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Abstract

As climate change progresses, significant mitigation and adaptation efforts are needed,
including at the local level, and there is a growing literature analysing whether and how
cities are taking action. However, few studies have assessed the progress and dynamics of
urban climate policies over time. We examine the development of climate mitigation and
adaptation at the institutional level in 104 German cities between 2018 and 2022, based on
their membership of city networks, the awards and prizes they have received, and the exist-
ence, publication year, number of updates, and goals or contents of their climate strategies.
We complement these findings with insights from interviews and document analyses in 15
cities. On this basis, we trace general trends in municipal mitigation and adaptation poli-
cies, as well as specific changes, dynamics and constants for selected cities and city clus-
ters. We find that both fields of policy are highly dynamic and that there is a general trend
towards more comprehensive mitigation and adaptation activities. However, adaptation is
still lagging behind mitigation, and some less active cities have not developed during this
period, leading to further polarisation between leaders and laggards. We discuss several
reasons for these divergent developments, including differences in capacity, city size, loca-
tion in federal states, and the issue of symbolic politics. We also reflect on the limitations
of our approach and consider potential steps for improvement.
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1 Introduction

As climate change progresses, the need for mitigation and adaptation increases. While
governments at all levels have introduced policies to reduce greenhouse gas emissions for
more than three decades, most only started much later to adapt to current and expected
future climate conditions, such as extreme weather events and sea level rise (IPCC 2022).
In response to these developments, studies have begun to assess where we are in terms of
mitigating climate change and adapting to its impacts, and also to assess whether targets
— particularly those set by the 2015 Paris Agreement — are being met (Azevedo and Leal
2017; Reckien et al. 2018). Recent insights show that previous and existing mitigation and
adaptation efforts at the global and international level are far from sufficient (IPCC 2022;
UN 2023); research could help to inform possible improvements in structures, processes
and the focus of future policy.

Urban areas are crucial sites for mitigation and adaptation (Aboagye and Sharifi 2024;
Amundsen et al. 2018; Rosenzweig et al. 2010). They are major emitters of greenhouse
gases and home to more than half the global population, and their assets and infrastructure
tend to be more vulnerable to frequent and intense heat waves, floods and other extreme
weather events (IPCC 2022). In addition, cities are partly seen as being more committed
to climate change action than nation states (Rosenzweig et al. 2010). They are closer to the
different stakeholders that need to be motivated to take action and are able to shape local
developments.

Despite these dynamics, few studies focusing on many cities go beyond describing and
explaining the current state of climate mitigation or adaptation, and instead track develop-
ments over time (Biesbroek et al. 2018; for exceptions see: Canosa et al. 2020; Reckien
et al. 2023). Such analyses are hampered by the availability of data and the fact that data
collection is often part of projects with a fixed duration (Biesbroek et al. 2018). To assess
the progress and dynamics of cities’ climate policies, we need to compare conditions and
outcomes at different points in time. In this article, we address this issue by highlighting
progress in the local institutionalisation of climate mitigation and adaptation over recent
years.

As a baseline, we use the results of Otto et al. (2021a), who ranked the climate activi-
ties of 104 German cities at the end of 2018, based on their memberships of city networks,
the awards and prizes they achieved, and the existence, publishing year, updating and goals
or contents of their climate strategies. In this paper, we examine how climate mitigation
and adaptation have evolved until 2022 in the same 104 cities using the same assessment
approach. We also complement these findings with qualitative insights from 15 of the cit-
ies, which provide more detailed knowledge of how and why policies may have changed
over this period, and thereby go beyond assessing developments at the strategic level of
plans. The main research questions of this article are:

1. What are the general trends in municipal mitigation and adaptation policy in 104 Ger-
man cities between 2018 and 20227

2. What are the specific trends, dynamics and constants for selected cities or clusters of
cities?

By answering these questions, this article provides detailed knowledge about the state

and process of urban mitigation and adaptation in Germany. More generally, it can also add
to our knowledge of the factors that may contribute towards municipalities accelerating or
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decelerating their climate activities. We also discuss whether the approach to rank cities on
their mitigation and adaptation activities, which was developed five years ago by Otto et al.
(2021a) and is reused for this article, is still valid or what changes are needed to respond to
policy and societal developments.

2 Background
2.1 Drivers and dynamics of local mitigation and adaptation policies

A growing literature investigates the activities of large numbers of cities in mitigation (Sal-
via et al. 2021; Wang et al. 2020; Vanhuyse et al. 2023), adaptation (Araos et al. 2016;
Otto et al. 2021a; Kalbarczyk and Kalbarczyk 2022; Reckien et al. 2023) or both fields at
the same time (Aboagye and Sharifi 2023; Debbage et al. 2025; Grafakos et al. 2020; Otto
et al. 2021a; Pietrapertosa et al. 2019; Reckien et al. 2018). A growing number of cities are
developing strategic plans and implementing measures, although progress in adaptation is
still lagging behind mitigation, and adaptation is found to be less (but increasingly) repre-
sented in joint climate action plans (Aboagye and Sharifi 2023; Pimenta and Kamruzza-
man 2024; Debbage et al. 2025; Reckien et al. 2023).

A long-running theme in studies of local climate policy relates to the factors that con-
tribute to action (van der Heijden 2019). Where national or regional governments require
municipalities to produce plans or implement certain policies, there is a clear legal driver
for local governments to act. Unsurprisingly, studies have found that cities are much more
likely to produce mitigation and/or adaptation plans in countries that have introduced such
mandates, such as France, Denmark, Ireland and the UK (Buzéasi et al. 2024; Heidrich et al.
2016). Where no such legal obligations exist, local political drivers for action need to be
strong — and municipalities also need to possess the expertise and financial capacities to
develop and implement policies. This means that, in general, larger cities are more likely to
be active in both climate policy fields (Araos et al. 2016; Otto et al. 2021a, b; Reckien et al.
2015; Salvia et al. 2021), and cities with younger and wealthier populations, universities or
research institutes, stronger green parties, civil society actors and greater reliance on the
service economy tend to introduce more ambitious mitigation policies (Haupt et al. 2023a).

