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Abstract

Climate change is arguably one of the largest existential threats to the fu-
ture of human society. However, it is not only a physical phenomenon, but
also poses substantial social, political, and communicative challenges. Miti-
gating climate change will require cooperation on every level of society, and
gaps in communication preclude such unified, effective action. This thesis
intersects computational linguistics and political science, investigating the
evolution of German policymakers’ public messaging on this issue. Over
two experiments, the manifestos of three parties – the two mainstream par-
ties, the CDU and SPD, as well as the Green Party, Die Grünen – are examined
from 1980 to 2021, with a focus on the evolution of the Greens. A transformer-
based dynamic topic modeling approach is implemented to model the par-
ties’ communication. The results show a convergence of Green and main-
stream discourse over this period. A so-called greening of the discourse is
observed, with climate-related issues becoming an integral part of all elec-
tion programs by 2009. Accordingly, while the Greens have remained true to
their core values, their messaging has veered somewhat from eco-radicalism
toward moderate pragmatism. The first experiment demonstrates that the
SPD and CDU initially showed little interest in climate change, and continue
to primarily address its economic aspects. Meanwhile, the Greens have in-
creasingly focused on economic considerations. The subsequent experiment
explores the usage of compound words created with the word Klima (cli-
mate). These climate compounds, viewed as expressive framing devices, can
mark key turning points in climate discourse, and would identify three dis-
tinct periods: one of little attention (1980 – 2009), one of description (2009
– 2013), and one of calling for climate action (2013 – ?). The insights pre-
sented in this thesis help model and understand policymakers’ portrayals
of climate change – an essential prerequisite to communicating about and
mitigating the issue – and are thus a valuable addition to interdisciplinary
climate change research.
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Abstract

Der Klimawandel ist längst nicht mehr nur ein physikalisches Phänomen,
sondern auch eine soziale, politische und kommunikative Herausforderung.
Ausgehend von der Schnittstelle zwischen Computerlinguistik und Politik-
wissenschaft werden in dieser Arbeit zwei Studien vorgestellt, die die Per-
spektive der politischen Entscheidungsträger auf das Thema untersuchen
und die Entwicklung des Klimawandeldiskurses in den deutschen Partei-
programmen der beiden großen Parteien, CDU und SPD, sowie der Partei
Die Grünen analysieren. Ein transformerbasierter Ansatz zur dynamischen
Themenmodellierung wird implementiert, um den Diskurs in den Wahlpro-
grammen von 1980 bis 2021 zu untersuchen. Die Ergebnisse zeigen, dass
die Volksparteien nach anfänglich geringem Interesse vornehmlich die wirt-
schaftlichen Aspekte des Klimawandels adressieren. Auch der Diskurs der
Grünen entwickelt sich zunehmend zu wirtschaftlichen Überlegungen, nach-
dem umweltbezogene Themen zunächst die Priorität der Partei waren. Die
zweite Studie konzentriert sich auf Klimakomposita, zusammengesetzte Wör-
ter um das Wort Klima (z.B. Klimawandel, Klimakrise). Betrachtet man diese
Wörter als ausdrucksstarke Framing-Elemente, so lassen sich drei Segmen-
te in der Entwicklung des Klimadiskurses identifizieren: (i) geringe Auf-
merksamkeit (1980 – 2009), (ii) Beschreibung der Situation (2009 – 2013) und
(iii) Aufruf zum Klimaschutz (2013 – ?). In beiden Studien wird ein beson-
deres Augenmerk auf die Entwicklung der Grünen Partei gelegt, die ihren
Grundwerten treu bleibt, aber ihren Diskurs kontinuierlich vom anfängli-
chen Ökoradikalismus zu einem moderaten Pragmatismus verschiebt. Die
Ergebnisse beider Studien zeigen außerdem, dass Klimadiskurs ab 2009 ein
fester Bestandteil aller Wahlprogramme ist. Die in dieser Arbeit vorgestellten
Erkenntnisse tragen dazu bei, die Darstellung des Klimawandels durch poli-
tische Entscheidungsträger zu modellieren und zu verstehen – eine wesentli-
che Voraussetzung für die Kommunikation und Eindämmung des Problems.
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Chapter 1

Introduction

From climate change to climate crisis, many terms have been employed to char-
acterize one of the biggest challenges humanity has ever faced. Indeed, find-
ing the right words to describe such an abstract, yet existential threat poses
a key challenge in itself. While scientific consensus is all but unanimous that
humans play a substantial causative role in climate change, the evidence and
implications of this are often lost in translation for laypeople (Penz, 2022). It
is the responsibility of democratic policymakers to transform the imminent
threats of climate change into actionable policy, which requires effective com-
munication of these dangers – not only within their party and parliamentary
structures, but also outwardly to the general public. Modeling and under-
standing the political discourse surrounding climate change is key to under-
standing how narratives around the matter evolve and how public opinion
is shaped.
Relegated to the political agendas of niche parties before the onset of the
21st century, environmental issues and the imminent threats posed by cli-
mate change have since entered public discourse and mass media, and con-
sequently mainstream politics (Gärtner and Schoen, 2021). Green parties
paved the way for this increasing political awareness. After having emerged
as mostly fringe, single-issue parties in the 1970s, Green parties have since
achieved considerable election success in a number of Western societies. The
German Green Party Bündnis 90/Die Grünen can be considered a prototyp-
ical case of such success in global green politics (Grant and Tilley, 2019).
In the 2021 German federal election, it received a historically high 14.5% of
votes and subsequently formed a coalition government with the SPD, a social
democratic Volkspartei (i.e., an established mainstream party), and the FDP, a
liberal party.
Die Grünen’s success seems to have grown in tandem with public concern
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about climate change and the shortcomings of mainstream parties in ade-
quately addressing it. The nature of climate change makes communication
about it particularly challenging: not only is it an issue with complex causes
and ramifications, but it also cannot be solved by means of traditional poli-
cymaking. The 40 years since the formation of the Greens have also seen sub-
stantial developments in scientific discoveries, public perception, and fram-
ing of environmental issues. Framing, in simple terms, is the way informa-
tion is presented, be it in everyday conversations, by media, or by politi-
cians (Stecula and Merkley, 2019). A classic example can be the decision to
speak of a glass being half-full or half-empty. Similarly, the two terms climate
change and climate catastrophe refer to the same concept but aim to evoke dif-
ferent feelings in the intended audience (see Li and Su (2018) for a review
of framing in climate change communications). Investigating the framing of
issues is part of discourse analysis, in which language is examined in its so-
cial, cultural, and/or historical context. Assuming the gestalt of meaning in
language is greater than the sum of the discrete words it contains, discourse
analysis strives to analyze and reveal the underlying meaning expressed in
natural language (Pan and Kosicki, 1993).
In this thesis, established Natural Language Processing (NLP) methods are
employed to investigate these dimensions of meaning in the sphere of Ger-
man politics – with a focus on the development and role of the Green Party
– by analyzing the evolution of climate change discourse in German party
manifestos. Climate-related topics and their longitudinal development are
examined using a transformer-based dynamic topic modeling approach. Fur-
thermore, the emerging vocabulary around climate change and its develop-
ment are explored by leveraging the discursive cluster of climate compounds.
These lexical creations are joint nouns containing the German word Klima
(climate), which can serve as framing devices for climate discourse. Simi-
larly, they could provide key insights into the linguistic processes involved
in climate change discourse.
The interdisciplinary approach of this thesis extends existing political sci-
ence research with current methods of computational linguistics and NLP
to investigate how climate change discourse in German election programs
evolved over time. To this end, changes in climate-related topics and fram-
ing of climate change are identified and analyzed. In addition, it is examined
how different actors (i.e., the established parties and the Greens) talk about
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climate change. Special attention is paid to the role and development of the
Green Party.
In order to explore these issues, the thesis first introduces relevant back-
ground concepts in Chapter 2, starting with a general overview of (party-
level) climate discourse in politics, Green Party history, and green politics in
Germany. Chapter 2 continues with a brief explanation of NLP applications
in political science and the techniques used in this study, alongside a presen-
tation of relevant interdisciplinary research. Chapter 3 then introduces the
Manifesto Corpus – the primary data source utilized in this study – and pro-
vides context of previous research conducted using this corpus, as well as in-
sights into the subcorpus created for analysis. Subsequently, Chapter 4 offers
a detailed overview of the methodologies and techniques implemented in
the study, followed by the presentation of the experimental results in Chap-
ter 5. These results are then discussed and interpreted in Chapter 6. Lastly,
Chapter 7 provides concluding thoughts and proposals for future research.
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Chapter 2

Background Concepts

In this chapter, background concepts relevant to the work will be introduced.
First, a general overview of climate change discourse in politics is given,
which is then placed in the context of German green politics, emphasizing
the importance of discourse research at the party level. Afterwards, Natural
Language Processing tools for climate change discourse analysis relevant to
this work will be presented, briefly explaining different topic modeling ap-
proaches suitable for framing analysis and elaborating on the role of climate
compounds as discursive markers.

2.1 Climate Discourse in Politics

As discussed by Stede and Patz (2021), the term discourse is not a precise one,
and its interpretation depends vastly on the context it is used in. In the field
of environmental politics, Hajer and Versteeg (2005) define discourse as “an
ensemble of ideas, concepts, and categories through which meaning is given
to social and physical phenomena”. The notion that language ascribes mean-
ing to phenomena negates the existence of a single true reality and instead
implies the co-existence of multiple realities which gain and lose importance
depending on societal context. One device for shaping societal context is
Framing, the communication of an issue based on a narrative, with the inten-
tion of invoking a certain way of looking at said issue (Nisbet, 2009). Frames
are an unavoidable concept in human communication and do not imply a
misrepresentation of facts, rather a (strategic) redistribution of importance
concerning an issue. An example of environment-related framing is the nu-
clear power discourse in the U.S.: in its early years, the concept of a nuclear fu-
ture was promoted with slogans such as the famous Atoms for peace by former
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U.S. president Eisenhower. Nuclear power was framed as a futuristic tech-
nology providing the means for social progress and economic growth. These
frames coexisted with the (much quieter) voices of people opposed to nuclear
power, who called for “public accountability" and alternative ways to energy
independence (Nisbet, 2009). The Three Mile Island partial nuclear meltdown
that coincided with the release of the nuclear disaster thriller movie The China
Syndrome 12 days prior changed the framing of nuclear power in public dis-
course immensely from opportunity to threat to nature and people (Anshelm and
Hultman, 2015). The previously important positive aspects of nuclear power
lost relevance and the dramatic events were rarely contextualized in terms
of previous safety records, leaving the discourse centered around a gener-
ally unfavorable framing of all things nuclear (Friedman, Gorney, and Egolf,
1992). Climate change discourse as it exists today is still in a perceptual di-
vide with opposing narratives, a divide between growth and sustainability;
freedom and responsibility. The role of politicians in climate change discourse
is not only to address target audiences and perpetuate narratives, but also to
adapt to frames prevalent in media and society, which are in ever-changing
interdependence. As Hajer and Versteeg (2005) phrase it: “[l]anguage has
the capacity to make politics”. Discourse analysis is the study of language-
in-use, acknowledging its ability to profoundly shape reality, and provides
a means of analyzing the role of language in politics, thus also revealing in-
sights to society, its norms and conventions (Hajer and Versteeg, 2005).

