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Abstract

Abstract

Climate resilience and climate adaptation have started to play an essential role in research,
international and national politics, as well as at local level. Also in Germany, the impacts of
climate change is undeniable. Cities are increasingly facing the challenge of adapting to the
(anticipated) impacts and enhancing the climate resilience of the urban system and societies.
Urban areas are considered to be highly complex and interconnected adaptive social-ecologi-
cal systems embedded in the acceleration of climate and societal change. Due to this multi-
layered complexity, it is challenging to assess the success of resilience-building measures,
while, evaluation is very important to accelerate learning processes, reduce maladaptation and

design climate resilient pathways.

The paper aims to develop an integrating, cross-scale (spatial and temporal) monitoring and
evaluation approach for climate resilience and adaptation to provide a scientific basis for prac-
tical application. For this purpose, a mix-method approach is pursued at the three different

levels - intervention, system and actor level. The spatial focus of the study is on Germany.

The results reveal that each scale has specific benefits and limitations with regard to monitor-
ing and assessing climate resilience and adaptation measures. Particularly important is raising
awareness and the behavioural change of the actors in the adaptation projects and this under-
lines the central role of actors in the transformation process. Based on empirically validated
indicators for the respective levels, monitoring is possible at the short, medium and long-term
levels as well as at the level of individual actors up to the regional system. Drawing on these
results, an integrative approach for monitoring and assessing climate resilience and adaptation

is derived.

The critical discussion of the research results highlights both the need for further research and
opportunities for further development of the integrative approach and the learning and trans-

formation process.
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Kurzfassung

Kurzfassung

Klimaresilienz und Klimaanpassung spielen mittlerweile in der Forschung, in der internatio-
nalen und nationalen Politik sowie auf lokaler Ebene eine wesentliche Rolle. Auch in Deutsch-
land sind die Auswirkungen des Klimawandels uniibersehbar. Stiddte stehen zunehmend vor
der Herausforderung sich an die (antizipierten) Auswirklungen anzupassen und die Klima-
resilienz des stadtischen Systems und der Gesellschaft zu erhohen. Urbane Raume werden als
hochkomplexe und miteinander verflochtene, adaptive sozial-6kologische Systeme betrachtet,
die in die Beschleunigung des klimatischen und gesellschaftlichen Wandels eingebettet sind.
Aufgrund dieser vielschichtigen Komplexitit ist es eine Herausforderung, den Erfolg von resi-
lienzsteigernden MafSnahmen zu bewerten. Gleichzeitig ist die Bewertung von grof3er Bedeu-
tung, um Lernprozesse zu beschleunigen, Fehlanpassungen zu reduzieren und klimaresiliente

Pfade zu gestalten.

Die Arbeit zielt darauf ab, einen integrierenden, skaleniibergreifenden (raumlichen und zeit-
lichen) Monitoring- und Evaluierungsansatz fir Klimaresilienz und -anpassung zu entwi-
ckeln, um eine wissenschaftliche Grundlage fiir die praktische Anwendung zu schaffen. Hierzu
wird ein Mix-Method Ansatz verfolgt der auf den drei verschiedenen Ebenen - Interventions-
ebene, Systemebene und Akteursebene- durchgefiihrt wird. Der raumliche Fokus der Studie

liegt auf Deutschland.

Im Ergebnis wird deutlich, dass jede Skala spezifische Vorteile und Grenzen in Bezug auf das
Monitoring und die Evaluation von Klimaresilienz und Anpassungsmafinahmen hat. Von be-
sonderer Bedeutung ist die Bewusstseinsbildung und Verhaltensanderung der Akteure in den
Anpassungsprojekten. Das unterstreicht die zentrale Rolle der Akteure im Transformations-
prozess. Basierend auf fiir die jeweiligen Ebenen empirisch validierten Indikatoren wird ein
Monitoring sowohl auf kurz-, mittel- und langfristiger Ebenen als auch auf der Ebene der ein-
zelnen Akteure bis hin zum regionalen System méoglich. Aus diesen Ergebnissen wird ein in-
tegrativer Ansatz fiir das Monitoring und die Evaluation von Klimaresilienz und

Klimaanpassung abgeleitet.

Die kritische Diskussion der Forschungsergebnisse verdeutlicht sowohl denweiteren For-
schungsbedarf als auch Moglichkeiten zur Weiterentwicklung des integrativen Ansatzes sowie

des Lern- und Transformationsprozesses.
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Chapter 1: Shaping climate resilient pathways?

1 Shaping climate resilient pathways?

"Climate change is no longer a long-term problem.
We are confronted now with a global climate crisis.
The point of no-return is no longer over the horizon.
It is in sight and hurtling towards us.”

Antonio Guterres, UN Secretary General 2019

July 2021. Western Germany. Within 24 hours, heavy precipitation, in parts between 100 1/m?
and 150 1/m?, made cities as well as rural regions to settings for an extreme weather event. The
stationary, heavy rainfall and water-saturated soils from previous persistent rainfalls since April
and especially since the beginning of July led to severe inundation in Western Germany. In this
historic flooding, 180 people lost their lives; many people lost their homes and livelihoods. The
flood caused billions of euros in property damage and destroyed many crucial infrastructures —
e.g. bridges, streets, gas and energy lines, water supply systems, cell towers, railways or schools.
Warnings regarding the upcoming weather event had been made by the German Weather Insti-
tute (DWD). However, the extent and exact timing of extreme weather events cannot be estimated
weeks in advance, but barely a week, sometimes only days before. Due to this event, questions
about how to deal with the impacts of climate change, how to reduce economic losses and fatali-

ties, how to prepare and live with uncertainty also entered the public discourse in Germany.

