent of the respondents that time agreed that
people should be willing to lower their standard of living, and 27%
opted for environmental protection measures, even if these cost jobs.
More recently, Ziegler (2017) reported that 78% of Germans believed
that climate change was already occurring, while nearly three-quarters
supported additional federally funded climate protection measures. This
author also pointed out that his research indicated that a Green Party
affiliation was positively related to support for climate change policy
and a willingness to pay for environmentally friendly products.
Socio-demographic determinants, such as age, gender and education,
also seem to affect dispositions towards climate change. Smith et al.
(2020) found that one-third of all Germans felt somewhat or very well
informed about polar ice loss (31%), while more than half of all Germans
were not concerned about polar ice loss. However, a substantial share of
German respondents reported that they were willing to drive less to
reduce carbon emissions (41%). As correctly pointed out by Kollmuss
and Agyeman (2002), a person’s environmental consciousness is influ-
enced by a whole range of factors that affect their environmental
knowledge, values and attitudes. These, in turn, are embedded in
broader personal values and shaped by personality traits, as well as
other internal and external factors. Although the access to information is
important for shaping environmental attitudes, this effect is moderated
by trust in science and trust in the source of messages (Diamond et al.,
2020).

Research has shown that many of an individual’s opinions about
climate change and willingness to mitigate are influenced by specific
factors, such as their gender, age, political identity, education and
economic status (Akerlof et al., 2013; Borick and Rabe, 2014; Egan and
Mullin, 2012; Hamilton and Stampone, 2013; Howe, 2018; Myers et al.,
2012). A growing number of studies are being carried out to investigate
the effects of changing or extreme weather and climatic conditions on
such perceptions. Researchers analyzing the relationships between
perceptions of climate change and externally measured climate condi-
tions, however, have predominantly focused on populations in the USA
(Donner and McDaniels, 2013; Egan and Mullin, 2012; Hamilton and
Stampone, 2013), while those conducted in Europe have mostly focused
on people’s experiences in extreme floods (Demski et al., 2017; Kreibich,
2011). Few European studies have investigated the effect of the
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observed temperature data on climate change perceptions, but these
have been carried out on the collective level by using national averages
(Howe, 2018; Shum, 2012) and have generally disregarded individual’s
experiences and opinions. Only Gartner and Schoen (2021) conducted a
German study on an individual level on small spatial scales, however
exclusevley investigating weather extremes. Country-specific studies,
however, are important, since climate change perceptions and how
these perceptions change over time vary greatly between different
countries. The climate change perceptions in the USA, for example,
unlike those in Germany, have been subject to strong fluctuations
despite the growing amount of scientific knowledge on this topic (Myers
et al., 2012; Borick and Rabe, 2014).

The studies reviewed range in scale from explicit location (Zanocco
et al., 2018), to county or even climate zones (Marquart-Pyatt et al.,
2014). The extremes included in these datasets are often limited to
single or very few event types. Just as many studies use single survey
social data (Akerlof et al., 2013; Demski et al., 2017; Ray et al., 2017;
Zanocco et al., 2018) as social data from time-series surveys (Borick and
Rabe, 2014; Donner and McDaniels, 2013; Egan and Mullin, 2012;
Hamilton and Stampone, 2013; Marquart-Pyatt et al., 2014), however
very few made use of a longitudinal dataset (Gartner and Schoen, 2021;
Howe, 2018; Myers et al., 2012). Several papers call for longitudinal
data analysis in the future to “clearly distinguish between the role of
personal weather experience and other correlates” (Donner and McDa-
niels, 2013) (see also Borick and Rabe, 2017; Demski et al., 2017).

There are two major streams of research, which differ in whether the
individual experience of climate change is self-reported or derived from
climatic and weather observations. The research stream of perceived
experience of climate change, surveys an individual’s subjective opinion
on the matter. It indicates how many people believe they have person-
ally experienced climate change, which events they conceptualize as
being the result of climate change, and the relationship between these
perceived experiences and opinions on climate change. The findings of a
large body of literature reveals that the majority of people surveyed,
report that they have experienced some form of event they associate
with climate change (Reser et al., 2014). While in the USA most re-
spondents reported experienced changes to seasons as an impact
resulting from climate change (Akerlof et al., 2013), respondents from
the UK report an increasing experience in flooding, periods of heavy
rainfall, coastal erosion and mild winters and a decrease in heat waves
and hot summers (Taylor et al., 2014a,b). Understanding how people
conceptualize climate change is of great importance, since many studies
suggest that only events associated with climate change impact climate
change opinion (Borick and Rabe, 2014).