Although these factors are important, broader societal or economic developments can
sometimes change the political agenda very quickly and lead to policymakers focusing on
different priorities. Similarly, some studies show that adaptation can be motivated by the
experience of extreme weather events as, among other things, the sense of urgency or the
call to adapt increases (Aguiar et al. 2018; Braunschweiger and Ingold 2023; Nohrstedt
et al. 2022; Schoenefeld et al. 2023; Shi et al. 2015). In addition, national or regional fund-
ing schemes for climate action can also trigger local climate policies (Kern et al. 2023).

These internal and external factors mean that local climate policies are dynamic, and
the same municipalities are unlikely to remain as ‘leaders’ or ‘laggards’ indefinitely. In
Germany, as in many other countries, large and medium-sized cities such as Freiburg, Hei-
delberg, Hanover, Munich, and Frankfurt am Main took the lead in climate mitigation as
early as the late 1980s and early 1990s. Although it is often possible to detect a visible
cohort of forerunners and identify a group of municipalities that have not started specific
initiatives in the past and do not plan to do so in the future, there are also municipalities
that cannot be classified as leaders or laggards. For example, a study of all 311 Finnish
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municipalities revealed that more than 80 municipalities did not belong to either of these
two groups (Kern 2020).

As such, Kern (2020, 2023) identifies six types of municipalities. On the one hand,
we often have (1) a relatively small number of forerunner cities which stay ahead, (2)
a group of followers that want to catch up with the forerunners, and (3) mostly smaller,
latecoming municipalities, which only started local climate actions quite recently. On
the other hand, however, urban climate policy is not always characterised by progress,
because internal or external barriers, such as a lack of resources or support, can lead
to stagnation or regression. Thus, Kern (2023) also points out (4) a group of formerly
quite active cities which are straggling and falling behind, (5) followers which started
climate initiatives but are stepping out and (6) a group of often smaller municipalities
with low capacities and little sense of urgency which stay behind. Applying this typol-
ogy to the Finnish case by analysing sustainability and climate policy initiatives since
the 1990s, Kern (2020) identified 7 cities as forerunners staying ahead (group 1); 29
municipalities as followers catching up with the forerunners (2), 23 as latecomers step-
ping in (3); 9 as forerunners falling behind (4); 22 as followers stepping out (5); and
221 as laggards staying behind (6). Given that the situation in Finnish local government
has been so dynamic over 30 years, we might expect similar changes to be in play in
other countries, too.

2.2 Urban mitigation and adaptation in the German context

Despite national support for mitigation and adaptation, e.g. through research programmes
and funding schemes, up until 2024 they were both only voluntary tasks for local author-
ities in Germany (Bulkeley and Kern 2006; Kern et al. 2023).! Nevertheless, the first
German cities began to take strategic action on mitigation in the late 1980s, although
they did not begin to introduce adaptation policies until the end of the 2000s (Otto et al.
2021a). Recent studies show that mitigation is still given higher priority than adaptation,
and both areas tend to be less prioritised than other municipal functions (Koerth et al.
2019; Otto et al. 2021a). While all but one of the 104 large and medium-sized German
cities had published a climate change mitigation plan by the end of 2018 (Otto et al.
2021a), only 59% of these municipalities had already developed an adaptation plan or a
mitigation plan with comprehensive adaptation content, and just 13% were working on
one (Otto et al. 2021b).

In line with literature from other countries (Kern 2019; Reckien et al. 2018; Sal-
via et al. 2021), city size is an important predictor of climate ambition in Germany. For
example, larger German cities are more likely to have a mitigation and an adaptation plan
than smaller municipalities, and more likely to have set ambitious greenhouse gas reduc-
tion targets (Otto et al. 2021a). Conversely, studies into smaller cities have found that a
much smaller share have developed adaptation strategies (18% (Hasse et al. 2019) and 33%
(Reckien et al. 2018)).

Notably, however, various factors may have contributed to greater dynamism in Ger-
man cities” climate policy in recent years, which could have led to some smaller cit-
ies catching up with their larger counterparts. For example, the rapid emergence of

! Both the Heat Planning Act and the Climate Adaptation Act came into force in 2024. For the first time,
these laws lay down binding nationwide requirements for municipalities to develop local heat plans and
adaptation strategies.
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Fridays for Future played a decisive role in contributing to many German municipalities
declaring ‘climate emergencies’ and introducing more ambitious policies in 2019 and
2020 (Haupt et al. 2023b; Eckersley et al. 2025). Although new issues brought much
of this momentum to a halt in 2021 (HaBler et al. 2023), the development or updating
of municipal mitigation plans, and sometimes adaptation plans, that began during the
period of high attention to climate issues, has generally continued. Additionally, several
extreme weather events, such as heatwaves and intense rainfall events leading to flood-
ing, affected Germany from 2019 to 2022 (Ballester et al. 2023; Thieken et al. 2023).
Another issue that may have influenced adaptation is a change in the funding available
to produce local strategies. While the so-called Kommunalrichtlinie supported the devel-
opment of municipal strategies in both policy areas until 2019, adaptation funding was
stopped. Only at the end of 2021 were municipalities again eligible to apply for fund-
ing for an adaptation strategy under a different funding programme (Deutsche Anpas-
sungsstrategie). Furthermore, the support provided to municipalities within the 16 fed-
eral states varied over time, with the states of North Rhine-Westphalia and Thuringia, for
example, pursuing adaptation in a more coordinated and direct manner than many other
parts of Germany (Eckersley et al. 2023; King 2022).

This changing external context, alongside any internal political or personnel changes
within municipalities, is likely to significantly impact local climate policy. However,
there has been little research into whether and how cities might become more (or less)
ambitious over time. Such studies are important from a policy perspective because they
help us ascertain the extent to which humanity might be on track to achieve climate
objectives, and they can also help academics to understand the factors that contribute
towards cities changing (or not) their approaches. With this in mind, we now highlight
how individual cities and groups of cities (clusters), may have changed their positions in
terms of climate mitigation and adaptation efforts over recent years.