Climate change's challenges to societies are being discussed increasingly in science and politics.
However, the spatio-temporal decoupling of the cause-effect chain makes future threats difficult
to grasp and ultimately to foresee. Scientists are dealing with projections, simulations, and sce-
narios to shed light on the nebulous future and understand which challenges societies will face. It
is unequivocal that climate change leads to alterations in the frequency, intensity, spatial dimen-
sion, magnitude, duration, and timing of extreme weather events and climate events (IPCC 2012).
Nonetheless, the exact time, coordinates and magnitude cannot be foreseen. Therefore, anticipat-
ing of and adapting to climate change are becoming key issues for societies and pose major chal-

lenges for spatial planning, governance, decision-making processes, etc. (Meerow et al. 2016).

Urban regions are particularly affected by these developments, as the potential for loss is very high
due to the accumulation of people, services, industries, assets etc. However, cities are not only
vulnerable to climate risks - they also play a key role in mitigation and adaptation (UN DESA
2018). Cities already account for 70% of global carbon dioxide emissions and they are responsible

for 75% of global energy use (IEA 2021:15). Consequently, urban areas are the main drivers of
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Chapter 1: Shaping climate resilient pathways?

climate change (IPCC 2014:47), and this role is expected to increase further as many parts of the
world continue to urbanise (UN DESA 2018). The high urbanisation rate and proportion of peo-
ple living in cities make them increasingly responsible for whether the challenges of climate
change adaptation and resilience-building can be met. So, while they are part of the problem, they
are also part of the solution, as they are centres of innovation and change. Cities have a significant
role in the adaptation process and resilience building, as they need to reduce their vulnerabilities

(IPCC 2014:47, Mehryar et al. 2022:1).

Against the backdrop of climate change and urbanisation process, the resilience concept is subject
to growing attention from academics and practitioners (Rana 2020). For example, the United Na-
tions (UN DESA 2017) have included strengthening resilience to climate-related extreme events
in its Sustainable Development Goals (SDGs). The enhancement of resilience is carried out by
adaptation actions on the local scale, e.g. within a city. A local action might involve creating and
improving green infrastructure to reduce heat in the city and improve water infiltration or aware-
ness rising activities. But, how can local governments, local groups, and actors know if the
measures they carry out and their decisions are steering the pathway to resilience? This question

brings the measurement of adaptation actions and climate resilience into focus.

Measuring the success of the actions taken is central for different decision-making processes, the
further enhancement of climate adaptation measures, the management of the whole social-eco-
logical transformation to a resilient society and the management of resilience building. This places
monitoring and evaluation at the centre of climate adaptation and resilience in cities to accelerate
learning effects (Bellinson, Chu 2018) and avoid maladaptation. It is challenging to map the suc-
cess of resilience measures, as cities are considered as complex, multi-layered social-ecological
systems (Feldmeyer et al. 2019). Due to accelerating climatic and societal change (Liibbe 2003;
Rosa 2003) and increasing uncertainty, dynamics, risks, and multiple simultaneities, monitoring
and evaluation of adaptation activities have therefore become even more critical (Nassehi 2008;

Rosa 2003).

With that in mind, this thesis aims to support shaping climate resilient pathways by developing
an integrated monitoring and evaluation approach. The research relates predominantly to Ger-
many, as most parts of the research were embedded into the research project MONARES - Mon-
itoring von AnpassungsmafSnahmen und Klimaresilienz in Stddten [Monitoring of Adaptation
Measures and Climate Resilience in Cities] funded by the German Federal Ministry of Education

and Research (BMBF) and conducted from 2017 to 2020.
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Chapter 1: Shaping climate resilient pathways?

1.1 Research objectives

To support and steer a rapid transformation process to establish resilient cities and societies, in-
formation on the impacts of such measures is needed. Consequently, this paper strives to develop
an integrating cross-scale (both spatially and temporally) monitoring and evaluation approach
for climate resilience and adaptation to build a scientific foundation for the practical application,
e.g. within local interventions or local governments. Hence, the ensuing research aims to combine
a system-based approach, addressing the urban and regional scale as well as the medium- to long-
term changes, and an actor-based approach, focusing on the individual scale and short-term

changes.

Therefore, the analysis aims to answer the question of how leading actors (e.g. local governments)
can identify if their actions (interventions and decisions) contribute to the goals of climate adap-
tation and the enhancement of climate resilience (MQ). To answer this overarching research
question, this thesis addresses the questions how urban climate resilience and climate adaptation
interventions impacts can be monitored and evaluated, and how the complexity of social-ecolog-

ical systems can be deduced to an applicable and integrative monitoring and evaluation approach.

To reflect the multidimensional aspect of this research subject, the thesis is divided into three
main parts with different research focal points — intervention level, system level, actor level (see
Figure 1). At the intervention level, the research deals with how interventions at the local level can
be characterized and assessed. This issue is vital to understand interventions specifically and over-
arching impact objectives, and which implementation methods are used within these measures to
identify similarities between different climate change adaptation interventions. The second level
focuses on how climate resilience and the impacts of climate adaptation interventions can be as-
sessed on the system level (e.g. urban system, regional system). Thirdly, at the actor level, the
question of how an assessment on the actor/individual level can contribute to monitoring and

evaluating adaptation measures and the navigation of climate-resilient pathways is at the centre.
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climate adaptation interventions?