In contrast to perceived experience studies, the stream of research
investigating the impact of observed weather and climatic conditions on
climate change opinion uses objective meteorological data to investigate
whether certain specific climatic variabilities and weather events have
an influence on an individual’s opinion. There is evidence that prior
beliefs skew perceptions about experienced weather and climate change
through processes such as mental models and motivated reasoning
(Borick and Rabe, 2017; Hamilton and Stampone, 2013; Hart and Nis-
bet, 2012; Myers et al., 2012; Zanocco et al., 2018). Howe (2018)
analyzed how the perceived temperature deviation of two Norwegian
winters depended on individual characteristics as well as prior beliefs.
Furthermore, he tested the accuracy of this evaluation compared to
observed weather data. He concluded that respondents on average recall
seasonal temperature variation accurately, however they are slightly
influenced by their prior beliefs. Mental models can be described as a
mechanism of how to perceive and interpret your environment, retrieve
memorized information and apply this knowledge to problem solving
(Denzau and North, 1994; Otto-Banaszak et al., 2011). Since mental
models are flexible and manipulable (Senge, 1990) they can be corrected
for flaws or uncertainties which cause unpredicted events. They are
therefore seen as drivers for learning and action. Motivated reasoning
refers to a cognitive process in which the search of an individual’s
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memory might “occur selectively in order to support a pre-desired
conclusion” (Leviston et al., 2014, p. 442). The psychological distance
of an individual to an object or event influences how it is perceived and
addressed (Singh et al., 2017; Spence et al., 2012). While the dilemma of
climate change is its complexity and uncertainty, making it difficult to
draw clear conclusions between action and impact (Otto-Banaszak et al.,
2011), personal experiences can reduce psychological distancing.
Research has shown that climate action is discouraged when climate
change is considered to be psychologically distant and perceived as
abstract, less real or irrelevant (McDonald et al., 2015; Spence et al.,
2012).

3. Data

To draw conclusions on the influence of environmental conditions on
social processes, our analysis must combine two datasets: one repre-
senting the attitudes and socio-demographic conditions and the other
the local environmental conditions of each respondent. These datasets
are combined through a shared georeferenced variable.

3.1. Panel data: climate change concern and willingness to mitigate

Dependent and socio-demographic variables for this analysis are
taken from the longitudinal dataset of the Gesis Panel of the GESIS
Leibniz Institute for the Social Sciences (GESIS, 2018). The Gesis Panel
dataset was chosen due to its high-quality execution, relevant questions
for this analysis, large numbers of representative responses and its panel
character. The panel surveys approximately 4400 randomly selected
permanent German residents aged between 18 and 70 years. The pan-
elists are repeatedly surveyed in six waves every year.

Due to availability restrictions, only the data from the start of the
panel in 2014 until 2018 is used. In this timeframe a total of 5543 re-
spondents answered one or more waves of the Gesis Panel. In order to
work with a complete dataset, in which all variables used were answered
every year, non-complete responses were cut from the analysis, which
reduced the sample size to 1799 respondents. The subsample of the Gesis
Panel used was compared to the socio-demographic data of the 2011
census of Germany, available via the Statistisches Bundesamt (2019)
(Supplementary Table 1). Age, gender, and income of the subsample of
the Gesis Panel correspond with the distribution and mean of the
German general population. The German statistics of 2011 show a
higher proportion of people with a secondary education or lower, and a
lower proportion of people with a vocational or tertiary degree than the
Gesis Panel sample. Hence, it can be assumed that the sample analyzed is
generally representative of the German population, even if slightly
better educated.

As outlined in the previously discussed literature, an individual’s
opinion on climate change can be influenced by socio-demographic
variables such as gender, education, personal income, and political
identity. These variables have been included in the analysis as control
variables (Supplementary Table 3). While the distance of the re-
spondent’s residence to the next city is not a variable commonly used in
comparable literature, it was also included on the basis that rural and
urban populations might have differing experiences with, and de-
pendencies on, weather and climate.