2.2 Political Science

In this section, relevant background information from the political science
domain will be provided. First, the role of election manifestos in discourse
research is explained, followed by a brief introduction of the German Green
Party’s history and an overview of green politics in Germany.

2.2.1 Why Manifestos?

Farstad (2018) discusses the lack of party focus in comparative climate pol-
icy research, stating that analyzing political parties is key to understanding
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climate discourse in politics. Party competition has a large impact on gov-
ernment policymaking and thus also on a country’s climate change mitiga-
tion response. Parties play an important part in the aforementioned inter-
dependence, as they aim to bridge the gap between abstract politics and
society. Stede and Patz (2021) argue that the climate change debate is un-
folding among three different actor communities: the general public, the pol-
icymaking communities and the scientific communities. Furthermore, they state
that “[e]ach community uses different genres, registers, and terminologies to
communicate with each other and with other communities about CC. These
communities shape individual and collective ideas, frames, and, ultimately,
the behavior that is consequential for the future evolution of anthropogenic
climate change.” (Stede and Patz, 2021). Looking at the political discourse
in a democratic country such as Germany, manifestos can be considered a
unilateral means of communication between two of the aforementioned ac-
tor communities: the policymaking community is communicating their policy
plans to the general public. Election manifestos are the key elements of a
party’s election campaign and represent its views, goals, and pledges for gov-
ernment participation. What is important here is that the election programs
represent the opinion of the party as a whole (or at least of its democratically
elected common denominator), its identity, so to speak.

2.2.2 Die Grünen in Context

Green parties were seen as single-issue parties for the longest time. Only
having emerged in the second half of the 20th century, they constitute a rel-
atively new phenomenon in the political landscape, with the international
Green network, the Global Greens, founded as recently as 2001. The German
Green Party unconventionally started off as an institutionalization of an ar-
ray of social movements, rather than a formally established party in the West
of divided Germany (Milder and Jarausch, 2015). These social movements
were composed of citizens who were strongly committed to social and eco-
logical issues such as environmental protection and the rejection of nuclear
energy and war, but who did not feel seen by the incumbent government.
In addition, there was a clear anti-war stance and a generally pacifist atti-
tude among the supporters. The movement’s self-image was not that of a
traditional party – quite the contrary: Petra Kelly, one of the founding mem-
bers of Die Grünen, called it an anti-party party. Non-traditional bottom-up
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hierarchies and the rejection of the idea of a single party leader reflected this
(Kwidziński, 2020). The patchwork nature of the party made it heteroge-
neous from the very beginning. Radical activists were paired with ideal-
istic ecological socialists, who were in turn trying to accommodate the eco-
libertarians. Despite these inherent differences, the Greens have defined their
core values, their common agenda, in the shape of four pillars: ecological wis-
dom, grassroots democracy, social justice, and nonviolence (Carter, 2013).

(A)
Election
poster
1980

(B)
Election
poster
2021

FIGURE 2.1: Election posters of Die Grünen 1980 and 2021

In 2022, four decades after the Greens’ foundation, this common agenda
has transformed – a development that is also reflected by the party’s elec-
tion posters. The Greens’ 1980 election poster (Figure 2.1a) focuses on the
aforementioned four pillars. Entitled Mut zum politischen Frühling (Courage
for a political spring) and adorned with painted flowers, it introduces the
newly emerged party as a transformative force which is ökologisch, sozial,
basisdemokratisch, gewaltfrei (ecological, social, grassroots, non-violent). The
2021 poster (Figure 2.1b), on the other hand, conveys a different message.
Displaying the slogan Wirtschaft und Klima ohne Krise (economy and climate
without crisis), along with a portrait of Annalena Baerbock, the party’s candi-
date for chancellor in the 2021 federal election, the poster gives an impression
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of the party as a competent force with government potential, even in chal-
lenging times. While the climate crisis is taken into account, the pragmatic
goal of a stable economy is stated first, addressing a more tangible problem
and with it a broader audience.
As of 2022, the Greens have been coalition partners in 11 of the 16 German
state governments and currently constitute the country’s government in a
coalition with the SPD and the FDP. Their election success shows that the
Greens have gained the position of a valuable coalition partner in the current
German party system. While this is likely to secure the party an ongoing
role in the German political landscape, a general openness to connectivity
into all directions can come with compromises and changes to original val-
ues (Blühdorn, 2009). In her extensive report of the Green Party, Sloat (2020)
investigated this perceived transformation of the Greens “from the left-wing
fringe to the moderate middle”. According to the report, “Germany needs
the Greens to act as a moderating force during this era of polarization; but in
its attempt to appeal to as many voters as possible, the party may be defined
by what others want, fail to achieve its core socio-ecological objectives, and
eventually fall out of favor.”. Kwidziński (2020) takes a similar stance and
states that the Green Party has undergone a “departure from fundamental-
ism in favor of pragmatism, an ideological transformation towards a political
center, the associated increase in coalition capabilities and an increase in po-
litical relevance”.

2.2.3 Green Politics in Germany

The political landscape in Germany is shaped through a gradual transfor-
mation rather than a radical change, shaped by the emergence of new par-
ties and their competition in the German six-party-system1 (Anderson, 2015).
Since the formation of (West) Germany in 1949, its federal system has been
dominated by the two mainstream parties SPD and CDU and the liberal
party FDP, who acted as a pivotal party and took up a role as coalition partner
for either of the other two parties (Saalfeld, 2002). The German reunification
in 1990 did not change this and the government has consistently been consti-
tuted of at least one of these two Volksparteien (major parties), if not both of
the parties together as a grand coalition.

1CDU, SPD, FDP, Die Grünen, Die Linke, AfD
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Framing, as discussed in Section 2.1, creates the boundaries around an is-
sue and allows certain actors to claim ownership of it (Koteyko, Thelwall,
and Nerlich, 2010). In the context of German politics, the ownership of the
green issue has historically belonged to the Green Party (Spoon, Hobolt, and
Vries, 2014). The party has vastly contributed to politicizing the green issue
in Germany, as it campaigned for Germany to abandon nuclear energy as
early as 1983 and, in a government coalition with the SPD, introduced the
nuclear phase-out in 2000 (Sander, 2016). However, with the rise of public
awareness and concern related to climate change, and the growing electoral
success of the Greens, the two Volksparteien were forced to adapt and enter
the hitherto uncharted territory of green politics, causing the Greens to lose
the sole ownership of their fundamental green policy (Spoon, Hobolt, and
Vries (2014); Green-Pedersen and Mortensen (2010)). In 1983, the Greens first
entered the German parliament, and eventually co-ruled Germany alongside
with the SPD from 1998 until 2005, after which the Grand Coalition came into
power. In the following 16 years without government participation of the
Green Party, it became increasingly difficult for the other parties to keep the
green issue down on the agenda. In 2011, after the Fukushima nuclear disas-
ter, the government around chancellor Angela Merkel announced the shut-
down of all German nuclear power plants by December 2022, revoking the
lifetime extension decided just one year prior and, in a way, returning to the
green energy vision introduced by the Red-Green government (Wittneben,
2012).
As green issues have made it to the top of the policy agendas, both envi-
ronmental ambitions among mainstream parties and the radical position of
the Green Party seem to have changed. Analyzing the evolution of climate
change discourse in German politics can shed light on the arising program-
matic challenges and contribute to identifying effective ways to communicate
climate change in the political sphere.

2.3 Natural Language Processing

In this section, relevant background information from Natural Language Pro-
cessing will be presented. First, an overview of the role of NLP in political
science will be described. Afterwards, background on the NLP techniques
and concepts relevant for the analysis in this thesis will be provided, starting



10 Chapter 2. Background Concepts

with an explanation of topic modeling and moving on to an introduction of
climate compounds.

2.3.1 NLP in Political Science

The amount of available text data is constantly increasing, and the field of
machine learning has made rapid progress in recent decades. More impor-
tantly, the novel computational approaches to empirical research, an integral
part of social science, have become more accessible to the scientific commu-
nity, as the boundaries between computer science and other disciplines have
increasingly blurred. Tutorials and tools for a plethora of computational re-
search applications became freely available in the digital age, lowering the
threshold of entering the emerging field (Lazer et al., 2009). Buyalskaya,
Gallo, and Camerer (2021) talk about this new era of social science as its
golden age – one that calls for interdisciplinary research and collaboration
instead of mere passive borrowing from other fields. Nowadays, there are
often “teams of computationally literate social scientists and socially literate
computer scientists” (Lazer et al., 2009). Increasingly, data-driven machine
learning approaches have been employed to collect and analyze data, and fa-
cilitate quantitative research, leading to the emergence of computational social
science (CSS) (Lazer et al., 2009).
In political science, as one of the social sciences, research is often concerned
with text-as-data. Subjects of interest to scholars, such as elections, cam-
paigning, party competition, and public policy, can be studied through ana-
lyzing text. This involves drawing on various sources that can be analyzed,
such as party platforms, press releases, speeches, and social media such as
Twitter. Given the abundance of political textual data in the digital age, it is
virtually impossible for scholars to manually read and analyze all relevant
texts. Here lies the promise of computational social science: it allows estab-
lished methods to be applied on a much larger scale and at a fraction of the
cost (both financial and time), which “can make possible the previously im-
possible in political science” (Grimmer and Stewart, 2013). In the past, for
example, researchers have redistributed resource-intensive tasks like man-
ual coding to expert human coders, who were to manually read all the text
in a corpus and extract the desired information. Today, this task can be dele-
gated to Natural Language Processing and be performed semi-automatically
on large corpora using supervised text classification techniques (Marathe and
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Toyama, 2018). Other applications of NLP methods for handling text-as-data
in political science include (but are not limited to) performing ideological
scaling (Slapin and Proksch, 2008), the examination of priorities expressed by
political actors (Grimmer and Stewart, 2013), and analyzing the policy posi-
tions and sentiment in parliamentary debates (see Abercrombie and Batista-
Navarro (2020) for a systematic literature review).
Adding the prefix computational to social science brings opportunities and
challenges alike. Grimmer and Stewart (2013) remind the reader that auto-
mated text analysis methods do not fully relieve them of the menial neces-
sity of at least some kind of human understanding of a corpus. In the end,
the most important decisions are up to the researcher to make. They have to
collect and clean the data, choose an appropriate model for analysis, inter-
pret its output and validate their findings. In summary, Grimmer and Stew-
art (2013) say: “[r]ather than replace humans, computers can amplify human
abilities.”. They also state, however, that treating CSS as the interdisciplinary
endeavor it is and continuing to improve and validate statistical text mod-
els has the potential to revolutionize political science research. Bridging the
gap between two disciplines is always a challenge, and this case is no dif-
ferent. When thinking of the common stereotypes for computer science and
social science, it is not so intuitive to imagine an overlap – after all, computer
science does not seem too concerned with people. However, the interdisci-
plinary approach CSS takes shows how valuable it can be to step out of the
scientific comfort zone, and how two different disciplines can complement
rather than contradict each other. Computer scientists can benefit from the
expertise that political scientists bring to the table, which includes decades
of rigorous manual coding and an extensive knowledge of theoretical frame-
works for analyzing political texts. Political scientists, in turn, can benefit
from the programming skills and conceptual knowledge of computer scien-
tists and learn to perform automated content analysis at scale using sophisti-
cated machine learning algorithms (Wilkerson and Casas, 2017).