Contribution 2

§ " How can leading actors (e.g. local governments) identify if their actions (e.g. interventions, decisions)
25 contribute to the goals of climate adaptation and the enhancement of climate resilience? (MQ)
29
£ 3 . - . " How can the complexity of social-ecological systems be
5T How can urban climate resilience and the impacts of climate SN . . I
= . X . deduced to an applicable and integrative monitoring and
adaptation measures be monitored and evaluated? (MQ/a) . h
evaluation approach? (MQ/b)
Yo
] .
g > Intervention Level (IL) System Level (SL) Actor Level (AL)
g2
8 How can climate resilience and the How can an assessment on the actor
E § How can interventions on the local ) impacts_o‘f climate adaptation level Fontri"‘utc—ta Tnonitoring and
88 X interventions be assessed on the evaluating of adaptation measures and
¥ 3 level be characterised? (RQ/IL) L . -
= T system level (e.g. urban system, the navigation of climate resilient
regional system). (RQ/SL) pathways. (RQ/AL)
RQ/IL/a: Which are the spheres of RQ/SL/a: How can climate resilience be
i
i i ifi 7 .

v .E gcnon,thg om:erarchmg_ and specific assess:ed c_m the urban scale? RO/AL/a: How can the effects of climate
3 E m;pact nI:beelcttwes oft‘cllm:te Contribution 1 change adaptation action be
5 S adaptation interventions? ) N p o
é. g RQ/SL/b: How can climate resilience be measured on actors’scale?

2 RQ/IL/b: Which methods are applied in assessed on the regional scale? Contribution 3

Figure 1: Research structure and questions
Source: own figure

1.2 Pathway through this research

The presented research is designed in a hybrid form of a monographic and cumulative disserta-
tion. Therefore, an overarching argument presents the overall research framework in which the
three peer-reviewed publications are embedded. The previous chapter expounded the research
objectives and questions and their assignment to the chapters and publications (Chapter 1.1). The
conceptual framework, focussing on, e.g. climate change effects, international and national cli-
mate policies, as well as the discussion and definition of resilience and adaptation and the role of
monitoring and evaluation, is demonstrated in Chapter 2. Chapter 3 provides profound insights
into the research approach and methodology. As most parts of the research were embedded in the
research project MONARES, this project is outlined in Chapter 3.2. Chapter 4 exemplifies the
empirical results. Firstly, basic descriptive statistics and results of the case study are introduced
(Chapter 4.1.). Secondly, each article is summarised briefly (Chapters 4.2 and 4.3). Thirdly, the
possibilities of integrating the developed concepts and findings into one monitoring approach are
introduced and discussed. Chapter 5 reflects on the research aims as well as the limitations of the

research and the possibilities of future research, followed by a brief closing statement.
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Chapter 2: Conceptual framework and state of the art

2 Conceptual framework and state of the art

"Tt is unequivocal that human influence

has warmed the atmosphere,ocean and land.
Widespread and rapid changes in the atmosphere,
ocean, cryosphere and biosphere have occurred.”
(IPCC2021b:5)

The following chapters look at the central and theoretical concepts within this thesis. Firstly, the
cause for climate adaptation - climate change is discussed, continued by an introduction to the
international climate policy, which provides the overall framework for climate resilience and cli-
mate change adaptation. Afterwards, the concept of climate-resilient pathways and the complex-
ity of decision-making in the Anthropocene are presented. Building on this, the concept of
resilience, especially urban climate resilience, is discussed, followed by the tools for strengthening

adaptation. Finally, an interim summary is provided.

2.1 Climate change and its effects

The influence of humanity on the environment, and especially climate change, is unanimously
recognised by the scientific community (IPCC 2021a). New climate modulations and further re-
search continuously improve the understanding of these processes (IPCC 2021b:5). However,
what is precisely meant by climate change? The IPCC (2012:17) defines climate change as "a
change in the state of the climate that can be identified [...] by changes in the mean and/or the
variability of its properties and that persists for an extended period, typically decades or longer.
Climate change may be due to natural internal processes or external forcings, or to persistent
anthropogenic changes in the composition of the atmosphere or land use". Thus, climate change
leads to alterations in the frequency, intensity, spatial dimension, magnitude, duration and timing

of extreme weather events and climate events (IPCC 2012:18-20).

Anthropogenic climate change is the driver and catalyst of many kinds of weather and extreme
climate events — such as heatwaves, droughts, heavy precipitation, flooding - worldwide (IPCC
2021b:10). Besides the extreme weather event of 14" July 2021, mentioned at the beginning of this
paper, many further extreme weather events took place in 2021 and demonstrated the ongoing
climate change. For example, in central USA and northern Mexico, an abnormal cold wave struck

in mid-February 2021. A heatwave in Canada and the Northwest US happened with temperatures
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Chapter 2: Conceptual framework and state of the art

up to 50 °C. The Mediterranean region of Europe was affected by extreme heat in August, and
persistent above-average rainfall in northern South America led to lasting flooding in the north-
ern Amazon basin and pushed the Rio Negro at Manaus to its highest level since records began.
Concurrently, many parts of subtropical South America were affected by drought (WMO 2021).

All these events were accompanied by economic loss and, at worst, fatalities too.

However, such events will occur more frequently due to climate change. However, these events
and circumstances do not come out of anywhere. Climate data underpins these developments.
For example, since 1950, extreme hot events have been more frequent and intense (IPCC
2021b:10), with cold waves and other cold extremes occurring less since 1950 (IPCC 2021b:10).
The warmest decade (2010-2019) since climate records are now behind us (see Figure 2). How-
ever, each of the recent four decades (1980-2020) has been gradually warmer than any decade
since 1850 (IPCC 2021b:5). Between 2010 and 2019, the global average surface temperature was
between 0.94 and 1.03 °C warmer than pre-industrial levels. Surface temperatures in Europe have
risen even more than the global average over the same period, by 1.7 - 1.9 °C. The target set in the
Paris Agreement to limit global warming to 2 °C respectively 1.5 °C will be exceeded by 2050
without the introduction of severe restrictions (EEA 2020a). Besides the effect on rising tempera-
tures, the impact on the global glacier retreat, the warming of the upper ocean (0-700 m), the
global sea-level rise, the shifting of the climate zones, precipitation changes, to name just a few,

are considered as given by the IPCC (IPCC 2021b:6).

