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Abstract

Climate policy is a deeply polarised issue that intertwines ideological positions with social identities. This
division is intensified by election campaigns, highlighting social identities and ideological conflicts. Previous
research has shown an increase in polarisation during such campaigns and a decrease after an election.
However, evidence suggests that campaigns do not significantly impact already highly polarised issues such
as climate policy. Moreover, by focusing on polarisation between partisan groups, existing research often
overlooks the multi-actor system of climate governance, in which diverse non-partisan actors are also central
to shaping the discourse. To address these gaps, this study examines climate policy discourse on Twitter
during the 2021 German federal election. It employs a temporal network analysis to compare polarisation
between partisan and non-partisan groups. The findings show that the climate discourse is divided into a
pro-climate camp, dominated by environmental activists, scientists, and journalists, and an anti-climate camp,
dominated by right-wing bloggers and climate sceptics. This study reveals a dual dynamic in the climate
policy discourse. Partisan polarisation intensified temporarily, reaching its peak during the election campaign
before declining again, while the deep divide between pro- and anti-climate camps remained largely stable.
The findings suggest that the polarisation during an election campaign for a highly polarised issue may differ
from previous research findings. This underscores the importance of exploring non-partisan structures, as
their polarisation dynamics can differ significantly from those observed within traditional partisan groups.
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1. Introduction

Climate policy is ideologically polarised and connected to social identities, making it a controversial topic in
political discourse (Bliuc et al., 2015; Chinn et al., 2020; McCright et al., 2016; Vesely et al., 2021). These
divisions are amplified by election campaigns, which emphasise contrasting positions and social identities.
In addition, an election represents a conscious channelling of political conflict and provides a structured
framework for settling disagreements through the democratic process (Przeworski, 2011). Previous studies
suggest a dynamic where partisan polarisation increases during election campaigns due to heightened
political conflict (Hansen & Kosiara-Pedersen, 2017; Sood & lyengar, 2016), before decreasing again
afterwards (Hernandez et al., 2021). However, recent findings from the US challenge this pattern. Fasching
et al. (2024) demonstrated that in already highly polarised environments, where political attitudes are deeply
intertwined with social identity, polarisation is only minimally affected by campaigns and remains largely
stable. A stable polarisation that does not change even at the peak of political conflict would indicate how
deeply divided the climate policy discourse is and how established the positions already are. In such a
scenario, the election of the opposing camp can be perceived as an attack on one’s identity, posing
significant risks to democratic processes, which depend on compromise and acceptance of majority voting.
This can lead to political gridlock, reinforcing the status quo, and threatening the ability to act on climate
policy (Judge et al., 2023; Lee, 2015). In light of the potential significance of stable polarisation, this study
explores how election campaigns influence polarisation in climate discourse.

To investigate this, | take a dual approach, examining polarisation along two distinct societal divisions.
The first perspective addresses partisan polarisation, which has been a focus of numerous previous studies
(T. H. Y. Chen et al.,, 2021; Darius, 2022; Reiljan, 2020; Wagner, 2021). By considering traditional
party-political lines and the left-right spectrum, | establish a connection with existing research, and it
becomes possible to investigate the role of election campaigns on partisan polarisation in climate policy.
However, climate policy is also shaped by non-partisan actors that engage in cooperation, competition, or
conflict and contribute to conflict resolution (Dorsch & Flachsland, 2017). In accordance with this
perspective, Dellmuth and Shyrokykh (2023), drawing on the Intergovernmental Panel on Climate Change
(2022, p. 2910), define climate governance as “the structures, processes, and actions through which private,
public, and hybrid actors interact to address societal goals related to climate change.” This broader
understanding acknowledges that influential participants are not limited to political parties and politicians,
but that activists, scientists, and other non-partisan actors play key roles in shaping the discourse (K. Chen
et al,, 2023; Vu et al., 2020). Accordingly, the second perspective is connected to climate governance
research and examines polarisation between what this study refers to as discourse-evolving groups.
In contrast to pre-defined partisan lines, these groups evolve organically from interactions within public
discourse. Their boundaries emerge around shared beliefs and collective identities, revealing where natural
fault lines occur. In climate policy discourse, these groups form two opposing camps: a pro-climate and an
anti-climate camp. Focusing on these discourse-specific groups reflects the broader landscape of climate
governance, in which non-partisan actors such as activists, scientists, and the media shape the discourse
alongside political parties.

Much of the existing literature relies heavily on survey data, using self-reported attitudes to calculate
polarisation (e.g., Lelkes, 2016; Reiljan, 2020; Wagner, 2021). However, Wagner (2024) argued that while
citizens express polarised positions in surveys, this does not necessarily reflect their actual behaviour. This
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argument also applies to public discourse, since survey responses do not automatically translate into political
communication. While public discourse involves different channels, such as traditional media or
parliamentary speeches, social media is becoming increasingly important, particularly during election
campaigns (Jungherr, 2016; Kreiss et al., 2018). An important platform is Twitter (now X, but referred to as
Twitter throughout this article to reflect the period of data collection and the platform conditions at that
time), with its role in norm diffusion, opinion leadership, and the formation of public opinion in climate
debates highlighted by Dellmuth and Shyrokykh (2023) as having the potential to influence climate
governance. Political actors increasingly use Twitter not just to inform but to frame issues, mobilise support,
and exert influence on governance outcomes (Dellmuth & Shyrokykh, 2023). Non-party actors also
significantly contribute to shaping climate governance via targeted use of social media, generating public
awareness, mobilising supporters, and influencing political decision-making processes (Barrie et al., 2024;
Dellmuth & Shyrokykh, 2023; Falkenberg et al., 2022; Padilla-Castillo & Rodriguez-Hernandez, 2023).
However, Twitter's user base does not represent the general population (Taddicken et al., 2019).
Nevertheless, despite the resulting selection bias, focusing on Twitter enables (nearly) complete coverage of
a debate on a platform, including positions that are difficult to sample in surveys.