2.3.2 Topic Modeling

Probabilistic topic modeling is a statistical technique in text mining which
allows for hidden data discovery. It is used for extracting the main themes in
unstructured documents by clustering words that frequently occur together.
Topic models do not rely on prior human annotation of the textual data,
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which allows for convenient and unsupervised organization of documents at
a large scale (Blei, Ng, and Jordan, 2003). The algorithm usually employed for
topic modeling is Latent Dirichlet Allocation (LDA), which was introduced
by Blei, Ng, and Jordan (2003). For this Bayesian topic modeling approach, it
is assumed that a set of documents can be modeled by a set of topics, which
is defined by words that belong to it with a certain probability. LDA uses the
bag-of-words representation of a document, thus leaving word order out of
consideration.
Since topics simply consist of words that frequently occur together, it is not
a given that they have an inherent meaning or describe an actual discussed
topic. An example of this are function words (e.g., articles, prepositions),
which could form a topic in the sense of the statistical co-occurrence defini-
tion but do not describe the corpus in any meaningful way. Topics may also
not be clearly distinct because frequent words may occur in multiple topics,
making a clear differentiation challenging to impossible (Ramage et al., 2009).
The final labeling of the extracted topics is a manual (and consequently sub-
jective) task that requires thorough investigation of the clustered words with
the highest probability scores per topic.
Additional steps to ensure intratopic semantic validity can include the man-
ual analysis of a sample of documents containing a large share of the investi-
gated topic to determine if a topic makes sense (Maier et al., 2018). Despite its
popularity, there is no state-of-the-art (automated) strategy for ensuring the
validity and reliability of topic modeling results. Computational approaches
for topic model validation and evaluation include diagnostic metrics such
as topic diversity (Dieng, Ruiz, and Blei, 2020) and topic coherence (Bouma,
2009), and may serve as a proxy for human evaluation.

Dynamic Topic Modeling

Topic models such as LDA are designed for categorical data and thus as-
sume independence of documents. A shortcoming of the established LDA
approach is its lack of consideration for the interdependencies of documents.
The static nature of the basic topic modeling approach does not allow for
modeling of temporally-organized documents, such as newspapers or elec-
tion programs. For some applications, assuming independence of documents
will thus omit crucial information. In order to overcome this drawback, Blei
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and Lafferty (2006) introduced Dynamic Topic Modeling (DTM). DTM aug-
ments classical topic modeling and allows for the analysis of the temporal
evolution of fixed topics by assuming the data is divided by time slice (e.g.,
year) rather than independent. This implies that global topics can be linked
and examined in a temporal-spatial manner, even if their representation dif-
fers vastly across the examined time frame (Blei and Lafferty, 2006).
For example, documents assigned the topic consumer electronics investigated
throughout the past two decades might for example contain words like VCR
or Disc man in the 1990s – words that are extremely unlikely to appear in
the very same topic 20 years later. Despite these differences, the documents
might nonetheless have fundamental words, just like computer or television,
in common.
In the past, DTM has been successfully used for political discourse analysis.
An example for this is the study published by Müller-Hansen et al. (2021),
who analyzed 70 years of German parliamentary debates on coal. Their anal-
ysis revealed that economic topics have consistently played a dominating
role in the German parliamentary debates on coal. In recent years, however,
the relative importance of economic coal-related debates has declined. Envi-
ronmental topics like climate protection and the general discussion of energy
transition occurred more frequently and became linked to the coal debate.
The topic modeling results suggest that a shift in the framing of coal has
taken place and moved the debates away from coal as a main economic driver
and in the direction of coal as an environmental problem. Applying DTM to
mediums of political communication can, according to the authors, lead to
nuanced insights into temporal developments of the political discourse re-
lated to climate change and the energy transition.

BERTopic

Grootendorst (2022) introduced the neural topic modeling technique called
BERTopic, which leverages Bidirectional Encoder Representations from Trans-
formers (BERT). The BERT language model was released in 2019 by Devlin
et al. (2019) and “has become a ubiquitous baseline in NLP experiments” in
little over a year by 2020 (Rogers, Kovaleva, and Rumshisky, 2020), still ob-
taining state-of-the-art results in various NLP applications as of 2022. BERT
models, unlike bag-of-words models, rely on an embedding approach. This
means they account for the context of words in a sentence. This is important,
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as language is often ambiguous. Context can for example help resolve pol-
ysemy and clarify if mouse in the sentence A mouse ate my shoe. refers to the
small rodent or its silicon relative, the computer pointing device. Embedding
models make it possible to spatially locate words in a vector space because
the more similar two words (or sentences, documents) are, the closer to each
other they can be found in a vector space (Kusner et al., 2015). Using these
powerful embedding models, BERTopic pursues a novel approach to topic
modeling. Recent studies have found it to work excellently with pre-trained
embeddings, frequently outperforming other topic modeling algorithms (Eg-
ger and Yu, 2022). BERTopic offers a variety of topic modeling extensions to
researchers, such as multi-language support and automated topic reduction.
Furthermore, it provides access to variations such as dynamic topic modeling
(Grootendorst, 2022).

2.3.3 Climate Compounds as Framing Devices

Nerlich, Evans, and Koteyko (2011) stress the importance of the linguistic
analysis of climate change, stating that “[n]ew words and new concepts pro-
vide people with new ways of experiencing themselves and their world, with
new ways of being and new ways of knowing”. Humankind has long lacked
the words to properly describe climate change and the looming threat posed
by it, as knowledge and awareness in the public were limited until the sec-
ond half of the 20th century (Nerlich and Koteyko, 2009). Understanding the
evolving vocabulary that aims to make sense of this complex issue is funda-
mental to interdisciplinary research on climate change mitigation and scien-
tific communication with the general public. The novel collective linguistic
response to this matter can give insights into the framing of climate change
(Nerlich and Koteyko, 2009). One discursive cluster of the lexical changes
accompanying this response are compounds in climate change communica-
tion. Compounding words is considered one of the most productive and effi-
cient word formation processes in the English (and German) language (Booij,
2011). Their nature is simple: compounds can be defined as “words that are
composed of two (or more) bases, roots, or stems” (Lieber, 2010).
Jellyfish, for example, is a compound noun that describes a marine animal
with a gelatinous consistency and simply combines the two nouns jelly and
fish, creating an apt description of the animal. Existing work on corpus
linguistic-based lexical compound analysis in climate change discourse has
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focused on English-language data, mostly in the public sphere (see Nerlich
and Koteyko (2009); Nerlich, Koteyko, and Brown (2010)).
Koteyko, Thelwall, and Nerlich (2010) conducted a study on carbon com-
pounds and their role in web-based climate change discourse and framing
in the public sphere. Carbon compounds are lexical combinations around
the word carbon, such as carbon tax or carbon emissions. Koteyko, Thelwall,
and Nerlich (2010) claim carbon compounds to be examples of an emergent
shared carbon lexicon which can be used to index, track and study the exist-
ing framing of the climate issue, as the compounds represent a condensed
representation of collective creativity. This lexicon could, according to the
researchers, be leveraged to improve science communication and strive to-
wards a common climate language. A case study on the media coverage around
the carbon compound low carbon diet was conducted by Nerlich, Evans, and
Koteyko (2011). The study found that the term first occurred and gained
prominence in U.S. newspapers in 2006, even though it has been around
since the early 2000s. The researchers attribute this to the increased pres-
sure exerted by scientific evidence around anthropogenic climate change and
the raised awareness in society. The influence of Al Gore’s climate campaign,
particularly the impact of the 2006 documentary An inconvenient truth, is cited
as an important factor. Their findings follow up on the results of Koteyko,
Thelwall, and Nerlich (2010) and indicate that the emergence of new lexical
expressions in the form of carbon compounds is a way of making climate
change amenable to understanding and acting. Furthermore, they allow for
a simplified framing of a complex issue, making them important commu-
nicative devices in climate change discourse.
As described in Section 2.2.1, manifestos are a means of communication be-
tween the policymakers and the public. Looking at the presented research, it
can be assumed that the evolution of climate change framing in public dis-
course can be analyzed using climate compounds as framing devices. As
the scientific topic of climate change has entered the social discourse, log-
ically not only citizens but also policymakers need new terminology that is
tailored to the specific audience (Hajer and Versteeg, 2005). Here is where the
concept of framing comes into play. Naturally, each party has its own story
line regarding climate change, placing more weight on certain aspects of the
matter or looking for responsible entities in different places – they frame the
issue of climate change in different ways. This does not mean that there is
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an inherently right or wrong way of talking about the topic. As Nisbet (2009)
puts it: “[t]here is no such thing as unframed information”.
Transferring the concept of climate compounds to German is simple, as the
language allows for easy compounding. Here, the equivalent are Klimakom-
posita (climate compounds), words which are build around the word Klima.
The presented studies suggest that climate compounds, and thereby prob-
ably also Klimakomposita, can serve as markers of the evolution of framing
in climate change discourse, and a longitudinal study of their occurrence in
election manifestos can potentially reveal discursive changes in the German
political landscape.
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Chapter 3

Data

In this chapter, the Manifesto Corpus, a large human-annotated and standard-
ized corpus of election manifestos, will be introduced. In Section 3.2, a brief
overview of related research utilizing the Manifesto Corpus will be presented.
Finally, the subcorpus created for this study will be described in Section 3.3.