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)

106G “c
2t 20
‘Warming is unprecedented
in more than 2000 years

Warmest multi-century o observed
period in more than
- 100,000 years

¥ simulated
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Figure 2: Changes in global surface temperature relative to 1850-1900
Source: IPCC 2021b:7
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Figure 3: Temperature anomaly Germany per year between 1881 and 2021. Reference period 1961 - 1990
Source: DWD 2021b

Germany is experiencing the impacts of climate change more frequently, also. With a mean tem-
perature of 10.4 °C, 2020 was the second warmest year in Germany since standard records began.
The warmest and driest year since weather records began was 2018 (DWD 2021a). Although 2019
and 2020 were not quite as dry, there have never been three years in a row that were this dry and
warm since 1881 (DWD 2021a). A decade-by-decade comparison shows that since the 1970s, each
decade has been warmer than the previous one. The decade 2011-2021 was 2 °C warmer than the
first decade 1881-1890. In global comparison, the temperature in Germany is increasing more
rapidly than the global mean. In Germany, the mean value is 1.6 °C (see Figure 3), while the global
mean value is +1.1 °C (DWD 2021a).

The impact of climate change is already affecting societies. Especially extreme events, like heat-
waves, storms, high precipitation and floods, are already occurring and influencing different as-
pects of global societies (Folke et al. 2021:840). For example, aspects like livelihoods, health, food
security, human security, water supply and economic growth are forecasted to decrease through
climate change (Folke et al. 2021:840). Furthermore, the impact of climate change might increase

existing socio-economic inequalities worldwide (Folke et al. 2021:840).

In order to limit global warming while living with the already unavoidable impacts of climate
change, a far-reaching social-ecological transformation is necessary. Reducing and limiting global
warming demands mitigation measures. Adaptation measures are essential to deal with the inev-

itable impacts of climate change. Mitigation and adaptation must be considered equal, and ideally
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integrated pillars for a climate-resilient transformation (IPCC 1992:118). Additionally, it is essen-

tial to address climate change and sustainable development together within this transformation.

2.2 Climate policies - a brief overview

The question of how to deal with and tackle climate change challenges is highly political as are the
decisions, and decision-making processes to solve these challenges (Eriksen et al. 2015; Remling
2018). These decisions influence social relations, affect the essential redistribution of power and
resources, and deal with the complexity of reciprocal effects as resilience or adaptation of one
system can negatively impact another system or place (Remling 2018, Erkisen et al. 2015). There-
fore, besides the scientific discourse on climate change, climate resilience and adaptation became
vital issues and key goals within international, European and national policies. As policies are
central elements in climate governance, it is vital to understand the process, content and limita-
tions of these policies. Furthermore, it is crucial to reflect the interactions between the governance
levels, as climate governance needs to be understood as a multi-level governance system (Folke
2016:6; Fuhr et al. 2018:3,4). The following paragraphs outline the development of climate policies
at all levels of the United Nations, the European Union and Germany, focusing on climate resili-
ence and climate change adaptation. However, this thesis does not provide a complete analysis of
climate policy, as climate policy, while providing a framework, is not the focus of the research and
is beyond the scope of this thesis. Therefore, further essential players like the G7 or G20 are ex-
cluded from the analysis. The following chapters summarise the relevant key steps of climate pol-
icy against the backdrop of this research and focus on the Global North, with Germany serving as

a case study.

2.2.1 Urban climate resilience

The concept of resilience offers the possibility of opening up dialogue and overcoming sectoral
ways of thinking in the sense of evolutionary resilience and resilience thinking. Moreover, resili-
ence is a concept that offers the possibility of bringing together the most diverse disciplines and
needs in the sense of a "boundary object". Therefore, using the concept of resilience as the basis,
it is possible to bring together political actors and institutions with different ideas and actors from
different sectors and areas to strengthen resilience. Thus, according to (Béné et al. 2017:13), the

concept can be a tool to enable integrative planning.

Keeping this in mind, this paper focuses on the specific resilience of an urban system to the threats

of climate change impacts and the challenges of climate change adaptation. The IPCC (2012:5)
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defined resilience in this context as "the ability of a system and its component parts to anticipate,
absorb, accommodate, or recover from the effects of a hazardous event in a timely and efficient
manner". Thus, this definition omits the learning and transformative character of evolutionary
resilience and resilience thinking. Feldmeyer et al. (2019) provide a more detailed definition of
urban climate resilience. They discuss: "The climate resilience of a city depends on the ability of
its subsystems to anticipate the consequences of extreme weather and climate change, to resist the
negative consequences of these events and to recover essential functions after disturbance quickly,
as well as to learn from these events and to adapt to the consequences of climate change in the
short and medium term, and transform in the long term. The more pronounced these abilities
are, the more resilient a city is to the consequences of climate change. All abilities are important.”
(Feldmeyer et al. 2019:3). When reconsidering this definition, it becomes apparent that in refer-
ence to Chapters 3.4.1 to 3.4.5, the social-ecological resilience approach is used for this definition.
Moreover, the analysing and managing nature of resilience thinking is also included. Neverthe-
less, the complexity of the resilience concept becomes clear in this definition, as well as the com-

plexity of the urban system and the challenges posed to the city.

In summary - the authors Feldmeyer et al. (2019:3) suggest that a city should have the capacities
to anticipate, resist, recover, learn, adapt and transform. These capabilities all have different time
horizons in relation to a shock event and yet should all be available simultaneously. On the one
hand, the occurrence of shock events needs to be anticipated in advance. On the other hand, if an
extreme event occurs, the city should have the ability to withstand (resist) this event as far as pos-
sible, e.g. through flexible infrastructures up to disaster control. A resilient city can quickly restore
(recover) necessary system structures if damage does occur. However, the abilities to adapt and
transform are also central. Even if the city and its systems resist and recover quickly, the medium-
term adaptation and long-term transformation of the city system and all its subsystems is funda-
mental for resilience. This is the only way for anticipated changes be transferred to the future city

system.