Individual concern about climate change and willingness to mitigate
climate change is deduced from the third survey wave of the year,
collected each July. The respondents are asked to rate their evaluation to
the question “In your opinion, how serious is the problem of climate
change currently?” on a scale from zero to ten (Kolb and Weyandt,
2018). Climate change concern increased around 3% from the total
average of 8.12-8.41 between 2014 and 2018 on an 11-level scale
(Fig. 1a). In 2015 one third of respondents showed stable positions on
climate change concern, while one third each exhibited declining and
rising concerns compared to their previous year responses (Fig. 1b). By
2018 the share of respondents with stable positions rose to 39%, with
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fewer people feeling a decline in their concern.

The respondents’ willingness to mitigate climate change is deduced
from their agreement to (1) abandon fossil fuels as soon as possible, (2)
pay much higher prices, (3) pay much higher taxes and (4) accept cuts in
their standard of living in order to protect the environment on a scale
from one to five (Kolb and Weyandt, 2018). While the consent to these
measures is less pronounced than the concern about climate change, the
increase of the mean of the distribution between 2014 and 2018 is
similar and corresponds with the extent of climate change perception
(Fig. 1c). While self-determined mitigation options surveyed are on
average equally agreed upon (means for prices and living standard: 3.6),
governmental solutions, such as taxes (mean: 3.0) and phasing out fossil
fuels (mean: 3.1) are less popular. The willingness to abandon fossil fuels
was chosen as the final indicator of willingness to mitigate climate
change for the regression analysis, due to its clear climate policy
association.

3.2. Observed Seasonal Temperature Change

The observed weather data is extracted from a weather and climate
dataset available at the Potsdam Institute of Climate Impact Research
(PIK) and is an interpolation of weather and climate observations of the
weather stations of the Deutscher Wetterdienst (Potsdam Institute for
Climate Impact Research, 2019). The timeframe of the data ranges from
2000 to 2018 and post code is its smallest geographical unit.

In a pre-study, the effects of an array of weather and climate vari-
ables, including number of snow, heat and storm days, length of longest
heat period, and seasonal averages of temperature and precipitation, on
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the proposed dependent variables were tested. Changes in temperature,
however, proved to have the most pronounced and significant effect on
individual concern about climate change, and willingness to mitigate,
and therefore was analyzed in closer detail.

The resulting analysis chose to investigate the effects of seasonal
temperature change. Hence, the recorded temperature for each period
was compared to the temperature of the previous year and the 19-year
average for each post code area. Inclusion of an analysis of the devia-
tion from the 30-year average was contemplated, but 30-year averages
were only available on a municipality level, which was not considered
detailed enough. To test temperature deviations experienced as close to
the collection date of the social data in July, seasons were defined as the
averages of the following months, (1) winter: January, February, March
(2) spring: April, May, June (3) summer: July, August, September and
(4) fall: October, November, December.

All temperature deviations were calculated in relative (positive or
negative change), as well as absolute (extend of change), terms. Seasonal
temperature change compared to the previous year proved to have the
most significant and largest effect, hence comparisons to the 19-year
average are not further discussed (Supplementary Table 7).

Fig. 2 shows the distribution and extent of seasonal temperature
deviation in the post code areas compared to the previous year. The
temperature deviations ranged from — 3.6-6.1 degrees Celsius and
seasonal temperature averages increased by 0.4 degrees Celsius on
average during this time frame (Supplementary Table 4). Compared to
the 19-year average, seasonal average temperatures fluctuated between
2.1 and 3.2 degrees Celsius and increased on average by 0.6 degree
Celsius (Supplementary Table 5).

2018
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Fig. 2. Distribution of seasonal temperature change by postal code area in Germany (The matrix displays the counts and extend of variation of relative seasonal
temperature compared to the previous year for each respective season and year between 2014 and 2018 for each interpolated postal code area).
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4. Method

We present effects estimated with a mixed-effects linear regression
based on restricted maximum likelihood (REML). The goal of the anal-
ysis is the estimation of the regression parameters f that maximize the
log-likelihood function:

(€8]

g 3 o ()

where y is the dependent and x the explanatory variable and b the
dummy argument for the maximization problem. Different model de-
signs were tested, and the best fitting model was selected for this anal-
ysis (Supplementary Table 6).