3.1 Manifesto Corpus

Section 2.2.1 elaborates on the importance of election manifestos in party-
level discourse research. In order to study climate change discourse and its
evolution in German party manifestos, this study will leverage the Mani-
festo Corpus provided by the Manifesto Project. The project was formerly
called Manifesto Research Group (MRG) in 1979-1989, then Comparative Mani-
festo Project (CMP) from 1989 until 2009 and is now operating under the name
Manifesto Research on Political Representation (MARPOR). For simplicity rea-
sons, this thesis will refer to it with the name Manifesto Project. The Man-
ifesto Corpus is an open-access, annotated text corpus containing electoral
programs from more than 60 free, democratic countries since 1945 (Lehmann
et al., 2022a). It is based on the work of the Manifesto Project since its begin-
ning in 1979.
As of November 2022, the corpus contains more than 1.6 million human-
coded digital quasi-sentences (i.e., (sub-)units of sentences containing exactly
one policy statement (Merz, Regel, and Lewandowski, 2016)) from nearly
5,000 different manifestos published by more than 1,200 parties1. With these
numbers, the corpus ranges among the largest manually annotated, interna-
tional and multilingual text corpora in social and political science. The goal
of the project is to make electoral programs freely available for research in

1https://manifesto-project.wzb.eu/

https://manifesto-project.wzb.eu/


18 Chapter 3. Data

a digitized and annotated form (Merz, Regel, and Lewandowski, 2016). Ac-
cess to the coded election programs in the Manifesto corpus is free and allows
for the download of subsets of the Manifesto Corpus based on user-defined
criteria, such as specific codes, election years, or language. Options for ac-
cessing the data are an online web application, the R package manifestoR

(Lewandowski, Merz, and Regel, 2020), the manifestata package for STATA
and an application programming interface (API), depending on the user’s
needs.
Human coders native to the respective countries annotate the quasi-sentences
based on a coding scheme containing 76 codes, which capture substantial
policy issues. To ensure reliability and consistent use of the coding scheme in
different countries and across different elections, the Manifesto Project coders
undergo a standardized training process and receive expert feedback dur-
ing multiple stages of the coding process (Lehmann et al., 2022b). Like all
human-coded and crowd-sourced data, the Manifesto corpus cannot claim
infallibility. Researchers have examined and identified methodological prob-
lems in its approach, with validity, reliability and bias of the human coding
being the main concern (see: Mikhaylov, Laver, and Benoit (2012)). Despite
the coders being experts, i.e. people with a social science background living
in the manifesto country, and the extensive review process, it is impossible
to avoid measurement errors, as manual annotation inherently comes with
a degree of subjectivity. While these problems should be taken into account
when performing analyses, it is important to keep in mind that this is one
of the standard pitfalls of treating bodies of text as data. For good scientific
practice and reproducibility of results, a critical look at the data is essential.

3.2 Manifestos and NLP

As mentioned in Section 2.3.1, computational social science opened up new
research directions for political scientists. In light of the recent text-as-data
wave in political science, a considerable amount of methodological research
on policy positions was conducted using the Manifesto Corpus2. Since the
corpus provides labeled text data, most methodological studies leverage su-
pervised machine learning techniques, for example, for performing classifi-
cation tasks. However, due to the nature of the study presented in this thesis,

2see: https://manifesto-project.wzb.eu/publications/all

https://manifesto-project.wzb.eu/publications/all
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existing research concerned with unsupervised and/or transformer-based
machine learning approaches to manifesto content analysis is of particular
interest.
Chatsiou (2020) built a sentence-level political discourse classifier by training
a convolutional neural network on a subset of annotated English-language
manifestos. The 7-domain CNN classifier was successfully applied on politi-
cal manifestos and transferred to other political texts, in this case the COVID-
19 Press Briefings Corpus, where political discourse classification also yielded
good results. Enhancing the CNN classifier with out-of-the-box BERT em-
beddings improved the classification performance significantly3. Although
the approach taken in this study is supervised in nature, it is of interest in
that it demonstrates the feasibility of automatic discourse analysis with BERT
without the need to adapt the model to the political domain.
Zirn and Stuckenschmidt (2014) analyzed and compared German election
manifestos using topic modeling, more precisely an extension of Latent Dirich-
let Allocation that allocates documents to a set of predefined topics. They
found the approach to be viable for the reliable comparison of individual
topics and predefined policy areas across documents. The findings suggest
that topic modeling techniques can be successfully applied to the specific
subcategory of the political domain, allowing for analysis of (German) elec-
tion manifestos.
Another study conducted on German-language data was published by Ol-
brich and Banisch (2021), who analyzed German party manifestos from 1949
to 2017 by employing LDA. The study found topic modeling to be a viable
unsupervised approach to identify political spaces, a concept which spatially
locates a party, augmenting the traditional left-right axis and allowing for the
creation of distinct party profiles. This approach also yielded good results for
a newly emerged populist party, the Alternative für Deutschland. The results
suggest that German party discourse and positions can be captured mean-
ingfully by performing topic modeling on party manifestos.
The review of existing methodological publications based on the Manifesto
Corpus reveals that to date, there is no research focusing on the analysis of
climate change discourse in German party manifestos and little research us-
ing unsupervised NLP approaches. Furthermore, researchers have so far
not employed climate compounds as discursive markers for investigating

3F1-score of 48.62 and 64.58 for CNN+Word2Vec and CNN+BERT, respectively
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the evolution of climate change framing in election manifestos. The study
presented in this thesis thus constitutes a novel approach to the investiga-
tion of the linguistic and discursive evolution of climate change discourse in
German politics.

3.3 Subcorpus

For the purpose of studying the evolution of climate change discourse and
Green Party evolution in German election manifestos, a subcorpus of the
Manifesto Corpus was created. This subcorpus contained the election man-
ifestos of the three investigated parties, Die Grünen, CDU and SPD, from
1980 until 2021. This corresponds to twelve elections, each with three differ-
ent election programs, for a total of 36 manifestos. The election manifestos
used for analysis were attained from the Manifesto Corpus using the R com-
panion package manifestoR4. Since German election programs prior to 1998
were only available in digitized, but not in annotated form at the time of anal-
ysis, only textual data was considered in this paper, leaving the work with
annotated documents to future studies.
To present the characteristics of the manifestos, a descriptive analysis was
performed. Figure 3.1 visualizes the manifesto length for each party per year.
Manifesto length in this case refers to the amount of words contained in an
election platform.
The analysis shows that the election programs of all parties became longer
over time. From 1987 onward, the longest programs were always published
by the Greens, often more than twice as long as the programs of the CDU and
SPD. The 2013 manifesto of Die Grünen is the longest one in the subcorpus,
consisting of nearly 80,000 words.
Figure 3.2 represents the contents of the manifestos graphically using word
clouds. The figures provide a brief and intuitive overview of the most rel-
evant topics for all manifestos published by a party. For the analysis, only
(proper) nouns were considered, both as single words and two-word com-
binations. The size of a word in this visualization is proportional to its fre-
quency in the manifestos. While word clouds do not provide a comprehen-
sive overview of the data, as frequency of a word does not have to correlate

4https://github.com/ManifestoProject/manifestoR/

https://github.com/ManifestoProject/manifestoR/


3.3. Subcorpus 21

FIGURE 3.1: Length of German election manifestos in words
(all parties)

with importance of a word, the visual cues help get a first impression of tex-
tual data and consequently the similarities and differences between election
programs. For example, the Greens’ party manifestos (Figure 3.2a) seem to
contain frequent mentions of environmental issues and references to the own
party (e.g., grün, umwelt, erneuerbare energie), as well as social issues (e.g., be-
hinderung, grundsicherung, gesellschaft). In the CDU manifestos (Figure 3.2b),
on the other hand, frequent mentions of Germany and its fundamental values
can be found (e.g., deutschland, frieden, freiheit, einheit). The SPD manifestos
(Figure 3.2c) deal, among other things, with civil society and the rights of
workers in the country (e.g., arbeitnehmerin, gewerkschaft, vereinbarkeit familie).
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(A) Die Grünen manifestos

(B) CDU manifestos

(C) SPD manifestos

FIGURE 3.2: Word clouds generated from party manifestos
1980-2021 (all parties)
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Methodologies

All analyses, unless specified otherwise, were conducted using Python 3.9.
For visualization, the interactive open source graphing library plotly.py1

was used. For the transformer-based neural topic modeling approach, the
BERTopic implementation (v0.12.0) provided by Grootendorst (2022) was
used. The implementation is freely available on GitHub2 and the Python
Package Index PyPi3. For visualization of the topic modeling results, a modi-
fied version of LDAvis4 implementation provided by Grootendorst was used.
For accessibility and reproducibility reasons, all code was written and doc-
umented in Jupyter notebooks (Kluyver et al., 2016). Computation was per-
formed on Colab5, a Jupyter notebook service which provides free-of-charge
cloud access to high-performance CPUs and GPUs.
In the following chapter, the methodological background for the techniques
used in this study will be provided. In Section 4.1, neural topic modeling and
the BERTopic approach to this concept will be explained. Afterwards, the text
preprocessing and the process of optimal model selection in the study will be
presented. In Section 4.2, the methodological approach to climate compound
collection and analysis will be provided.

4.1 Topic Modeling

In the following, the methodology behind the neural topic modeling ap-
proach BERTopic will be explained. Afterwards, the process of parameter

1https://github.com/plotly/plotly.py
2https://github.com/MaartenGr/BERTopic
3https://pypi.org/project/bertopic/
4https://github.com/cpsievert/LDAvis
5https://colab.research.google.com/

https://github.com/plotly/plotly.py
https://github.com/MaartenGr/BERTopic
https://pypi.org/project/bertopic/
https://github.com/cpsievert/LDAvis
https://colab.research.google.com/
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and model selection specific to the study of climate discourse in German
party manifestos will be presented.

4.1.1 BERTopic

The topic modeling approach adopted in this work is neural topic modeling,
more specifically BERTopic. BERTopic is modular and allows for fine-grained
parameter tuning of the model. Additionally, it grants free choice of the re-
quired sub-models for sentence embedding, dimensionality reduction and
clustering. The BERTopic approach to neural topic modeling can be roughly
divided into three steps:

1. Embedding: Transform document to high-dimensional vector embed-
ding representation using pre-trained language model

2. Clustering: Reduce embedding dimensionality, then create semanti-
cally similar clusters of the embeddings (i.e., topics)

3. Topic Representation: Extract topic representations (i.e., words in a
topic) from clusters using class-based TF-IDF approach

Embedding. The embedding step leverages Sentence-BERT (SBERT) which
allows for creating dense vector representations of sentences. SBERT is a
modification of the original BERT network introduced by Devlin et al. (2019),
which is fine-tuned for semantic similarity and clustering tasks, significantly
lowering computation time (Reimers and Gurevych, 2019).