Based on this definition, Feldmeyer et al. 2019:4 identify five dimensions in their urban climate
resilience framework as responsible for the climate resilience of a city - environment, society,
governance, economy and infrastructure. These dimensions can be used to assess the climate re-
silience of a city. Moreover, Feldmeyer et al. 2019 subdivided these dimensions into 24 action
fields (see Appendix Al). These action fields form the framework for the indicator development
and are therefore also operationalised by Feldmeyer et al. 2019 through an indicator set and pre-

sented in Chapter 4.2.1.
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2.2.2 United Nations

The main process of the negotiations and development of climate policies began in 1972, at the
Stockholm Conference on the Human Environment. This conference was the first United Nations
(UN) conference primarily focusing on the environment. The conference was the starting point
for establishing the United Nations Environment Programme (UNEP) and initiated the introduc-
tion of environmental departments in intergovernmental organisations (Biermann 2021: 62). Fast
forward 15 years, the Brundtland Report was published followed by the establishment of the IPCC
in 1988 by the UNEP and the World Meteorological Organization (WMO). The IPCC was tasked
with assessing and summarising the status quo on climate change research to make this
knowledge accessible to policymakers. Two years later, in 1990, the IPCC published the First As-
sessment Report (Bulkeley, Newell 2015). In this report, the knowledge about the link between
human activities, greenhouse gas emissions and global warming pointed at political actors: "We
are certain emissions resulting from human activities are substantially increasing the atmospheric
concentrations of the greenhouse gases [...]. These increases will enhance the greenhouse effect,

resulting on average in an additional warming of the Earth's surface." (IPCC 1992:117).

After this first IPCC declaration, the negotiations continued, but the agreements were non-bind-
ing, such as the Rio Declaration on Environment and Development (1992) and the Agenda 21
action plan (1992). An important landmark regarding the institutionalisation of climate change
negotiations was the implementation of the United Nations Framework Convention on Climate
Change (UNFCCC) in 1994, which was signed by 154 countries. The importance was underlined
by the Second Assessment Report of the IPCC, which highlighted that "the balance of evidence
suggests a discernible human influence on global climate" (IPCC 1995) in 1995.

Further progress was made, even not as fast as climate scientists proposed. The Kyoto Protocol,
the first global agreement to reduce greenhouse gas emissions (Otto 2017), was opened for ap-
proval in 1997 and signed by more than 150 countries. However, negotiations were a lengthy pro-
cess — eight years later, in 2006, the Kyoto Protocol came into force (Otto 2017). In order to
develop and ensure a follow-up agreement to the Kyoto Protocol in 2007, the Bali Road Map was
approved at COP 13 in Bali. The road map includes the very ambitious Bali Action Plan, which
structures a broad process to ensure the Kyoto Protocol's follow-up agreement in 2012 (Otto
2017). However, due to the underestimated complexity of climate change and global solution
structures, the process was extended to 2012. In 2012, at COP18 in Doha, the parties approved
the outcomes of the five-year process, which reached substantial achievements regarding the en-
hancement of action on mitigation, adaptation, finance, technology and capacity-building (Otto

2017).
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Back in 2009, at COP15 in Copenhagen, the declared goal of an agreed adoption of an interna-
tional binding succession convention of the Kyoto Protocol failed. The conference's final docu-
ment, the Copenhagen Accord, declares the first truly global agreement to limit global
temperature rise to 2 °C. However, the Copenhagen Accord was a non-binding document

(UNFCCC 2010).

Following negotiations and the COP in Doha in 2012, the Fifth Assessment Report of the IPCC
was published in 2014 and pronounced the evident influence of humankind on the climate sys-
tem. In addition, it is set out that the recent changes were already impacting the natural and hu-

man systems (Bulkeley, Newell 2015; EC 2021).

2015 marked a significant change within international policies for climate change adaptation.
Multiple multilateral agreements and frameworks were implemented within the structures of the
UN, the Paris Agreement, the Sustainable Development Goals (SDGs) and the Sendai Framework
of disaster risk reduction, which all emphasise the importance of climate change adaptation, re-
silience and the crucial role of local authorities and actors within the transformation process (EEA

2020b:80).

- The Paris Agreement, adopted by 196 parties, is the first legally binding treaty on
climate change and, therefore, a milestone in climate change policies. Besides, it is
the first binding agreement within the multilateral process, and it is the first interna-
tional convention that assumes that global climate change adaptation is as essential
as global climate mitigation (Magnan, Riberia 2016). On the one hand, the agree-
ments goal is limiting global warming to 2 °C preferentially to 1.5 °C. On the other
hand, it aims to enhance countries' capacity building to cope with climate change
impacts and develop climate-resilient pathways (UN 2015a).

- The Sustainable Development Goals were adopted in 2015 by the United Nations
General Assembly (UN 2015b). The SDG framework is designed as an interdiscipli-
nary target concept emphasising the interactions between its different areas and
goals. It consists of 17 goals (see Table 1) which in their entirety focus on protecting
the planet, ending poverty and guaranteeing peace and wealth by 2030 (UN 2015b).
By implementing these targets, it is crucial to take reciprocal effects between the
SDGs into account, as both synergies and trade-off effects between the targets can
occur (Bansard et al. 2019:114; UNDP 2020). Furthermore, climate change,
adaptation and climate resilience are cross-cutting themes; these themes are under-

lying elements in each SDG. Nevertheless, climate change adaptation and climate
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resilience are mainly addressed in the targets detailed in the following list (UN

2015b).

