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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 

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 unübersehbar. Städte stehen zunehmend vor 

der Herausforderung sich an die (antizipierten) Auswirklungen anzupassen und die Klima-

resilienz des städtischen Systems und der Gesellschaft zu erhöhen. Urbane Räume werden als 

hochkomplexe und miteinander verflochtene, adaptive sozial-ökologische Systeme betrachtet, 

die in die Beschleunigung des klimatischen und gesellschaftlichen Wandels eingebettet sind. 

Aufgrund dieser vielschichtigen Komplexität ist es eine Herausforderung, den Erfolg von resi-

lienzsteigernden Maßnahmen zu bewerten. Gleichzeitig ist die Bewertung von großer Bedeu-

tung, um Lernprozesse zu beschleunigen, Fehlanpassungen zu reduzieren und klimaresiliente 

Pfade zu gestalten.  

Die Arbeit zielt darauf ab, einen integrierenden, skalenübergreifenden (räumlichen und zeit-

lichen) Monitoring- und Evaluierungsansatz für Klimaresilienz und -anpassung zu entwi-

ckeln, um eine wissenschaftliche Grundlage für die praktische Anwendung zu schaffen. Hierzu 

wird ein Mix-Method Ansatz verfolgt der auf den drei verschiedenen Ebenen - Interventions-

ebene, Systemebene und Akteursebene- durchgeführt wird. Der räumliche 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 Anpassungsmaßnahmen hat. Von be-

sonderer Bedeutung ist die Bewusstseinsbildung und Verhaltensänderung der Akteure in den 

Anpassungsprojekten. Das unterstreicht die zentrale Rolle der Akteure im Transformations-

prozess. Basierend auf für 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 möglich. Aus diesen Ergebnissen wird ein in-

tegrativer Ansatz für das Monitoring und die Evaluation von Klimaresilienz und 

Klimaanpassung abgeleitet.  

Die kritische Diskussion der Forschungsergebnisse verdeutlicht sowohl denweiteren For-

schungsbedarf als auch Möglichkeiten zur Weiterentwicklung des integrativen Ansatzes sowie 

des Lern- und Transformationsprozesses. 
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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 l/m² 

and 150 l/m², 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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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 (Lübbe 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 Anpassungsmaßnahmen und Klimaresilienz in Städten [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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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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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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2 Conceptual framework and state of the art 
 

"It 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 14th 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 



Chapter 2: Conceptual framework and state of the art  

18 

 

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).  

 
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 A1). 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 
 

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 António 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 (Oberthür, 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 (Oberthür, 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; Oberthür, 

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 1a (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 (Oberthür, 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 

Lübbe (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-
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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). Lübbe (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 engineering resilience, ecological resilience systems can flip 

to another equilibrium, bounce forward, compared to the original one.  

Evolutionary resilience overcomes the idea of stable states in which systems bounce back (engi-

neering resilience) or bounce forward (ecological resilience). Therefore, the evolutionary under-

standing of resilience originates from social-ecological approaches to resilience and is referred to 

synonymously as social-ecological resilience. The social-ecological system perspective overcomes 

the socially constructed dichotomy of humans and the environment, and converges and integrates 

them into one human-environment system (Biermann 2021, p. 61). In this approach, the interac-

tions between humans and the environment are brought to the forefront, and the social system is 

seen as an integral part of the ecosystem (Berkes 2017). Biermann (2021:63) emphasises that the 

social-ecological perspective breaks down the barriers between people and their environment and 
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integrates them into a complex understanding in which agency is diffuse, interactions are dy-

namic, and system boundaries are blurred. Overcoming the dichotomous view is essential if the 

complex challenges are to be met.  

The evolutionary resilience approach was firstly introduced in the late 90s (Walker et al. 2002; 

Walker et al. 2004:4). Folke et al. (2010:3) characterized it as "the capacity of a system to absorb 

disturbance and reorganize while undergoing change so as to still retain essentially the same func-

tion, structure and feedbacks, and therefore identity, that is, the capacity to change in order to 

maintain the same identity". Hence, in this understanding, resilience focuses on the capacities of 

an entity (such as a system, a community or an individual person) to maintain its individual iden-

tity while undergoing change (Böschen et al. 2017:217). Changes can be abrupt (like a hazard) and 

gradual (e.g. climate change) (Böschen et al. 2017).  

The social-ecological (=evolutionary) resilience approach is applied in this paper. In general, re-

silience is understood here as a dynamic, relational process without a final status of the social-

ecological system. For detailed summaries and reviews of the development of the resilience con-

cept see Chelleri 2012; Bene et al. 2017; Folke 2006:260; Folke 2016.  

2.4.1 Specific and general resilience 
Beyond the different resilience concepts, it is also essential to differentiate between general and 

specific resilience. Most studies and research apply resilience to particular threats or aspects of a 

specific system or subsystem (Folke et al. 2010:4). One example would be examining the specific 

resilience of a coastal community against flooding. Therefore, specific resilience always asks "Re-

silience for whom?" and "Resilience for what?". In addition, though, the highly reciprocal charac-

teristics of social-ecological systems (Folke 2006:262) need to be considered. Carpenter et al. 

(2001:767) emphasise in this context that "the history of human cultural evolution has been the 

story of cross-scale subsidies". This observation accentuates that the resilience of one system, sub-

system or individual can also limit the resilience of another subject or system. When applied to 

the urban system, this implies, for example, that the additional development of a source to ensure 

drinking water supply can lead to another city having less water available. Consequently, negoti-

ation processes and the consideration of conflicting goals between and within systems are of great 

importance. 

In contrast to specific resilience, general resilience does not focus on one kind of threat or one 

subsystem. Instead, it focuses on coping with uncertainties in any way (Folke et al. 2010:5). There-

fore, general resilience is essentially supposed to be open-minded and aware of the multiscalar 
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effects within and between intertwined social-ecological systems. Nevertheless, general resilience 

is difficult to assess.  

2.4.2 Resilience thinking 
Resilience can be both (1) a systems property and (2) an approach for analysing and managing 

social-ecological transformation. In the previous chapters, resilience was described as a system's 

property. Hereinafter, resilience will be discussed as a framework for analysis and management, 

i.e. resilience thinking. It is evident that resilience is a concept that demands and enforces a sys-

temic way of thinking, in which it assumes system properties and cross-scale dynamics and inter-

actions (Walker et al., 2004; Béné et al. 2017:13). With resilience thinking, a framework is 

developed which focuses on the development and dynamics of resilient social-ecological systems 

as analysing and managing approach (Folke et al. 2010:1). Three aspects are central to resilience 

thinking: resilience as persistence, adaptability and transformability (Folke et al. 2010). Within 

the framework of resilience thinking, resilience is understood as the tendency of a system to re-

main within the current trajectory, even as it is constantly changing and adapting (Folke et al. 

2010:6). The aspect of adaptability is defined by Folke et al. (2010:6) as "the capacity … to adjust 

its responses to changing external drivers and internal processes and thereby allow […] develop-

ment within the current stability, […]."  

Furthermore, transformability describes the capacity to overcome the current development tra-

jectory entering a new pathway (Folke et al. 2010:6). The aspect of entering a new pathway under-

lines the innovative and novel character of transformation (Folke et al. 2010:7). Transformations 

address the general resilience of a system and are therefore influenced by multiple temporal and 

spatial scales and their interconnectedness. In a resilient social-ecological system, shock events 

can also lead to the opening of "windows of opportunities" and, building upon this, to transfor-

mation (Folke 2006:253).  

Within the resilience thinking approach, it is apparent that all of these aspects need to be ad-

dressed simultaneously to develop resilient social-ecological systems, as they are interrelated, ad-

dress different timescales and spheres of a system. Nevertheless, in practice, the capacities to adapt 

and transform are not often treated together (Elmqvist et al. 2019:271). Thus, in this thesis, resil-

ience is understood as a dynamic, relational process without a final status of the social-ecological 

system. 
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2.4.3 Resilience as a (non-)normative concept 
As Holling's definition from 1973 demonstrates, early definitions of resilience did not base the 

concept on a normative dimension (Béné et al. 2017:1). Systems or subsystems can contain resil-

ient structures, leading to an increase in undesirable influences on society and ecology. Examples 

of this are invasive species or poverty structures (Dornelles et al. 2020:3). Therefore, resilience is 

understood initially as a non-normative concept.  

In the meantime, resilience has increasingly become a central narrative for sustainable develop-

ment. However, applied within the contexts of sustainable development and disaster risk reduc-

tion (e.g. Cutter et al. 2010), which are normative concepts, resilience includes the evolving and 

transformative character and embeds itself in current transformative processes in the sense of 

sustainable development. Therefore, the concept has increasingly received a normative connota-

tion and is considered a quality that subjects (individuals, households, societies and cities) should 

acquire, especially against the backdrop of climate change and the resulting extreme events (Béné 

et al. 2017:1). Thus, the concept of (climate) resilience is established in this manner in interna-

tional agreements such as UN Habitat III, the SDGs, the UNFCCC Paris Agreement and the Sen-

dai Framework (see Chapter 2.2) (Wardekker et al. 2020) as well as in networks for increasing 

resilience, e.g. 100 Resilient Cities Foundation, the C40 and the ICLEI network. Accordingly, re-

silience is regarded as a normative concept and used as a goal of the adaptation and sustainable 

development processes in these contexts.  

Consequently, even if the term resilience is broadly used as a normative concept, the possibilities 

of lock-in effects in resilient structures, e.g. forms of an autocratical system, as well as adverse 

reciprocal effects between systems, need to be incorporated.  

2.5 Adapting to climate change  

The previous chapters show how evident the intertwined character of climate resilience and ad-

aptation is. Municipalities, cities, or local change agents are implementing adaptation measures 

to deal with actual or anticipated challenges of climate change and keep track of climate resilient 

pathways within a safe operating space.  

In order to get a deeper understanding of adaptation, a definition of the terms adaptation and 

adaptability within the context of resilience is necessary. Adaptation is defined by the IPCC 

(2012:17) as "the process of adjustment to actual or expected climate and its effects, in order to 

moderate harm or exploit beneficial opportunities". Adaptability or adaptive capacity, which are 

often used synonymously, is necessary to implement adaptation. Adaptability/Adaptive capacity 
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is defined by Walker et al. (2004:7) in the context of SES as "the collective capacity of the human 

actors in the system to manage resilience". Existing adaptive capacity will not directly lead to ad-

aptation (Berrang-Ford et al. 2011:25).  

Even if societies and humankind have ever adapted to changing climate (Berrang-Ford et al. 

2011:25), the current situation (Chapter 2.1) poses inherently new and fundamental challenges to 

the adaptation process. Embedding adaptation into the broad context of climate change became 

apparent that the impacts of climate change became unavoidable, and climate change adaptation 

turned out to be an essential strategy to reduce vulnerabilities and enhance climate resilience. 

Nevertheless, the relevance of climate change adaptation in climate policy has only been recog-

nised since 2000 (see Chapter 2.2). Until 2000, climate mitigation was a primary objective in in-

ternational policies; since then, climate adaptation has also gained importance (see Chapter 3.2). 

Adaptation within an SES takes place through different adapting actors (e.g. government, com-

munities or individuals) with different adaptive capacities (Pelling 2011), on different scales (local 

to global) (Berrang-Ford et al. 2011:26) and through different actions. As adaptation measures are 

implemented within highly interdependent social-ecological systems, their effects and impacts 

affect the whole system, even to differing extents. 

Considering this as a generic model of enhancing climate resilience, the status quo is first consid-

ered. Then, the identified lack of climate resilience leads to the design and implementation of a 

specific adaptation activity, which should lead to the enhancement of capacities of a system or 

entity, which finally improves the climate resilience of a system.  

 
Figure 5: Generic theory of change of an adaptation intervention  
Source: own figure according to Béné, Frankenberger et al. 2015 

Therefore, climate change adaptation is essential for enhancing climate resilience and pushing 

sustainable social-ecological transformation forward. However, as well as the impacts of climate 

change being manifested at the local scale, adaptation measures are implemented at the local scale. 

Higher scales, e.g. the global scale with its international policies, give a frame and establish con-

cepts on a global scale, but the local scale is ultimately responsible for implementing adaptation 

measurements. Therefore, it needs to be highlighted that the actors on the local scale are most 
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important for the adaptation process as they perform the abilities of an urban system (Williams 

et al. 2015, Fischer, Newig 2016; Otto et al. 2020).  

Even if adaptation actions are implemented on the local or lower scales, it is crucial to reflect them 

regarding their potential reciprocal effects on higher or lower scales, other dimensions of resili-

ence and other parts of the social-ecological system to reduce potential maladaptation and en-

hance general resilience (see Chapter 2.4.1.) (Eriksen et al. 2011; Barnett, O'Neill 2010:211). The 

IPCC defines maladaptation as "an adaptation that does not succeed in reducing vulnerability but 

increases it instead" (IPCC, 2001, p.990). These maladaptive effects can also occur between differ-

ent social-ecological systems or subsystems. For example, an adaptive activity that enhances one 

group's resilience can be maladaptive and reduces resilience for another group. Consequently, it 

is of great necessity and importance to recognise that: 1) not every type of adaptation measure is 

a good adaptation measure (Adger et al. 2011:7580; Barnett et al. 2010); and 2) considering adap-

tation measures in conjunction with sustainable development is vital to identify and avoid trade-

offs (Eriksen et al. 2011; Dornelles et al. 2020:3). In order to examine maladaptation very early 

and enhance adaptation, monitoring and evaluation are needed.  