Clustering. After the sentences are preprocessed and transformed into vec-
tor representations, clustering has to be performed in order to detect which
sentences are semantically similar and potentially belong to the same topic
(i.e., cluster). As with any work in high-dimensional spaces, the curse of di-
mensionality is haunting the embedding vector space, meaning the data be-
comes so sparse that concepts like spatial proximity between data points lose
their meaning. This makes it difficult (or even impossible) to apply the dis-
tance metrics traditionally used for clustering (Aggarwal, Hinneburg, and
Keim, 2001). One way to solve this problem is to reduce the dimensionality
of the vector space, preserving the meaningful dimensions (i.e., attributes)
of the data, while discarding dimensions that are merely noise (Ding et al.,
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2002). The default method employed by BERTopic is Uniform Manifold Ap-
proximation and Projection (UMAP) as it preserves more of the data features
and global structure than other common methods such as PCA or t-SNE
(McInnes et al., 2018).
Once the dimensionality of the vector space is reduced, the data can be clus-
tered. The clustering step is performed using HDBSCAN, a hierarchical
clustering-based version of DBSCAN (Density-based spatial clustering of ap-
plications with noise). This soft clustering approach recognizes outliers and
models them as noise instead of assigning them to a cluster that is close
enough, thus improving the final topic coherence (Campello, Moulavi, and
Sander, 2013). Furthermore, due to the method’s hierarchical nature, clusters
are arranged logically in a tree-like structure, allowing for an easier under-
standing and merging of topics.

Topic Representation. Based on the newly created clusters of documents,
the topic representations are then calculated using c-TF-IDF. This class-based
(or: cluster-based) version of the TF-IDF is not so different from its well-
known relative. It is simply adjusted to function for clusters (i.e., topics)
rather than individual documents by considering the differences of docu-
ments across clusters. In addition, it allows for a ranking of the words in
a topic representation by importance, making it easier to understand the
essence of a topic. Computing this metric also makes it possible to merge un-
common topics with topics that have a similar c-TF-IDF representation but
are more common, providing an option for efficient topic reduction. The ba-
sic BERTopic algorithm lays the foundation for the Dynamic Topic Modeling
and is technically concluded after this last step. However, in order to acquire
meaningful and consistent results, the described process has to be conducted
repeatedly. The suitable choice of hyperparameters for each submodel differs
vastly across use cases. In the absence of a rule of thumb, researchers must
resort to a practice that essentially amounts to trial and error in determining
the best hyperparameters for their BERTopic model.

Dynamic Topic Modeling. The topics and representations created at this
point of the process represent a global summary of the documents. For a
sequential topic representation (i.e., What did a topic look like at time step t or t-
1?), Dynamic Topic Modeling has to be performed. After the best model and

Manfred Stede
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with it the global topic representations are determined, the local representa-
tions of a topic for each year can be created. The arrangement of documents
by time slice is a prerequisite for DTM. Therefore, each sentence is assigned a
timestamp corresponding to the year in which the respective manifesto was
published. For the DTM step of BERTopic, no further clustering or other com-
putationally expensive procedures are needed, as a topic representation for
a year is calculated by multiplication of the topic’s term frequency for said
year with its previously calculated global IDF values.

4.1.2 Data Preprocessing

Mapping the textual data to a vector space is a necessary prerequisite for
modeling it with BERTopic. The first preprocessing step in this study was
splitting the manifestos into subunits, which could be either sentences or
paragraphs. Separating the manifestos into single sentences instead of para-
graphs yielded more coherent topic modeling results according to human as-
sessment and computation of the Cv coherence score. In the study, the man-
ifestos were thus separated into subunits using sentence-level splitting, per-
forming sentence boundary detection using spaCy with the de_core_news_sm
pipeline for German.
As demonstrated by Denny and Spirling (2018), there is no right way to
preprocess textual data for unsupervised machine learning, as the require-
ments vary across applications. For this application, the literature review
and guidelines provided by Maier et al. (2018) were used as reference for
the preprocessing pipeline, starting off by cleaning the data of any unwanted
characters. In practice, this meant that escape sequences starting with a back-
slash (e.g., \n for inserting a newline), numbers and non-essential punctua-
tion marks were removed, and the text was transformed to lowercase charac-
ters. Afterwards, analogously to Müller-Hansen et al. (2021), all words were
lemmatized (i.e., reduced to their dictionary form) using spaCy in order to
avoid the processing of inflected forms and thus limit redundancy in the top-
ics (e.g., election and elections in the same topic). Lemmatizing (rather than
stemming) was the term unification method of choice here, since a lemma
is usually easier to interpret. In initial trials, lemmatizing has also yielded,
according to human assessment, better results than stemming (i.e., reducing
words to their stem).

Manfred Stede
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The aforementioned preprocessing guide by Maier et al. (2018) also sug-
gested stop word removal at this stage of the process. However, this was
only performed later on in the study – something that might seem counter-
intuitive to anyone who has worked with textual data before. This is owed
to the context-sensitive nature of transformer-based models. It is advised
to preserve as much context in the data as possible, as the model leverages
these contextual features. Therefore, stop words were not removed from the
documents themselves but were only filtered out from the final topic rep-
resentations (i.e., words that represent a topic). In order to achieve this, a
CountVectorizer instance with the standard nltk stop-word list for the Ger-
man language6 was initialized. This stop word list was chosen since it is
modular and can be expanded as needed, in case further stop words are rec-
ognized later on in the process. In this case of working with German election
manifestos, an inspection of topic representations in preliminary topic mod-
eling trials revealed domain-specific stop words which were then added to
the stop word list, such as party and politican names and variations thereof.

4.1.3 Parameters

The process of optimal model selection undergone in this study is visualized
in Figure 4.1.3. It was repeated until the topic model yielded the best (i.e.,
most coherent) results. Hyperparameters for each submodel (UMAP, HDB-
SCAN, BERTopic) were adjusted iteratively. The model performance was
evaluated after each round of model fitting via manual qualitative inspection
in addition to the computation of the Cv coherence score. Manual inspection
in this case meant reviewing the TOP 15 words of the TOP 15 topics and a
visual inspection of the topic model diagrams.
Syed and Spruit (2017) examined the Cv score as a proxy for topic quality
and found scores between 0.5 and 0.6, (with 0.59 being the highest score) to be
correlated with topics that were deemed coherent by human assessors. Using
the results as orientation, models with a Cv score below 0.5 were discarded in
this study, and models with a score above 0.5 were manually assessed. Once
the best model was determined, it was selected and the topic names were
assigned to the TOP 10 topics.

6nltk.corpus.stopwords.words(“german“)
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FIGURE 4.1: Topic model selection process

Word Embeddings. Since the manifestos are written in German, a multilin-
gual sentence transformer model distiluse-base-multilingual-cased-v17

was used. This model can be used out-of-the-box for more than 50 languages
and maps the sentences to a 512 dimensional dense vector space.

Dimensionality Reduction. UMAP was employed for reducing the dimen-
sionality of the sentence embeddings. The adjusted parameters were: num-
ber of neighboring points, the minimum allowed distance of data points and
the desired dimensionality of the results (n_neighbors=3, min_dist=0.08

n_components=3).
Limiting n_neighbors and lowering the value for the min_dist between data
points ensured the preservation of detailed local structures.

Clustering. For clustering the UMAP results, HDBSCAN was used. The
adjusted parameters were: minimum cluster size and minimum samples
(min_cluster_size = 50, min_samples = 40). Keeping min_samples value
slightly lower than the min_cluster_size allowed for the modeling of inter-
pretable and stable clusters with reduced noise inclusion.

7https://huggingface.co/sentence-transformers/distiluse-base-multilingual-cased-v1

https://huggingface.co/sentence-transformers/distiluse-base-multilingual-cased-v1
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BERTopic. The adjusted parameters for the BERTopic instance were: the
number of extracted words per topic, the topic diversity and the minimum
topic size (top_n_words = 15, diversity = 0.2, min_topic_size = 10).
The top_n_words and min_topic_size parameters ensured that a represen-
tative amount of coherent topics was created and the creation of a few big
or many small clusters was avoided. The choice of the diversity parameter
ensured the topic representations to be sufficiently diverse while still pre-
serving coherence.

4.2 Climate Compounds as Framing Devices

As mentioned in Section 2.3.3, existing research in the field of corpus linguistic-
based lexical compound analysis in climate change discourse was mostly
conducted on English-language texts from the public sphere. In this study,
research paradigms were modified and applied to German-language election
manifestos in order to analyze framing in climate change discourse in the
German policymaking community. For this analysis, all election manifestos
published by the Die Grünen, SPD and CDU since 1980 were considered.
The initial approach used for extracting climate compounds was based on
partial string matching. Terms created by compounding in German consist
of one word without spaces, not multiple words with spaces in between, like
in the English language (e.g., Klimawandel and climate change). For simplicity
reasons, it was assumed that every word longer than seven characters con-
taining the substring klima (climate) is a potential climate compound. This
heuristic allowed for a simple yet effective detection and collection of carbon
compounds.

Before After
Klimarisikoversicherungen Klimarisikoversicherung
Klimaschutz-Sofortprogramme Klimaschutz-Sofortprogramm
Klimaverträglichkeitsprüfung Klimaverträglichkeitsprüfung
Klima-Investitionen Klima-Investition
Klimaanpassungsgesetzes Klimaanpassungsgesetz

TABLE 4.1: Climate compound dictionary excerpt before and
after manual harmonization

As the compounds were extracted from natural language text, the collection
contained inflected and not inflected words alike. Declinations of words (e.g.,
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Klimaziele vs. Klimazielen) were detected sometimes, at other times the words
were truncated in a way that made them incomprehensible (e.g., Klimaprob-
lematik vs. Klimaproblemat). This posed a problem requiring manual atten-
tion. A computational linguist’s method of choice would usually be the au-
tomatic reduction of words, i.e. stemming or lemmatization. Unfortunately,
the commonly used tools (e.g. Snowball Stemmer, Hanover Tree Tagger), did
not perform consistently on the presumably newly emerged climate com-
pounds. Harmonization of the words to their lemma was thus performed
semi-automatically, by combining human validation and a dictionary-based
approximate string matching heuristics. First, all extracted climate com-
pounds, regardless of year, party, and inflection, were added to a list, which
was manually harmonized word for word by a human assessor (see Table
4.1). After this climate compound dictionary was created and duplicates were
removed, the compound collection process was repeated for each year and
party in order to collect harmonized versions of the words.