This study builds on prior work using network analysis to investigate social media polarisation (Barber3,
2015; Conover et al., 2011; Williams et al., 2015). While other studies have created networks at different
time points to observe the development of polarisation over time (T. H. Y. Chen et al., 2021; Darius, 2022;
Falkenberg et al., 2022; Svozil et al., 2025), this study differs from analyses of isolated time periods by
modelling the discourse as a temporal network. By treating time periods as sequentially coupled layers, the
chronological order of interactions is preserved, thereby capturing the temporal dependencies in the
evolution of polarisation structures.

Finally, while studies on social media polarisation have concentrated mainly on the US (Kubin & von Sikorski,
2021), research on how election campaigns affect polarisation has examined cases in the US and Denmark
or across countries (Fasching et al., 2024; Hansen & Kosiara-Pedersen, 2017; Hernandez et al., 2021; Sood &
lyengar, 2016). By selecting the climate policy debate in the German federal election campaign of September
2021 as a case study, this study extends the literature on polarisation by providing an additional perspective.
Furthermore, this work contributes to a deeper understanding of climate policy polarisation in a country that
plays a key role in international climate governance (Liefferink & Wurzel, 2017).

Section 2 introduces the concept of polarisation in public discourse and reviews the relevant literature,
focusing on the interplay between ideology and social identity. Subsequently, | examine how election
campaigns affect polarisation, distinguishing between partisan and discourse-evolving groups. Section 3
presents the empirical part of the study, outlines data, network construction, and polarisation metrics.
Section 4 reports the results, indicating a persistent division between pro- and anti-climate camps.
Polarisation between the left- and right-wing partisan camps peaked during the election campaign,
subsequently declining to stabilise at a level slightly above its initial baseline.

2. Theoretical Framework

Polarisation is often subdivided into two different types. The first is affective polarisation, which is based on
social identity theory and describes the extent of positive feelings within a group compared to negative
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feelings towards an out-group (Billig & Tajfel, 1973; Tajfel et al., 1971). According to social identity theory,
social identity is a part of the self-concept, which involves different social groups that are hierarchically
structured (Tajfel & Turner, 1979). These hierarchical relationships are determined by consensus within or
across groups (Tajfel & Turner, 1979). Relationships between groups can be influenced by various factors,
such as the salience of the group, threats from other groups (e.g., different value systems), or competition for
resources (Gaertner et al., 1993; Oakes, 1987; Riek et al., 2006). Thus, affective polarisation measures the
effect of various factors that describe the relationship between social groups based on the groups’
sentiments towards one another.

The second type is ideological polarisation, which describes polarisation based on ideological consistency or
ideological divergence (DiMaggio et al., 1996; lyengar et al., 2012; Lelkes, 2016). As ideology is a coherent
system of beliefs, values, and attitudes, ideological polarisation describes how strongly ideologies differ
(Converse, 1964; DiMaggio et al., 1996). These are reflected in the cohesion of the in-group, characterised
by consistent positions on issues and interrelated attitudes, and in the separation from the out-group,
evident in the degree of overlapping attitudes (DiMaggio et al., 1996).

Both affective and ideological polarisation can have far-reaching consequences. The “us-versus-them”
attitudes that arise from affective polarisation can impede political progress and lead to democratic
backsliding (McCoy et al., 2018). Additionally, growing ideological polarisation can reduce support for
democratic processes, impede the ability to reach agreements, and ultimately cause political gridlock
(DiMaggio et al., 1996; Torcal & Magalhaes, 2022). Therefore, several studies have examined polarisation in
different countries (Dalton, 2021; Reiljan, 2020; Wagner, 2021) as well as the long-term development of
polarisation over time (Boxell et al., 2024; DiMaggio et al., 1996; Garzia et al., 2023; Munzert & Bauer, 2013).

Polarisation can be understood both as a state and as a process in which groups or individuals display large
gaps in terms of their ideological positions or social identity, or experience an increasing distance over time,
thus resulting in decreased proximity (DiMaggio et al., 1996). In this context, ideological or substantive
proximity reflects the degree to which political, cultural, economic, and other attitudes align, while social
identity proximity refers to the affiliation with particular social groups, which is expressed through affect.
Notably, ideological positions and social identity are often closely linked. For example, someone with liberal
or conservative attitudes often identifies with the corresponding group. Accordingly, several cross-national
studies have shown that affective and ideological polarisation are correlated but not congruent (Reiljan,
2020; Riera & Madariaga, 2023; Wagner, 2021). Further, affective polarisation of the masses is associated
with ideological extremes at the elite level (Riera & Madariaga, 2023), and the ideological distance between
positions is positively correlated with a negative out-group feeling and a positive in-group feeling (Algara &
Zur, 2023; van Erkel & Turkenburg, 2022). Others have even argued that ideological positions and affect
between social identities are inextricably linked, making them difficult, if not impossible, to measure
separately (Dias & Lelkes, 2022; Orr et al., 2023; Orr & Huber, 2020).

2.1. Interaction of Ideological Positions and Social Identities in Public Discourse

Individual discourse behaviour also reflects the interplay between an ideological or substantive position and
social identity. Both one’s substantive position and social identity shape the way one communicates
messages to the outside world and interacts with others (Briiggemann & Meyer, 2023). The similarity
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between two people also influences how they interact and communicate (Rogers & Bhowmik, 1970). Both
the person presenting the argument and the substantive position determine whether one’s argument is
accepted, and thus, this combination determines whether their message is spread further (Cohen, 2003;
Rekker, 2021). People also prefer to consume information from sources close to their positions, due to both
their ideological position as well as their social identity (Dvir-Gvirsman, 2019). Additionally, trust in people
who are perceived as different from oneself decreases with increasing affective and ideological polarisation
(Hooghe & Oser, 2017; Rapp, 2016). Social identity and substantive positions also play a role in whether a
discussion takes place at all, since people prefer to talk to those with similar political orientations (Settle &
Carlson, 2019). This can even lead to people choosing their social environment according to their political
beliefs (Santoro, 2023).

Further, the interaction between substantive positions and the role of social identities in individual behaviour
can be applied to public discourse in social media. According to Kaakinen et al. (2018), the formation of groups
is not determined solely by similarities in opinion but rather by social identity, which leads to a preference for
information that confirms one’s own group. As such, people also tend to avoid interacting with accounts that
have different substantive positions than their own or have opposite social identities (Briiggemann & Meyer,
2023). This combination of interacting only with people who agree on substantive positions and have proximal
social identities also helps explain why people interact with each other on social media.