2.6 Monitoring, evaluation and climate resilience 

The chapters above point out the urgent need for navigating the highly complex process of resil-

ience building and climate change adaptation. Monitoring and Evaluation (M&E) play a pivotal 

role in the transformation process to sustainable and resilient trajectories. M&E can enhance the 

understanding of resilience, adaptation action and its impacts on resilience. Furthermore, it en-

hances the management of the process, legitimacy and social enlightenment (Stockmann, Meyer 

2016:40). Therefore, M&E are encouraging an ongoing improvement process through learning 

effects (Pringle 2011:5). Learning about the effectiveness of adaptation measures is crucial for a 

faster and more efficient transformation (Bellinson, Chu 2018; EEA 2020b:77, Stockmann, Meyer 

2016). 

Monitoring and evaluation are broad terms and are often used synonymously. In the following 

paragraph the key terms monitoring and evaluation, as well as the relevant forms of evaluation 

(formative and summative) relevant to this research and objectives of the evaluation are defined 

as follows:  

 Monitoring: A systematic data collection ad of specific indicators which embodies the 

regular tracking of inputs, activities, outputs, outcomes and impacts of activities at the 
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project, programme, sector, national levels, e.g. monitoring of country's progress against 

the Sustainable Development Goals (IEG 2022).  

 Evaluation: Systematic assessment of an intervention, programme or policy (ongoing or 

completed) to determine the relevance and fulfilment of objectives, development effi-

ciency, effectiveness, impact and sustainability and to enable the incorporation of lessons 

learned into the decision-making process (IEG 2022). 

 Formative Evaluation: Takes place during an intervention in order to identify possibili-

ties to improve and steer the intervention to achieve the desired outcomes. It is often 

associated with ex-ante and mid-term evaluations (Pringle 2011). 

 Summative Evaluation: Is applied after a programme as ex-post evaluation and assesses 

the whole intervention regarding its effectiveness.  

 Objectives of Evaluation: The target setting for evaluation can differ significantly. Ac-

cording to Weith (2018:627) there are four main functions of evaluation: controlling 

function, legitimisation function, dialogue/learning function, recognition function. 

 

 

Figure 6: Logical model for climate change adaptation interventions 

Source: own figure 
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As adaptation action takes place locally, the importance of M&E being applicable for local author-

ities or local adaptation projects is undeniable. However, few local authorities are currently using 

this crucial tool (EEA 2020b:119). In order to structure the M&E process, the development of a 

logic model is essential. The model draws upon similar concepts like the Logical Framework Ap-

proach (LFA) or the Theory of Change (ToC) (Pringle 2011:14), which is also applied often in 

development programmes (Béné et al. 2015). These concepts can be implemented during the de-

velopment process of an intervention and within the monitoring and evaluation process. Further-

more, these models cut down the complexity of an intervention, programme or policy to a 

practical description of the process. The number of analytical steps' can differ due to the specific 

scope of an M&E process. However, the steps input, output, outcome and impact (see Figure 6) 

are implemented in most M&E processes (Brown et al. 2018).  

As Pringle (2011) points out, a logical model can provide a tangible understanding of the inter-

vention or process, which will be monitored and evaluated as the impact objectives, the activities 

for achievement, the planned target groups and the expected impacts on the target systems as well 

as the project resources etc. are defined. With a broad understanding of this model, and the inter-

vention, it is possible to evaluate, e.g. the achievement of the planned outputs, outcomes and im-

pacts (intervention's objectives). Therefore, the logical model forms the basis for the M&E process 

(Pringle 2011).  

Figure 6 presents a developed logic model for adaptation measures within the resilience-building 

context. Firstly, the initial/target system should be defined (e.g. the social-ecological system of a 

climate-resilient city). Secondly, the inputs of the adaptation measure need to be defined. How-

ever, besides the financial and personal resources, influential discourses and contexts should be 

reflected ideally (e.g. the public and scientific discourse on climate resilience). The third step, con-

cept, describes the intervention's impact objectives and effect assumptions. Fourthly, activi-

ties/process should be defined (e.g. specific participatory methods). Output assesses the countable 

results (e.g. number of participants, number of website views, number of information materials), 

whereas the outcomes reflect the (mid-term) effects on the target groups. Impacts are the long-

term effects at system level (e.g. the social-ecological system of a climate-resilient city). Outcome 

and impact are both affecting the target system. In the presented research, the initial system func-

tions as baseline against which the outcome and impact need to be measured. 

In addition, Pringle (2011:26) noted that three possibilities of measuring are possible in terms of 

climate change adaptation and resilience: 1) against the objectives of the intervention, 2) against 

an emerging understanding of good adaptation, and 3) against baselines. The presented research 
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focuses on measuring against the objectives of the intervention (reflecting the outcome and im-

pact against the concept) and on measuring against baselines (outcome and impact against the 

baseline of the initial system).  

To operationalise the M&E process, indicators are obligatory. In the context of climate resilience, 

the operationalisation of the concept is challenging (Asadzadeh et al. 2017:147). Additionally, due 

to complex systemic interactions, resilience and adaptation must be measured by proxies (Tyler 

et al. 2016:421). In order to assess (climate) resilience and the success of adaptation strategies, 

which aim to enhance resilience, many different resilience-focused approaches were published 

(Schipper, Langston 2015).  

Most resilience indicator sets focus on ecological, economic and socio-economic quantitative data 

(Bakkensen et al. 2017; Cutter et al. 2016; Tyler, Moench 2012; Wardekker et al. 2020), such as the 

Baseline Resilience Index for Communities (BRIC) of Cutter et al. (2010), the Community Disas-

ter Resilience Index (CDRI) published by Peacock et al. (2010). Only few frameworks apply an 

integrated method approach by using qualitative methods both during framework development 

(primarily) and for assessment (Engle et al. 2014; Jones, Tanner 2015). The existing indicator sets 

assess resilience on different spatial scales: on district scale (e.g. Cutter et al. 2010), on the city 

scale (e.g. The Rockefeller Foundation 2014), on the community scale (e.g. Renschler et al. 2010), 

on the neighbourhood (Pfefferbaum et al. 2012) or at the household level (Jones, Tanner 2015; 

UNDP 2014). These indicator sets focus on only one scale, which neglects the multiscalar effects 

and impacts of adaptation action.  

Although place-based community resilience has been mainstreamed already, the individual scale 

has not been addressed to the same extent (Otsuki et al. 2018). The existing resilience or disaster 

risk indicator sets on an individual – or household-specific – scale apply the sustainable livelihood 

approach (Béné et al. 2016a; Brown, Westaway 2011; Jones 2018; Vaitla et al. 2012) and tend to 

focus livelihood, social or community resilience (Speranza et al. 2014; Quandt 2018). Within these 

approaches, indicators regarding nutrition, agriculture and livelihood strategies are mostly used. 

Besides these measurement frameworks, a diverse range of approaches that focus on subjective 

resilience exists (Béné et al. 2016b). 

In addition to the ecologically, economically and socio-economically oriented indicator sets, only 

a few approaches, such as the "embrace framework" by Kruse et al. 2017, address action and learn-

ing of communities, but primarily on the system level. The importance of measuring soft and 
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actor-focused factors of improving the urban climate resilience – e.g. knowledge, behaviour, mo-

tivation and agency – is pointed out in different studies but addressed less actively in the evalua-

tion and monitoring context (Cote, Nightingale 2012; Williams et al. 2015).  

When reflecting on the elements of climate change, international policies, resilience and climate 

adaptation, which have been discussed, it became evident that especially the multiscalar aspect is 

missing within the current approaches. The approaches assess resilience and adaptation only on 

one scale and do not combine the measurements. Furthermore, the role of citizens as actors of 

change within the adaptation and transformation process to a resilient system has not been ad-

dressed to the same extent as pointed out above. Moreover, the neighbourhood or household scale 

frameworks are grounded in the sustainable livelihood approach, which is less suitable for meas-

uring the global north, especially in Germany.  

2.7 Conclusions of the state of the art 

Climate change poses complex challenges to societies. The need for action to enhance climate 

resilience and adapt to climate change's unavoidable impacts is unequivocal. International poli-

cies frame the development of climate-resilient pathways in the Anthropocene. However, inter-

national negotiations are tedious. Nevertheless, local actors already face the impacts of climate 

change or anticipate it, and they are forced to act as climate change is a global phenomenon but 

triggered through local action. Therefore, the action for adaptation and resilience-building also 

needs to be conducted on the local scale. Hence, the role of local action, especially in cities, is 

essential for the transformation process towards climate resilience. Cities and city networks, 

which proactively address the place-specific impacts, vulnerabilities and challenges of climate 

change, and climate resilience, are crucial for sustainable resilience building and global climate 

action. 

Nevertheless, these cities and change agents face the complexity of context specificity – e.g. spe-

cific vulnerabilities, socio-economic factors, culture, social cohesion – and the multidimensional 

and multiscalar characteristics of climate change and resilience. Additionally, the spatio-temporal 

decoupling of action and effect and the unpredictable extent of climate change impacts is chal-

lenging regarding the impact assessment of adaptation action and the public discourse within the 

cities. Finally, the acceleration of the pace of time, social change, and climate change reduces the 

time horizon in which decisions can be made.  
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Monitoring and evaluation are crucial for navigating the transformation process towards sustain-

able and resilient cities and would be highly beneficial within the transformation. First, M&E pro-

vide regular feedback and build up an evidence base. Thus, maladaptation can potentially be 

recognized as early as possible, enhancing learning effects and a positive adaptation process (Bel-

linson, Chu 2018). Further, M&E contributes to transparency and accountability of adaptation 

actions and tangibly increases climate resilience and adaptation for decision-makers and policy-

makers. 
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3 Methodology 

"As for the future,  
your task is not to foresee it,  

but to enable it."  
Antoine de Saint-Exupéry 1948 

 

To enable the future, this paper focuses on assessing climate resilience and climate adaptation 

measurements aiming to shape climate-resilient development pathways on the local scale. There-

fore, monitoring climate resilience and evaluating climate adaptation processes are central ap-

proaches in this thesis. The aim is to develop a validated, cross-scale, integrating 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.  

The research herein is based on a sequential mixed-methods design, predicated on data generated 

in the research project MONARES. The research project MONARES "Monitoring of Adaptation 

Measures and Climate Resilience in Cities", was funded by the Federal Ministry of Education and 

Research (BMBF) for three years between 2017 and 2020. MONARES was designed as accompa-

nying research and thus supported 14 funded research projects with the BMBF research focus, 

"Climate resilience through action in cities and regions". In addition to developing an urban cli-

mate resilience framework and indicators, the central objectives were to support the 14 funded 

research projects regarding monitoring and evaluation.  

The research projects, which implemented climate change adaptation measures throughout Ger-

many, had diverse foci. They differed in terms of stressors (e.g. heat, droughts, heavy rain, floods, 

storms), target groups (including civil society, administration and politics) and spatial scale (e.g. 

street, neighbourhood, district). Furthermore, the projects also varied in how the measures were 

implemented and thus in the methods applied. However, the adaptation to climate change of the 

urban social-ecological system could be identified as a common objective. In addition, raising 

awareness and changing the actors' behaviour are goals emphasised in each project. In Chapters 

3.2 and 3.3, two projects of the "Zukunftsstadt" [Future City] initiative are presented as examples 

to give an impression of the cooperating projects within the funding programme.  
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3.1 Methodological overview 

The foundation for answering the research questions was a literature review. The results of 

RQ/IL/a,b, RQ/SL/a and RQ/AL/a (see Figure 7) are based on data and surveys generated within 

the MONARES research project. Within MONARES, an explorative preliminary study, a total of 

three online surveys and two expert workshops for data collection were conducted. For RQ/SL/b, 

secondary statistical data was used (see Contribution 2 – Appendix C ). The respective detailed 

methodologies are presented in the papers (see Appendix B, C, D). Hereinafter a brief overview 

of the methodology, which is relevant for the study, within MONARES is given. It is important to 

mention, that the whole research process of MONARES was developed as a co-creational process 

by an iterative design between the MONARES consortium and the cooperating research projects.  

Explorative Preliminary Study (2017): To gain a deeper understanding of the projects' research 
approaches and aims, an explorative preliminary study was conducted at the start of 
MONARES. The questionnaire with open questions was sent to the cooperating adaptation pro-
jects and answered in written form by the respective project leader. All 14 projects participated 
and answered this survey. This pre-study aimed to get initial impressions about: 

Figure 7: Research structure, questions and methodology 
Source: own figure 
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 Which stressors do the projects mainly deal with? 

 Which measures will be carried out in the projects? 

 Which methodologies will be applied?  

 Which target group will be addressed? 

 On which spatial level will the project work? 

This preliminary study was analysed using MaxQDA and served as a basis for constructing the 

repetitive online survey 

Online survey – Urban Resilience Indicators (2018): After the development of a resilience frame-

work, a literature review and a first process of indicator development (see Appendix B– Contri-

bution 1), an online survey was conducted. The survey was implemented to validate and reduce 

the indicator-set by empirical data and to use the expert knowledge of the cooperation projects. 

The first online survey (n=39) focused on the expert rating of the developed indicators (see Ap-

pendix B– Contribution 1). The project staff were asked to rate the potential indicators (e.g. degree 

of soil sealing, wetlands and retention areas, innovation Index, accessibility of hospitals) based on 

the literature review regarding how they assess them for monitoring climate resilience in urban 

areas (see Appendix B– Contribution 1).  