For the regression analysis the place of residence in 2014 is used
under the assumption that there was no migration of the respondents,
and the unit of post code is considered to be sufficiently small to conduct
an analysis at an individual level. Since the panel data is collected in
July, summer and fall temperature variabilities of each year are corre-
lated with the opinion collected the following year.

Table 1
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5. Research results

Table 1 displays the results of the mixed-effects logistic regressions
for the dependent variable reflecting each individual’s concern about
climate change, with seasonal temperature variabilities compared to the
previous year. The seasonal temperature change variables only become
significant when analyzed at an absolute level, i.e. when the direction of
the temperature deviation is ignored. All variables, except absolute fall
temperature change show a small but significant effect on concern about
climate change. All control variables, except level of education and
personal income, have significant effects on concern about climate
change. The year in which the opinion was recorded has been included
in the regression model to control for unobserved events or trends in
each year that are common for all individuals (e.g., media coverage,
Climate Strikes, Fridays for Future). These unobserved trends become
more significant and increase in effect between 2015 and 2018
(compared to the base year in 2014) and have sometimes even the
strongest positive effect on concern about climate change by 2018.

The results of the mixed-effects logistic regressions for the dependent
variable, reflecting willingness to mitigate climate change, behave in a
similar manner. However, apart from fall temperature change, they

Effects of seasonal temperature change on concern about climate change (The table displays the fixed effects estimates, standard error and t-values of eight
mixed-effect logistic regression models, varying in season and absolute and relative temperature values used. A two-tailed t-test was used to calculate significance
levels of the parameters. With the degree of freedom of 1798 the critical t-values for significance levels 0.001, 0.01, 0.05 and 0.10 are 3.296, 2.579, 1.961 and 1.645.

#%% p < 0.001; ** p < 0.01; * p < 0.05,. p < 0.1).

Winter

Spring

Relative Variation Absolut Variation

Relative Variation Absolut Variation

B Std. t-value B Std. t-value B Std. t-value i Std. t-value
Error Error Error Error
(Intercept) 7.537 0.306 24.609  ***  7.359 0.303 24.308  *** 7,516 0.293 25.635  ***  7.505 0.293 25.618  ***
Temperature -0.023  0.049 -0.478 0.076 0.043 1.769 -0.041  0.027 -1.547 -0.053  0.023 -2.326 *
Distance to City -0.042 0.025 -1.670 . -0.040 0.025 -1.615 -0.042 0.025 -1.673 . -0.042 0.025 -1.684 .
Female 0.387 0.084 4.598 k0,386 0.084 4.585 ko 0.388 0.084 4.603 *kE 0,388 0.084 4.608
Level of 0.094 0.072 1.311 0.094 0.072 1.309 0.094 0.072 1.307 0.094 0.072 1.309
Education
Personal Income 0.001 0.035 0.039 0.001 0.035 0.030 0.002 0.035 0.045 0.002 0.035 0.043
Political Interest 0.196 0.046 4.263 0,196 0.046 4.264 0,196 0.046 4.264 0,197 0.046 4.289 ekl
Left-Right -0.150  0.019 -7.891 % 0,150  0.019 -7.900 % .0.150  0.019 -7.886 **% - .0.150  0.019 -7.903 el
Orientation
Year
(compared to
2014)
year2015 0.055 0.141 0.391 0.247 0.083 2.984 0.044 0.064 0.678 0.083 0.044 1.870 .
year2016 0.130 0.100 1.303 0.363 0.115 3.159 o 0.143 0.046 3.147 b 0.134 0.045 3.010 i
year2017 0.175 0.107 1.635 0.416 0.117 3.545 % (0.188 0.047 4.037 wE 0,169 0.047 3.601 el
year2018 0.270 0.126 2.134 * 0.489 0.101 4.857 e 0.357 0.046 7.827 ek 0.390 0.049 7.888 i
Summer Fall
Relative Variation Absolut Variation Relative Variation Absolut Variation
[i} Std. t- p Std. t- [} Std. t- [} Std. t-
Error value Error value Error value Error value
(Intercept) 7.473 0.294 25.398 s 7.471 0.293 25.496 ek 7.333 0.381 19.256 ks 7.275 0.372 19.573 e
Temperature 0.019 0.025 0.761 0.038 0.020 1.935 -0.085  0.127 -0.665 0.111 0.116 0.960
Distance to City -0.042  0.025 -1.670 . -0.042  0.025 -1.700 . -0.042  0.025 -1.666 . -0.041  0.025 -1.654 .
Female 0.387 0.084 4.599 s 0.386 0.084 4.588 ek 0.387 0.084 4.599 s 0.388 0.084 4.601 i
Level of 0.094 0.072 1.309 0.094 0.072 1.314 0.094 0.072 1.307 0.094 0.072 1.308
Education
Personal Income 0.001 0.035 0.040 0.001 0.035 0.015 0.001 0.035 0.038 0.001 0.035 0.037
Political Interest  0.196 0.046 4.263 0.196 0.046 4.265 0.197 0.046 4.269 0.197 0.046 4.274
Left-Right -0.150  0.019 -7.890 -0.150  0.019 -7.905 **k 0,150  0.019 -7.892 -0.150  0.019 -7.895
Orientation
Year
(compared to
2014)
year2015 0.149 0.056 2.653 0.180 0.051 3.491 0.335 0.325 1.029 0.406 0.301 1.349
year2016 0.185 0.044 4.198 0.204 0.044 4.615 0.382 0.317 1.206 0.466 0.308 1.513
year2017 0.242 0.049 4.942 wEE 0,282 0.052 5.456 wRx0.379 0.240 1.577 0.461 0.253 1.825 .
year2018 0.375 0.076 4.924 R 0.329 0.041 7.977 k% 0.552 0.342 1.615 0.596 0.283 2.102 *
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show weaker effects and show lower significance levels than the results
of the climate change concern models (Supplementary Table 8 and 9).
The spring and fall temperature change variables also only show sig-
nificant effects on willingness to mitigate when analyzed at an absolute
level, while summer and winter temperature change do not prove to be
significant at all. All control variables, except level of education and
personal income, have significant effects on willingness to mitigate. The
unobserved trends, captured in the year variable, also become more
significant and increase in effect between 2015 and 2018 (compared to
the base year in 2014) and have the strongest positive effect on will-
ingness to mitigate by 2018.