Accordingly, in this article, | consider polarisation in public discourse not as separate affective and ideological
polarisation but as the combined result of both types of polarisation. As this interaction between the
polarisation types is already expressed in individual interactions between people on social media, it is
unsurprising that in a network like Facebook, which is primarily based on existing social relationships, a like
can be interpreted not only as an expression of positive agreement with the substantive position of a post
but also as a signal of the relationship between the people involved (Sumner et al., 2018). Likes offer a
low-threshold way for likers to communicate with posters and present their identity to the outside world
(Sumner et al., 2018). On Twitter, the content and the relationships between accounts drive people’s
decisions to retweet a tweet (Shi et al., 2017). In addition to the tweet’s substantive content, the account
from which the tweet originated must be considered credible and trustworthy (Metaxas et al., 2015). People
are also more likely to retweet tweets that have already been retweeted by their own social group (Rudat &
Buder, 2015). Interactions such as liking or retweeting suggest a positive relationship between accounts,
demonstrating similarity in terms of both substantive positions and social identities. While quoted retweets
can serve as criticism, users often prefer posting screenshots of an account’s original tweet to avoid
increasing its reach. Although some accounts explicitly state that retweets do not mean endorsement, the
fact that such disclaimers exist suggests that retweets are generally perceived as a form of endorsement
(Metaxas et al., 2015). Even though some retweets may be intended negatively, in established literature on
public Twitter discourse, they are generally interpreted as expressions of positive connections (T. H. Y. Chen
et al., 2021; Conover et al., 2011; Darius, 2022; Falkenberg et al., 2022; Kubinec & Owen, 2021). Thus, in
this study, retweets indicate proximity between accounts, capturing both shared positions on substantive
issues and similarities in social identities.
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2.2. Camps of Public Climate Policy Discourse

This article examines polarisation in climate policy discourse from two distinct perspectives: one based on
partisan lines and the other on discourse-evolving groups. The analytical foundation for defining the opposing
camps in both perspectives is the interplay between substantive positions and social identity, which reflects
the combined ideological and affective dimensions of polarisation in public discourse and constitutes a deep
divide in society that extends beyond differences in belief alone.

The first perspective considers partisan camps structured along a traditional left-right spectrum, which in
multi-party systems extends beyond the parties themselves, resulting in the development of cross-party
social identities and ideological groups (Bantel, 2023; Renstrém et al., 2021; Vegetti & Sirini¢, 2019). This
structural division of the political system is also evident in climate policy, in which one’s ideological position
is strongly related to both the belief in anthropogenic climate change and the willingness to mitigate it
(McCright & Dunlap, 2011a; McCright et al., 2016; Poortinga et al., 2019). People on the right of the political
spectrum are less likely to believe in anthropogenic climate change and, consequently, less likely to support
policies that protect the climate. A person’s ideological position also influences their perception of climate
change as a serious problem (Lewis et al., 2019): Left-wing or green party voters in Europe tend to be more
concerned about anthropogenic climate change and its impacts than right-wing or conservative party voters
(Fisher et al., 2022). Although the economic and cultural attitudes within the political camps show similar
patterns, differences exist in how individuals perceive the effects of climate change (Fisher et al., 2022).
Further, individuals’ positions on climate change are not solely based on substantive standpoints but are also
closely linked to their social identities (Bliuc et al., 2015; Fielding & Hornsey, 2016; Vesely et al., 2021).
Hornung (2022) even showed that European Parliament members’ social identity played a significant role in
their voting behaviour on climate policy.

The second perspective—informed by climate governance research on the crucial role of non-partisan
actors—focuses on discourse-evolving groups. These form organically around shared beliefs and identities,
creating two opposing camps: a pro-climate camp and an anti-climate camp. The pro-climate camp is
primarily supported by actors who perceive climate change as a threat to humanity and advocate for climate
policy measures. However, it is also sustained by the broad societal pro-climate consensus in Europe (Fisher
et al., 2022; Poortinga et al., 2019; Tranter & Booth, 2015). This camp is not homogeneous but comprises
various actors, including NGOs, scientists, international organisations, politicians, and activists (K. Chen
et al., 2023; Falkenberg et al., 2022; Vu et al., 2020). Non-partisan actors are particularly influential because
climate positions and actions are closely linked to social identities (Bamberg et al., 2015). How strongly
climate policy positions are part of one’s own social identity and how salient they are strongly influence
climate policy attitudes and actions (Barth et al., 2021; Fielding & Hornsey, 2016). The more important it
becomes for someone’s identity to belong to a group, the more their behaviour tends to reflect this. In this
context, the Fridays for Future movement plays a particularly noteworthy role in the German climate policy
discourse: Fridays for Future has helped raise public awareness of climate change and is gaining prominence
in the political centre (Schirmann, 2023; Schworer, 2024). On social media platforms such as Twitter,
climate activists have been particularly successful in attracting attention and mobilising supporters (Barrie
et al., 2024; Falkenberg et al., 2022; Padilla-Castillo & Rodriguez-Hernandez, 2023).
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The connection between substantive beliefs and social identity is not unique to the pro-climate camp.
For the anti-climate camp, rejecting climate protection measures is closely tied to perceiving them as a
threat to one’s identity (Feygina et al., 2010; Forchtner et al., 2018; Hoffarth & Hodson, 2016; Lockwood,
2018). Thus, denying climate change among conservative white men also serves to protect their own group
identity and justify a social system that favours their group; it is, therefore, an integral part of their identity
(Krange et al., 2019; McCright & Dunlap, 2011b). This feeling is particularly strong among right-wing
populists, as climate protection is often interpreted as a constraint imposed by the liberal elite (Forchtner
et al., 2018; Lockwood, 2018). Rejecting climate protection measures as the dictates of the liberal elite is
also widespread in right-wing populist circles in Germany (Forchtner et al., 2018; Kippers, 2022). In this
context, climate change denial is often closely linked to distrust of environmental institutions, driven by
right-wing and populist anti-establishment attitudes (Krange et al., 2021). Furthermore, people with
right-wing attitudes have less trust in climate science, and this trust decreases further with decreasing trust
in the government (Pechar et al., 2018).