Expert workshop on urban resilience indicators (2018): To consolidate the interdisciplinary 

knowledge and experiences on urban climate resilience, and validate the indicators by experts, an 

expert workshop was held. At the expert workshop (n=20), the online survey evaluation was pre-

sented. The results of the online survey and each indicator were discussed in focus groups and 

consolidated in plenum. Using the workshop results, the indicator set was revised and finalised 

(see Appendix B– Contribution 1). 

Repetitive online survey (2019, 2020): To address the monitoring and evaluation development as 

well as the empirical validation of actor-focused indicators, a repetitive online survey was con-

ducted focusing the intervention level and the actors' level. The survey was developed based on 

the preliminary study results and the findings from the previous surveys and workshops, and the 

literature review. The survey was divided into four parts and focal points: 1) Survey of the impact 

spheres and impact goals of the projects (RQ/IL/a); 2) Survey of the methods used in the projects 

(RQ/IL/b); 3) Concept of climate resilience (RQ/IL); 4) Self-assessment of knowledge and action 

concerning climate resilience (RQ/AL/a). Part 3) and 4) in particular, were designed with an ex-

ploratory character to empirically validate the indicators for knowledge and behavioural changes. 

The survey was conducted in 2019 (n=59) and 2020 (n=53) as a trend study (see Table 2). The 
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online survey was sent to the cooperating projects of the Zukunftsstadt initiative, and it was ex-

plicitly pointed out that the practice partners of the consortia could also participate in the study. 

The survey was analysed using SPSS and Excel (see Appendix D– Contribution 3). 

Table 2: Overview of study sample 2019 and 2020 

Source: own table 

3.2 Presentation of exemplary projects 

The cooperating projects in the Zukunftsstadt funding programme were all focusing in enhancing 

climate resilience through action. Nevertheless, their approaches are very varied. To get an im-

pression of the projects, two are exemplarily characterised in the following paragraphs.  

Example 1: Grüne Finger Osnabrück 
The project "Produktiv. Nachhaltig. Lebendig. Grüne Finger für eine klimaresiliente Stadt" [Pro-

ductive. Sustainable. Vibrant. Green fingers for a climate-resilient city] – from now on referred to 

as Grüne Finger [Green Fingers] – operates on a city-wide level in Osnabrück.  

Stressors: The focus is mainly on the stressors of heat, heavy rainfall and flooding.  

Problem: The land- and cityscape of Osnabrück are characterised by the Grüne Finger, which 

radially extends into the cityscape with its green and open spaces (Grüne Finger 2021). The func-

tion and usage of and in the Grüne Finger are very diverse and multidimensional. For example, 

these open spaces provide central urban climatic services by ensuring and enabling the supply of 

fresh air. In addition, the Grüne Finger contribute to water storage and the absorption of water 

during heavy rain and flooding events. Another function of the Grüne Finger is its use as agricul-

tural and forestry land (Grüne Finger 2021). In addition to the ecosystem services already men-

tioned, the Grüne Finger also provide space for local recreation. 
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Moreover, the Grüne Finger give the city of Osnabrück contour and structure, thus making a cen-

tral contribution to socio-cultural aspects, e.g. increasing consumer-producer relationships re-

connecting urban people with life-support systems in the city (Schulz et al. 2019; DStGB, Difu 

2022). However, the Grüne Finger are not recognised as a coherent open space system and are not 

protected despite their central importance. Therefore, they are subject to conflict with settlement 

pressure and other competing uses (Dressler 2021; DStGB, Difu 2022).  

Objectives: The Grüne Finger project deals with the issues presented above, carries out a spatial 

analysis, and draws up a development concept. In particular, it aims to raise awareness of the 

importance of the Grüne Finger, integrate the results of participatory measures into policy and 

thus ensure the preservation and strengthening of the climate-relevant open space function of the 

Grüne Finger in the medium term. In addition, changed agricultural concepts, for example, are 

also identified as an impact objective of the Grüne Finger project. Thus, on the one hand, a socio-

cultural change in the region is promoted and, on the other hand, a change in the way the region 

is managed (Grüne Finger 2021; DStGB, Difu 2022). 

The objectives are to be achieved through various creative participation formats, such as percep-

tion workshops in the Grüne Finger, art activities, walks and workshops. In addition, an intensive 

integration of politics and important stakeholder groups – citizens' advisory councils and key 

groups of people – is planned (Grüne Finger 2021;). 

Example 2: GoingVis 
The joint project "GoingVis – Mit kühlem Kopf in heißen Zeiten" [GoingVis – Keeping a cool 

head in hot times] works on a city-wide level in small Eastern German towns (Boizenburg, 

Uebigau-Wahrenbrück, Bad Liebenwerda) and focuses on adaptation to the stressor heat (DStGB, 

Difu 2022).  

Stressor: Heat 

Problem: Technological and planning measures are often at the centre of climate adaptation strat-

egies. Moreover, many of these measures are implemented in large cities. Nevertheless, small 

towns and smaller municipalities also face the major challenges of climate change. In contrast to 

large cities, they usually do not have the necessary human and financial resources to implement 

costly structural measures. GoingVis identifies social and behavioural measures in particular as 

the core for successful climate adaptation, both for large and small cities (DStGB, Difu 2022).  
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Objective: GoingVis aims to disclose visions of the future and the development and testing of 

ideas for common adaptation practices concerning the stressor heat in the small towns of Boizen-

burg, Uebigau-Wahrenbrück and Bad Liebenwerda. The visions of a climate-adapted future are 

developed in an integrative, inclusive and iterative process with the citizens and actors in the 

towns. Central to this approach is, on the one hand, the participation of vulnerable groups as well 

as groups that have not been involved to date and, on the other hand, the focus on identity-form-

ing spaces and places in the cities during the process. In the medium term, this should increase 

the adaptive capacity of the population and thus of the cities (DStGB, Difu 2022).  
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4 Results and brief introduction of the contributions 

The following section briefly presents the empirical results and the peer-reviewed and published 

contributions. Finally, the results are concluded into an integrative, multiscalar monitoring and 

evaluation concept. 

The section is structured into three main parts. These parts are oriented towards the three research 

levels presented in Chapter 3.3 – Intervention level (Chapter 4.1), System-level (Chapter 4.2) and 

Actor level (Chapter 4.3). Chapter 4.1 gives empirical insights into the cooperating projects' in-

terventions within "Zukunftsstadt" funding programme of the BMBF. Chapter 4.2 deals with the 

system level and is divided into the urban scale (Chapter 4.2.1) and the regional scale (Chapter 

4.2.2). Within these two chapters, brief summaries of the published articles "Indicators for Mon-

itoring Urban Climate Change Resilience and Adaptation" (Chapter 4.2.1) and "Regional cli-

mate resilience index: A novel multimethod comparative approach for indicator 

development, empirical validation and implementation" (Chapter 4.2.2) are presented. Chapter 

4.3 deals with the actor level and summarises the published article "Measuring knowledge and 

action changes in the light of urban climate resilience". Finally, in the last subchapter (Chapter 

4.4), the integrated monitoring and evaluation approach is presented and discussed. 

4.1 Intervention level: Empirical insights from the cooperating projects 

In order to get a deeper understanding of the study sample, the empirical results of the repetitive 

online surveys from 2019 and 2020 are presented in the subsequent paragraphs – the overall sam-

ple of 2019 consists of 59 respondents. In 2020, 53 persons replied to the survey (see Table 2). The 

complete survey, which was in originally in German, can be found as supplementary material in 

Appendix E. Therefore, the survey questions are not repeated verbatim in the following sections. 

Before presenting the results regarding the impact spheres, impact objectives and applied meth-

ods, it is important to take a look at the perception of the resilience concept within the projects. 

As resilience is a broad concept, it was necessary to gain insight into the understanding of the 

concept from the actors responsible for the climate adaptation projects. The empirical results of 

the survey underline the broad concept of the term resilience. The participants were asked to rate 

14 attributes on a seven-point Likert scale in order to capture the personal perception of the term 

resilience. At both survey times, the survey results were very similar (see Figure 8). The mean of 

the attributes complex, multidimensional, long-term oriented, future-oriented, anticipatory, adapt-

ing and learning is rated over 6. This means that these attributes are important in the participants' 
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understanding and are very likely to describe the characteristics of the term resilience. On the 

other hand, short-term oriented and reactive attributes got the lowest rates.  

Figure 8: Personal perception of the term resilience of the project staff in 2019 and 2020. 0=not associated with 
resilience, 7=highy associated with resilience.  

Source: own figure,  

4.1.1 Impact spheres  
As described in Chapter 3, the research projects had very diverse focal points. Therefore, to get a 

more precise understanding of the differences and commonalities of the projects, they were asked 

about their impact spheres and about their impact objectives (RQ/IL/b).  

In Figure 9, the impact spheres in which the project actors locate their projects are presented. The 

focus of the projects, according to the participants, is on Capacity Building, Management and 
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Planning, Behavioural Change of Actors, Information and Communication, and Green Infrastruc-

ture. The impact sphere Guidelines and Principles, Monitoring and Precautionary Systems, and 

Financing and Technology, play a subordinate role among surveyed project members.  

This result confirms the previous explorative study and can be well explained in connection with 

the funding priority in which the projects are to be located. 

 

Figure 9: Impact spheres in which project actors locate their projects. 
Source: own figure 

4.1.2 Impact objectives  
The subsequent paragraphs differentiate between overarching impact objectives and specific im-

pact objectives (RQ/IL/c). All participants rated the overarching impact goals within the survey, 

whereas the specific impact objectives were selected through the impact spheres.  

Number of entry  
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Overarching impact objectives  
The study participants were asked to rate 15 overarching impact objectives, which were selected 

based on the exploratory pre-study. In addition, the respondents were asked to rate on a seven-

point Likert scale between "very important" and "not at all important".  

Many overarching impact objectives are reported as "very important" (Appendix - Table A1). The 

following impact objectives are in the focus of the projects:  

 the development of long-term guiding principles 

 transferable implementation measures 

 integration of results into urban planning 

 sensitisation and awareness-raising of actors regarding climate resilience 

 improvement of communication between and with stakeholders 

 improvement of quality of life 

 improvement of environmental quality 

 improvement of knowledge and information transfer between actors on the ground 

 improvement of knowledge transfer between research and practice and  

 further development of coping strategies for extreme events 

As these impact objectives are all rated as "very important" the high target-heterogeneity of, and 

more importantly within, the research projects became apparent. In contrast, a subordinate rele-

vance is found for impact goals that tend to be technically oriented, such as improvement of energy 

efficiency, early detection of extreme events and improvement of resource efficiency.  

The very high ratings of the projects concerning the many impact goals indicate that the projects 

themselves are comprehensive in scope and always serve a wide range of impact goals. However, 

the wide dispersion of the stated overall objectives may also indicate that the objectives are either 

not clearly defined in the projects or are not communicated concretely enough within the projects. 

This may result in a situation where not all project members have the same understanding of the 

projects' impact objectives.  

Specific impact objectives 
Within the survey, the five highest-rated impact spheres were selected to take a closer look at their 

specific impact objectives. Firstly the specific impact objectives of the impact sphere Capacity 

Building are presented, followed by Management and Planning, Behavioural Changes of Actors 

and Information and Communication. Lastly, the specific impact objectives of the impact sphere 

Green Infrastructure are summarised.  



Chapter 4: Results and brief introduction of the contributions  

53 

 

Capacity Building 

In 2019, 63% of the respondents and in 2020, 72% of the respondents indicated that their projects 

deal with the impact sphere of Capacity Building. All these respondents could rate the specific 

impact objective area of Capacity Building (Table 3). The impact objectives activation and mobi-

lisation of actors, development of decision-making aids approaches and recommendations for ac-

tion, sensitisation and awareness-raising are assessed as very important for the specific projects 

(see Appendix A - Table A2). Likewise, the improvement of knowledge transfer and networking of 

actors are identified as necessary. The impact goals activation and mobilisation of actors and sen-

sitisation and awareness-raising also stand out due to their very low standard deviation. This 

means that these two impact goals, which reflect the empowerment concept, are considered very 

important in their projects by all project actors working in the field of capacity building.  

Source: own table  

Management and Planning 

In 2019, 66% of the participants and in 2020, 55% of the participants rated the impact sphere 

Management and Planning as necessary for their research project. The specific impact objectives 

Table 4: Possible specific impact objectives of the impact sphere Management and Planning. 

Source: own table 

Table 3: Possible specific impact objectives of the impact sphere Capacity Building. 
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(Table 5) within this sphere are all rated as essential goals within the projects. Especially the goals 

Development of decision-making aids, solution approaches and recommendations for action and 

Integration of the results into the city development programme are graded as most important goals 

(see Appendix A - Table A3).  

Behavioural Changes of Actors 

In 2019, 63% of the respondents and 2020, 57% of respondents reported that their project is work-

ing in the impact sphere of Behavioural Changes of Actors. This group was then asked to rate the 

specific impact objectives (Table 5) within this sphere. Activation and mobilisation of actors and 

Improvement of knowledge transfer between actors and Interconnecting actors were rated most im-

portant than the other impact objectives. Also, the Development of counselling services by the target 

groups, Strengthening the self-determination and self-control of the actors, Behavioural changes in 

dealing with extreme events and Behavioural changes in how counselling services are used have 

reached means over 4 (see Appendix A - Table A4).  

Table 5: Possible specific impact objectives of the impact sphere Behavioural Changes of Actors. 

Source: own table  

Information and Communication 

65% of the respondents in 2019 and 78% of the respondents in 2020 assessed Information and 

Communication as an important impact sphere in their research projects. Six of seven possible 

impact goals (Table 6) reached mean grades over five (see Appendix A - Table A5). It becomes 

apparent that most projects want to enhance the communication process within institutions and 

between actors and organisations and enhance knowledge transfer.  