Table 1: Summary of SDG targets addressing climate change adaptation and climate resilience

Target No. Target name

Target 1.5

Target 11.5

Target 11.6

Target 11.B

Target 13.1

Target 13.2

Target 13.3

Target 13.A

Target 13.B

Build resilience to environmental, economic, and social disasters

Reduce the adverse effects of natural disasters

Reduce the environmental impact of cities

Implement policies for inclusion, resource efficiency and disaster risk
reduction

Strengthen resilience and adaptive capacity to climate-related disasters

Integrate climate change measures into policies and planning

Build knowledge and capacity to meet climate change

Implement the UN Framework Convention on climate change

Promote mechanism to raise capacity for planning and management

Source: own table with content from UN 2015b

- The Sendai Framework for Disaster Risk Reduction was adopted by the Third UN

World Conference on Disaster Risk Reduction. It focuses on both disaster risk re-

duction and the resilience building of societies (UNDRR 2015). Moreover, the Sen-

dai Framework recognises climate change's importance as a driving force of disaster

risk (EEA 2020b:80) and is consequently an essential pillar in climate change adap-

tation and governance.

Besides these fundamental agreements, the New Urban Agenda was adopted by the United Na-

tions Habitat III (third UN Conference on Housing) and ratified by the UN General Assembly in

2016 (EEA 2020b:80). The New Urban Agenda focuses on implementing SDG 11 - making cities

and human settlements inclusive, safe, resilient and sustainable - and strengthening the im-

portance and possibilities of cities within the social-ecological transformation process (UN-

Habitat 2017:4, Bansard et al. 2019:113). Additionally, the Agenda highlights the need for a par-

ticipatory, integrative process across all spatial scales (global, regional, national, subnational and

local) and the crucial role of the cities within the implementation process of SDG 11 (UN-Habitat

2017:4).
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With these essential pillars and international agreements in mind, the subsequent Conferences on
Parties focused on implementing the agreements. In 2019 a further global threat, the Covid 19
Pandemic, arose and set the climate crises, at least for some time, aside. COP26 in Glasgow, which
was first scheduled for 2020, was postponed until 2021. Shortly before the conference took place,
the IPCC Working Group 1 released its contribution to the Sixth Assessment Report (IPCC
2021b). The report highlights and confirms the impacts of human-induced climate change on
extreme events across the globe. At COP26, the Glasgow Climate Pact was adopted, which in-
cludes the strengthening of climate resilience, agreements on financing adaptation process and
on market mechanisms, especially for carbon trading, as well as the completion of the Paris Agree-
ment rulebook, which should enhance the transparency of the whole processes (including com-
pliance of the specific climate promises of each country) (UNFCCC 2021). Even if these results
are advancing climate policy, they have been criticised as not being far-reaching enough. Among
others, the UN Secretary-General Anténio Guterres (2021) pronounced: "The approved texts are
a compromise. They reflect the interests, the conditions, the contradictions and the state of polit-
ical will in the world today. They take important steps, but unfortunately, the collective political

will was not enough to overcome some deep contradictions."

2.2.3 European Union

The European Union (EU) is a key player within international negotiation and has pushed the
establishment of international commitments forward since negotiations for the Climate Change
Convention began in 1991 (Oberthiir, Kelly 2008:36). However, despite the EU's international
engagement, commitments, and positions, the domestic implementation process of climate poli-
cies was prolonged and led to a severe credibility gap (Oberthiir, Kelly 2008:40). In order to reduce
this gap and become proactive, the EU made an UN-independent commitment in 2007 of achiev-
ing at least 20% Greenhouse Gas emissions (GHG) reduction by 2020 compared to 1990 and was
a key driver of the beginning of the post-2012 negotiation process at UN level (EC 2007; Oberthiir,
Kelly 2008). In 2009, the White Paper "Adapting to climate change: Towards a European frame-
work for action”, the cornerstone for the EU Climate Adaptation Strategy, was published (EC
2009). In 2013, the finalised EU Adaptation Strategy aiming for enhancing climate resilience in
Europe by improving capacities regarding climate change impacts on all levels (local, regional,
national and EU) was published (EEA 2020b). In addition to activities designed as cross-sectional,
trans-regional and/or cross-border projects, the Strategy also promoted urban adaptation activi-

ties by supporting them to take voluntary adaptation action (EEA 2020b:81). Furthermore, the
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Adaptation Strategy is crucial for mainstreaming climate adaptation and climate action within

EU policy (EEA 2020b:81).

In 2019, the European Green Deal was introduced by the European Commission. The Green Deal
includes different spheres of action (including finance, energy, mobility, economy, law and cli-
mate) into an integrated concept for the social-ecological transformation of the EU to reach car-
bon neutrality in 2050. Besides several other strategies and essential steps, the European
Commission adopted the new EU Adaptation Strategy in 2021, based on the context of the Green
Deal, which targets adaptation to climate change impacts and becoming climate resilient by 2050
(EC 2021). The Strategy aims to enhance the adaptation process, the cross-cutting themes: inte-
grating adaptation into macro-fiscal policy, nature-based solutions for adaptation and local ad-
aptation action (EC 2021). Furthermore, with the focus on citizen empowerment, knowledge
sharing, learning and implementing solutions, the EU initiative Climate Pact was founded in 2020

(EC 2020).

2.2.4 Germany

Embedded in the international processes, climate adaptation and climate resilience have been
gaining in importance in Germany since 1992, firstly through government-funded research into
climate impacts and possibilities of climate change adaptation. After several negotiations and ef-
forts in 2006, an essential step was undertaken by implementing the competence centre climate
impacts and adaptation (KomPass) within the Federal Environment Agency (UBA). Based on
these developments, in 2008, the first German adaptation strategy (DAS) entered into force (BMU
2020). The DAS builds a cross-sectoral policy framework for adaptation to climate change in Ger-
many and includes regular monitoring (every four years). In addition, the DAS is updated and
adjusted every five years. In order to realise the developed adaptation strategy, the German adap-
tation action plan (APA) was implemented for the first time in 2011. The APA contains the direct
measures and activities funded and implemented by the federal government (e.g. research pro-
jects, implementations in spatial planning etc.) (BMUB 2015). The DAS and APA are the back-
bones of climate change adaptation in Germany as they aim to reduce the climate vulnerability of
ecological, social and economic systems by simultaneously increasing the adaptive capacity of
these systems (BMU 2020). Nevertheless, as well as the UN and the EU regulations, the national

level sets the framework and mostly has a coordinating and informing function.