The percentage effect and standard deviation for each variable of
concern about climate change is displayed in Fig. 3. Except for the level
of education and personal income, socio-demographic variables have
the largest effects on concern about climate change. Being female
increased the level of concern by 4.26%. Opinion on the seriousness of
climate change increases by 2.16% per unit of additional political in-
terest expressed by the respondents (on a scale from 1-weak to 5-strong).
Concern about climate change decreased by 1.65% per unit to the right
that respondents identified on a left to right political orientation spec-
trum (11 levels). An individual’s geographic distance to a city also
significantly influenced concern about climate change: with each level
of increasing distance to a city (6 levels) there was a decrease of 0.46%
in the opinion on the seriousness of climate change. Across the absolute
seasonal temperature change, varying winter temperature showed the
largest effect on opinions. With each degree Celsius deviation of the
winter average temperature from the previous year, concern about
climate change increased by 0.83%. Summer temperature change had a
similar, but smaller, effect, increasing concern by 0.42%. Spring tem-
perature change is negatively correlated with concern about climate
change, showing reductions of 0.59% per degree Celsius. Unlike the
effects of the socio-demographic variables, the effects of the unobserved
trends captured in the year variable, differ between the seasonal datasets
analyzed. Therefore, the effects specific to the summer temperature
variation are displayed in Fig. 4. Here it becomes apparent that concern
about climate change increases every year driven by common unob-
served drivers. Compared to 2014, these unobserved drivers have the
effect of increasing concern about climate change by almost 3%.

The percentage effect and standard deviation for each variable on
willingness to mitigate climate change is displayed in Fig. 5, with the
effects of the socio-demographic variables again described in a gener-
alized manner across all models. Except for the level of education and
personal income, socio-demographic variables have the most significant
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effects on willingness to mitigate climate change, albeit slightly lower
than on climate change concern. Being female increases willingness to
mitigate by 2%. Willingness to abandon fossil fuels increases by 1.83%
per unit of additional political interest expressed by the respondents (on
a scale from 1-weak to 5-strong). Willingness to mitigate climate change
decreased by 1.52% per unit to the right that respondents identified on a
left to right political orientation spectrum (11 levels). With each level of
increasing distance to a city (6 levels) willingness to mitigate climate
change decreases by 0.55%, which is slightly higher than its effect on
climate change concern. Across the absolute seasonal temperature
change, varying temperature in the fall showed the largest effect. With
each degree Celsius the average temperature in the fall deviated from
the previous year, willingness to abandon fossil fuels increased by
2.05%. Spring temperature change is negatively correlated with will-
ingness to mitigate, with a reduction of 0.49% per degree Celsius.