Chapter 4: Results and brief introduction of the contributions  

55 

 

Table 6: Possible specific impact objectives of the impact sphere Information and Communication. 

Source: own table  

Green Infrastructure 

In 2019, 71% of the participants rated green infrastructure as an essential sphere within their pro-

jects. In 2020, 68% of the respondents selected green infrastructure as one impact sphere of their 

projects. All potential impact goals (Table 7) are rated high by the respondents. Particularly the 

objectives enhancement of climate resilience through green infrastructure and Awareness-raising 

regarding green infrastructure are assessed as very important goals for the research projects. All 

objectives are rated higher in 2020 than in 2019 (see Appendix A - Table A6). Possibly this is 

affected by the lower respondent rate in 2020. Conceivably also, the process and status of the pro-

jects have influenced the ratings, as in 2020, the foci of the projects might be sharpened.  

Table 7: Possible specific impact objectives of the impact sphere Green Infrastructure. 

4.1.3 Applied methods and achievement of impact objectives 
The survey from 2019 shows that a wide range of methods is used in the projects (RQ/IL/b). It 

focused particularly on the living laboratory method (47 mentions) and other participatory meth-

ods (43 mentions) as well as interviews (46 mentions). Observations (39 mentions) and standard-

ised surveys (35 mentions) are also indicated. Experiments played a subordinate role among the 

respondents (19 mentions).  

As part of the 2020 survey, stakeholders were asked to rate the importance of the methods used 

to achieve the impact goals. Table 8 shows that all methods contributed to the achievement of the 

Source: own table 
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impact goals. Experiments, interviews, participatory methods and the living laboratory method 

were rated very positively. However, the contribution of standardised surveys to the achievement 

of objectives was perceived very differently by the actors who used this method. The average score 

is 5.11, but the standard deviation is 1.34.  

Table 8: Contribution of the applied methods to achieving impact objectives. Assessed in 2020. 

4.1.4 Interim summary intervention level 
The descriptive statistics of the survey give insights into the case study, the characteristics of the 

research projects and their impact objectives. The empirical results demonstrate a comprehensive 

understanding of the concept of "climate resilience". The attributes defining the complexity, in-

terconnectedness and system character of the term, complex and multidimensional, are ranked 

over 6. The respondents assess the attributes long-term oriented and future-oriented also with 

means above 6. Interestingly the attributes transforming and proactive got slightly lower ratings, 

even if these attributes are tightly bound to future- and long-term oriented. Anticipatory, adapting 

and learning are ranked as well higher 6. This rating underpins the evolving character of resilience 

in the respondents' perception. Obtaining, regenerating, and reactive are rated between four and 

five. These attributes are assigned to the characteristic of ecological resilience, focusing on the 

recovery and preservation of a system. Overall the respondents assess the concept of resilience as 

a highly complex and multidimensional, evolutionary and future-oriented concept.  

In order to characterise the projects in more detail, the impact spheres are important (RQ/IL/a). 

According to the participants, Capacity Building, Management and Planning, Information and 

Communication, and Green Infrastructure are most important within the projects. Guidelines and 

Principles, Monitoring and Precautionary Systems, Finance and Technology are less represented 

within these projects. This result can be explained by the focus of the BMBF funding programme 

in which the case study took place. 

Source: own table 
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RQ/IL/a focused further on the impact objectives of the projects. Firstly, as the projects have dif-

ferent specialised impact spheres, overarching impact objectives were assessed. The respondents 

reported ten of fifteen overarching impact objectives as "very important". On the one hand, this 

highlights the comprehensive scope of the projects. However, on the other hand, it underpins the 

interconnectedness of different objectives within climate change adaptation action. Furthermore, 

it becomes apparent that potential technological aspects of adaptation like Improvement of energy-

efficiency or Improvement of resource-efficiency are not the focus of the projects. This finding is in 

line with the findings regarding the impact spheres.  

Reviewing the survey results on the specific impact objectives, it became apparent that the em-

powerment of actors and supporting decision-making processes are main cross-cutting targets. 

The empowerment concept is assessed through the potential impact targets: Activation and mo-

bilisation of actors, Strengthening the self-determination and self-control of the actors, Strengthen-

ing the initiative of actors regarding the use and improvement of the green infrastructure. The 

projects of the funding initiative mainly address empowerment targets through activities in Ca-

pacity Building, Behavioural Change of Actors and Green Infrastructure. Additionally to the nar-

row concept of empowerment, awareness-raising activities and knowledge transfer also influence 

the empowerment of actors. Awareness-raising activities are the main targets of projects in the 

spheres of green infrastructure and behavioural change. Knowledge transfer enhancing measures 

are conducted in the spheres of capacity building and behavioural change.  

Developing and providing solutions for decision-making processes and recommendations for ac-

tion are central targets in the spheres of Management and Planning, Communication and Infor-

mation and Behavioural Change. The impact targets in the context of decision-making processes 

are essential, on the one hand, to enhance the empowerment of actors through knowledge, and 

on the other hand, are helping to steer the complex transformation process. Additionally, the high 

rated importance of communication enhancing measures (within an institution and between in-

stitution and stakeholders) reflects the difficulties of Germany's federal structure and the unre-

solved responsibilities and competencies of Departments at all governmental levels, as climate 

change impacts are cross-cutting challenges.  

Further, the empirical results give insights into the broad focus and integrating character of the 

projects included in the case study. Many potential goals are rated high, and only very few are 

rated as irrelevant (under 0) within the projects. However, this conspicuousness indicates that one 

adaptation action impacts different impact goals. Which also shows the complexity of reciprocal 

effects in multidimensional and interrelated systems.  
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The projects aim to reach the impact targets with a versatile mix of methods (RQ/IL/b). The living 

laboratory method, a highly participative method, is implemented in most projects. Overall, the 

projects focus on qualitative methods for measurement implementation. Regarding Table 8 it be-

comes apparent that interviews and the living laboratory method are assessed as highly contribu-

tional to achieving the impact goals, followed by experiments and other participative methods. 

Standardised surveys are assessed as less contributional. These results underline the need for and 

importance of stakeholder involvement for the impact objectives achievement.  

Overall, it is essential to note that no minimal or maximal number of respondents for each project 

was set for the survey. Consequently, two respondents may represent one project, whereas seven 

respondents might represent another project. Nevertheless, the empirical results give a broad un-

derstanding of the case study and the focal points of the adaptation measures. 

4.2 System level: Monitoring on the urban and regional scale 

An intervention aims to have an impact on the social-ecological system. However, how can the 

system level be assessed? The peer-reviewed and published articles, which aim to answer these 

questions, are briefly summarised and presented in the following two chapters.  

4.2.1 Measuring the urban scale – First contribution 
The first article, "Indicators for Monitoring Urban Climate Change Resilience and Adaptation"(see 

Appendix B), published in 2019 in the journal Sustainability, focuses on how climate resilience 

can be assessed on the urban scale (RQ/SL/a). The article analyses the importance and challenges 

of monitoring and evaluation in the context of urban climate resilience and aims to develop indi-

cators for monitoring and evaluation on the city level. Central to the development of the indicator 

set are the conditions of  

 context specificity of industrial nations, especially Germany 

 easy data availability, if possible, as secondary data 

 manageable and user-friendly number of indicators to enable its application in the mu-

nicipalities and projects  

To meet these goals, the 14 projects from the BMBF's funding initiative "Climate resilience 

through action in cities and regions", where researchers, consultants and practitioners are inte-

grated, were involved in developing the resilience framework and the indicator development.  
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The research followed a multistage process (Figure 10). Within Phase 1-3, a definition of urban 

climate resilience was devised, and the MONARES resilience framework was developed (see 

Chapter 2.4.4). The MONARES framework consists of five dimensions (environment, infrastruc-

ture, economy, society and governance), which are divided into 24 action fields (see Appendix B-

Table 1).  

 

Figure 10: Research process of the study.   
Source: slightly adapted, Feldmeyer et al. 2019 

Based on these preliminary steps and results, the actions fields were operationalised by indicators. 

The generation of the indicators set was conducted through a four-step mixed-method approach 

(phases 4-7). First, based on a literature review that identified 498 different resilience indicators, 

26 indicators were selected in light of the MONARES framework and data availability in cities. 

Second, the selected indicators were given to the experts from the projects to assess their relevance 

for climate resilience (Phase 5). At this stage, there was also the possibility to suggest additional 

indicators. Third, after a first survey evaluation, the results and each indicator were discussed in 
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an expert workshop. The indicator set was then revised and finalised. The final indicator set con-

sists of 23 indicators (see Table 9), which operationalise the dimensions and actions fields of the 

MONARES framework. For a detailed discussion of each indicator, see the publication (Appendix 

B).  

Table 9: Final MONARES indicator set. 

 

Source: slightly adapted, Feldmeyer et al. 2019 

Furthermore, the paper discusses the conflicting goals between a user-friendly and a comprehen-

sive indicator set. Within the survey and especially during the workshops, researchers tended to 

prefer larger indicator sets to get a comprehensive and detailed indicator set. Otherwise, practi-

tioners endorsed compact indicator sets by focusing on manageability in practice. Therefore, the 
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MONARES Indicator set aimed to compromise comprehensiveness and practicability. Besides 

these aspects, it is pointed out that within municipalities, limiting factors for monitoring are de-

ficiencies in data provision, data handling, data collection and financing.  

Nevertheless, it is essential to mention the possibility of trade-off effects and conflicting goals be-

tween indicators, forcing competition for scarce resources (e.g. ground, money and water). Re-

ciprocal effects between indicators can arise, which is critical to finding adequate solutions for 

improving cities' climate resilience. Therefore, the developed indicator set pronounces the con-

tribution of each action field to resilience-building by waiving on an overall resilience index.  

The applied mixed-method approach proved to be highly beneficial for indicator development. 

Using this approach, an inter- and transdisciplinary process leads to an indicator set that com-

promises science and practice goals. Further, the transparency of the process and the indicator set 

can enable the set's application and enhance monitoring and evaluation at the city level in Ger-

many.  

4.2.2 Measuring the regional scale – Second contribution 
The second contribution, "Regional climate resilience index: A novel multimethod comparative ap-

proach for indicator development, empirical validation and implementation" (see Appendix C), 

was published 2020 in the journal Ecological Indicators. This paper deals with the question of how 

climate resilience can be assessed on the regional scale (RQ/SL/b). 

While the first article focuses on the urban scale and is not developed as a composite index, article 

two aims to build a regional composite index. Firstly, the article discusses the benefits and chal-

lenges of composite indicators (CI), which are very beneficial for multidimensional phenomena 

in order to grasp all facets. Furthermore, CI can enhance the understanding, monitoring and eval-

uation of complex circumstances and support agents' behavioural change. However, criticisms of 

CI are made of a) the possibility of misleading and non-robust results; b) missing objectivity due 

to the often-subjective indicator selection process; and c) difficulties regarding the application of 

the indicators due to high complexity and the high amount of needed data (Saltelli 2007). Never-

theless, the benefits of CI are significant in the context of climate resilience and natural hazards, 

as these are highly complex and context-specific phenomena.  

The authors present an approach to 1) upscale the urban climate resilience to a regional climate 

resilience; 2) address the mentioned criticisms of CI by testing different aggregation methods; 3) 

empirical validation, and 4) develop an indicator set for regional climate resilience. This research 
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is further designed as a case study on the regional level and uses the federal state of Baden-Würt-

temberg as a study area.  

The authors use the MONARES indicator set (MIS), presented in article one (Feldmeyer et al. 

2019), as the basis for the upscaling process. First, the dimensions of the MIS – environment, 

infrastructure, economy, society and governance – were adapted to the new framework. In the 

next step, the action fields of the MIS were adjusted to the regional level by considering the plan-

ning duties – mandatory and voluntary – of the administrative district level. These considerations 

resulted in a set of 17 action fields/themes, which were operationalised by 23 indicators (see Ap-

pendix C – Table 2).  

As the indicators do not have the same scales, they were normalised by min-max transformation 

within the subsequent step and validated by using a machine-learning approach afterwards. Based 

on these results, the indicators were aggregated by four different approaches (equal weights, 

mixed equal hierarchical expert weights, Wroclaw Taxonomic Method, Mazziotta-Pareto-Index) 

to find the most appropriate aggregation method. Further, the reliability of the indices was tested 

by Cronbach's Alpha and Guttman's Lambda, and the sensitivity of the indices was calculated by 

using global sensitivity analysis (GSA) by applying the Bayesian approach. In the ensuing step, 

the aggregated indices were empirically validated (non-linear and non-parametric correlation). 

Finally, the validated indicators and the most adequate aggregation method was selected and ap-

plied to Baden-Württemberg.  

The GSA and the correlation analysis demonstrate that the index aggregated by Wroclaw Taxo-

nomic Method performs best. The final Regional Climate Resilience Index (RCRI) consists of 17 

indicators (see Table 10). The developed index was applied to Baden-Württemberg. In order to 

get more insight into each indicator, the dataset was partitioned into the ten most resilient and 

ten least resilient administrative districts and metropolitan and rural areas. Finally, the authors 

presented the overall RCRI on a map.   

The comparison between metropolitan and rural administrative districts reveals that, based on 

the index, metropolitan areas have a (statistically) significantly higher overall climate resilience 

than rural areas. Metropolitan areas have higher values for the indicators GDP, Accessibility of 

supply with daily goods, Proximity of hospitals, Nearby doctors and Nearby police stations. The 

indicators reflect the benefits of infrastructure in urban areas. Nevertheless, rural areas get better 

rates regarding employment and environmental indicators. It is important to mention that the 

high employment rate in the rural regions is very special to the sample of Baden-Württemberg. 
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Hidden champions have production sites, innovations centres and headquarters in many of these 

regions.  