2.3. Polarisation of the Discourse on Climate Change in the Election Campaign

Building on the apparent conflicts in climate discourse, this section formulates the study’s research questions.
This section develops the theoretical assumption that election campaigns have a differential impact on the
polarisation between partisan camps compared to the discourse-evolving pro- and anti-climate camps.

During an election campaign, political competition and information increase, highlighting substantive
differences and increasing the salience of social identity (Huddy, 2015). Further, party identification
increases, which leads to stronger party cohesion and more mobilisation (Michelitch & Utych, 2018; Singh &
Thornton, 2019). The salience of social identities can influence political support for climate protection
measures by activating political identities and thereby consolidating or reinforcing existing positions
(Diamond, 2020; Unsworth & Fielding, 2014). Such campaigns not only strengthen the cohesion of the
in-group, but negative campaigns also increase aversion towards the out-group and, thus, lead to increasing
affective polarisation (Lau et al., 2017). This dynamic is further reinforced when opposing positions are
perceived as threatening to one’s identity, as in climate politics (Krange et al., 2019; Riek et al., 2006).
According to Renstrom et al. (2021), a perceived threat to one's in-group, such as an opposing camp gaining
influence through an election, increases cohesion across party lines and social groups.

In addition to election campaigns increasing the salience of social identities, they also directly influence
ideological positions. Voters’ political knowledge increases during an election campaign, and voters are more
likely to be able to categorise the parties’ positions thematically (Hansen & Pedersen, 2014; van der Meer
et al., 2016). This facilitates voters’ decisions in favour of a party and leads to sorting along party lines, and it
also fosters cohesion by encouraging individuals to focus on their own position. In addition, voters tend to
consume content aligning with their position, which reinforces their views and, in turn, contributes to the
homogenization of opinions at the group level (Jost et al., 2022). Further, Hernandez et al. (2021) argued
that parties increase ideological polarisation by highlighting ideological and substantive differences to
persuade voters. In this context, framing can also lead to issues being viewed from a particular perspective,
increasing the distance between positions (Feinberg & Willer, 2019).
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After an election, public political conflict tends to decline, and, in multi-party systems, coalition negotiations
begin to form a government. Several studies have shown that both coalitions and the signalling of coalitions
between parties can reduce affective polarisation (Gidron et al., 2023; Hahm et al., 2024; Wagner &
Praprotnik, 2024). Accordingly, partisans’ willingness to compromise increases with the start of coalition
negotiations, suggesting a decline in partisan cohesion (Plescia et al., 2022). As mobilisation and partisan
demarcation decline the further one gets from an election, so too does party identification (Michelitch &
Utych, 2018; Singh & Thornton, 2019). Correspondingly, Hernandez et al. (2021) found that ideological
polarisation declines if the temporal distance from an election grows. This ideological decline explains most
of the subsequent decline in affective polarisation, which is consistent with studies on the correlation
between affective and ideological polarisation (Reiljan, 2020; Wagner, 2021). Research by Hansen and
Kosiara-Pedersen (2017) and Hernandez et al. (2021) indicates that polarisation between partisans’ political
attitudes increases during an election campaign but approaches pre-election levels afterwards. Thus,
the impact of an election on partisans’ level of information and mobilisation leads to the following
research question:

RQ1: Does polarisation in climate policy discourse on Twitter between left-wing and right-wing
partisans temporarily intensify during election campaigns?

Within a democratic system, different groups may be polarised to different degrees (Wagner, 2024). This
suggests that polarisation might exhibit different dynamics in election campaigns. Discourse-evolving groups
that have naturally formed in the public discourse on climate policy due to their social identities and
ideological positions have deeply rooted climate-related beliefs. Thus, a climate-friendly stance is either
viewed as integral to one’s identity or correspondingly rejected. Furthermore, the issue’s relevance is
maintained in public debate via ongoing public discourse, regular mobilisation campaigns, and persistent
media attention, as climate change is often linked to threats such as food and water security (Hase et al., 2021;
Schéfer et al., 2016). For example, Fridays for Future has been successfully mobilising large numbers of people
both offline and online for years, thereby shaping the public discourse (Barrie et al., 2024; Padilla-Castillo &
Rodriguez-Hernandez, 2023; Schiirmann, 2023). Conversely, the ongoing visibility of this mobilisation and any
associated shifts in social structures can evoke a sense of threat, thus increasing resistance within the
anti-climate camp (Gaertner et al., 1993; Krange et al., 2019; Oakes, 1987; Renstrom et al., 2021), and the
issue’s high salience strengthens group cohesion on both sides, thereby consolidating positions already
established before an election campaign and maintaining a persistently high level of polarisation.

This effect of sustained prominence is enhanced by social media incentives and algorithms that strengthen
the formation of distinct camps in the public discourse (Cinelli et al., 2021). These highly entrenched camps
within public discourse increase polarisation between groups and also encourage an environment in which
misinformation and conspiracy theories spread. In such contexts, different perceptions of what counts as
factual information enable some groups to construct coherent but exclusionary worldviews that actively
dismiss alternative viewpoints, undermining the possibility of shared dialogue and accelerating the
breakdown of public discourse (Nguyen, 2020; Van Bavel & Pereira, 2018). In this type of environment,
short-term campaigns may be unlikely to significantly impact the polarisation between pro- and anti-climate
camps in public climate discourse. This is consistent with observations from highly polarised systems such as
the US, where high party identification results in election campaigns having minimal influence on partisan
polarisation (Fasching et al., 2024). This leads to the following research question:
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RQ2: Is the climate policy discourse on Twitter between pro-climate and anti-climate camps
characterised by consistently high and stable levels of polarisation throughout election campaigns?

3. Empirical Approach

Twitter data was collected during 2021, covering the climate policy debate nine months before and three
months after the German federal election (election day was 26 September 2021). At the time of data collection,
all data was publicly available. The data query for the year 2021 searched for all tweets containing Klima
(German for climate), regardless of case. Since German naturally forms compound words, this approach also
captured related terms such as Klimakatastrophe and Klimawandel (German for climate catastrophe and climate
change). This method covers a broader range of words than a strict keyword search (see Supplementary File,
Appendix A). In addition to the original tweets, the dataset contains all retweets. A total of 498,084 unique
tweets were identified, which were shared 2,034,050 times via retweets.