An essential instrument to enhance implementation at regional and municipal level are the Build-

ing Regulations. Therefore, besides the DAS, climate adaptation and climate resilience are also
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implemented in the Baugesetzbuch (the Federal Building Code "BauGB") and the Raumord-
nungsgesetz (the Federal Regional Planning Act, "ROG"). In section 2 (2) ROG, climate mitigation
and adaptation are included as principles of spatial planning. Moreover, in 2011 the so-called
"climate protection clause" was included in section la (5) BauGB: "The requirements of climate
protection shall be taken into account both by measures that counteract climate change and by
those that serve to adapt to climate change." Additional climate adaptation and mitigation are also
included in the urban development funding Section 171 BauGB, Stadtumbau. Even though cli-
mate adaptation should have been taken into account in the planning process since 2011, Huber
and Dunst (2021:513) found in their empirical research that climate adaptation measures are by
far not considered in land use plans and development plans possible extent. This reflects missing
awareness and political willingness regarding climate change adaptation. It remains to be seen
how the German government, newly elected in 2021 and which has included climate resilience in
its coalition agreement, will contribute to the further development of an integrative implementa-

tion and transformation process.

2.2.5 Climate policy and the importance of the local scale

By reflecting on the previous chapters above, it became apparent that lengthy negotiations, due to
diverging national or political interests, unresolved financing, and less implementation willing-
ness, etc., protract the international as well as the national policy process. The summaries and
reviews by the IPCC have been disclosing the scientific discourse on climate change and its effects
since the panel's establishment more than 30 years ago. As part of its First Assessment Report, the
IPCC underlined the consequences of climate change and the need for adaptation strategies with
its call to action: "The potentially serious consequences of climate change on the global environ-
ment give sufficient reasons to begin by adopting response strategies that can be justified imme-
diately, even in the face of significant uncertainties,” (IPCC 1992:118) and the necessity of an
integrative mitigation and adaptation approach (IPCC 1992:118). The Kyoto Protocol, the first
declaration regarding GHG reduction, was agreed seven years later (1997), but the first commit-
ment period was between 2008 and 2012 - 18 years after the First Assessment Report and reflected
the lengthy processes at UN level. Furthermore, as pointed out above, further declarations were

made, but very few have been binding documents - e.g. Paris Agreement (2015).

As well as on the international level, the interrelated climate policy in the EU firstly focused on
the reduction of GHG (Oberthiir, Kelly 2008) and neglected the essential pillar of adaptation
(Rayner, Jordan 2010). However, this fact changed in the 2000s, possibly also influenced by the
Third Assessment Report of the IPCC published in 2001, which highlighted the importance of
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climate adaptation for both the Global North and the Global South (Rayner, Jordan 2010:147).
Furthermore, with the following implementation of the Green and White Papers of the EU, the
Adaptation Strategy in 2013, the European Green Deal and additional climate policy related re-

gional programmes (e.g. for the Baltic Sea Region), the EU enhanced its processes dramatically.

Nevertheless, these negotiations and agreements are essential for the international guidance of
climate adaptation and sustainable development. The agreements provide a broader framework
and shared goals for the implementation on a national, regional and, especially, local scale. How-
ever, translating the agreements and policies into feasible measures is carried out on these scales,
particulary the local and lower scales. Consequently, the vital role of local scales for the imple-

mentation process of adaptation and resilience gets conspicious.

Since international processes are prolonged, and actors on the local scale are already under pres-
sure to adapt and enhance resilience, city networks like C40 Cities Climate Leadership Group (97
cities worldwide) (C40 Cities 2022), ICLEI Local Governments for Sustainability (over 2500 mu-
nicipalities and regional governments worldwide) (ICLEI 2022), 100 Resilient City Network (The
Rockefeller Foundation 2020) are essential stakeholders and actors within the implementation

process.

Reconsidering the climate policies and the different levels, it is essential to mention that the goals
for UN, EU and national level are tracked by monitoring processes. However, these measurements
address only the respective scale. Therefore, the policy institutions can track the progress of ad-
aptation and resilience building. Unfortunately, they do not support the local authorities and
change agents by providing a level-integrating monitoring process and indicators suitable for
lower scales and cannot be used as formative tools. For example, monitoring regarding the na-
tional adaptation strategy is implemented within the DAS. This monitoring is based on secondary,
empirical data and includes 105 indicators. Fifty-six indicators focus on climate change impacts
and 44 indicators measure activities and conditions supporting the adaptation process (BMU
2020). Besides the number of indicators being too high for the municipalities, due to the capacities
and resources in the municipalities, the indicators provided are not conducive to the implemen-
tation process. Although, as mentioned in the previous sections, local actors are the most active

players in the Race to Resilience, these levels are often neglected in previous approaches.
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2.3 Climate-resilient pathways, decision-making and its challenges in
the context of climate change

In its Fifth Assessment Report, the IPCC (2014) introduced and discussed the concept of climate-
resilient pathways. It defined them as "development trajectories of combined mitigation and ad-
aptation to realize the goal of sustainable development that help avoid ‘dangerous anthropogenic
interference with the climate system" (IPCCC 2014:1107). This anthropogenic interference is un-
derlined by the concept of the Anthropocene, widespread by Crutzen and Stroemer in 2000. In
this concept, humanity is identified as the dominant driving force of the planet. In further devel-
opments of this approach, the Anthropocene is further characterised by hyper-connectivity and
complexity, as well as the high potential of destabilising the earth system (e.g. Leach et al. 2018:1-
2). Furthermore, humanity needs to be considered as part of the biosphere and is not independent
of the biosphere and vice versa. If humanity is the dominant driving force, humanity also can

change societies' pathways.