Overall, the authors point out that the metropolitan areas need to enhance their environmental 

resilience and social resilience, whereas the rural areas need to enhance their infrastructure. Nev-

ertheless, it is critical to enhance and integrate all parts of resilience in a balanced way. The study 

demonstrates the importance of empirical validation and the possibilities for machine learning 

within indicator development.  

Table 10: Regional climate resilience indicators. Green shaded indicators are final selected indicators. 

 
Source: slightly adapted, Feldmeyer et al. 2020 
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The importance of considering all five spheres (Environment, Infrastructure, Economy, Society 

and Governance) is pronounced and empirically validated within the research, which emphasises 

the social-ecological character of climate resilience. Further, the equal importance of indicator 

selection and selection of the aggregation method is also stressed within this research. Regarding 

indicator selection, difficulties exist concerning data availability at the administrative district 

level, e.g. status of water bodies and forests or members in the voluntary fire brigade. The authors, 

therefore, call for better availability of data in the sense of open data within government and ad-

ministrations. Moreover, the authors stress that the number of indicators within this study was 

relatively limited, and the empirical analysis of more indicators can provide a better understand-

ing and assessment of climate resilience. Besides quantitative and secondary data, the authors 

highlight the importance of qualitative and primary indicators to assess contextual factors, like 

social networks, feeling of belonging, trust in authorities, knowledge and risk perception, which 

play a pivotal role in climate resilience.  

4.3 Actors' level – Assessing knowledge and action changes – Third contri-
bution 

The third publication, "Measuring knowledge and action changes in the light of urban climate re-
silience" (see Appendix D) was published in 2021 in the journal City and Environment Interac-
tions. This paper focuses on measuring the effects of adaptation measures on the actors' level 
(RQ/AL/a).  

Firstly, the authors analyse the need to monitor the short-term impacts of adaptation measure-

ments and the measurement on the actors' level. On the one hand, most indicator sets, as well as 

publications one and two, focus on quantifiable ecological, economic and socio-economic data 

(Bakkensen et al. 2017; Cutter et al. 2010; Cote, Nightingale 2012; Tyler, Moench 2012; UNDP 

2020; Wardekker et al. 2020) on the system level. On the other hand, the transformation towards 

a resilient urban system can only be performed by actors (Williams et al. 2015) by changing their 

specific behaviour, identity, norms and values (O'Brien 2016; Otsuki et al. 2018). Therefore, the 

individual sense of responsibility and individual activity is essential for the transformation. Con-

sequently, it is crucial to understand the individual agency regarding climate resilience (Brown, 

Westaway 2011; Folke et al. 2005; Masterson 2019; Westley et al. 2013).  

The authors developed a framework to measure the citizens' individual climate resilience agency 

and especially of actors within an adaptation intervention. Then, as repeated measurements are 
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essential for monitoring, they aimed to develop a tool that can be used for both one-time assess-

ment and repetitive measurement.  

Resilience is very context-specific and a broad concept. Consequently, there are no specific, quan-

tifiable knowledge items that can be assessed. Therefore, the authors measured preconditions that 

might enhance the Individual Climate Resilience Agency (ICRA) (see Figure 11).  

The preconditions are based on the results of the exploratory survey mentioned above, impact 

research within participatory measurements, and action theory, especially on the research of 

knowledge, competencies and performance (Kurtz 2010) and consist therefore on the three as-

pects: knowledge, competence and performance. First, these aspects were deduced into seven di-

mensions – knowledge, subjective learning effects, competence of judgement, interest, future 

action, current action and (previous) experience. In the next step, these dimensions were opera-

tionalised through individual indicators. Finally, the developed 21 indicators were combined on 

a theoretical basis to five composite indicators – basic knowledge, experience and current action, 

learning effects, ongoing (behaviour) changes and future engagement. In the next step, these in-

dicators were implemented in an exploratory standardised online survey to test the survey tool 

and gain data for the empirical validation of the indicators and the structure of the composite 

indicators. The survey was conducted in 2019 (n=59) and 2020 (n=53) within the 14 cooperation 

research projects. 

Figure 11: Deconstructed preconditions for Individual Climate Resilience Agency (ICRA)  
Source: Wilden, Feldmeyer 2021:4 
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The test of reliability with c-alpha revealed a very good consistency of the theory-driven compo-

site indicators. While validating the theory-driven composite indicators with the Principal Com-

ponent Analysis (PCA), it became apparent that most individual indicators are structured in the 

same way by empirical data, yet a different composition is also conceivable in some cases. None-

theless, the authors suggest the theory-driven composite indicators as they have many benefits for 

practitioners, e.g. five indicators give a more detailed picture than four, and most importantly, the 

composition is the same through every measurement.  

The analysis of the ICRA using the empirical data revealed that transferring knowledge and 

awareness into behavioural changes is possible, even in a one-year timeframe. Previous experience 

seems to have less influence on actions changes and knowledge than anticipated initially. How-

ever, this might be a finding of this specific sample (staff of research projects in the context of 

climate adaptation and resilience), as all respondents already deal with climate resilience for a 

longer time and their professional context. Therefore, this finding needs to be explored in detail 

in future research.  

Overall, the authors suggest integrating actor-based indicators into the set of system-based indi-

cators. In connection with the MONARES indicator set, an assignment of the ICRA approach 

within the dimension of society and action field "knowledge and risk competence" is suggested. 

In addition, it also noted that gathering primary data increases effort and is both time consuming 

and resource-dependent compared to secondary data. Nevertheless, the application of the ICRA 

or other individual climate resilience indicators is highly recommended as they are not included 

in existing data sources and are needed to monitor resilience building. Furthermore, using the 

ICRA approach supports monitoring and evaluation at individual level and a short/medium‐term 

timescale, which is an indispensable benefit in an accelerated world.  

Furthermore, the measurement of the preconditions of climate agency also provides insights into 

potential long-term effects. A further benefit of the developed tool is the possibility of self-evalu-

ation with the tool. This opportunity also accelerates the measurements' processes and can en-

hance and accelerate the learning process. The authors conclude that the research shows that 

actor-based measurements can monitor short-term changes and evaluate specific adaptation 

measurements. Further, the developed approach can be scaled up and can also be used in rural 

regions. Also, the adjustment to specific aspects of resilience is possible.  
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4.4 Integrating the three levels into one monitoring and evaluation ap-
proach  

As emphasised in Chapter 2.7, an integrated approach is needed to deal with the challenges cli-

mate change, climate adaptation and climate resilience pose to societies, policymakers, decision-

makers and change agents. Further, increasing the integration of actor and action-focused moni-

toring approaches is also of significant importance (Grothmann, Michel 2021). Therefore, the 

three levels (intervention, system, actor) should be treated together for enhancing the possibilities 

of comprehensive monitoring and evaluation, learning effects and decision-making processes and 

finally, navigation of climate-resilient pathways.  

In order to steer the social-ecological transformation, the combination of the approaches is essen-

tial. The assembling of the assessment levels has numerous benefits, including  

 potentially negative interactions and maladaptation can be recognized very early, 

 diverging impacts on different scales can be identified, 

 better assessment of the interconnected and multiscalar system, 

 enhancement of learning effects, 

 improvement of participative activities, 

to make well-informed decisions and track progress.  

Hereafter, the possibilities of an integrated approach for monitoring and evaluation of an adap-

tation measure are presented. The evaluation can be both summative and formative. Referring to 

the logical model (see Chapter 2.6), the developed indicator sets of the regional scale, the urban 

scale, and the actor scale provide information about the initial/target system in which the inter-

ventions occur (Figure 12). The initial/target system is the social-ecological system, or more spe-

cifically, in this case, the urban social-ecological system. In order to measure the initial system, a 

baseline measurement should be applied with the Regional Climate Resilience Index, the Urban 

Resilience Indicator Set (MIS), and the actor-focused indicator set (ICRA). 

The assessment of, e.g. the impact objectives and applied methods within an adaptation measure 

is conducted on the intervention level. Thus, input, concept, process/activities and output are ap-

praised on the intervention level. The outcome of an intervention/measurement is defined as the 

effects on actors or the target groups. Here the actor-focused indicators can be applied to measure 

these effects. The impact of an intervention/measurement is defined by the effects on the system 

level, which is the urban and regional system in this research. Therefore, the regional and urban 

resilience indicator set can be applied to assess the long-term impacts. 
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Figure 12: Model for climate change adaptation interventions. Complemented by suggested measurement ap-
proaches and levels.  
Source: own figure 

As within this approach, the social-ecological dimension is pronounced, the integrative view of 

both outcome and impact is important for monitoring and evaluating social-ecological systems. 

The monitoring and evaluation results of each stage, and thus each level, should be integrated into 

the overall feedback process that relates to and influences the baseline/target system. 

Hereafter, each assessment scale's benefits, limitations, and implementation possibilities are dis-

cussed more in detail. The Regional Climate Resilience Index should be implemented as regular 

resilience monitoring on the regional scale. Due to the scale, the indicators are relatively slow in 

responding to changes on the local scale (e.g. impacts of one adaptation measure). For example, 

enhancing urban green might not directly be illustrated by the regional indicators due to scale 

effects. Nevertheless, the indicators can assess the cumulative effects of multiple adaptation 

measures or other interventions implemented in the region.  
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The Urban Climate Resilience Indicators / MIS are also relatively slow responding to measures 

but (partly) faster than regional indicators. These indicators assess the urban system and enable 

more profound insights into the specific urban system. For example, measures on the neighbour-

hood scale might be visible within a short time frame, whereas the indicators do not illustrate 

measures on the street scale (e.g. planting ten trees). However, the whole urban system is assessed 

through these indicators. Therefore, it enhances the possibility to register relatively early changes 

in urban system's resilience. As the urban indicators are important for more than one interven-

tion, they should be regularly assessed by the citiy's government. 

The indicators on the actors' level are assessing knowledge and behaviour (changes) of the resi-

dents or participants. The actor-based approach is vital to enhance the role of human agency and 

action within the mostly secondary data-driven, environmental and socio-economic data inte-

grating monitoring systems and thus enabling more extensive social-ecological system consider-

ations. In most interventions, e.g. a citywide PR-campaign for climate adaptation or a 

neighbourhood urban green action, latent but central goals are enhancing knowledge regarding 

the specific topic and behavioural changes within daily life. These changes can occur already 

within a brief period of time. The indicators can be assessed both citywide or within an adaptation 

activity, and can contribute to measuring the intervention effectiveness regarding knowledge and 

behavioural changes.  

Moreover, this level is an essential element for evaluating the implemented participative methods 

and enhances the overall knowledge regarding the effectiveness of these measurements. Thus, 

monitoring the actors' level can enhance the formative evaluation and, consequently, the inter-

vention's steering. Additionally, citizens' overall knowledge and behaviour regarding specific 

parts of climate resilience could be assessed by implementing the indicators within citywide reg-

ular surveys. In order to integrate the actor-based measures into the Urban Resilience Indicator 

Set, the indicators enhance the Social Dimension, especially action field Knowledge and Risk Com-

petence. Additionally, the indicators also support the Governance Dimension by getting more pro-

found insights into the action field Participation as statements can be made about the effectiveness 

of the participation processes. 

The data gathering on the intervention level focuses on assessing the impact spheres, impact ob-

jectives, applied methods and achievement of the targets. The assessment of these elements should 

take place within an adaptation measure. In order to reduce the workload at the intervention level 

and enhance the steering potential within the adaptation measurements, the urban and regional 

scale indicators should be provisioned by higher administrative levels. By providing and applying 
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the monitoring data of the urban and regional scale, the actors within the intervention can incor-

porate them and consider the data of the intervention levels with the higher levels. Consequently, 

the implementing actors can be empowered within their governing processes.  

Beyond implementing a monitoring and evaluation approach within adaptation measures, the 

developed and validated indicator sets on the regional, urban and individual scale can be applied 

to a baseline assessment and regular monitoring.  
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5 Shaping climate resilient pathways! 

 
"We have never had to deal with problems of the scale  

facing today's globally interconnected society.  
No one knows for sure what will work, so it is important  

to build a system that can evolve and adapt rapidly."  
Elinor Ostrom 

 

In order to navigate and, especially, to be able to develop effective and meaningful measures and 

strategies within this highly complex, adaptive urban and social-ecological system, evaluation and 

monitoring are essential to reduce complexity and empower actors at all scales. The presented 

work assesses climate resilience and the effects of climate adaptation measures on different scales, 

which are all relevant for assessing the interrelated effects of these measures.  

5.1 Research Objectives: summary 

The presented research contributes to the discourse of monitoring and evaluation of resilience 

and climate change adaptation. Different measurement tools are developed within this research 

on three different levels (regional, urban and actor). As climate resilience and climate change ad-

aptation are highly complex, multidimensional, multiscalar, and context-specific, integrating all 

three levels into one monitoring and evaluation process is essential (see Chapter 4.4). The devel-

oped approach introduces a concept that combines system-based monitoring approaches with an 

actor-based approach. This concept can provide insights into the multiscalar and intertwined ties 

of climate resilience and the impacts of adaptation measures. The detailed research questions on 

the levels are summarised first in the following sections. Subsequently, the main research question 

is addressed and finally concluded.  