Considering the maximum values of the continuous temperature
variables and the number of levels of the categorical socio-demographic
variables, Table 2 presents the maximum effect predicted for each var-
iable on concern about climate change and willingness to mitigate
climate change, respectively. These values clearly show the magnitude
of the effect that socio-demographic variables have as compared to
seasonal temperature changes. Hence, a person who holds far-left po-
litical views is likely to express a 16.5% higher concern for climate
change and a 15.2% higher willingness to mitigate climate change than
a person who holds far-right political views. In comparison, a person
experiencing the maximum observed seasonal temperature variation is
likely to express concern about climate change that is 1.3% (summer) to
5.0% (winter) higher as compared to persons who do not experience
temperature variation. Similarly, a person who experiences the
maximum observed seasonal temperature variation is likely to express a
variable amount of willingness to mitigate climate change that ranges
from — 1.53% (spring) to 7.32% (fall) as compared to persons who do
not experience this temperature variation.

6. Discussion and conclusions

The results of this study show that seasonal temperature change in-
fluences personal climate change concerns even in temperate climate
zones. While relative variations and temperatures in the fall did not
prove to have significant effects, absolute winter and summer temper-
ature change show positive effects. Spring temperature change has sig-
nificant negative effects on climate change concern. Additionally,
although the effects of relative temperature change are not statistically
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Fig. 3. Effects in % for concern about climate change and absolute seasonal temperature deviation from previous year (The Figure shows consolidated
regression coefficients standardised in %. Socio-demographic variables: similar across seasonal temperature datasets, hence only results of the summer model are
displayed. The standard deviation is displayed in the error bars. Non-significant variables are marked with *).
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significant, absolute change has considerably larger effects. This in-
dicates that it is more important that seasonal temperatures are expe-
rienced as “different to usual” than whether it gets colder or warmer.

While the effects of temperature change on willingness to mitigate
are less robust than on climate change concern, spring and fall tem-
perature variation show significant effects. Additionally, the responses
to the support of mitigation measures correspond with the extent of each
individual’s climate change perception (Fig. 1c). Hence the effects of
seasonal temperature change on concern about climate change may
offer a window of opportunity for more stringent climate change policy.
Furthermore, the stronger results for the summer seasons may indicate
that these effects may be stronger when the experience of seasonal
temperature change is conceptualized as an effect of climate change.
Therefore, enhancing the communication of this relationship opens a
second window of opportunity to increase public support of mitigation
measures.

This communication could be targeted toward altering the mental
models that people use to interpret their environment, retrieve memo-
rized information, and apply this knowledge to problem solving (Denzau
and North, 1994; Otto-Banaszak et al., 2011). Mental models are flexible
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and manipulable (Senge, 1990), and they can be corrected for flaws or
uncertainties, which cause unpredicted events. Therefore, they are seen
as drivers for learning and action. Issuing such communications during
unusual temperature changes, informing people that climate change is
occurring here and now, and advocating specific climate adaptations
and mitigation measures can help alter the current mental models,
facilitate learning and promote collective action.

Furthermore, the results suggest that respondents are more likely to
accept self-determined mitigation options, such as lowering living
standards and paying higher prices, while governmental solutions such
as taxes and phasing out of fossil fuels showed to be less supported.

The positive effects of winter, summer and fall temperature change
on climate change perceptions were expected and are in accordance
with previous studies identifying positive effects of local temperature
change on climate change perception (Egan and Mullin, 2012; Howe,
2018). However, the decreasing significant effect of absolute spring
temperature variation is surprising and may be explained by several
factors. Spring average temperatures increased between 2014 and 2018
(Fig. 2; Supplementary Table 4 and 5) and the milder seasons may have
been welcomed and considered as positive. Furthermore spring
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Table 2
Maximum predicted effects in % on concern about climate change and will-
ingness to mitigate climate change.