There is no official start or end to election campaigns in Germany, so the pre- and post-election periods
were determined using alternative indicators. The nominations of the front-runners, which took place
between April and June 2021, served as the start of the campaign. To establish a benchmark, the
observation period started in January 2021. The election outcome was formally realised once the new
parliament was inaugurated in October, the coalition negotiations ended, and the new government was
formed in early December. In addition, studies focusing on the post-election period suggest that electoral
effects decline relatively soon thereafter (Hernandez et al., 2021; Michelitch & Utych, 2018). To capture this
dynamic, this study uses a three-month post-election observation period.

3.1. Network Creation

On Twitter, users can form connections with each other in various ways, such as by following and
mentioning other users; both of these actions have been previously used to investigate polarisation (Barber3,
2015; Conover et al., 2011). However, a widely used approach to investigate polarisation on Twitter is
examining retweets as an endorsement of the original poster's message to represent interactions
(T. H. Y. Chen et al., 2021; Conover et al., 2011; Darius, 2022; Falkenberg et al., 2022; Kubinec & Owen,
2021). In many social media data studies, it remains unclear what kind of polarisation is being studied
through these connections (Kubin & von Sikorski, 2021). As described in Section 2.1, | assume that a retweet
is both a signal of a substantive endorsement and a signal of proximity to one’s social identity. In this context,
a retweet creates a positive connection (edge) between social identities and between the substantive
position of two accounts (nodes) in a network. At the same time, however, a negative attitude towards
another account or even a rejection of its position cannot be measured directly. Accordingly, different
accounts with similar substantive positions and similar social identities have denser connections than
accounts representing other positions or other opposing social identities. The denser the connections, the
greater the proximity.

Isolating these groups of dense connections in the network, also called communities, and calculating the
network polarisation is possible by applying the Leiden algorithm (Traag et al., 2019). To capture the
dynamics of polarisation in an election, the directed network is divided into time points (Figure 1).
The retweets and accounts are then assigned to the corresponding time points, and a separate network is
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created for each time point. Accounts that appear at multiple time points are linked across times (Mucha
et al.,, 2010). Thus, a complete network is created that allows communities to be identified at any point in
time, with temporal dependencies accounted for in the calculation. This creates time-constant communities,
but accounts can move between communities (Mucha et al., 2010). This flexible assignment reflects the
dynamics of public discourse, where a person’s proximity to different groups can change over time.
The approach improves the accuracy of polarisation measurements by capturing realignment processes and
varying degrees of group proximity that static community structures would otherwise obscure.

Figure 1. lllustration of the temporal network approach based on Mucha et al. (2010). Note: Extended by
the possible movements of nodes based on the leidenalg documentation for temporal community detection
(Traag et al., 2023).

Communities represent accounts with a dense network of retweets, which implies proximity in substantive
positions and social identity. To determine these communities, the study applies two different approaches.
First, to identify the discourse-evolving groups in the climate discourse network, the Leiden algorithm was
applied unchanged (Traag et al., 2019). Second, partisan communities were determined by using the
candidates of the parties involved in the climate discourse during the federal election as anchors (Séltzer
et al, 2023). These partisan anchors represent the following parties: Sozialdemokratische Partei
Deutschlands (Social Democratic Party; SPD), Biindnis 90/Die Griinen (The Greens), Die Linke (The Left),
Freie Demokratische Partei (Free Democratic Party; FDP), Christian Democratic Parties (CDU/CSU), and
Alternative fir Deutschland (Alternative for Germany; AfD). This means that at the start of the Leiden
algorithm, each party represented a distinct community. During community detection, the partisan
communities were created based on a dense network of retweets with these partisan anchors. Thus,
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partisan communities include densely connected accounts centred on candidates, reflecting both shared
political views and a common social identity with the party. The 20 most retweeted tweets from the five
most influential (most retweeted) accounts were reviewed, and candidate influence was analysed to
evaluate partisan community quality. To address RQ1 and RQ2, the partisan and discourse-evolving
communities were manually divided into two camps. This created a network divided into left- and right-wing
camps based on partisan communities and a network divided into pro- and anti-climate camps.
The communities’ classification was based on the analysed tweets from the most influential accounts and
the community affiliation of the federal election candidates. An alternative approach would be to use a large
language model to determine the alignment of the different communities. However, this approach would
distort the influence of tweets in the climate discourse or, if weighted by influence, lead to a
methodologically more complex but conceptually comparable approach that would also have required even
more extensive validation.

However, the Leiden algorithm faces a methodological limitation inherent in algorithmic community
detection. Modularity optimisation methods are subject to the “resolution limit,” a phenomenon where
algorithms tend to merge small, well-defined communities into larger ones (Fortunato & Barthélemy, 2007).
Varying the resolution parameter does not fully resolve this issue; instead, it introduces a dilemma: A low
value reinforces the merging of small groups, while a high value artificially splits large, cohesive ones
(Lancichinetti & Fortunato, 2011).

This challenge was addressed using a two-step approach. First, the Leiden algorithm identified partisan and
discourse-evolving communities, yielding a granular microstructure. Although the resolution limit influences
the precise size and composition of these communities, their formation was not arbitrary. These
communities are internally coherent and clearly distinct from one another, revealing the internal structure of
the overarching camps. Second, these algorithmically identified communities were assigned to their
corresponding, theoretically grounded superordinate camps. This assignment was based on theoretical
considerations regarding the division of the partisan spectrum into left- and right-wing camps as well as
distinguishing between pro- and anti-climate camps.

3.2. Measuring Polarisation in Temporal Networks

Both affective and ideological polarisation result from the relation between in-group cohesion and distance
to the out-group (DiMaggio et al., 1996; lyengar et al., 2012; Lelkes, 2016). In this study, polarisation was
calculated accordingly. In a network, the cohesion of a given community can be understood as in-group
strength (IS), determined by the number of interactions within a community. The number of connections
from one community to another then describes the out-group strength (OS). An increase in in-group or
out-group strength describes an increase in connections within or between the communities. Since a
connection, or a retweet, reflects an agreement with the substantive position and a similar social identity, an
increase in strength indicates a more cohesive community or more significant similarity between two
communities in terms of substantive position and social identities.