LISTING 1: Approximate String Matching in Climate Com-
pounds

1 for new_word in found_compounds:

2 # case 1: already in dictionary

3 if new_word is in compound_dictionary:

4 return new_word

5 for dict_word in compound_dictionary

6 #case 2: low edit distance with dictionary word

7 if edit_distance(new_word, dict_word) <= 2:

8 return dict_word

9 #case 3: no match found; manual inspection

10 return "no match found"

The collected compounds for each party and year were iteratively compared
to the dictionary entries using approximate string matching. The string met-
ric used was the edit distance, which expresses how many operations (i.e.,
replacing/inserting/deleting letters) would be necessary to transform one
string into another one. The lower the edit distance between two words, the
more similar they are. When comparing new, possibly inflected, climate com-
pounds and the non-inflected ones in the dictionary, matches with low edit
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distance (in this case: distance ≤ 2) yielded the manually harmonized (i.e.,
non-inflected version) of the climate compound (see Algorithm 1).

Word Category
Klimaerhitzung description

Klimaemissionsziel measure
Klimaeffizienzreform measure

TABLE 4.2: Example of climate compounds with categories

After the climate compounds were extracted from the manifestos, they were
separated into two categories: Descriptions and Measures (see Table 4.2). De-
scriptive compounds simply describe the situation or other facts surrounding
climate change and do not imply any propositions, such as Klimaproblem (cli-
mate problem). Compounds categorized as measures refer to specific proposi-
tions regarding climate change and its mitigation, such as Klimaschutzabkom-
men (climate protection treaty). The words were categorized independently
by three human annotators, and the final annotation was determined by ma-
jority vote.

1 {"Klimaschutzprogramm": {
2 "occurence_by_party": {
3 "Die Grünen": 3,
4 "CDU": 0,
5 "SPD": 2
6 },
7 "total_occurence": 5,
8 "first_mentioned": [
9 ["SPD", "1994"

10 ]],
11 "category": "actions"
12 }}

LISTING 2: Example of JSON entry in climate compound dic-
tionary

Finally, the climate compounds along with collected meta-information were
stored in JSON files for every year and every party (see Listing 2 for an
example dictionary entry).
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Using the climate compound dictionary, analyses were performed using text
and data mining methods, including computation of the:

• absolute number of compounds

• most frequent compounds

• longitudinal evolution of the TOP 3 most frequent compounds

• first mention of a compound

• longitudinal evolution of category distribution
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Chapter 5

Results

In this chapter, the results of the analysis will be presented. First, the results
of the dynamic topic modeling study will be described. Afterwards, the re-
sults of the climate compound analysis in German election manifestos will
be shown.

5.1 Topic Modeling

In the following, the topic modeling results will be presented. This includes
the presentation of global topic representations, the dynamic topic modeling
results, and a closer examination of environment-related topics.
It is recommended to examine the topic cluster representations (intertopic dis-
tance maps) and the dynamic topic modeling results interactively. Interactive
visualizations are provided in the supplementary material and on GitHub1.

Die Grünen CDU SPD
Jugendbildung Politik Jugendbildung
Politik EU Arbeitnehmer
Gleichberechtigung Familie Energiewende
EU Rente Familie
Familie Energiewende Steuern
Energiewende Jugend Rente
Verkehrswende Steuern Regierung
Einwanderung Wirtschaft Innovation
Klimaschutz Militär Politik
Landwirtschaft Digitalisierung Innovation

TABLE 5.1: Global TOP 10 topics (all parties)

1https://github.com/julesha/plots_thesis/tree/main/Topic_Modeling

https://github.com/julesha/plots_thesis/tree/main/Topic_Modeling
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The manually labeled topic modeling results for the global TOP 10 topics for
each party are presented in Table 5.1. Topics which appeared in the results
across all three parties are: Politics, Family, and Energy Transition.

Die Grünen. In the cluster representations of the topics, three distinct clus-
ters were identified (Figure A.1). One cluster consisted of four environment-
related topics (Energy Transition, Mobility Transition, Climate Protection,
Agriculture), the second one comprised three society-related topics (Youth
education, Equality, Family) and the last cluster contained three politics-
related topics (Politics, EU, Immigration). Among the TOP 10 topics com-
puted for the Greens, there were three climate distinct change-related ones,
namely Energy Transition, Mobility Transition and Climate Protection. After
2005, these topics gained relevance in Green Party manifestos, and the topic
Energy Transition became the most prevalent one of the three (see Figure 5.1a).

CDU. The cluster representations of topics generated from CDU mani-
festos revealed three distinct clusters (Figure A.2). One cluster contained
four society-related topics (Family, Pensions, Youth, Military). The second
cluster comprised four economy-related topics (Taxes, Digitalization, Market
Economy, Energy Transition). The last cluster contained two politics-related
topics (EU, Politics). No distinct climate change topic was found. However,
the Energy Transition topic had mentions of climate-related issues. Dynamic
topic modeling revealed that the Energy Transition topic has been mentioned
infrequently by the CDU until 2009, except for a peak in 1987. The topic
gained importance in 2009 and reached its highest frequency in 2021 (see
Figure 5.1b).

SPD. Two clusters of topics were found in the results for the SPD (Figure
A.3). One cluster contained topics concerned with societal issues (Family,
Youth Education, Pension, Work), the other one comprised topics with po-
litical and economic interest (Politics, Taxes, Government, Innovation, Dig-
italization, Energy Transition). Similar to the CDU topic modeling results,
among the TOP 10 topics extracted for the SPD manifestos, no specific climate
change topic was found. However, the Energy Transition topic did, like in the
case of the CDU, include mentions of general environmental policies. As vi-
sualized by the DTM results, the topic has consistently been on the party’s
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agenda, albeit less frequently so before 2009, with exception of a peak in 1990.
The topic was discussed most frequently in 2013 (see Figure 5.1c).

5.2 Climate Compounds as Framing Devices

An analysis of climate compounds in manifestos was performed to deter-
mine the level of change in salience in climate discourse, assuming climate
compounds to be discursive markers.
First, the general longitudinal development of climate compound usage will
be presented, followed by the presentation of party-level insights. Lastly,
a closer look at the results related to the Greens’ evolution with respect to
climate compound usage will be taken.

General Development. The evolution of climate compound frequency (ag-
gregated for all parties) is visualized in Figure 5.2. It revealed an upward
trend in climate compound usage, with the Green Party consistently using
more compounds than the CDU and the SPD. Visually, the graph can be di-
vided into two sections: 1980-2005 and 2009-2021, the first one containing
very few and the second one the majority of the compound mentions. Un-
til 2009, climate compounds remained virtually unmentioned by the main-
stream parties, while the Greens displayed infrequent but consistent usage
starting in 1990. In 2009, the overall frequency increased five-fold compared
to 2005, from under 30 to nearly 150 observations. From this point, all parties
used climate compounds in their manifestos. In 2021, the most compounds
were used (total: 205) and the highest frequency was observed for all parties
(Greens: 167; CDU: 68; SPD: 33).
Figure 5.3 visualizes the development of climate compound usage by cate-
gory for all parties (see Section 4.2 for more information on the categories).
Both Descriptions and Measures, showed a similar development until the year
1998 and consistently ranged below a frequency of 20. From 2002 on, the
curves diverged, with descriptive words becoming more frequent. In 2009,
a more than five-fold increase in frequency can be observed in the Descrip-
tions category, while the Measures category merely doubled in frequency. Af-
ter this, descriptive compounds lost importance until 2017, while measure-
related ones were used more often. In 2021, words of both categories marked
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(A) Die Grünen manifestos

(B) CDU manifestos

(C) SPD manifestos

FIGURE 5.1: Dynamic Topic Modeling visualization for
environment-related topics (all parties)
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FIGURE 5.2: Frequency of climate compounds in German elec-
tion manifestos (all parties)

FIGURE 5.3: Evolution of climate compound usage by category
(all parties)
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peak frequencies and were used equally often. A more detailed overview of
compound usage by category for every party is offered in Appendix A.2.

Most frequent compounds. Table 5.2 presents the most frequent climate
compounds, considering all parties and years. The most frequent climate
compound was Klimaschutz (climate protection), occurring more than twice
as often as the second most frequent word, Klimawandel (climate change). The
third most frequent word was Klimakrise (climate crisis).

Word Frequency Category
Klimaschutz 234 Measure
Klimawandel 92 Description

Klimakrise 44 Description

TABLE 5.2: TOP 3 most frequent climate compounds (all par-
ties)

FIGURE 5.4: TOP 3 most frequent compounds (all parties)

Figure 5.4 visualizes the evolution of these three most frequent climate com-
pounds from 1980 until 2021. The word Klimaschutz first appeared in 1994
and was the only one of the three words mentioned before 2005. From 2002
on, all parties consistently utilized the word. Klimawandel was first men-
tioned in 2005 and showed a similar development to Klimaschutz through
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Die Grünen CDU SPD
Klimaschutz 154 Klimaschutz 52 Klimaschutz 28
Klimakrise 44 Klimawandel 25 Klimawandel 28

Klimawandel 39 Klimaziel 10 Klimaziel 7
Klimaneutralität 23 Klimaschutzziel 4 Klimapolitik 6

Klimakatastrophe 20 Klimaveränderung 2 Klimaschutzziel 5

TABLE 5.3: TOP 5 most frequent compounds (all parties)

2021, albeit with fewer mentions. Curves for both words peaked in 2009,
showed a recess in 2013 and 2017 and gained more relevance again in 2021.
The graph for Klimakrise looks different. The word first appeared in 2009
with a total of two mentions, but quickly gained prominence in the discourse,
being used more frequently than the other descriptive word Klimawandel in
2017. Among the analyzed words, Klimakrise was the only one that shows
a steady upward trend in usage. Looking at the distribution of mentions
across parties, it becomes evident that the word Klimakrise was used exclu-
sively by the Green Party (see Figure 5.5). Visualizations for the frequency of
Klimaschutz and Klimawandel by party can be found in Appendix A.2.

FIGURE 5.5: Frequency of Klimakrise (all parties)
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Table 5.3 presents the five most frequent words for each party. The Greens
used a wide array of different climate compounds, with an even distribution
in frequency in the TOP 5 words. The CDU and the SPD predominantly used
their three most frequent climate compounds, which happen to be the same
for both parties.