3 Methods

Figure 1 shows our methodological approach, which included research and document
analysis of 104 cities’ mitigation and adaptation policies, ranking and cluster analyses, and
semi-structured interviews in 15 selected cities.

3.1 City sample and ranking approach

To enable a comparison of two points in time (31/12/2018 and 31/12/2022), we investigate
the same 104 German cities that were examined in Otto et al. (2021a) and apply the same
assessment criteria. All these municipalities have at least 50,000 inhabitants, accounting
for 34% of the total German population (see supplementary information SI 1 for the loca-
tion of all 104 cities). We assessed each city’s climate activity along three dimensions for
both mitigation and adaptation, and cities could potentially achieve a total of 100 points for
each area (details are given in Otto et al. (2021a)):

e Commitment (33 points), divided into the indicators a) membership of relevant city

networks (16.5 points) and b) participation in relevant certification programmes and
awards in competitions (16.5 points);
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Research on dynamics and constants in mitigation and adaptation
policy in German cities between 2018 and 2022

2) specific trends for selected
cities or clusters of cities

1 1 1

1) general trends for 104 cities

104 cities 15 cities
L 4 : 4
Data for 2018 Data for 2022 36 semi-structured
interviews
Analysis of c™m CA

: with municipal staff
* Commitment

E et RS and civil society;
 Plans § 33 pts. 33 pts. content analysis
. S Document analysis
* Ambitions 3apts. | 34pts.
L
6 clusters identified
with a Ward cluster Assignment to cluster centers
analysis for the 2018 ™’ using k-means clustering and
data (Otto et al. 2021) data from 2018 and 2022
1) CP leaders L 2 2 2
2) CA leaders Results for 2018 Results for 2022
3) CM leaders
4) CP follower \ /
5) CP latecomers Comparison of cities’ cluster belonging
6) CP laggards

Fig. 1 Overview of methodological approach (CM: climate mitigation, CA: climate adaptation, CP: climate
policy)

e Plans (33 points), including a) existence of plans (9 points), b) year of publication
of the first plan (15 points)? and ¢) updates of plans (9 points);

e Ambitions (34 points), which for mitigation refer to the overall target for CO, or
greenhouse gas (GHG) emissions reduction (17 points) and the proposed CO,/
GHG reduction per year (17 points), and for adaptation relates to the extent of
measures foreseen in adaptation plans (34 points).

The assessments for mitigation and adaptation were coded, analysed and ranked
separately.

2 Originally, cities received 4 points for adaptation plans published in 2018 and 3 points for adaptation
plans in progress. In the updated assessment 2022, cities with plans published in 2019 or 2020 receive
3 points, and 2 points for plans from 2021 or 2022. Cities that are preparing plans receive 1 point. Such
adjustments are not necessary for mitigation, as all but one city had a mitigation plan in place by 2018.
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3.2 Cluster analysis

In Otto et al. (2021a), the 104 cities were grouped into six clusters based on a hierarchi-
cal Ward-clustering. The six assessment criteria (i.e., three for each policy field as shown
in Table 1) were used as input variables and the distances between cities were calculated
by Squared Euclidean Distances. Six different groups of cities (clusters) were identified:
cluster 1 was termed “climate policy leaders”, cluster 2 “climate adaptation leaders”, clus-
ter 3 ’climate mitigation leaders”, cluster 4 “climate policy followers”, cluster 5 “climate
policy latecomers” and cluster 6 “climate policy laggards”. For this study, we undertook
another cluster analysis: Each city was assigned to one of these six clusters based on our
assessment of the 2022 data (see Fig. 1). This was done with IBM SPSS Statistics Ver-
sion 29.0.1.1 by a k-means clustering (classification only) using the mean values of the
six clusters presented in Otto et al. (2021a) as centres. Since the k-means algorithm works
differently from the Ward-algorithm, this classification was also done with the assessment
points as of 2018 to enable a fair comparison between the results from 2018 and 2022. In
comparison to the clusters for 2018 originally reported by Otto et al. (2021a), the k-means
algorithm reclassified eleven cities, leading to small changes in all clusters but preserved
the overall picture and distribution of cities. In particular, there were no transitions between
the group of active cities (clusters 1 to 4) and the rather inactive cities (clusters 5 and 6).
Hence, the differences were judged as being minor.

3.3 Interviews and document analysis in 15 cities

The quantitative cluster analyses were complemented by qualitative case studies in 15
selected cities that represent all six clusters and include examples of cities that moved
between different clusters: Aachen, Bergisch-Gladbach, Cottbus, Emden, Erlangen, Gera,
Kempten, Krefeld, Potsdam, Regensburg, Remscheid, Rostock, Worms, Wuppertal and
Wiirzburg (see Section 4 and supplementary information SI 1).

We conducted 36 semi-structured expert interviews, 19 with municipal staff (e.g.
employees of climate coordination units or the environmental department) and 17 with
civil society actors (Fridays for Future or other local civil society groups) on the devel-
opment of climate mitigation and adaptation in their city. Interviewees were identified
through desk research and following recommendations of other people we spoke to (snow-
ball sampling). The interviews were recorded, transcribed and analysed. The first step of
the analysis included sequencing according to thematic units and codes, and the second
stage involved categorizing and comparing text units from the different interviews. The
interviews were complemented by in-depth analyses of various policy documents, includ-
ing key climate-related publications such as mitigation and adaptation plans, energy or cli-
mate reports, further related municipal reports and plans (e.g. urban development or sus-
tainability plans), media reports and protocols of city council meetings.

4 Results

Comparing the 2018 and 2022 data, the scores for both mitigation and adaptation generally
increased: the total average score for mitigation grew by 7.2 points and for adaptation by
10.1 points (note that adaptation began from a lower base than mitigation). For both policy
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fields, this increase is mostly based on higher scores in dimension C. In the area of mitiga-
tion, this refers to GHG reduction targets and proposed reductions per year. For adaptation,
dimension C relates to the diversity of planned measures, and the increase is mainly due
to the greater number of municipalities with a plan, although also partly because newer
plans are more comprehensive. Of the 76.9% of cities with an adaptation plan, four-fifths
are stand-alone adaptation plans. The variation between the mean score in mitigation and
adaptation decreased, suggesting that cities are becoming more similar in their engagement
(see Table 1). For adaptation, the number of cities receiving no points at all fell from 26 in
2018 to 12 in 2022 (out of 104). Overall, mitigation remained at a higher level than adapta-
tion (see Table 1 and Fig. 2).