Accordingly, climate-resilient pathways are not an outcome of a process; instead, they can be
characterised as "iterative processes for managing change within complex systems, where unin-
tended consequences are common owing to feedbacks, teleconnections, cross-scale linkages,
thresholds, and nonlinear effects" (IPCC 2014:1112). To navigate these trajectories within a se-
cure, adaptive space, implementing institutional strategies and decisions for risk management is
essential (IPCC 2014:1106). Consequently, ongoing iterative knowledge creation, especially the
assessment, and whether the implemented actions and decisions lead towards a climate-resilient

pathway are crucial for ongoing foundational decision-making processes (see Figure 4).
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Figure 4: Schema of future pathways. Pathways into the future, with path dependencies and iterative problem-
solving and decision-making. Source: Roy et al. 2018:469 acc. to Fazey et al., 2016:31

Embedded in the context of the Anthropocene, which Folke et al. (2021:837) emphasise as "char-
acterised by a tightly interconnected world operating at high speeds and hyper-efficiency in sev-
eral dimensions”, managing these processes is complex due to multiple challenges. On the one
hand, there are uncertainties about the exact impacts of climate change regarding the time of oc-
currence and their intensity. On the other hand, the highly interconnected social-ecological sys-
tem itself is difficult to understand due to multiple feedback processes and the embeddedness of
multiple scales (global, national, regional, local, individual, etc.) and subsystems, e.g. political, so-

cio-economical, governmental, cultural and other social-ecological subsystems.

In addition to the acceleration of climate change, the acceleration of social change is also a central
challenge for the management of climate-resilient pathways. As mentioned above, one character-
istic of the Anthropocene is the interconnectedness and the high pace within systems. Hartmut
Rosa's concept of "acceleration”, as well as the concept "shrinking of the present" according to
Liibbe (1992), can help to understand these circumstances. Rosa (2003) divides "acceleration” into
the three areas of technological acceleration, acceleration of social change and acceleration of the

pace of life, and declares a society to be an "acceleration society" if the three processes occur con-

30



Chapter 2: Conceptual framework and state of the art

currently. Within an acceleration society, the "present of action [...] cannot shape this future be-
cause of the dynamics, the risks and the unmanageable amount of simultaneity within the present,
which it cannot control at all" (Nassehi 2008, p.342; cited in Rosa 2003). Liibbe (1992) uses the
term "shrinking of the present” to verbalise the phenomenon of a decreasing period of time in
which knowledge and experience are valuable for the present and the future. Additionally, in each
moment in which no climate-positive decisions are made, climate change accelerates further, and
the impacts of climate change are getting more unpredictable. Therefore, decision-making is also

under time pressure.

Reflecting on these concepts in the context of governing climate-resilient pathways, the require-
ments regarding knowledge, descion-making processes, and, therefore, governance are accentu-
ated. In an accelerated world, circumstances are constantly changing in a concise time period, and
the complexity and interrelation of dynamics and risks within and between social-ecological sys-
tems are intimidating (Masterson et al. 2019). Everything - climate change, social change, tech-
nology knowledge, experiences - is evolving rapidly. However, decisions need to be made to steer
the climate-resilient pathways in this race. Decisions should be made in awareness of the high
amount of uncertainty and need to be balanced all-time against different timescales (short, me-
dium and long-term), new findings and new circumstances. Therefore, these decisions should be

understood as consciously evolving decisions.

Nevertheless, it is crucial to keep in mind that climate change adaptation measures in particular
are often decisions, which develop their full impacts on the environmental system after many
years, such as the implementation of tree trenches and associated unsealing of parts of a road will
achieve its full potential, once the trees are fully grown. Obviously, an adaptation measure should
not be understood as a single decision but as a construct of multiple decisions, e.g. deciding which
street will be unsealed, who is involved, which tree type will be used, etc. Each of these decisions
has the potential to continue aloung the track of the climate-resilient pathways or to deviate from

the path.

When considering the discussed elements, it is essential for concepts, tools and practices to be
developed to adapt the accelerations and deal with risks, simultaneity, and uncertainty in steering
the pathway towards a climate-resilient and sustainable future. Therefore, monitoring and evalu-
ation are vital for visualising the impacts on different scales (spatially and temporally) and sup-

porting the decision processes in uncertain circumstances.
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2.4 Exploring resilience

The term "resilience" has gained increasingly in importance in science as well as in society. The
concept is applied in various fields and disciplines and with different scopes. Hence, the defini-
tions became more sophisticated and broadened. During recent decades, the concept became es-
sential in its usage in ecology, psychology and engineering as well as in spatial planning,
geography, governance or disaster management (Bulkeley, Tuts 2013; Davoudi et al. 2013;
Leichenko 2011; Wardekker et al. 2020). Concerning climate change adaptation and disaster risk
reduction, the resilience concept gained popularity and has become central since the 1980s (Béné

et al. 2017:3).

As the concept is comprehensive, an approach to this term and its understanding in this thesis is
elementary. Resilience can essentially be split into three basic understandings of resilience: engi-
neering, ecological and evolutionary resilience. Engineering resilience derives from the constitu-
ent work of C.S. Holling in 1973, who was the first to define resilience within an ecological context.
He characterises resilience as a systems property "that is a measure of the persistence of systems
and of their ability to absorb change and disturbance and still maintain the same relationships
between populations or state variables." (Holling 1973, p. 14). Therefore, in the understanding of
engineering resilience, a resilient system has the ability to return, or bounce back, to its original

state of equilibrium after a disturbance (Davoudi et al. 2013).

Ecological resilience is also based on the work of Holling (1973), where he suggests that "resilience
determines the persistence of relationships within a system and is a measure of the ability of these
systems to absorb changes of state variables, driving variables, and parameters, and still persist"
(Holling, 1973, p. 17). In contrast to