Intervention level (IL): How can interventions on the local level be characterised? 
(RQ/IL) 
Characterising and analysing the interventions by impact spheres, impact objectives (overarching 

and specific) and applied methods are essential to assess the desired impact system. Inputs like 

resources (personal, financial) were not included in this research. The monitoring of the impact 

objectives (overarching and specific), the methods applied, and the personal perception of the 

actors working in the cooperating projects regarding the contribution of the method to achieve 
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the impact objectives are carried out in an exemplary and descriptive manner. The interventions 

analysed mostly focus on the impact of capacity building, management and planning, behavioural 

change, information and communication, and green infrastructure. It is crucial to mention that 

each project incorporates more than one sphere as well as many different impact objectives. On 

the one hand, this finding emphasises complexity and multiscalarity of the interventions and the 

systems addressed, and on the other hand, the necessity of sharpening the target in the adaptation 

projects.  

The foci of the interventions also reflect the identified areas for action. Besides empowerment and 

knowledge transfer, the urgencies for integrated (urban) planning and guiding principles, as well 

as better communication processes between and within institutions, are revealed. These focal 

points also emphasise the urban system's capacity enhancement and the essential importance of 

integrative governance. Further, the central role of local actors and stakeholders is highlighted by 

the stated importance of participative methods within the adaptation design, supporting the es-

sentiality of actor-focused measurements in monitoring and evaluation.  

System level (SL): How can climate resilience and the impacts of climate adaptation 
interventions be assessed on the system level (e.g. urban system, regional system) 
(RQ/SL) 
The research question is answered by two approaches on two different scales – urban and regional 

– to assess resilience on different temporal and spatial scales. An indicator set is developed and 

validated to assess climate resilience on the urban scale. The indicators are based on secondary 

data, mostly available within the municipalities. An indicator set is also developed and empirically 

validated on the regional scale. In contrast to the urban resilience indicator set, the regional resil-

ience measurement is designed as a composite index, the RCRI. It consists of 17 indicators which 

are also based on secondary data mostly. The scale-specific indicator sets reflect the importance 

and possibilities of spatial scales in monitoring context as on different spatial scales, different 

(temporal) impacts and changes can be assessed. Therefore, a comprehensive system-level status 

can be gathered by reflecting both scales. Nevertheless, the indicator sets on system-level are miss-

ing community and individual-focused indicators regarding social, climate-justice and cultural 

dimensions of climate resilience. 
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Actors' level (AL): How can an assessment on the actor level contribute to monitoring 
and evaluating adaptation measures and the navigation of climate-resilient path-
ways. (RQ/AL) 
The presented research reflects the essential role and possibilities of the actors' level in the context 

of monitoring and evaluation of adaptation measures. The transformation process to climate-

resilient societies and spatial systems is constructed and performed by the actors by changing their 

behaviour, identity, norms and values (Wilden, Feldmeyer 2021). 

Besides the public discourse, adaptation measures also influence these individual aspects. There-

fore, a tool to measure individual knowledge and behavioural changes regarding climate resilience 

was developed to include the individual level in monitoring and evaluation within the research 

and combine the system-focused indicator set with actor-focused measures. Changes on the ac-

tors' scale are an overarching objective of many adaptation measurements and reflect the direct 

impacts on individuals induced, e.g. by an adaptation intervention. The developed survey tool 

and indicators measure the preconditions for an individual climate resilience agency and the in-

dicators are also validated empirically. Research suggests that these changes can be captured 

quickly by using a validated survey and indicators. Therefore, evaluation at the actor level plays a 

crucial role in monitoring and evaluating adaptation interventions, as formative evaluation can 

occur during the process based on the evaluation process results. Further, as pathways are shaped 

by action and behaviour, it is essential to integrate human behaviour into complex adaptive sys-

tems (Grothmann, Michel 2021).  

How can climate resilience and the impacts of climate adaptation measures be mon-
itored and evaluated? (MQ/a) 
Climate resilience and the impacts of adaptation measures are reflected at different levels, time-

scales, and in different manners due to the decoupling effects of the cause-effect chain. Therefore, 

it is essential to scale down to the relevant and manageable levels to reduce the complexity of the 

monitoring and evaluation process. Accordingly, the presented research deals with three levels of 

analysis (intervention, system and actor), two spatial scales (urban and regional), and includes 

three temporal scales (short, medium and long-term). The intervention level is the basis for the 

impact assessment as on this level, the impact objectives and methods used are assessed. The sys-

tem level is divided into the urban scale, which includes mid- and long-term assessment, and the 

regional scale, which includes mid- but focuses on long-term impacts. Finally, on the actors' level, 

short-term changes of individuals can be assessed. Therefore, for the monitoring and evaluation 

process, indicators are needed. Furthermore, as the levels focus on various parts of the overall 
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system, specific indicators are required for each level. These are developed and validated in the 

presented research.  

How can the complexity of social-ecological systems be transferred into an applicable 
and integrative monitoring and evaluation approach? (MQ/b) 
Due to the complexity of social-ecological systems, integrated and applicable measurement of 

these systems is challenging. However, it is of particular importance that the measurement of 

these systems is also possible by the actors and institutions that design interventions and guide 

the process of building climate resilience and adaptation through frameworks, policies and inter-

ventions. The social-ecological system of urban climate resilience was deduced in the previous 

chapters and divided into specific levels (intervention, system, actor). Indicators and measure-

ment options were presented for each of these areas. Each of these areas can be measured and 

evaluated on its own. However, an integrated and comprehensive picture of the social-ecological 

system can only be obtained by integrating and re-abstracting the individual levels and building 

blocks. On the one hand, this procedure reduced the complexity of the system to be examined 

against the background of climate resilience, but on the other hand, based on an integration of 

the validated levels, it made it possible to consider the system as a whole. 

How can leading actors (e.g. local governments) identify if their actions (e.g. inter-
ventions, decisions) contribute to the goals of climate adaptation and the enhance-
ment of climate resilience? (MQ) 
Leading actors in climate change adaptation are confronted with a highly complex adaptive sys-

tem. Hence, they are confronted with reciprocal and multiscale effects due to climate and social 

change acceleration, with a reduced left timeframe for climate action and decision-making. Re-

petitive monitoring and evaluation enhance their possibilities of shaping a climate-resilient future 

and well-informed decision-making processes.  

Reflecting on the previous paragraphs, it is apparent that the impacts of climate resilience and 

climate adaptation measures can be monitored and evaluated on different levels and by different 

methods. Firstly, leading actors must define the objectives of an intervention they want to achieve 

– measurement takes place on the intervention level. Secondly, the initial system on both the sys-

tem level (urban and regional scale) and the actors' level needs to be assessed to get a baseline for 

further measurement. By assessing the different levels regularly, short-, mid-, and long-term 

changes can be identified. Using the presented approach as a formative evaluation tool will accel-

erate the context-specific adaptation and monitoring process.  
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To achieve the opportunities of the suggested monitoring approach, some main challenges to en-

hance on the one hand the possibilities of research as well as the application of monitoring and 

evaluation approaches need to be tackled by politics and governments on each scale – data avail-

ability and communication between departments. Thus, authorities need to enhance interactions 

across levels. For example, the monitoring of the regional resilience indicators could be estab-

lished on the federal state level. On the city or municipality level, urban resilience indicators 

should be monitored. These levels could monitor the changes on the overall system changes. In 

reflection with this data, the monitoring and evaluation of the adaptation measure can take place 

on the level of an intervention. Such a process would enhance the guidance within climate-resili-

ent trajectories essentially.  

5.2 Critical reflections of the research 

Different aspects limit the presented research. Most of these aspects are already pointed out within 

the articles. In the succeeding paragraph, additional limitations of the overall research are pre-

sented. Firstly, the indicators and indicator sets were developed and validated with data of projects 

within the funding programme "Zukunftsstadt" (Chapter 4.2.1, Chapter 4.3) and based on data of 

the federal state Baden-Württemberg (Chapter 4.2.2). Nevertheless, none of these indicator sets 

was applied to other case studies. Further, the integrative approach discussed in Chapter 4.4 is not 

yet tested in on the ground research. 

Secondly, as MONARES was an accompanying research project, it had some restrictions that in-

fluenced and limited the methodology of the presented research. Due to the funding conditions, 

the projects had different starting dates of their funding period, and these diverging funding pe-

riods led to difficulties in implementing the evaluation process within the research projects. In 

addition, due to data protection law did not permit the implementation of actor-focused indica-

tors as on the ground research within the cooperating projects.  

Thirdly, the assessment approach and especially the number of indicators on each scale (regional, 

urban, actors) are developed within the dichotomy of scientific accuracy and manageability in 

practice. On the one hand, the scientific discourse aims to comprehend this impacts and effects 

to develop a broad understanding of the systems. On the other hand, practitioners in administra-

tive districts, cities or especially rural regions are mostly lacking different resources – e.g. human, 

financial, time – to apply very complex indicator-systems and analysis. Nevertheless, practitioners 

at the forefront of adaptation to climate change are steering along further development pathways, 
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with every decision they make. Therefore, they need easily applicable indicators helping in deci-

sion-making and resilience-building processes. The developed approach tries to balance these 

challenges and different needs. Consequently, the number of indicators in the indicator sets was 

reduced and, at the same time, each indicator is empirically validated to allow the best possible 

explanatory coverage with a small number of indicators and to exclude redundancy. Nevertheless, 

this conflict is both an aspiration and a limitation in this study. Further research is needed to 

reduce the trade-off between the number of indicators and a detailed description of a social-eco-

logical system. 

Fourthly, the question regarding data availability and responsibility is bound to the applicability 

of the indicator sets in practice. As contributions one and two specify, accessing the data required 

for some indicators was difficult. For example, an essential indicator for the abilities in the context 

of responding to extreme events could be the human resources of the voluntary fire brigade. The 

fire brigade is a cornerstone of civil protection, but data on human resources is not available on 

regional levels. Therefore, important and suitable indicators might be excluded due to reduced 

data availability on the different levels.  

5.3 Future research and outlook 

The limitations of the research lead to implications for future research. One central aspect in fu-

ture research should be empirical testing and further validation of the indicators, especially the 

integrated monitoring approach in field research. Additional implementation and testing of the 

approaches are highly recommended to assess the possibilities, boundaries and potential for im-

provement. The subsequent questions should be addressed in future research:  

 How do the indicators and indicator sets deal with the difficulties of place, context, and 

time-specificity? 

 How does the integrative approach work over time?  

 Do the indicators measure what they should measure?  

 How do practitioners deal with the different indicator sets?  

Additionally, the application of indicators aims to measure a social-ecological, urban system. The 

presented indicators are based on the current understanding of this specific system. Therefore, it 

is crucial to enhance the understanding of the cause and effect chains and reciprocal effects within 

the social-ecological urban system and its subsystems. Research approaches like system dynamics 

analysis, and complex adaptive system theory could shed more light on these intertwined systems.  
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Furthermore, the transformability of the indicator sets should be tested, both within Germany 

and in other countries, to gain more knowledge about specific needs and comparison possibilities. 

Therefore, e.g. the urban resilience indicator set should be applied in a rural region to generate 

knowledge regarding differences in application in urban and rural regions. Transferability is of 

high importance, especially as rural regions, e.g. in Germany, are not yet focused on climate 

change adaptation and often lack financial and personal resources. Hence, supporting by moni-

toring of climate resilience would be highly beneficial.  

Besides transferring the urban resilience indicator set to other spatial categories, further research 

is needed regarding the individual level and agency. To drive the transformation to a climate re-

silient society, the individual agency of each citizen is needed for success. Therefore, more re-

search is vital to gain knowledge, e.g. the interactions between individual agency and place 

identity, as well as the relevance of further socio-cultural indicators, as influential factors for cli-

mate resilience and climate action. In this context, central elements of the SDGs like social and 

environmental justice and health should be integrated into research and monitoring.  

The presented research provides a starting point for assessing and evaluating the participation 

methods used and achieving impact objectives. Many different participation methods are imple-

mented in adaptation measures. Understanding which method is most appropriate under which 

conditions and for which objectives is crucial for enhancing and accelerating the transformation 

to a climate resilient city and society. Therefore, further research is needed regarding the chain of 

effects between applied methods and impact achievement and suitable participation processes.  

Beyond research concerning indicators, governance structures and guiding principles in climate 

change adaptation should be explored through the lens of Political Ecology, as power structures 

should be revealed more in detail. Identifying these structures could support developing action 

fields for enhancing building climate resilience. This leads further to questions concerning the 

relationships between climate resilience, health as well as social and environmental justice, which 

should be taken into account in future research.  

The need for a transformation to climate-resilient societies opens up new possibilities for innova-

tion and hold capabilities for redefining global relationships. A mutual learning process on equal 

footing between the Global North and the Global South would be more than desirable and neces-

sary to accelerate learning processes and interchange adaptation methods in both directions.  
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5.4 Coming into action while listening to the world 

 

"We still have a chance  

to bring about a safe future."  

Johan Rockström, 2021 

 

Climate change, climate change impacts, climate resilience, climate adaptation, sustainable devel-

opment, acceleration of social change, social-ecological transformation – these words and terms 

meanwhile characterise daily discourse. In the foreground, they are perceived as en vogue 

buzzwords. Yet, when closely examined, these terms draw a picture of highly complex, multidi-

mensional, multiscalar and interrelated systems, in which many linkages are not yet visible and 

are bound by latent connections.  