Between 2018 and 2022, the mitigation score changed for 69.2% and the adaptation
score changed for 61.5% of the 104 cities (see Fig. 2). However, these numbers include
very moderate changes — e.g. just 40.4% and 44.2% of cities increased their scores by more
than 5 points between 2018 and 2022 for mitigation and adaptation, respectively. Thus,
some cities show considerable changes between 2018 and 2022 while others do not. This
is also evident in the results of the cluster analysis (see detailed information in the supple-
mentary information SI 2, SI 3 and SI 4).

As outlined in the method section, cities were assigned to the original clusters reported
by Otto et al. (2021a) by a k-means classification. This was done for the assessments of
2018 and 2022 to guarantee a fair comparison over time. Our findings are summarized in
Fig. 3 and reveal significant changes in the membership of those clusters that Otto et al.
(2021a) identified in their previous study: The number of cities in cluster 1 (climate policy
leaders) almost doubled from 16 in 2018 to 30 in 2022. In addition, cluster 4 (climate pol-
icy followers) grew slightly, while cluster 2 (climate adaptation leaders) was stable regard-
ing the number of cities. In contrast, cluster 3 (climate mitigation leaders) and 5 (climate
policy latecomers) shrunk a little, while cluster 6 (climate policy laggards) lost almost
two thirds of its members. To illustrate the dynamics in municipal climate policies in
recent years, the classification changed for 41 cities (39.4%), while 63 cities (60.6%) were
assigned to the same cluster in 2018 and 2022. Hence, Fig. 3 also provides the statistics for
the cities that stayed in the same cluster (the “stayers”), in addition to the mean scores for
both policy fields and both years (2018 and 2022).

In contrast to Otto et al. (2021a), who ordered the clusters according to their overall
climate policy scores, the clusters in Fig. 3 are ranked according to their mean scores for
climate mitigation (CM) and climate adaptation (CA) separately. The clusters are drawn
in a manner inspired by the Hasse diagram technique (c.f. Carlsen and Bruggemann 2020)
as there is no hierarchy between the clusters, but instead different emphases on mitigation
or adaptation. In 2018, climate mitigation scores were lowest in cluster 6 (climate policy
laggards) and highest in cluster 1 (climate policy leaders). Listing all clusters according
to their mitigation score, the resulting order is 6 < 5< 4< 2< 1< 3. The mitigation score
for cluster 3 (climate mitigation leaders) was almost equal to that of cluster 1 in 2018. In
2022, this order changed slightly to cluster 6< 5< 4< 2< 3< 1, as the score in cluster 1
increased slightly more than in cluster 3. For climate adaptation, cluster 5 (climate policy
latecomers) received the lowest scores in 2018 and 2022. However, it should be noted that
cluster 6 has only slightly higher scores for adaptation than cluster 5, mainly due to the
changes of one city (Wolfsburg) in cluster 6; in general, the cities in cluster 6 lag the oth-
ers. As with mitigation, the highest scores for adaptation are in cluster 1. For all clusters,
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Distribution of scores per policy field and year (each in descending order)
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Fig. 2 Distribution of scores per policy field and year in 104 cities ordered in two variants
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< Climate policy leaders
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Fig. 3 City classification based on k-means clustering in 2018 and 2022 (CM: climate mitigation, CA: cli-
mate adaptation, n: number of cities)

the order of adaptation scores is cluster 5< 6 < 3< 4< 2< 1 in both years. Thus, cities in
clusters 1, 2 and 4 tend to have a climate policy that is more balanced between mitigation
and adaptation. In contrast, cities in clusters 3 (climate mitigation leaders) and 5 (climate
latecomers) tend to focus more strongly on mitigation. Therefore, it is perhaps more appro-
priate to describe cities in cluster 5 as climate adaptation latecomers, because their mitiga-
tion scores are comparable to those of cluster 4. This should be considered when interpret-
ing the dynamics between 2018 and 2022 (see Fig. 3 and SI 4), which are supplemented
below by insights from interviews and document analyses in 15 cities.

By 2022, just four cities remained in cluster 6 (climate policy laggards). These are Ber-
gisch-Gladbach, Dessau, Wilhelmshaven and Wolfsburg. We highlight Bergisch-Gladbach
(112,712 inhabitants), located in North Rhine-Westphalia, as an example of a city that
was fairly inactive for a long time. One reason is that the municipality belongs to a super-
ordinated administrative district (the county), which had already adopted mitigation and
adaptation plans. Despite being located in cluster 6, Bergisch-Gladbach has become more
active, for example by declaring a climate emergency in 2019 and announcing that it would
develop a mitigation plan shortly afterwards. This plan was published at the end of 2023
with sections on climate mitigation and adaptation and thus was not included in our data-
set. As our interviewees reported, the 2020 local elections were dominated by the topic of
climate change and Bergisch-Gladbach did take some actions afterwards which are, how-
ever, beyond the point of time considered in our analysis.

After 2018, two thirds of the cities in cluster 6, i.e. nine municipalities, had increased
their mitigation or adaptation scores (and in some cases both) and were hence assigned
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to other clusters. Specifically, three cities moved to cluster 5 (climate policy latecomers;
Ingolstadt, Passau and Schweinfurt), four cities became climate policy followers (cluster
4), and two cities even moved to cluster 3 (mitigation leaders), i.e., Bayreuth and Trier. One
of the four cities that moved from cluster 6 to 4 was Krefeld (228,426 inhabitants). This
city in North Rhine-Westphalia became active in climate policy very late. As in many other
German cities, the protests of Fridays for Future in 2019 were an important initial spark for
taking urban climate activities: they contributed towards the city council adopting an inte-
grated climate mitigation plan that addresses mitigation and adaptation. Despite the resolu-
tions, however, Krefeld is struggling with implementation. For example, the municipality
is reluctant to undertake potentially controversial projects, e.g. in the mobility sector: the
city council developed a parking concept for one city district in 2018, but its implementa-
tion was postponed until spring 2024.