Variable Max. predicted effect on Max. predicted effect on
concern about climate willingness to mitigate climate
change in % change in %

Winter 5.01 n.a.

temperature
variation

Spring temperature -1.85 -1.53

variation

Summer 1.26 n.a.

temperature
variation

Fall temperature n.a. 7.32

variation

Distance to city -2.30 -2.75

Female 4.26 2.00

Expression of 8.64 7.32

political Interest

Political -16.50 -15.20

orientation (left -
right)

temperatures have been linked less with climate change in the media
than temperature in other seasons (Lang, 2014). The small and insig-
nificant effect of fall temperature change also underlines the possibility
that the extreme seasons of summer and winter are more widely
recognized as being influenced by climate change, with decreasing snow
days and increasing heat days being experienced.

While the individual experience of temperature change in summer
had a smaller effect on climate change concern than in winter, one must
bear in mind that broader societal changes have been captured in the
annual variables. The increasing significance and effect of broader so-
cietal changes in recent years (compared to 2014) indicate that climate
change concern intensifies over time, particularly in the spring and
summer models. This trend is likely to be a combination of shared
experience of warmer springs and summers, the increased attention to
climate change in media and politics, and rise in visibility of climate
activism (e.g., through the Fridays for Future movement). Hence the
increasing concern for climate change is influenced by such broader
societal changes as well as the individual experience of seasonal tem-
perature change. With warmer summers and linked heat waves being
widely discussed in the media as effects of climate change they are likely
to be perceived as a common trend, even leading to the term “Heisszeit”
(“Heat Age”; adaptation of the term of Ice Age) being voted German
Word of the Year in 2018 (GfdS, 2018). Winter temperature variations,
however, have been less discussed in connection with climate change
and are therefore more likely to be captured in the model as an indi-
vidual experience. This emphasizes the necessity to understand how
people conceptualize climate change, as many studies suggest that
perceptions are only affected by events associated with climate change
(Borick and Rabe, 2017).

The calculated maximum predicted effects of the independent vari-
ables in Table 2 show the extent and limitations of each variable’s effect
on people’s concern about climate change and their willingness to
mitigate. It also highlights the possible effects when examining the ex-
tremes, e.g. comparing people with far-left and far-right political views
or comparing no temperature change to a maximum temperature change
of 6 degrees Celsius. While the regression coefficients for seasonal
temperature variables are considerably small, people who experience
extreme temperature changes in winter and fall may express more
concern about climate change or willingness to mitigate, based on fac-
tors like their gender or expression of political interest. Apart from their
political views, these effects are rather small — even for the extremes —
ranging from 1.53% to 8.6%. This means that each of these effects
constitutes a contributing rather than a leading factor in shaping a
person’s concern about climate change and their willingness to mitigate.
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We argue that changing local climate and weather conditions have a
potential to sensitize people to climate change and can offer the op-
portunity to implement policies leading to large scale social change to-
wards decarbonisation. Research on social tipping dynamics suggests
that even small interventions can lead to drastic social change through
so-called “contagious spreading (...) of behaviors, opinion, knowledge,
technologies or social norms” (Otto et al., 2020). Understanding when
the public is most open to policy interventions can speed up policy
implementation. By identifying the possibility of such windows of op-
portunity, policy makers can prepare strategies and implement policy
when they are most likely to be supported by the public.

Unlike previous studies, personal income (Akerlof et al., 2013; Myers
et al., 2012) and education (Akerlof et al., 2013; Borick and Rabe, 2014;
Egan and Mullin, 2012; Hamilton and Stampone, 2013; Myers et al.,
2012) had no statistically significant effect on climate change concern
and willingness to mitigate in Germany. The bilinear shape of the cor-
relation curve between expression of political interest and concern
about climate change (see Supplementary Figure 3) indicates that higher
degree of political interest can either have a strong increasing or
decreasing effect on the responses, meaning that the effect is probably
higher when splitting the sample in respondents of low and high concern
for climate change. In general, this identified trend is consistent with
research in the USA where the degree of party affiliation behaves in a
similar manner (Borick and Rabe, 2014). Identifying further to the right
on a left to right political spectrum, decreases respondent’s opinion on
seriousness of climate change and willingness to mitigate by approxi-
mately 1.52-1.65% per level. Political orientation is a good indicator
how group affiliation and a corresponding mental model possibly in-
fluences personal opinion and has produced similar effects for party
affiliation in the USA (Marquart-Pyatt et al., 2014; Ray et al., 2017). All
parties represented in the German Parliament, except for the far-right
AFD party, positioned climate protection at the core of their election
program during the 2021 German federal elections (Welle, 2021). This
trend of climate change protection being moved more and more into the
political mainstream may help to detach climate change concern from
the far-left political identity and lead to more changes in concern about
climate change among conservative voters.