However, uncertainty and complexity must not lead to inaction. Many local actors are already 

assuming responsibility for shifting and shaping the specific pathways of their local communities 

and, thus, the overall pathways of society. Nonetheless, higher administrative levels are particu-

larly responsible and in charge to act. They need to address climate resilience challenges and en-

hance, e.g. better integration of climate resilience and adaptation into planning by implementing 

a "resilience" or "adaptation check". Local authorities need more applicable guidelines and tools 

for dealing with climate change. The application of scale and system-integrating monitoring and 

evaluation might be an essential step for governing the pathways within a safe-operating space 

and supporting actors on all scales. The place and context-specific character of resilience needs to 

be reflected for each action and must be classified within the overall frame of the global social-

ecological transformation. Consequently, ongoing iterative knowledge creation and especially the 

assessment, whether the implemented actions and decisions lead to climate resilience are crucial 

for further foundational decision-making processes. 

However, indicators, measurement and evaluation should not give the impression that societies 

can control and continue to appropriate everything – the world, the social-ecological system – 

believing that there is no backlash. Instead, these instruments should be used and thought in such 

a way that, on the one hand, we can better understand the system, and on the other hand, and 

above all, we can begin to listen to the system, to the world again to have the ability to shape 

climate-resilient pathways.  

 



References  

79 

 

References 

 

Adger, W. N., Brown, K., Nelson, D. R., Berkes, F., Eakin, H., Folke, C., Galvin, K., Gunderson, 
L., Goulden, M., O’Brien, K., Ruitenbeek, J., Tompkins, E. L. (2011) Resilience implica-
tions of policy responses to climate change. Wiley Interdisciplinary Reviews: Climate 
Change, 2(5), 757–766. https://doi.org/10.1002/wcc.133. 

Asadzadeh, A., Kötter, T., Salehi, P., Birkmann, J. (2017) Operationalizing a concept: The system-
atic review of composite indicator building for measuring community disaster resili-
ence. International Journal of Disaster Risk Reduction, 25, 147–162. 
https://doi.org/10.1016/j.ijdrr.2017.09.015. 

Bakkensen, L. A., Fox‐Lent, C., Read, L. K., Linkov, I. (2017) Validating Resilience and Vulnera-
bility Indices in the Context of Natural Disasters. Risk Analysis, 37(5), 982–1004. 
https://doi.org/10.1111/risa.12677. 

Bansard, J. S., Hickmann, T., Kern, K. (2019) Pathways to urban sustainability: How science can 
contribute to sustainable development in cities. GAIA - Ecological Perspectives for Sci-
ence and Society, 28(2), 112–118. https://doi.org/10.14512/gaia.28.2.9. 

Barnett, J., O’Neill, S. (2010) Maladaptation. Global Environmental Change, 20(2), 211–213. 
https://doi.org/10.1016/j.gloenvcha.2009.11.004. 

Bellinson, R., Chu, E. (2018). Learning pathways and the governance of innovations in urban cli-
mate change resilience and adaptation. Journal of Environmental Policy & Planning, 
21(1), 76–89. https://doi.org/10.1080/1523908x.2018.1493916. 

Béné, C., Al-Hassan, R. M., Amarasinghe, O., Fong, P., Ocran, J., Onumah, E., Ratuniata, R., 
Tuyen, T. V., McGregor, J. A., Mills, D. J. (2016a) Is resilience socially constructed? Em-
pirical evidence from Fiji, Ghana, Sri Lanka, and Vietnam. Global Environmental 
Change, 38, 153–170. https://doi.org/10.1016/j.gloenvcha.2016.03.005. 

Béné, C., Frankenberger, T., Langworthy, M., Mueller, M., Martin, S. (2016b): The Influence of 
Subjective and Psychosocial Factors on People's Resilience: Conceptual Framework and 
Empirical Evidence. Report prepared by the Technical Consortium, a project of the 
CGIAR. Technical Report Series No. 2: Strengthening the Evidence Base for Resilience 
in the Horn of Africa. Nairobi, Kenya: A joint International Livestock Research Institute 
(ILRI) and TANGO International publication.  

Béné, C., Frankenberger, T., Nelson, S. (2015) Design, monitoring and evaluation of resilience in-
terventions. Conceptual and empirical considerations. IDS working paper, 459. Brighton. 



References  

80 

 

Béné, C., Mehta, L., McGranahan, G., Cannon, T., Gupte, J., Tanner, T. (2017) Resilience as a 
policy narrative: potentials and limits in the context of urban planning. Climate and 
Development, 10(2), 116–133. https://doi.org/10.1080/17565529.2017.1301868. 

Berkes, F. (2017) Environmental Governance for the Anthropocene? Social-Ecological Systems, 
Resilience, and Collaborative Learning. Sustainability, 9(7), 1232. 
https://doi.org/10.3390/su9071232. 

Berrang-Ford, L., Ford, J. D., Paterson, J. (2011) Are we adapting to climate change? Global Envi-
ronmental Change, 21(1), 25–33. https://doi.org/10.1016/j.gloenvcha.2010.09.012. 

Biermann, F. (2021). The future of ‘environmental’ policy in the Anthropocene: time for a para-
digm shift. Environmental Politics, 30(1–2), 61–80. 
https://doi.org/10.1080/09644016.2020.1846958. 

BMU (Bundesministerium für Umwelt, Naturschutz und nukleare Sicherheit) (2020) Zweiter 
Fortschrittsbericht zur Deutschen Anpassungsstrategie an den Klimawandel.  

BMUB (Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit) (2015) Fort-
schrittsbericht zur Deutschen Anpassungsstrategie an den Klimawandel.  

Böschen, S., Binder, C. R., Rathgeber, A. (2017). Resilienzkonstruktionen: Divergenz und Kon-
vergenz von Theoriemodellen - Eine konzeptionell-empirische Analyse. GAIA - Ecolog-
ical Perspectives for Science and Society, 26(1), 216–224. 
https://doi.org/10.14512/gaia.26.s1.9. 

Brown, C., Shaker, R. R., Das, R. (2016) A review of approaches for monitoring and evaluation of 
urban climate resilience initiatives. Environment, Development and Sustainability, 
20(1), 23–40. https://doi.org/10.1007/s10668-016-9891-7. 

Brown, K., Westaway, E. (2011) Agency, Capacity, and Resilience to Environmental Change: Les-
sons from Human Development, Well-Being, and Disasters. Annual Review of Environ-
ment and Resources, 36(1), 321–342. https://doi.org/10.1146/annurev-environ-052610-
092905. 

Bulkeley, H., Newell, P. (2015) Governing Climate Change (2nd ed.). Routledge: London. 

Bulkeley, H., Tuts, R. (2013). Understanding urban vulnerability, adaptation and resilience in the 
context of climate change. Local Environment, 18(6), 646–662. 
https://doi.org/10.1080/13549839.2013.788479. 

C40 Cities (2022) Our Cities – C40 Cities. Retrieved 4 January 2022, from https://www.c40.org/cit-
ies/. 

Carpenter, S., Walker, B., Anderies, J. M., Abel, N. (2001) From Metaphor to Measurement: Re-
silience of What to What? Ecosystems, 4(8), 765–781. https://doi.org/10.1007/s10021-
001-0045-9. 



References  

81 

 

Chelleri, L. (2012) From the «Resilient City» to Urban Resilience. A review essay on understand-
ing and integrating the resilience perspective for urban systems. Documents d’Anàlisi 
Geogràfica, 58(2), 287. https://doi.org/10.5565/rev/dag.175. 

Cote, M., Nightingale, A. J. (2011) Resilience thinking meets social theory. Progress in Human 
Geography, 36(4), 475–489. https://doi.org/10.1177/0309132511425708. 

Crutzen, P. J.; Störmer, E.F. (2000): The „Anthropocene“. Global Change Newsletter 41, 17–18. 

Cutter, S. L. (2016) The landscape of disaster resilience indicators in the USA. Natural Hazards, 
80(2), 741–758. https://doi.org/10.1007/s11069-015-1993-2. 

Cutter, S. L., Burton, C. G., Emrich, C. T. (2010) Disaster Resilience Indicators for Benchmarking 
Baseline Conditions. Journal of Homeland Security and Emergency Management, 7(1). 
https://doi.org/10.2202/1547-7355.1732. 

Davoudi, S., Brooks, E., Mehmood, A. (2013) Evolutionary Resilience and Strategies for Climate 
Adaptation. Planning Practice and Research, 28(3), 307–322. 
https://doi.org/10.1080/02697459.2013.787695. 

Dornelles, A. Z., Boyd, E., Nunes, R. J., Asquith, M., Boonstra, W. J., Delabre, I., Denney, J. M., 
Grimm, V., Jentsch, A., Nicholas, K. A., Schröter, M., Seppelt, R., Settele, J., Shackelford, 
N., Standish, R. J., Yengoh, G. T., Oliver, T. H. (2020) Towards a bridging concept for 
undesirable resilience in social-ecological systems. Global Sustainability, 3. 
https://doi.org/10.1017/sus.2020.15. 

Dressler, H.v. (2021): „Produktiv. Nachhaltig. Lebendig. Grüne Finger für eine klimaresiliente 
Stadt" – Bericht und Vorstellung der Ziele und Voraussetzungen für eine mögliche Um-
setzungs- und Verstetigungsphase. Online-Vortrag in der Sitzung des Ausschusses für 
Stadtentwicklung und Umwelt (StUA). Retrieved 13. March 2022, from 
fromhttps://gruene-finger.de/wp-content/uploads/2021/08/20210304_Vortrag_ 
StUA_vDressler_reduz.pdf. 

DStGB (Deutsche Städte und Gemeindebund), Difu (Deutsches Institut für Urbanistik) [Eds.] 
(2022): Hitze, Trockeheit und Starkregen. Klimaresilienz in der Stadt der Zukunft. DStGB 
Dokumentation, 166. Retrieved 13. March 2022, from https://www.dstgb.de/publika-
tionen/dokumentationen/nr-166-klimaresilienz-in-der-stadt-der-zukunft/doku-hitze-
duerre-final-web-1.pdf?cid=lud. 

DWD (Deutscher Wetterdienst) (2021a) Klimastatusbericht Deutschland. Jahr 2020. 
https://www.dwd.de/DE/leistungen/klimastatusbericht/publikationen/ksb_2020.pdf?_
_blob=publicationFile&v=3#:~:text=das%20Jahr%202020%20war%20mit,20Be-
ginn%20systematischer%20Wetteraufzeichnungen. 

DWD (Deutscher Wetterdienst) (2021b) Zeitreihen. DWD. Retrieved 13 March 2022, from 
https://www.dwd.de/EN/ourservices/zeitreihen/zeitreihen.html. 



References  

82 

 

EC (Comission of the European Communities) (2007) Green paper: adapting to climate change in 
Europe – options for EU action. Retrieved 13 March 2022, from http://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/?uri=. 

EC (Comission of the European Communities) (2009): Adapting to climate change: Towards a 
European framework for action - White paper. Retrieved 13 March 2022, from 
https://unfccc.int/sites/default/files/resource/docs/2007/cop13/eng/06a01.pdf. 

EC (European Comission) (2021) Communication from the commission to the european parlia-
ment, the coucil, the european economic and social committee and the committee of the 
regions. Forging a climate-resilient Europe - the new EU Strategy on Adaptation to Cli-
mate Change. European Commission. Brussels. Retrieved 13 March 2022, from 
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021SC0026& 
from=en. 

EC (European Commission) (2020) Communication from the Comission to the Euoprean Parlia-
ment, the Council, the European Economic and Social Committee and the Committee of 
the Regions. European Climat Pact. Retrieved 13 March 2022, from https://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0788&from=EN. 

EEA (European Environment Agency) (2020a): Indicator Assessment. Global and European tem-
peratures. Retrieved 13 March 2022, from https://www.eea.europa.eu/data-and-
maps/indicators/global-and-european-temperature-10/assessment.  

EEA (European Environment Agency) (2020b): Urban adaptation in Europe: how cities and towns 
respond to climate change. EEA Report (12). Retrieved 13 March 2022, from 
https://www.eea.europa.eu/publications/urban-adaptation-in-europe. 

Elmqvist, T., Andersson, E., Frantzeskaki, N., McPhearson, T., Olsson, P., Gaffney, O., Takeuchi, 
K., Folke, C. (2019) Sustainability and resilience for transformation in the urban cen-
tury. Nature Sustainability, 2(4), 267–273. https://doi.org/10.1038/s41893-019-0250-1. 

Engle, N. L., de Bremond, A., Malone, E. L., Moss, R. H. (2013) Towards a resilience indicator 
framework for making climate-change adaptation decisions. Mitigation and Adaptation 
Strategies for Global Change, 19(8), 1295–1312. https://doi.org/10.1007/s11027-013-
9475-x. 

Eriksen, S. H., Nightingale, A. J., Eakin, H. (2015) Reframing adaptation: The political nature of 
climate change adaptation. Global Environmental Change, 35, 523–533. 
https://doi.org/10.1016/j.gloenvcha.2015.09.014. 

Eriksen, S., Aldunce, P., Bahinipati, C. S., Martins, R. D., Molefe, J. I., Nhemachena, C., O’Brien, 
K., Olorunfemi, F., Park, J., Sygna, L., Ulsrud, K. (2011) When not every response to 
climate change is a good one: Identifying principles for sustainable adaptation. Climate 
and Development, 3(1), 7–20. https://doi.org/10.3763/cdev.2010.0060. 



References  

83 

 

Fazey, I., Wise, R. M., Lyon, C., Câmpeanu, C., Moug, P., Davies, T. E. (2015) Past and future 
adaptation pathways. Climate and Development, 8(1), 26–44. 
https://doi.org/10.1080/17565529.2014.989192. 

Feldmeyer, D., Wilden, D., Jamshed, A., Birkmann, J. (2020). Regional climate resilience index: A 
novel multimethod comparative approach for indicator development, empirical valida-
tion and implementation. Ecological Indicators, 119, 106861. 
https://doi.org/10.1016/j.ecolind.2020.106861. 