Cluster 5, comprising the “climate policy latecomers”, shrank slightly from 25 cities
in 2018 to 19 in 2022. All nine cities that moved away from cluster 5 remained largely
unchanged in mitigation but improved their adaptation scores substantially. As the cities in
cluster 5 were already quite active in mitigation in 2018, but not in adaptation, those that
are leaving are creating the foundation for a more balanced climate policy. While three
cities moved up from cluster 6 (see above), 16 stayed in this cluster, which is quite a large
share of stayers. One such example is Cottbus (99,515 inhabitants), which is located in
a traditional coal mining area in Brandenburg and which interviewees described as still
hesitant to address climate change. In contrast to most of the other 14 cities we exam-
ined in greater depth, there is little civil society pressure to act on climate change in Cott-
bus. Instead, influential civil society actors, as well as a strong coal lobby, are explicitly
opposed to more ambitious climate action. The situation is similar in Gera (93,634 inhab-
itants) in Thuringia, which also remained in cluster 5. Gera has an older population (an
average age close to 50) and went through a process of shrinkage and deindustrialization
in recent decades. Unlike in university cities often characterized by an active and younger
civil society with strong local climate pressure groups (Haupt et al. 2023b), climate change
is not a priority for Gera’s residents. Climate-sceptic parties have a strong local presence
and were successful in municipal elections. Against this backdrop, our interview partners
explained how the city prefers rather low-threshold and less controversial measures to raise
climate change awareness and protect the (ageing) population from its impacts. One exam-
ple is reduced entrance fees to the city’s densely forested zoo on hot days.

Notably, cities in cluster 5 are much more active in climate mitigation than cities in
cluster 6, and just a little behind the mean score in cluster 4. Regarding climate adaptation,
however, there is a much greater difference between cluster 4 on the one hand, and clusters
5 and 6 on the other (Fig. 3). Eight cities that recently developed climate adaptation plans
were assigned to cluster 4 in 2022 instead of cluster 5 as of 2018. One city, i.e. Hamm,
even moved from cluster 5 up to cluster 2 (climate adaptation leader; Fig. 3). In addition
to establishing its first climate adaptation plan, Hamm also took part in the certification
process of the European Climate Adaptation Award, which was funded by its federal state
North Rhine-Westphalia.

In terms of the number of cities, cluster 4 (climate policy followers) grew slightly from
23 to 29 municipalities. Among these cities, 15 barely increased their scores and stayed in
the cluster, mainly due to their lower scores in dimension A of adaptation, which relates
to awards and certifications that the municipality may have achieved. However, as the two
following examples show, staying in this cluster does not imply that cities were inactive
between 2018 and 2022. The city of Wiirzburg (127,810 inhabitants) in Bavaria, for exam-
ple, was grouped in cluster 4 in both 2018 and 2022 as a climate policy follower. However,
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during this time a new department for Environment and Climate Change, headed by Bavar-
ia’s first Climate Mayor (a deputy mayoral role), was established in 2020 and two years
later Wiirzburg adopted a new mitigation plan. Furthermore, Wiirzburg prepared a new cli-
mate adaptation plan during this period and, in 2023, was one of a very limited number of
German cities to publish a heat action plan. Likewise, the city of Potsdam (185,750 inhab-
itants) was considered a climate policy follower in 2018 and 2022. Overall, Potsdam scores
very well except in dimension A for adaptation, because the city is not a member of spe-
cific adaptation networks and neither does it achieve substantial wider recognition through
awards and certifications. Interviews revealed that the city does not have the capacity to
engage in further networking and certification processes. Potsdam is a long-time mem-
ber of the Climate Alliance, regularly attends the annual conferences and considers the
exchange through this rather Germany-focused network sufficient.

Cluster 4 is very dynamic, with fourteen new cities joining this cluster in 2022: four cit-
ies came from cluster 6 (laggards), eight from cluster 5 (latecomers), and two from cluster
3 (mitigation leaders). Conversely, eight cities left this cluster, five of them joined cluster
2 (adaptation leaders), one cluster 3 (mitigation leaders) and two even leaped to cluster 1
(climate policy leaders). Among the five municipalities that moved to cluster 2 is the city
of Remscheid (112,613 inhabitants) in North Rhine-Westphalia. Similar to Hamm, this city
undertook the certification process of the European Climate Adaptation Award. In fact, the
other cities that moved ‘up’ to another cluster also increased their efforts in dimension A of
adaptation, i.e. they underwent a certification process or joined a city network. Addition-
ally, Remscheid has regularly participated in applied research projects on adaptation. Two
cities jumped up to cluster 1 (climate policy leaders). For example, Regensburg in Bavaria
(157,443 inhabitants) adopted a new climate mitigation and adaptation plan between 2018
and 2022 and joined the Covenant of Mayors in 2019. Our fieldwork provided additional
insights into its efforts to tackle climate change. In particular, the municipality has trans-
formed the centre of Regensburg into a traffic-calming area, by introducing free-of-charge,
green electric buses that only operate in the narrow streets of the historic centre. The city
has also understood that its UNESCO World Heritage status brings serious challenges and
constraints, especially for adaptation measures such as urban greening. As a response,
Regensburg established a climate resilience department in 2018.

The number of cities in cluster 3 dropped slightly in 2022, with six leaving and three
joining this group of climate mitigation leaders. The four cities that remained in cluster 3
still focus very much on climate mitigation. For example, the small municipality of Emden
(50,535 inhabitants) in Lower Saxony, a centre of the wind energy industry, sees manifold
synergies between economic development and mitigation but has not yet started to tackle
adaptation.