Although people prefer to interact with like-minded individuals, the intensity of these interactions depends
on how many options are available. If only a few such communities exist, the connections between them
strengthen. To account for this when calculating polarisation, the in-group strength at time t was calculated
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as the ratio of the observed interaction to the possible interactions, where A is the adjacency matrix, C! is the
set of nodes in community n, and s is the number of nodes in that community:
1
IS = ———. At
" Srtw (Srtl - 1) i ;eé ct Y
Fransson et al. (2018) and T. H. Y. Chen et al. (2021) used the approach of considering the strength of
connections between and within communities, but it has been adapted here for the directed network.
The time component was implemented as in Fransson et al. (2018). The out-group strength of one
community (n) to another (m) is calculated by dividing the sum of the observed interactions from one
community to the other by the number of possible interactions between them (Fransson et al., 2018):
¢ 1
OSim=— ) A
Sn* Sm iect ject
As a retweet represents substantive agreement and similarity between social identities, an increase in
in-group strength signals growing proximity of social identities and alighnment on substantive positions. This
is reflected in increasing cohesion within the community and, thus, an increase in polarisation. On the
contrary, if the out-group strength between two communities increases, the communities are closer to each
other, and polarisation decreases.

To calculate the polarisation of a community within the network, the difference between the in-group and
out-group strength of community n and all other communities in the network was computed.
The polarisation index (P) is based on the formulation by Reiljan (2020), but adapted for network-specific
conditions, is calculated for each community n at time t as follows:

pt — % ISrtx - OS;,m . ( com_ sharefn )
5 ISt +0Sy,,,] \1—com_share,. — com_ share},

m=1,m#n

According to Krackhardt and Stern (1988), normalisation allows for comparison between communities. As a
result, P is between —1 and 1, where a strength of 1 indicates complete separation and O indicates balanced in-
group and out-group strength. As in Reiljan (2020) and Wagner (2021), the share of out-group communities
(com_ share,,) was considered to capture the influence on polarisation. However, as interactions were not
present between all communities, both the share of community n (com_ share,) and the share of communities
for which there was no contact (com_ share,.) were included in the calculation.

To capture the polarisation in the overall network, the polarisation score of each community was weighted by
the community’s share of the overall network, as suggested by Wagner (2021) and Reiljan (2020), and summed

IS! — OSf,,m com_ sharel, ¢
- n . - - - com_ share,
IS, +0OS, 1 — com_ share,. — com_ share,,

across all communities:

N M
SPRID
n=1|m=1,m#n
In this article, | considered polarisation at different levels. The polarisation index then describes either the
polarisation in the system as a whole (P!) or the polarisation of communities (Pf,). The polarisation of a
community describes the relationship between cohesion and distance from other communities. Therefore,
community polarisation always refers to a community’s polarisation in relation to at least one other
community. Accordingly, the polarisation of the overall system is the weighted sum of the polarisation of the

communities. The polarisation of individual communities towards others was used to understand the
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underlying structures of the polarisation of the overall debate. This included an analysis of the in-group and
out-group strengths as a normalised index. In this context, the out-group strength of a community is the
weighted average of the out-group strength of the community relative to the others. Research questions
(RQ1 and RQ2) regarding polarisation between the partisan camps and between the pro- and anti-climate
camps were analysed descriptively by examining the time series for structural breaks and changes
in variance.

4. Results

The 10 accounts with the most retweets were analysed to identify the most influential accounts in the climate
policy debate across the network (Table 1). The most influential account belonged to Luisa Neubauer, one of
the most prominent German activists from Fridays for Future. The Fridays for Future Germany account also
held a significant position in the network, ranking third most influential. Three additional influential accounts
were associated with researchers and science communicators, while one belonged to a journalist. Among
the 10 most influential accounts in the climate policy discourse, Karl Lauterbach’s account was the only one
representing a professional politician. The remaining accounts included those of a cultural creator, an activist
association, and a satirical profile.

Table 1. The 10 most influential accounts in climate discourse, according to the number of times they were
retweeted.

Account Number of retweets Description

Luisa Neubauer 62,054 Climate activist (Fridays for Future)

Ozden Terli 35,261 Meteorologist and weather anchor

Fridays for Future Germany 29,889 Main account of Fridays for Future in Germany
Prof. Stefan Rahmstorf 29,792 Climate researcher (Potsdam Institute for Climate

Impact Research) and Professor of Physics of the
Oceans (Potsdam University)

Volker Quaschning 24,121 Professor for renewable energy systems at the Berlin
University of Applied Sciences

Prof. Karl Lauterbach 21,374 Member of the German parliament (SPD)
Mario Sixtus 18,062 Journalist, scriptwriter, and filmmaker
Campact 16,662 An association committed to progressive politics

and democracy
Sara Schurmann 16,333 Journalist

Kaffeecup 15,128 Humorous and satirical account

A better understanding of the different currents in the climate discourse can be gained by examining
individual discourse-evolving communities. The Leiden algorithm automatically determines the number of
communities, preventing forced assignments. It detected 4,478 communities; 98% contained a maximum of
10 accounts, while the 20 largest consistently contained between 97% and 99% of all accounts.
The polarisation was therefore calculated across all communities with weights proportional to their
respective size. Four of the top 20 communities were classified as discourse in Switzerland or Austria and
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were thus removed. The analysis focused on the six largest communities, representing between 63% and
88% of all accounts; from April to October, they consistently represented over 72% of all accounts.
The results indicate that community sizes underwent marked changes throughout the election campaign
(see Supplementary File, Appendix B). A modest increase in community size was apparent in February,
followed by a pronounced expansion from May to June. After the campaign ended with the election, there
was a decrease in community size. Simultaneously, the average number of retweets per account increased
steadily from May to September but declined significantly post-election.