FIGURE 5.6: First mentions of climate compounds (all parties)

Figure 5.6 visualizes the amount of times a party first introduced a previ-
ously unseen climate compound to the discourse. The years 1980 until 2005
showed low frequencies of first mentions of new words, changing in 2009
as the overall frequency increased five-fold. Furthermore, peaks in 2009 and
2021 can be observed, with a decline during the two elections in between.
The largest number of first mentions is shown by the Greens, who also dis-
played the largest difference in numbers between two consecutive election
programs, introducing seven times more new compounds in 2009 than in
2005. Except in the year 1983, the Green Party introduced new climate com-
pounds in every manifesto, for a total of 96 new words. The CDU was re-
sponsible for the introduction of 24 new words, and the SPD was the first
party to mention 8 of the climate compounds.



41

Chapter 6

Discussion

This chapter discusses the results presented in Chapter 5. Section 6.1 details
the results of the dynamic topic modeling study. Afterwards, the evolution
of climate compounds in climate change discourse is interpreted in Section
6.2. Finally, Section 6.3 explores the presented results as they relate to the
evolution of the Green Party.

6.1 Topic Modeling

The topic modeling results show pronounced differences in climate change
discourse between the Greens and the two mainstream parties, with the dis-
cussion of the climate in Green Party manifestos being distinct and multi-
faceted. Of the TOP 10 topics found, three are directly climate-related, and
further mentions of green policies can be found throughout other topics. This
division of the Greens’ climate-related topics into subtopics with high fre-
quency suggests an elaborate and fine-grained discussion of the issue. Also,
the Greens’ contribution to the German climate discourse is often strongly-
worded, as evidenced by emotional terms such as catastrophe or crisis, which
are frequently found in topic representations. The Greens’ primary climate-
related focus areas are the energy transition, the mobility transition, and cli-
mate protection. Interestingly, in the DTM, Energy Transition saw the steepest
increase in frequency among these climate-related topics. While the topic
started off as clearly climate-adjacent in the 1980s – with a focus on produc-
ing and saving energy while preserving the environment – by 2022 it bore a
closer resemblance to economics, efficiency, and renewables talk. Seeming to
bridge economic and environmental issues, the Energy Transition topic may
be indicative of a change in climate discourse in the Green Party. This is also
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supported by the thematic shift and increase in the frequency of topics after
2005, the year in which the Greens departed from government.
Looking for clear markers of the evolution of climate discourse in the
mainstream parties poses a challenge. While a well-defined subset of
environment-related topics can be found for the Green Party, both SPD and
CDU lack a distinct climate topic. Instead, results also show the Energy Tran-
sition topic functions as a kind of catch-all category for both parties, contain-
ing sentences related to not only energy politics, but also environment- and
sustainability-related issues. Despite the topic occurring in all parties, the
visualization of the topic clusters further demonstrates the juxtaposition be-
tween the mainstream party and Green Party discourse surrounding energy
and the climate. While in the case of the Green Party, the Energy Transition
topic is clustered with three other environment-adjacent topics, for both the
CDU and SPD, in contrast, its nearest neighbors are related to the economy
and innovation.
The topic does not occur frequently in both mainstream parties’ discourse
until 1998. An exception can be observed in the DTM results for the CDU,
for whom a peak in topic frequency occured in 1987, with the topic represen-
tation containing words such as Gesundheitsgefahren (health risks) and Über-
gangstechnologie (transitional technology). Considering the manifesto’s pub-
lishing date, which was only one year following the 1986 catastrophic Cher-
nobyl nuclear accident, the topic representations could represent a short-
lived response to the disaster and the question of the safety of nuclear energy.
A similar development can be observed for the SPD, for whom a temporary
peak in topic frequency occurred in 1987 and 1990, with topic representa-
tions containing various mentions of nuclear power-related issues. Here, the
Chernobyl disaster seems to have had a slightly longer-lasting effect on the
discourse.
Initially characterized by terms related to the general discussion around nu-
clear power and its associated environmental and safety concerns, the Energy
Transition topic representations for the mainstream parties shifted in 1998 to-
ward renewable energies such as solar and wind power, as well as energy
efficiency in general. At this time, the economic aspects of the energy tran-
sition seem to have been prioritized over its role in climate protection. This
changed again in the early 2000s, as terms such as environment and climate
protection reappeared in the topic representations, perhaps due in part to the
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SPD-Green government’s emphasis on the green aspect of the energy tran-
sition. This period also saw a radical shift toward renewables through the
adoption of key environment-related legislation, such as the Renewable En-
ergy Sources Act in 2000 and the Nuclear Phase-out Act in 2002. This shift is con-
sistent with the findings of Müller-Hansen et al. (2021), who saw similar de-
velopments in the coal discourse, in which the economic advantages lost im-
portance as climate concerns gained prominence. These findings are in line
with Weingart, Engels, and Pansegrau (2000), who already found at the turn
of the century that mainstream parties have not prioritized climate-related
issues, instead reinterpreting them and addressing their sub-problems that
are easier to grasp and solve, such as sustainable development and the en-
ergy transition. This molds the future catastrophe narrative of climate change,
which poses an unknown risk of unknown scope, into a problem that fits into
typical political discourse, thus allowing for concrete actions to preclude it.

6.2 Climate Compounds as Framing Devices

The results presented in Section 5.2 reveal several interesting developments
in climate compound usage in German party manifestos. This section adopts
a top-down approach to discussing these results, starting with an exploration
of the general developments, followed by a more fine-grained party-level
interpretation.

General. From a macro perspective, the most evident development in cli-
mate compound usage is the sharp increase in their frequency in all par-
ties’ manifestos after 2005, indicating an uptick in the prominence of climate
change discourse during the legislative period between 2005 and 2009. Be-
fore 2009, climate compound use was rare, with their presence mostly limited
to Green Party manifestos. However, from 2009 to 2021, a substantial shift
occurred, with all parties incorporating the compounds into their vocabu-
laries and the absolute frequency increasing more than threefold. While an
increase in the frequency of climate compounds does not irrefutably demon-
strate a re-framing of climate change, it suggests that climate discourse has
become more important in political discourse in Germany, and this ascent
in mainstream politics has come with the emergence of a specific vocabu-
lary. This potentially provides evidence for Koteyko, Thelwall, and Nerlich
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(2010)’s concept of an emergent carbon lexicon, as new concepts and turning
points in discourse seem to foster linguistic creativity. The evolution of cli-
mate compound usage in manifestos seems to support this theory.
Nerlich, Evans, and Koteyko (2011) also observed an increase in climate com-
pound usage in other domains, with more elaborate words such as low car-
bon diet gaining prominence in 2006. This phenomenon is attributed to the
raised (global) awareness of climate change in society due to climate cam-
paigns such as the release of Al Gore’s An Inconvenient Truth (2006), a docu-
mentary film about the dangers of global warming, and one of the first cli-
mate change-related pieces of mass media to gain mainstream success. The
increase in climate compound usage in German manifestos also correlated
with the first commitment period of the Kyoto Protocol, an international cli-
mate treaty signed by 192 countries. After being adopted in 1997, the Kyoto
Protocol came into force in 2005 with the objective of limiting and reducing
worldwide greenhouse gas emissions in order to mitigate anthropogenic cli-
mate change (Almer and Winkler, 2017).
Grundmann and Krishnamurthy (2010) showed similar results: analyzing a
total of almost 60,000 German news articles from 1980 until 2007 from the
Nexis news media archive, they found that more than 50% of all analyzed
articles on climate change were published in 2007. The authors also attribute
this, among other factors, to the release of An Inconvenient Truth, the pub-
lishing of the Fourth Assessment report of the IPCC and the award of the
Nobel Peace Prize to Al Gore together with the IPCC in the same year. Sim-
ilar results were published by Schmidt, Ivanova, and Schäfer (2013), who
found that media attention to climate change has increased rapidly around
2006/early 2007. As discussed in Section 2.1, politicians must adapt to frames
prevalent in media and society, with the shaping of climate change discourse
resulting from an interplay of media, civil society, and politics. Fittingly, this
described sudden surge in media attention in 2007 corresponded to the sharp
increase in climate compound frequency in manifestos before the 2009 Ger-
man federal elections.
In addition to this first increase in frequency in 2009, a second increase in
climate compound usage was observed starting in 2013. The first shift in
climate discourse is marked by an increase in climate compounds in the De-
scriptions category in 2009. The second discursive shift comes in the form of
a steep increase in compounds describing Measures related to climate change
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(mitigation) in 2013. Thinking of these shifts as key junctures, or transitive pe-
riods, of climate change discourse, its evolution could be divided into three
segments: a period of little to no attention (1980 – 2009), a period of descrip-
tion, or talking about the issue (2009 – 2013) and a period of calling for climate
action (2013 – ?). In the 2021 manifestos, compounds of both categories get
mentioned equally often again for the first time in more than 20 years. This
could mark a new period of climate discourse, potentially uniting description
and action.

Party-Level. Key differences in climate change discourse in election pro-
grams can be observed not only in broad longitudinal terms, but also at the
level between parties. Generally, the Green Party’s discourse is character-
ized by a more diverse compound vocabulary, meaning they employ a large
assortment of compounds, as opposed to frequently repeating a few words.
Three of the TOP 5 words used by the party are synonyms of climate change,
with a varying sense of urgency: it is framed as climate change, crisis, and
catastrophe, suggesting a range of narratives in the discourse. In contrast, the
CDU and SPD have a much smaller compound vocabulary, primarily refer-
ring to climate change and climate protection, with additional mentions of a
Klimaschutzziel (climate protection goal). This observation is again consistent
with Weingart, Engels, and Pansegrau (2000) that mainstream parties rarely
address the climate issue as one big problem, instead breaking it down into
solvable sub-problems and thus creating reachable goals.
Even with mainstream parties’ comparatively simple vocabulary, the up-
ward trend of climate compound usage has given rise to an evolving lexicon,
which may provide insights into the framing of climate change in political
discourse. A starting point for this is the discussion of the most frequent
climate compounds. Indeed, the three overall most frequent words – Kli-
maschutz (climate protection), Klimawandel (climate change), and Klimakrise
(climate crisis) – have key semantic differences between them. The most fre-
quent word, Klimaschutz, generally relates to measures to counteract climate
change and its associated consequences. Additionally, it is the only one of
the three that occurred in election programs before the beginning of the 21st

century.
While the second and third most frequent terms, Klimawandel and Klimakrise,
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both describe the same concept of climate change, they have disparate conno-
tations. Klimawandel is an objective description of climate change that makes
no statement about the extent or implications of the phenomenon. Mean-
while, Klimakrise adds a sense of urgency and an implicit call for action, as
it is no longer characterized as simply a change in the climate, but rather a
crisis that must be addressed. The component crisis frames climate change
as an imminent threat and stresses the gravity of its effects, as well as its
implications for the future of humanity. The emotionally charged term Kli-
makrise has quickly established itself as a key component of climate discourse
in politics: after not being mentioned in any election programs before 2009,
by 2017 – just two elections later – its frequency surpassed that of its neutral
counterpart Klimawandel.