The cities of Kempten and Halle (Saale) further intensified their mitigation activi-
ties between 2018 and 2022. Thus, these two cities were assigned to cluster 4 in 2022,
after having been in cluster 3 in 2018. However, we should not interpret this change as a
decline in their climate activity: both cities have become even more active in mitigation.
Instead, because they both adopted their first adaptation plans between 2018 and 2022,
they achieved more balanced scores in terms of climate policy and therefore joined cluster
4. In the case of Kempten in southern Bavaria (70,056 inhabitants), the city also developed
a pluvial flood hazard map in 2020 and a climate analysis map in 2021. Regarding climate
mitigation, the city received national funding in 2012 to develop a plan to become climate
neutral by 2050. However, our interviewees were critical of its climate efforts in general,
and its mitigation plan in particular, which they said was too vague and non-binding. This
resulted in adopting a new mitigation plan (2022) that included a more ambitious emissions
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reduction goal and more stringent monitoring guidelines. Other cities that left cluster 3 in
2022 made jumps in their adaptation scores and moved to cluster 2 (Kaiserslautern) and
even cluster 1 (Bielefeld, Erlangen, Freiburg). For example, Erlangen (116,562 inhabit-
ants) was mainly active in mitigation before 2018, but more recently it adopted a climate
adaptation plan (2019) and an urban greening plan that includes a catalogue of measures to
be implemented by 2030. In the case of mitigation, students and activists from established
climate and environmental groups urged the city to declare a climate emergency, and also
to adopt a more ambitious mitigation goal (climate neutrality before 2030). A broad coa-
lition of local actors collaborated to propose a list of 41 measures to reach this goal, of
which (only) 14 were adopted by the city council in 2022.

Comparing the years 2018 and 2022, the number of cities in cluster 2 (adaptation lead-
ers) was rather stable, but just eight cities remained in this cluster (Fig. 3), among them
the small city of Worms (84,646 inhabitants). This city is in one of the hottest and dri-
est regions of the country (the Upper Rhine area) and became active in adaptation com-
paratively early. In recent years, it has expanded its activities in this field, by participat-
ing in a model project on informal participation processes for preventing pluvial flooding
(2017-2019) and establishing one of the first municipal heat action plans in Germany
(in 2022). Then again, the city’s mitigation activities have remained on a comparably low
level. In 2021, Worms organised broad public participation and was still working on updat-
ing its first mitigation plan dated from 2010 (the plan was not published by January 2025).

Five cities joined cluster 2 from cluster 4 (climate policy followers), one came from
cluster 3 (mitigation leaders) and another one joined from cluster 5 (climate policy lag-
gards). At the same time, nine cities moved from cluster 2 up to cluster 1 due to small gains
in mitigation. As an example, the city of Wuppertal in North Rhine-Westphalia (358,876
inhabitants) has intensified its activities in mitigation and adaptation in the past years, e.g.
by adopting a 14-point mitigation action package and a more ambitious mitigation plan that
also integrates adaptation (2020). Moreover, the city has developed a flood risk map and a
heat load map (both in 2019).

As said above, cluster 1 (climate policy leaders) contains 30 cities in 2022. Due to our
scoring system, the 16 climate policy leaders from 2018 remained in this cluster in 2022.
The statistics in Fig. 3 reveal that the efforts of these 16 on mitigation and adaptation are,
on average, still a bit higher than the cluster mean. The city of Aachen (252,136 inhabit-
ants) is one such example. Pressured by a strong Fridays for Future movement, Aachen
declared climate emergency in 2019, and various actions followed. For example, the city
adopted a new mitigation plan and allocated funds for a set of short and mid-term measures
to be implemented by 2025 and additional staff and resources. Another example of a city
staying in cluster 1 is Rostock (209,920 inhabitants). Although this city did not adopt a fur-
ther mitigation plan (our interviewees felt that the existing plan was challenging enough),
Rostock does evaluate and update its adaptation plan regularly.

5 Discussion

In this article, we have used the approach of Otto et al. (2021a) to rank cities according to
their mitigation and adaptation activities. We compared the results from 2018 with those
from 2022, supplementing the results with information from interviews in 15 municipali-
ties. As such, we added much-needed knowledge on the progress, dynamics and persistence
of urban mitigation and adaptation to the literature. For both policy areas, our analysis is
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based on memberships of relevant city networks, participation in competitions and certifi-
cation programmes, the existence of strategic plans, the year of their publication and any
subsequent updates, as well as the ambitions expressed in these plans. We find a drop in the
number of cities doing little or nothing in climate policy (cluster 6) and in the number of
cities focusing only on mitigation (clusters 3 and 5). Overall, we see an increase in scores
for both policy areas, indicating that, at the institutional level, both mitigation and adapta-
tion are progressing in Germany. This aligns with findings from other studies focusing on
various European countries (Buzasi et al. 2024; Reckien et al. 2023).

However, adaptation still lags behind mitigation in all three dimensions and the over-
all score, with the largest differences in dimension B (existence and updating of strategic
plans). While all cities now have a mitigation plan, the share of cities with an adaptation
plan increased from less than three fifths (58.7%) to more than three quarters (76.9%).
Despite the efforts to improve in adaptation, this policy area cannot quite catch up in our
approach as cities score better in mitigation due to more ambitious emission reduction
goals (dimension C).

Recent literature has also noted the prevalence of mitigation over adaptation in munic-
ipal climate engagement (Aboagye and Sharifi 2023; Pimenta and Kamruzzaman 2024;
Debbage et al. 2025; Reckien et al. 2023) and an increase in municipal adaptation plans
or adaptation issues in joint mitigation and adaptation plans (Aboagye and Sharifi 2023;
Reckien et al. 2023). Our results show that mitigation and adaptation-only plans predomi-
nate in Germany over joint mitigation and adaptation plans (e.g. out of 80 adaptation plans
considered, 64 are adaptation-only plans). While topic-specific plans are developed in
some other countries, such as Sweden (Reckien et al. 2018), joint plans seem to be com-
mon in, for example, Australia (Pimenta and Kamruzzaman 2024), the US (Debbage et al.
2025) and various European countries such as Finland, France, and the UK (Reckien et al.
2018). Future studies could examine whether these different approaches lead to different
levels of implementation and effectiveness of mitigation and adaptation, and different lev-
els of consideration of potential synergies and trade-offs between the two policies.