The five accounts with the most retweets per community were considered to identify the orientation of the
communities. The mainstream and largest community was a mix of climate activists, satirical, and journalistic
accounts. The third-largest community was a combination of scientists and science journalism accounts
related to climate policy. The fourth- and sixth-largest communities were party-based, whereby the fourth
was connected to The Greens, and the sixth to The Left. Therefore, accounts belonging to politicians or
political parties were the most influential in these communities. The country’s major newspapers dominated
the fifth-largest community. The second-largest community comprised far-right bloggers and conspiracy
theorists (Table 2). This community also included Germany’s largest tabloid newspaper. The community of
right-wing bloggers and conspiracy theorists was characterised by statements against climate protection
measures, by describing climate discourse as hysterical and exaggerated, and by casting doubt on scientific
findings. This community also included the majority of the accounts belonging to federal election candidates
who can be assigned to the FDP, CDU/CSU, and AfD.

Table 2. Most influential accounts in the right-wing and conspiracy community.

Account Number of retweets Description

Neverforgetniki 14,523 Right-wing blogger

Roland Tichy 12,108 Editor of a right-wing alternative magazine
Boris Reitschuster 12,032 Right-wing blogger

Hartes Geld 7,827 Right-wing blogger

Ulrich van Suntum 5,955 Emeritus professor of economics

To better understand the polarisation of discourse-evolving groups in the climate policy discourse,
| examined the polarisation of the different discourse-evolving communities in relation to each other
(Figure 2). Pairwise polarisation scores for each community are given in Supplementary File, Appendix C.
Strikingly, the right-wing and conspiracy community (red line) was highly polarised against all other groups,
and its polarisation level remained constant throughout the campaign. All other communities showed lower
polarisation towards communities other than the right-wing and conspiracy community. The mainstream
community (green line) was characterised by the lowest polarisation towards the others. Except for the
right-wing and conspiracy community, all other groups showed decreasing polarisation towards each other
from May onwards, and polarisation returned to original levels after the election concluded in October. This
declining polarisation occurred due to both an increasing number of interactions between the communities
(out-group strength) and a decreasing number of interactions within the communities (in-group strength).
The clear separation of the right-wing and conspiracy community from the other communities was
characterised by a consistently low out-group strength with the other communities and a relatively stable
in-group strength.
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Figure 2. Polarisation, out-strength, and in-strength of discourse-evolving communities over time. Notes:
The top diagram shows the overall polarisation index for each of the six largest discourse-evolving
communities (a representation of the individual communities’ polarisation towards each other can be found in
the Supplementary File); the middle diagram shows the normalised out-group strength; the bottom diagram
shows the normalised in-group strength.

Similar to the Figure 2 analysis of discourse-evolving community polarisation, the picture among partisan
communities is also mixed (Figure 3). Communities coloured in red were assigned to the right-wing partisan
camp, consisting of Christian Democrats (CDU/CSU), Liberals (FDP), and right-wing populists (AfD).
Communities coloured in green represent the left-wing partisan camp, including social democrats (SPD),
Leftists (The Left), and The Greens. While polarisation decreased among left-wing partisans from May
onwards and increased from October onwards, polarisation among right-wing partisans remained constant.
The decreasing polarisation among left-wing parties is attributable to the increasing interaction between
these parties and, above all, to the increasing out-group strength of The Greens and the SPD. A slight
decrease in out-group strength occurred for the right-wing parties between May and September. In-group
strength constantly declined for all partisan communities from the beginning of the year until the month of
the election.
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Figure 3. Polarisation, out-strength, and in-strength of partisan communities over time. Notes: The top diagram
shows the polarisation index for each of the six partisan communities (a representation of the individual
communities’ polarisation towards each other can be found in the Supplementary File); the middle diagram
shows the normalised out-group strength; the bottom diagram shows the normalised in-group strength.

The polarisation analysis, both among partisans and discourse-evolving communities, showed two opposing
camps. The alignment of political parties along the left-right spectrum defined the partisan camps. At the
discourse-evolving community level, camps were identified by manually categorising communities based on
their most influential accounts and the nature of their tweets. The pro-climate community included a wide
range of actors, including Fridays for Future activists, scientists, and the press, extending from left-wing
progressive circles to the centre of social discourse. In contrast, the anti-climate community was dominated
by right-wing bloggers, who exerted considerable influence within this camp.

Polarisation between the left and right of the partisan spectrum increased from March to June/July and then
decreased again until the election in September (Figure 4). Polarisation then stabilised at a slightly higher level
than before the election. The increase and subsequent decrease in polarisation are evident for both the right
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and the left camp. Compared to the polarisation between left and right partisans, a higher polarisation was
found between pro- and anti-climate communities. Furthermore, although the polarisation between pro- and
anti-climate showed fluctuations, no trend was identified, and these fluctuations ended in September with the
election month. Overall, polarisation from pro-climate to anti-climate and vice versa can be considered stable.
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Figure 4. Comparison of polarisation dynamics between partisan (left-right) and discourse-evolving camps
(pro- and anti-climate).

5. Discussion

Previous studies have indicated that polarisation increases during election campaigns (Hansen &
Kosiara-Pedersen, 2017; Sood & lyengar, 2016) and then decreases afterwards (Hernandez et al., 2021).
However, this dynamic is uncertain in areas of high division, such as climate policy, where positions and
identities are deeply intertwined. Furthermore, most existing studies have not distinguished between
partisan polarisation and polarisation within discourse-evolving camps, based on both substantive proximity
and proximity of social identities. This distinction is particularly important in climate policy, where conflicts
are not exclusively drawn along party lines.

The temporal analysis of Germany's 2021 climate policy discourse reveals two fundamentally different
polarisation patterns. First, partisan polarisation between left- and right-wing partisan camps increased from
March to June/July 2021, receding by election day in late September, though stabilising at a slightly higher
level than pre-campaign. This variation does indicate that the election campaign intensified the conflict
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between partisans, but also that the division into camps was not absolute and that the conflict would
subside after the election, leaving room for compromise. Second, this study revealed a more resilient line of
conflict throughout the year by examining polarisation through the discourse-evolving camps rather than
through partisans. This divide separates a pro-climate camp, supported by activists, scientists, and the media,
from an anti-climate camp, influenced mainly by right-wing bloggers. This stable division reflects the close
connection between ideology and social identity in climate policy (Bliuc et al., 2015; Chinn et al., 2020;
McCright et al., 2016; Vesely et al., 2021). Thus, election campaigns influence partisan polarisation but not
the underlying camp structure of the climate policy discourse; this points to a more fundamental conflict
within German climate policy on Twitter. Furthermore, the conflict has a pronounced anti-establishment
dimension, which Uscinski et al. (2021) identified as a key axis of polarisation beyond classical partisan
conflict. Within the anti-climate camp, climate protection measures were often framed as paternalistic and
an attack on individual freedom, reflecting patterns of far-right climate communication (Forchtner, 2019).