6.3 Green Party Evolution

The topic modeling results reveal some of the underlying structures of party
level discourse in election manifestos. Based on the evaluation of only rel-
atively few documents of three parties, no general conclusion can be made,
and it is wiser to speak about trends rather than to make statements about
specific party profiles. However, distinct differences in discourse across parties
can be observed, starting off with the apparent commonalities and the three
shared TOP 10 topics (Politics, Energy Transition, Family). While these topics
seem like essential building blocks of established parties, three of them (EU,
Energy Transition, Family) only became relevant in Green Party manifestos
in the late 1990s – around the time the Greens were part of a government
coalition with the social democrats for the first time. Especially after this
joint government ended in 2005, these issues were addressed much more fre-
quently in Green Party programs, suggesting that government participation
brought the party closer to mainstream discourse.
Out of the four common topics, the Politics one has been part of Green man-
ifestos since the party’s establishment. While the topic was initially sum-
marized by critique of weapons of mass destruction and nuclear power and
words like Widerstand (resistance), the topic representations contained more
concrete, policy-oriented concepts such as Gesellschaftsvertrag (Articles of as-
sociation) and Bürgerversicherung (single-payer health care) after the end of
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the Red-Green coalition in 2005. During this time, the Greens faced previ-
ously unknown challenges. The depression that followed government par-
ticipation, fueled by an uncertain standing in the German party system and
poor election results, required what Blühdorn (2009) called strategic reposi-
tioning or reinventing green politics for the contemporary era. This shift in the
very general Politics topic is a plausible manifestation of this repositioning –
it can be interpreted as an example of the rearrangement of the party’s pri-
orities to facilitate government participation. In a way, the former grassroots
party grew up and exchanged its past fundamentalism for pragmatism, in an
attempt to secure its position in mainstream politics. The Greens coined the
term radical realism to describe this position, which moves closer to the polit-
ical center (Blühdorn, 2009). This radical realism has opened doors for new
policies, but also kept space for the Greens’ principal message, the environ-
ment. Despite the ideological and strategic evolution the party underwent,
the Greens have consistently led the climate discourse in the German politi-
cal landscape.
Looking at the results of the climate compound analysis in the Green Party’s
manifestos, more interesting developments are revealed. As discussed in
Section 2.2.3, framing allows actors to claim (and keep) ownership of an
issue. Keeping this in mind, the Greens’ usage of climate compounds as
framing devices plays an important role in the discourse evolution. The
party introduced the most new climate compounds into the discourse, with
some of them also being adopted by other parties (e.g., Klimaabkommen, Kli-
maschutzgesetz) and some others being exclusive to the party’s vocabulary
(e.g., Klimakrise, Klimakiller).
Focusing on the words unique to the Greens, the term Klimakrise (climate cri-
sis) deserves special consideration. Despite being first used as late as 2009,
it is the overall second most frequent climate compound used by the party,
more often than climate change. Unlike the latter, it is emotionally charged
and describes the concept of climate change as an imminent threat, urgently
calling for action. The party almost ceased using the more neutral word Kli-
mawandel (climate change) by 2017, while its drastic synonym gained fre-
quency rapidly, suggesting that a change in vocabulary has taken place. This
re-framing of the climate issue from a mere change to an outright crisis is rad-
ical in comparison to the wording of the mainstream parties, which refrain
from using emotionally charged vocabulary. It is, however, not so radical
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when seen in context with the zeitgeist of the 21st century. Politics is a re-
flection of the state of contemporary society. Major news outlets, such as the
British daily newspaper The Guardian, have changed their language con-
ventions in 2019, no longer talking about global warming or climate change,
but instead referring to the phenomenon as a climate crisis or emergency
(Carrington, 2019). Similar developments were observed in other domains:
the Oxford University Press declared climate emergency the Word of the Year
2019, noting an increase in its use of 10,796%, compared with the previous
year. The word climate crisis was also in the Word of the Year shortlist and
saw a 2,510% increase in usage (Oxford University Press, 2019). The trend
observed in the public, in science and in media seems to be picked up by the
Green Party but not by the mainstream parties. It seems that, despite con-
verging to the political center and mainstream politics, the politicization of
climate change and the moralistic aspect of addressing the problem is still
the responsibility of the Green Party.
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Chapter 7

Conclusions & Future Research

This thesis examined the evolution of climate change discourse in German
party manifestos, with a focus on the development of the Green Party. To
bridge the gap between computational linguistics and political science, state-
of-the-art neural topic modeling methods were employed to conduct a lon-
gitudinal discourse analysis on German-language election programs. To this
end, climate compounds proved to be effective markers for the evolution of
climate change framing in German party discourse. The Manifesto Corpus
has proven to be a valuable resource in this context for party-level climate
discourse analysis.
Using this corpus, German parties’ evolving positions and engagement with
climate-related topics were quantified and analyzed, allowing for the explo-
ration of topical shifts and changes in climate compound usage. Generally,
the findings suggest that climate discourse has gained importance in the Ger-
man political landscape, indicating a greening of the German party system.
While the established parties tend to focus on sustainable development, which
primarily addresses the economic aspects of climate change and its mitiga-
tion, the Greens have historically focused on environmental aspects of cli-
mate change. However, as discourse on sustainability has become increas-
ingly mainstream, the Greens have similarly seen a mainstreaming of their
topics, shifting away from niche issues and toward the CDU and SPD’s eco-
nomic considerations of environmentalism.
These results suggest that over the last 40 years, the Greens have gradually
departed from their radical grassroots past, becoming firmly integrated into
the German multi-party system. While the Greens have remained true to
their core values, adamantly addressing the imminent threat posed by the cli-
mate crisis, their position seems to have shifted from eco-radicalism toward
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a more agreeable pragmatism, prioritizing the desire to govern and keep-
ing coalition options to all sides open. Although the contents of discourse
differ, similar patterns in attention shifts can be observed among all parties.
The climate-aware zeitgeist in society and the media seems to impact climate
change discourse, regardless of a party’s position on a scale of popularity or
left-to-right ideology.

Despite the promising results presented in this thesis, it should be kept in
mind that they do not represent a full picture of climate change discourse in
German political parties, but merely approximate the longitudinal develop-
ment based on selected criteria. While the results suggest a successful appli-
cation of NLP techniques for addressing the problem of discourse analysis in
the German political sphere, they also highlight some aspects that could be
addressed in future research.
Various approaches can be taken here. Concerning the data, it could be of in-
terest to take manifestos of all German parties into consideration. In particu-
lar, the rise of right-wing populism and the associated anti-climate sentiment
introduced by the Alternative für Deutschland could yield interesting insights
to the evolving discourse in the German parliament. In addition to consid-
ering more parties, research could also include texts from different sources.
As manifestos are only published every four years, they leave large explana-
tory gaps. Including other textual data, such as transcribed parliamentary
speeches or coalition agreements, in the analyses could help understand the
process and pace of discourse shifts, such as the large shift in issue attention
between 2005 and 2009 reported in this study.
The topic modeling task could be augmented by employing different meth-
ods, such as guided topic modeling, if specific aspects of the climate dis-
course are to be investigated. This way, topics could be created around a set
of predefined words. Establishing a strategic set of seed words could provide
insight into specific aspects of the discourse, such as the set coal, sustainability,
solar for the examination of energy transition discourse. In addition, perform-
ing dynamic topic modeling on a subcorpus of only environment-related
sentences could contribute to understanding facets of climate change dis-
course. Utilizing the Manifesto Corpus codes for sustainable development
and environmental protection (416.1, 416.2 and 501), it would be possible to
extract such sentences from election manifestos. However, since sentences
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with these codes only make up a fraction of a manifesto, it would be nec-
essary to either include multiple countries in the analysis or manually code
additional documents for a country. If a sufficiently large subcorpus were to
emerge, the climate discourse could be modeled in detail.
As for the climate compound research, a more fine-grained analysis of the
words could be considered. In this study, the compounds were classified in
two categories, Descriptions and Actions. However, the categories could be al-
tered or augmented based on the researcher’s needs, for example by adding
the sentiment valence of the words. As the climate compound dictionary stands
for a novel approach to climate discourse analysis and is modular in nature,
it potentially represents a valuable resource for researchers. Adding more
meta-information could increase its usefulness. For example, it might be of
interest to further investigate the origin and common usage of words. In-
dication of whether a word has a dictionary entry or in which domain it is
predominantly used may provide valuable insights for discourse and fram-
ing analysis.

This outlook once again emphasizes that interdisciplinary collaboration
among researchers is critical to addressing the new challenges arising in this
era of uncertainty. Combining a computational linguistic approach with a
political science investigation, this work represents a potential starting point
and new perspective for researchers at a time when understanding climate
discourse is of greater importance than ever before. The insights presented
in this thesis help to model and understand policymakers’ portrayals of cli-
mate change – an essential prerequisite for communicating and mitigating
the issue.
As of November 2022, new developments in global communications are al-
ready emerging as war and recession dominate the discourse and divert fo-
cus from environmental issues. The development of the German climate dis-
course could also take an interesting turn in the near future. In the face of the
2022 energy crisis, the Greens have moved further away from their roots and
are arguing for a postponement of the nuclear phase-out beyond the legally
mandated date. This development could impact the public perception of the
Green Party and thus the climate discourse, and is therefore of great interest
to researchers.
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Appendix A

Figures

A.1 Figures for Topic Modeling

FIGURE A.1: Hierarchical clustering of topics (Die Grünen)

FIGURE A.2: Hierarchical clustering of topics (CDU)
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FIGURE A.3: Hierarchical clustering of topics (SPD)

A.2 Figures for Climate Compounds as Framing

Devices

FIGURE A.4: Frequency of Klimaschutz (all parties)
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FIGURE A.5: Frequency of Klimawandel (all parties)

FIGURE A.6: Evolution of climate compound usage by category
(Die Grünen)
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FIGURE A.7: Evolution of climate compound usage by category
(CDU)

FIGURE A.8: Evolution of climate compound usage by category
(SPD)
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