The overall increase in mitigation and adaptation scores is quite uneven across cit-
ies, with 40.4% of cities for mitigation and 44.2% of cities for adaptation improving their
scores by more than five points, but only 20.2% improving by more than five points in
both policy areas at the same time. Furthermore, only 39.4% of cities moved to a differ-
ent cluster between 2018 and 2022. Thus, we can observe a polarisation between cities
that have taken action in terms of their commitments and plans during the period under
study and those cities—especially the 20 ‘stayers’ in clusters 5 and 6 (latecomers and lag-
gards)—that have not been able to improve their mitigation or adaptation scores consider-
ably and are therefore falling further behind at the institutional level. The interviews show
that a generally unfavourable political and socio-economic situation, or the handling of the
relevant issues at a higher administrative level (federal states), are reasons for staying in
these groups. However, it should also be noted that 9 out of 20 stayers in clusters 5 and 6
were working on an adaptation plan by the end of 2022, indicating that these clusters will
continue to shrink in the coming years.

For the two thirds of municipalities that remain in cluster 4, our interviewees suggested
that instead of joining (additional) city networks, participating in competitions or updat-
ing existing plans, they should build on their existing climate policy base and focus their
efforts on e.g. developing knowledge for urban planning or implementing measures. More
detailed case studies would be helpful to understand the contexts of these policy followers
and whether their activities are mainly beyond the scope of our approach or whether their
climate policy progress stagnates due to e.g. a lack of capacity.
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Due to our reliance on the ranking system from Otto et al. (2021a), which provides lim-
ited scope for municipalities to increase their scores substantially at the top of the scale,
cities in cluster 1 (climate policy leaders) remain in their cluster and only improve slightly.
In terms of the policy cycle, we would expect (and have learned from the interviews) that
these cities are already in the process of implementing policies and monitoring how their
plans are translated into action.

Otto et al. (2021a) found — in line with other studies on municipal climate policies (Kern
2019; Reckien et al. 2018; Salvia et al. 2021), — that city size influences the extent to which
a city is climate active. For mitigation and adaptation in 2018, there was a weak to moder-
ate, though significant correlation (for mitigation 2018: r= 0.37; p< 0.01; for adaptation
2018: r=0.5; p< 0.01). For 2022, this correlation decreased slightly for both policy fields,
although adaptation is still more closely linked to city size than mitigation (for mitigation
2022: r= 0.34; p < 0.01; for adaptation 2022: r= 0.46; p < 0.01).

In addition to the size of the city, the issue of dynamism and persistence may be influ-
enced by the regional setting. In particular, 16 out of the 17 East German cities (including
Berlin) in our sample did not move to another cluster during our analysis period. Inter-
views in Cottbus, Gera, Potsdam and Rostock suggest that a lack of capacity may be one
reason. Evaluations of national funding programmes for mitigation and adaptation also
show that municipalities in eastern Germany, and smaller and more rural municipalities in
general, are less likely to apply for funding (Scheller and Schlegel 2024; Schumacher et al.
2023). In Lower Saxony, too, the situation is rather static, with only three out of eleven cit-
ies moving to another cluster and almost half of the cities remained in clusters 5 or 6. In
some other federal states, e.g. Baden-Wiirttemberg and North Rhine-Westphalia at a rather
high level, half of the cities changed their cluster between 2018 and 2022. Notably, cities
from Bavaria, which on average are rather small and in 2018 were mostly in clusters 5 and
6 (10 out of 16 cities) and two in the group of mitigation leaders (cluster 3), managed to
catch up. 11 out of 16 cities moved to a different cluster. 7 of the 19 cities that developed
their first adaptation plan between 2018 and 2022 are in Bavaria, and three more Bavar-
ian cities were preparing a plan by the end of 2022. Four of these were funded nationally
and three by Bavarian funding programmes that started in 2019 and 2020. For two plans,
the funding was unclear from the document and website research, and one was funded by
the city’s own resources. In general, funding is an important factor in the implementation
of urban mitigation and adaptation according to the interviews and recent literature (Kern
et al. 2023; Otto et al. 2021a). Building on existing knowledge (Eckersley et al. 2023; King
2022), future studies should explore the consequences at the municipal level of changes in
the (non-)availability of funding schemes at the state and national level.

The changes in the funding schemes, i.e. the discontinuation of the funding of adapta-
tion plans with the so-called Kommunalrichtlinie in 2019 and the introduction of a new
funding scheme at the end of 2021, do not seem to have had an impact in the period under
review, as the vast majority of plans published after 2018 were still funded through the
Kommunalrichtlinie. This is because plans take several years to be developed and grants
approved up to 2019 could still be spent. There may be a gap in adopted climate policy
plans in subsequent years, as only two plans were published in 2022, compared to five
or six per year between 2019 and 2021, but our time period was too short to cover these
changes. With the newly enforced federal climate adaptation act (KAnG 2023), local cli-
mate adaptation plans need to be prepared. Our analysis suggests that (smaller) municipali-
ties will require external financial support to do so.

Based on the interviews, we can identify further reasons for different levels of engage-
ment in mitigation and adaptation, in addition to funding opportunities and the size of the
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city. The most important factor that emerged from the interviews, in particular for more
ambitious engagement in mitigation but also for starting to work on climate policy in gen-
eral, was widespread pressure from civil society and the public, e.g. through the Fridays for
the Future protests (see also Eckersley et al. 2025). Interviewees from cities with a rather
weak civil society in the field of climate policy and an older population (e.g., Cottbus,
Gera) did not report such experiences of pressure to improve climate mitigation and adap-
tation planning, which may lead to a growing divergence of activities between different
cities.

Despite these insights into climate policy institutionalisation at the local level, our
approach also has limitations. First, the short time period investigated here cannot capture
developments over a longer time which would need further tracking as e.g. Kern (2020) has
done for Finnish cities. Furthermore, in a few cases, such as Bergisch-Gladbach, the deci-
sion to end data collection at a specific point in time means that the results can become out-
dated quickly. Second, the results based on the chosen sample of 104 larger and medium-
sized cities cannot be generalized for smaller municipalities, as studies show that these are
less active (Fiinfgeld et al. 2023; Haupt et al. 2024).