Living further away from a city has a decreasing effect on both
dependent variables. This variable was categorized in 6 uneven levels of
approximately 10-20 km, hence approximately each additional 15 km
of distance between residence and a city decreased concern about
climate change and willingness to mitigate by approximately half a
percent. Janko et al. (2018) found similar trends in the Hungarian
population were the size of settlements of the respondent’s residence
positively influenced concern about climate change and willingness to
act. Declining trends with increasing distance to cities might to some
extend be explained by its strong link to political ideology. Since the
impacts of weather and climate variations are however experienced
differently in rural compared to urban areas, a split sample analysis
might offer some new information.

The high and statistically significant effects of the socio-demographic
variables may indicate that there are different clusters of respondents
that need to be addressed differently. Climate change communication,
targeting different citizen groups, is important to enhance the effects of
the experience of changing climate and weather on climate change
opinion, since the reception of a message is not only highly dependent
on experiences but also prior beliefs (Borick and Rabe, 2017). In our
sample, opinions of respondents identifying further to the political right
or in higher income groups tended to vary the most. Metag et al. (2017)
identified five different typologies of Germans’ views on climate change
and patterns of media use. In particular, people who are disengaged or
doubtful about the existence of climate change barely seek information
on this matter. While the disengaged avoid information-oriented and
complex reporting in favor of tabloids, the doubtful seek their infor-
mation online. Interestingly, television is used as an information source
across all typologies (Metag et al., 2017). Communicating intangible
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bridges between climate change and resulting changes in weather and
seasonal climate in local mainstream media - for example in the weather
forecast - may have enhancing effects.

Even with increasing climate change concern and willingness to
mitigate, one needs to be aware of barriers for these perceptions to
translate to real action for climate protection. Next to socio-
demographics, and awareness building experiences and communica-
tion discussed in our study, particularly perceived costs play an impor-
tant role in motivating or hindering action (Kollmuss and Agyeman,
2002; Diekmann and Preisendorfer, 2003).

Our findings differ to the similar study of Gartner and Schoen (2021).
While they were not able to confirm effects of extreme weather condi-
tions on climate change perceptions in Germany, our study was able to
identify small but significant effects of seasonal temperature change. We
believe that this is due to the character of the weather conditions we
looked at. Germany is located in the temperate climate zone and it has so
far suffered a lower magnitude of weather extremes and climate change
impacts than other world regions. We suppose this explains why the
authors, despite applying several different models did not find signifi-
cant effects of experiencing weather extremes on perceptions of climate
change and climate policy attitudes (Gartner and Schoen, 2021). In
contrast, we looked at seasonal temperature changes, that turned out to
have a significant influence on perceptions of climate change and
climate change policy attitudes. Similar to the study of Gartner and
Schoen (2021), we also applied a mixed-effect linear regression to
capture interdependencies, hence the significant effects of our study
cannot be attributed to an overestimation. Both studies used the same
source of weather data, and similar panel data, time frame and resolu-
tion. Our differing results therefore indicate that rather than the expe-
rience of short lasting and sudden weather extremes, which are still rare
in the studied climate zone compared to other world regions, longer
timeframes of temperature abnormalities can shape climate change
perception and willingness to mitigate in Germany. This contradicts the
common consensus that citizens predominantly shape their risk
perception based on temporal close events and adds to the growing
understanding that also long term and subtle changes can influence
citizens’ mental models and consequently lead to shifts in attitudes and
responses (cf. Otto-Banaszak et al., 2011; Otto et al., 2020).

In our study, time and access restrictions on the use of the data in the
Gesis security data center limited the possibility of further model
development and additional evaluation. The rich data treasure of the
longitudinal data collection used in combination with observational
weather data, however, has potential for further exploration, particu-
larly in the analysis of typologies and clusters within the German pop-
ulation and the development of climate change perceptions. While in the
overall sample the level of education and personal income had no sig-
nificant effect, they may be influential in clustered population groups.
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