The influence of non-party-political actors in the climate discourse, observed in both the pro- and
anti-climate camps in this study, reflects the overall structure of climate governance. Dellmuth and
Shyrokykh (2023) pointed out that previous research suggests that party and non-party-political actors
directly influence governance processes via Twitter by diffusing norms, providing opinions to leadership, and
shaping public opinion. In this context, this study showed (with one exception) that the influence of
party-political actors is largely limited to separate discourse structures within the network. The Greens and
The Left were located in the pro-climate camp alongside Fridays for Future activists and the scientific
community, but each party had its own distinctive discourse structure. This pattern reflects the importance
of climate policy for these parties and also indicates a clear separation between their partisan discourse and
other groups in the network that also belong to the pro-climate camp but develop around non-party actors.
On the other side, as Darius (2022) also observed, candidates from the CDU/CSU and FDP formed a
common discourse structure with the AfD within the right-wing and conspiracy community, in which
non-party actors have significant influence. It follows that the discourse structure within the anti-climate
camp was less differentiated than that within the pro-climate camp.

In addition to the election campaign and the election itself, other events influenced the climate policy
discourse during the observation period. Following the German Constitutional Court ruling in March 2021,
the German Bundestag adopted stricter climate targets in June 2021. The polarisation between the
scientific community, The Greens, and The Left decreased during this period. At the same time, the distance
to the anti-climate camp remained large, which underlines the fundamentally divided discourse. During the
flood disaster of July 2021, which caused over 200 fatalities in local areas in Germany and Belgium
(Tradowsky et al., 2023), the results showed that while discursive activity increased in the form of more
accounts and retweets, no immediate shift in the fundamental polarisation structure was observed. This
suggests that while this disaster was reflected in the discourse, it did not change the existing structure of the
discourse or polarisation. However, it is conceivable that the decline in polarisation in the subsequent month
of August reflects a delayed discursive reaction to this crisis.

The analysis shows that the climate discourse exhibits two different polarisation dynamics: a volatile partisan
polarisation between left and right and a persistently stable camp formation between pro- and anti-climate
groups. For governance, this means that both levels need to be considered. Traditional negotiation mechanisms
can work at the party level, but the discourse-evolving camps can only be reached through formats that appeal
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to identities and involve non-partisan actors. Dellmuth and Shyrokykh (2023) argued that these actors shape
public opinion on Twitter; if politicians ignore their role, even a cross-party consensus will remain ineffective.
Lee (2015) also warned that deep divisions can lead to gridlock if formal majorities fail to gain social acceptance.
Effective climate governance must, therefore, allow for partisan compromise while creating durable dialogue
formats that address the divisions between camps and actively engage the norm-setting power of non-partisan
actors (Cole et al., 2025; Jost et al., 2022). Approaches focusing on the common ground between camps
can be particularly effective; for example, those emphasising cross-camp identities can lead to depolarisation
(Klar, 2013).

The generalisability of the study’s findings is nuanced, as the case study is limited to the German context
during a single election. Yet, the distinction made here between partisan polarisation and polarisation between
discourse-evolving groups can be transferred to other multi-party systems. This applies where climate policy
positions cut across party lines and form pro- and anti-climate camps. In contrast, this distinction likely loses
its analytical utility in two-party systems, where climate policy positions and party affiliations more frequently
converge. Furthermore, the significance of specific actors in the German climate policy discourse must be
assessed contextually. For instance, while the strong influence of the Fridays for Future movement might be
specific to Germany, the mechanism behind it is transferable. The study suggests that non-partisan actors
can play a structurally significant role in the polarisation dynamics reflected in both climate governance and
climate discourse (Dellmuth & Shyrokykh, 2023; Dorsch & Flachsland, 2017; Falkenberg et al., 2022).

6. Conclusion

This study showed that the 2021 German election campaign temporarily increased the polarisation between
left and right partisans in the climate debate. However, the election campaign only had a limited impact on
the underlying conflict between pro- and anti-climate camps. Polarisation between left and right partisans
increased from March to June 2021 and then stabilised just above initial levels. However, polarisation between
the pro- and anti-climate camps remained at a high level throughout the year, proving largely resilient to the
election campaign and external shocks such as the flood disaster or legislative changes.

Several limitations should be considered when interpreting the results, mainly because the data were
collected in a system that could lead to polarised structures. Namely, Twitter's recommendation algorithm
might increase polarisation, particularly by displaying tweets that other users with similar profiles have also
liked (Shmargad & Klar, 2020). Additionally, the platform's user base does not represent the general
population (Taddicken et al., 2019). The Leiden algorithm employed in this study entails methodological
limitations that may specifically influence how individual community structures are interpreted. Therefore,
future research should pursue three main directions. First, the analysis should be extended to include
comparable datasets from other countries and platforms. Second, alternative methodological approaches
could provide additional insights. Third, integrating online behavioural data with survey data would enable a
more nuanced understanding of the interaction between individual attitudes and political communication.

The findings of this study make three main contributions to the research on political networks, climate
governance, and polarisation. First, the results demonstrate that policy areas with strong identity dimensions
are more resistant to the mobilisation and de-escalation mechanisms of electoral campaigns. This highlights
the analytical need to distinguish between partisan polarisation and the formation of opposing camps that
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develop from shared beliefs and identities beyond party politics. Second, the study empirically shows how
the discursive power of non-partisan actors, such as Fridays for Future and right-wing bloggers, can
superimpose traditional party-political dynamics. By doing so, it links theories of governance to the analysis
of conflict and polarisation patterns in digital discourse. Third, the utilised temporal network approach
represents an adaptable methodological tool that can be used in other contexts to systematically capture the
temporal dimension of such networks and trace their influence on governance processes.
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