Third, our results are based on an analysis of cities in Germany only and thus take place
within a specific socio-economic, political, and legal framework. This includes national
and state-level funding schemes for municipal climate mitigation and adaptation plans,
which may not be present in other countries and regions. The same holds for the rather
broad municipal response to protests on climate change action, particularly in 2018 and
2019. Such factors undoubtedly influenced the developments in local climate policy
between 2018 and 2022 (Eckersley et al. 2025), and our subsequent findings. Therefore, in
addition to the insights that country-specific studies deliver, analyses that take into account
several countries or regions are very informative (see e.g. Aguiar et al. 2018; Araos et al.
2016; Reckien et al. 2023; Wannewitz et al. 2024).

Fourth, our approach hardly captures implementation efforts or the impact and out-
come of the measures that cities adopt, which is a typical challenge in this area of literature
(Biesbroek et al. 2018). Thus, we cannot identify cities that were active prior to 2018 but
were falling behind by 2022 (cf. Kern 2023). In the Otto et al. (2021a) ranking system,
scores that are related to mitigation or adaptation plans, as well as participation in com-
petitions and certification programmes, are counted as soon as they are adopted or take
place and remain counted in perpetuity—unless a city left a network or published a new
mitigation or adaptation plan that was less ambitious than the previous one. The data in
our ranking approach does not show whether plans have been implemented, which may be
insufficient or take a long time (Lee and Kim 2018; Rogers et al. 2023). For the 15 cities
where we conducted interviews, we got a much more detailed picture of which and how
mitigation and adaptation actions are being taken, and which actions are being supported
or challenged. For example, they revealed that some cities focus more on implementation
than our quantitative assessment approach might suggest. Others were finding implementa-
tion difficult due to local controversies about, e.g. mobility plans, and several municipali-
ties have set targets that will prove extremely challenging to achieve. It would be a huge
task, and beyond the scope of this study, to conduct such fine-grained research in all 104
of our cities, but these qualitative insights highlight some of the limitations of a large-n
approach to assess such phenomena.

Implementation is a particular issue in the area of mitigation, where many German cit-
ies set very ambitious greenhouse gas reduction targets (e.g. climate neutrality by 2030)
between 2018 and 2022, comparable to very ambitious cities from, for example, Finland
(Huovila et al. 2022) or Sweden (Vanhuyse et al. 2023). However, German cities did not
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necessarily set out exactly how they intend to achieve these objectives. Notably, this was
not the case for the 15 so-called "Masterplankommunen" in our sample, which received
funding from the German government in two waves (2012 and 2016) to develop a detailed
plan to achieve climate neutrality by 2050. Although these plans often appear to be less
ambitious than more recent announcements of carbon neutrality by 2030, they are often
much more substantial in their content and feasibility. Our interviewees in Masterplan
municipalities, e.g. in Emden, Potsdam and Rostock, suggested that these cities partly did
not need new targets because they were busy enough implementing their original meas-
ures and some recognised that new targets would be unrealistic (as even introducing the
measures to be implemented by 2050 represents a major challenge). Perhaps reflecting the
fact that staff in these municipalities may be more aware of the challenges of achieving
carbon neutrality than their counterparts elsewhere in Germany, only six of the 15 Mas-
terplan municipalities in our sample adopted more stringent GHG reduction targets in
2022 compared to 2018. As recent studies have pointed out, achieving ambitious targets
such as climate neutrality by 2030 is challenging and municipalities need further support
to achieve them (Huovila et al. 2022; Vanhuyse et al. 2023). It is therefore a question for
future research whether the newer, very ambitious mitigation strategies in some cities (in
Germany and elsewhere) can deliver on their promises, or whether these targets will prove
to be largely symbolic.

6 Conclusion

This article tracks changes in urban mitigation and adaptation activities, mainly in terms
of network membership, participation in competitions and strategic plans, for 104 German
cities between 2018 and 2022. While we show that both policy fields are very dynamic
and there is a general trend towards more comprehensive mitigation and adaptation activi-
ties, some cities have not developed within this period, leading to a further polarisation
between leaders and laggards. Thus, further studies that track developments over time are
highly relevant within the literature on mitigation and adaptation to identify, for example,
if climate adaptation strategies can catch up with mitigation strategies and if certain types
of municipalities or regions can catch up or fall further behind. This is important from a
scientific point of view, but also has practical implications, as it can help with targeting
funding schemes to municipalities that are struggling.

During the period examined in this article (2018-2022), there was a window of oppor-
tunity for climate mitigation measures in particular, as street protests in many municipali-
ties led to more ambitious strategies and activities. However, with the emergence of other
issues in recent years, attention has shifted away from climate issues. Further research
is therefore needed to determine whether ambitious urban mitigation targets will be met
and what will happen if they are not. At the institutional level, adaptation in Germany is
likely to be quite dynamic in the coming years, as the first federal climate adaptation act
will encourage the development of local adaptation plans. In terms of climate mitigation,
municipal heat planning also became mandatory. Future studies can show how these pro-
cesses work, for example, for municipalities of different sizes and in different regions.

Despite the findings of this study, we recognise that our scoring approach needs to be
modified as more larger cities adopt mitigation and adaptation plans. Future research could
be extended to smaller municipalities and analyse the quality of the plans in more detail
(as already done by e.g. Reckien et al. 2023) in a less time-consuming way, e.g. by using
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text mining for analysis (as applied by Erds et al. 2022). In general, as more cities adopt
mitigation and adaptation plans, research attention needs to be paid to their implementation
and effectiveness, and also take equity issues into account. This will require further scien-
tific knowledge and common practical approaches to monitoring and evaluating mitigation
and adaptation, and may require different methods. Alongside studying monitoring plans
(where they exist and are publicly available) researchers could survey municipal manag-
ers to gain additional insights into the barriers and drivers for implementation (e.g. Aylett
2015; Schoenefeld et al. 2023; Shi et al. 2015), and conduct more case studies to provide
more in-depth knowledge of specific cities. Such qualitative approaches can then comple-
ment quantitative approaches, as we have sought to do in this study.
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