Feldmeyer, D., Wilden, D., Kind, C., Kaiser, T., Goldschmidt, R., Diller, C., Birkmann, J. (2019) 
Indicators for Monitoring Urban Climate Change Resilience and Adaptation. Sustaina-
bility, 11(10), 2931. https://doi.org/10.3390/su11102931. 

Fischer, L. B., Newig, J. (2016) Importance of Actors and Agency in Sustainability Transitions: A 
Systematic Exploration of the Literature. Sustainability, 8(5), 476. 
https://doi.org/10.3390/su8050476. 

Folke, C. (2006) Resilience: The emergence of a perspective for social–ecological systems analyses. 
Global Environmental Change, 16(3), 253–267. https://doi.org/10.1016/j.gloen-
vcha.2006.04.002. 

Folke, C. (2016) Resilience (Republished). Ecology and Society, 21(4). https://doi.org/10.5751/es-
09088-210444. 

Folke, C., Carpenter, S. R., Walker, B., Scheffer, M., Chapin, T., Rockström, J. (2010) Resilience 
Thinking: Integrating Resilience, Adaptability and Transformability. Ecology and Soci-
ety, 15(4). https://doi.org/10.5751/es-03610-150420. 

Folke, C., Polasky, S., Rockström, J., Galaz, V., Westley, F., Lamont, M., Scheffer, M., Österblom, 
H., Carpenter, S. R., Chapin, F. S., Seto, K. C., Weber, E. U., Crona, B. I., Daily, G. C., 
Dasgupta, P., Gaffney, O., Gordon, L. J., Hoff, H., Levin, S. A., . . . Walker, B. H. (2021) 
Our future in the Anthropocene biosphere. Ambio, 50(4), 834–869. 
https://doi.org/10.1007/s13280-021-01544-8. 

Fuhr, H., Hickmann, T., Kern, K. (2018) The role of cities in multi-level climate governance: local 
climate policies and the 1.5 °C target. Current Opinion in Environmental Sustainability, 
30, 1–6. https://doi.org/10.1016/j.cosust.2017.10.006. 

Grothmann, T., Michel, T. A. (2021) Participation for Building Urban Climate Resilience? Results 
from Four Cities in Germany. In: Hutter, G., Neubert, M., Ortlepp, R. Building Resili-
ence to Natural Hazards in the Context of Climate Change, 173–208. 
https://doi.org/10.1007/978-3-658-33702-5_8. 

Grüne Finger (2021) Projekt Grüne Finger. Retrieved 13 March 2022, from https://gruene-fin-
ger.de/projekt/. 

 



References  

84 

 

Guterres, A. (2019) Opening remarks at pre-COP25 press conference, United Nations Secretary-
General. United Nations Secretary General. Retrieved 2022, from 
https://www.un.org/sg/en/content/sg/speeches/2019-12-01/remarks-pre-cop25-press-
conference. 

Guterres, A. (2021) Secretary-General's statement on the conclusion of the UN Climate Change 
Conference COP26. Retrieved 13 March 2022, from 
https://www.un.org/sg/en/node/260645. 

Holling, C. S. (1973) Resilience and Stability of Ecological Systems. Annual Review of Ecology and 
Systematics, 4(1), 1–23. https://doi.org/10.1146/annurev.es.04.110173.000245. 

Huber, B., Dunst, L. (2021) Klimaanpassung in der Bauleitplanung. Zum Integrationsstand 
klimaanpassungsrelevanter Maßnahmen in Flächennutzungs- und Bebauungsplänen 
mittelgroßer Städte Deutschlands. Raumforschung Und Raumordnung | Spatial Rese-
arch and Planning, 501–517. https://doi.org/10.14512/rur.34. 

ICLEI (2022) ICLEI Local Governments for Sustainability. Retrieved 13 March 2022, from 
https://www.iclei.org/. 

IEA (International Energy Agency) (2021) World Energy Outlook. IEA, Paris 
https://www.iea.org/reports/world-energy-outlook-2021. 

IEG (Independent Evaluation Group) (2022) What is Monitoring and Evaluation? Retrieved 13 
March 2022, from https://ieg.worldbankgroup.org/what-monitoring-and-evaluation. 

IPCC (2001) Climate change 2001: impacts, adaptation, and vulnerability. In: McCarthy, D., Can-
ziani, O.F., Leary, N.A., Dokken, D.J., White, K.S. (Eds.), Contribution of Working 
Group II to the Third Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, Cambridge. 

IPCC (1992) Policy Summary of Working Group III (Formulation of Response Strategies). In: Cli-
mate Chane: The 1990 and 1992 IPCC Assessments. IPCC First Assessment Report. 
Overview and Policymaker Summaries and 1992 IPCC Supplement. IPCC:Canada. 

IPCC (1995) IPCC Second Assessement. Climate Change 1995. Cambridge University Press: New 
York, Melbourne.  

IPCC (2012) Managing the Risks of Extreme Events and Disasters to Advance Climate Change 
Adaptation. A Special Report of Working Groups I and II of the Intergovernmental 
Panel on Climate Change. [Field, C.B., Barros, V., Stocker, T.F., Qin, D., Dokken, D.J., 
Ebi, K.L., Mastrandrea, M.D., Mach, K.J., Plattner, G.-K., Allen, S.K., Tignor, M. 
Midgley, P.M. (eds.)] Cambridge University Press: New York. 

 



References  

85 

 

IPCC (2014) Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 
Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. [Field, C.B., Barros, V.R., Dokken, D.J., 
Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Ge-
nova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White 
L.L. (eds.)]. Cambridge University Press: Cambridge, New York. 

IPCC (2021a): Climate Change 2021: The Physical Science Basis. Contribution of Working Group 
I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. 
[Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. 
Chen, L. (eds.)}. Cambridge Univercity Press. In Press. 

IPCC (2021b): Summary for Policymakers. In: Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Con-
nors, C. Péan, S. Berger, N. Caud, Y. Chen, L. (eds.) Climate Change 2021: The Physical 
Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge Univercity Press. In Press.  

Jones, L. (2019) Resilience isn’t the same for all: Comparing subjective and objective approaches 
to resilience measurement. WIREs Climate Change, 10(1). 
https://doi.org/10.1002/wcc.552. 

Jones, L., Tanner, T. (2015) Measuring ‘Subjective Resilience’: Using Peoples’ Perceptions to 
Quantify Household Resilience. SSRN Electronic Journal. 
https://doi.org/10.2139/ssrn.2643420. 

Kruse, S., Abeling, T., Deeming, H., Fordham, M., Forrester, J., Jülich, S., Karanci, A. N., Kuhlicke, 
C., Pelling, M., Pedoth, L., Schneiderbauer, S. (2017) Conceptualizing community resil-
ience to natural hazards – the emBRACE framework. Natural Hazards and Earth System 
Sciences, 17(12), 2321–2333. https://doi.org/10.5194/nhess-17-2321-2017. 

Kurtz, T. (2009) Soziologie der Kompetenz (Wissen, Kommunikation und Gesellschaft) (German 
Edition) (2010th ed.). VS Verlag für Sozialwissenschaften. 

Leach, M., Reyers, B., Bai, X., Brondizio, E. S., Cook, C., Díaz, S., Espindola, G., Scobie, M., Staf-
ford-Smith, M., Subramanian, S. M. (2018). Equity and sustainability in the Anthropo-
cene: a social–ecological systems perspective on their intertwined futures. Global 
Sustainability, 1. https://doi.org/10.1017/sus.2018.12. 

Leichenko, R. (2011) Climate change and urban resilience. Current Opinion in Environmental 
Sustainability, 3(3), 164–168. https://doi.org/10.1016/j.cosust.2010.12.014. 

Lübbe, H. (2003) Im Zug Der Zeit: Verkurzter Aufenthalt in Der Gegenwart. Springer. 

Magnan, A. K., Ribera, T. (2016) Global adaptation after Paris. Science, 352(6291), 1280–1282. 
https://doi.org/10.1126/science.aaf5002. 



References  

86 

 

Masterson, V. A., Enqvist, J. P., Stedman, R. C., Tengö, M. (2019) Sense of place in social–ecolog-
ical systems: from theory to empirics. Sustainability Science, 14(3), 555–564. 
https://doi.org/10.1007/s11625-019-00695-8. 

Meerow, S., Stults, M. (2016) Comparing Conceptualizations of Urban Climate Resilience in The-
ory and Practice. Sustainability, 8(7), 701. https://doi.org/10.3390/su8070701. 

Mehryar, S., Sasson, I., Surminski, S. (2022). Supporting urban adaptation to climate change: 
What role can resilience measurement tools play? Urban Climate, 41, 101047. 
https://doi.org/10.1016/j.uclim.2021.101047. 

Nassehi, A. (2008). Die Zeit der Gesellschaft: Auf dem Weg zu einer soziologischen Theorie der Zeit: 
Auf dem Weg zu einer soziologischen Theorie der Zeit Neuauflage mit einem Beitrag ‘“Ge-
genwarten”’ (2. Aufl. 2008 ed.). VS. 

O’Brien, K. L. (2016) Climate change and social transformations: is it time for a quantum leap? 
WIREs Climate Change, 7(5), 618–626. https://doi.org/10.1002/wcc.413. 

Oberthür, S., Roche Kelly, C. (2008) EU Leadership in International Climate Policy: Achieve-
ments and Challenges. The International Spectator, 43(3), 35–50. 
https://doi.org/10.1080/03932720802280594. 

Otsuki, K., Jasaw, G., Lolig, V. (2018) Linking Individual and Collective Agency for Enhancing 
Community Resilience in Northern Ghana. Society & Natural Resources, 31(2), 151–
165. https://doi.org/10.1080/08941920.2017.1347971. 

Otto, D. (2017) Entstehung und Ausdifferenzierung des UN-Klimaregimes. In: Simonis, G. Hand-
buch Globale Klimapolitik. 260-294.UTB: Paderborn. 

Otto, I. M., Wiedermann, M., Cremades, R., Donges, J. F., Auer, C., Lucht, W. (2020) Human 
agency in the Anthropocene. Ecological Economics, 167, 106463. 
https://doi.org/10.1016/j.ecolecon.2019.106463. 

Peacock, W. G., Brody, S. D., Seitz, W. A., Merrell, W. J., Vedlitz, A., Zahran, S., Harriss, R.C., 
Stickney, R.R. (2010) Advancing the Resilience of Coastal Localities: Developing, Imple-
menting and Sustaining the Use of Coastal Resilience Indicators: A Final Report. Hazard 
Reduction and Recovery Center. Texas. 

Pelling, M. (2011) Adaptation to Climate Change. Routledge: London, New York. 

Pfefferbaum, R. L., Pfefferbaum, B., van Horn, R. L., Klomp, R. W., Norris, F. H., Reissman, D. B. 
(2012) The Communities Advancing Resilience Toolkit (CART). Journal of Public 
Health Management and Practice, 19(3), 250–258. 
https://doi.org/10.1097/phh.0b013e318268aed8. 

Pringle, P. (2011) AdaptME toolkit. Adaptation monitoring and evaluation. UKCIP, Oxford. 



References  

87 

 

Quandt, A. (2018) Measuring livelihood resilience: The Household Livelihood Resilience Ap-
proach (HLRA). World Development, 107, 253–263. 
https://doi.org/10.1016/j.worlddev.2018.02.024. 

Rana, I. A. (2020) Disaster and climate change resilience: A bibliometric analysis. International 
Journal of Disaster Risk Reduction, 50, 101839. 
https://doi.org/10.1016/j.ijdrr.2020.101839. 

Rayner, T., Jordan, A. (2010) Adapting to a changing climate: An emerging European Union pol-
icy? In: Jordan, A., Huitema, D., Van Asselt, H., Rayner, T., Berkhout, F. (eds.) Climate 
Change Policy in the European Union: Confronting the Dilemmas of Mitigation and Ad-
aptation? (pp. 145–166). Cambridge University Press: Cambridge. 

Remling, E. (2018) Depoliticizing adaptation: a critical analysis of EU climate adaptation policy. 
Environmental Politics, 27(3), 477–497. 
https://doi.org/10.1080/09644016.2018.1429207. 

Renschler, C.S., Fraizer A.E., Arendt, L.A., Cimellaro, G.P., Reinhorn, A.M., and Michel Bruneau, 
M. (2010) A Framework for Defining and Measuring Resilience at the Community Scale: 
The PEOPLES Resilience Framework. U.S. Department of Commerce National Institute 
of Standards and Technology, Office of Applied Economics Engineering Laboratory 
NIST GCR 10-930. Gaithersburg, MD. 

Rockström, J. (2021): “We still have a chance to bring about a safe future.” Retrieved 13 March 
2022, from https://www.nobelprize.org/we-still-have-a-chance-to-bring-about-a-safe-
future/. 

Rosa, H. (2003). Social Acceleration: Ethical and Political Consequences of a Desynchronized 
High-Speed Society. Constellations, 10(1), 3–33. https://doi.org/10.1111/1467-
8675.00309. 

Roy, J., Tschakert, P., Waisman, H., Abdul Halim, S., Antwi-Agyei, P., Dasgupta, P., Hayward, B., 
Kanninen, M., Liverman, D., Okereke, C., Pinho, P.F., Riahi, K., Suarez Rodriguez, A.G. 
(2018) Sustainable Development, Poverty Eradication and Reducing Inequalities. 
In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming 
of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, 
in the context of strengthening the global response to the threat of climate change, sustain-
able development, and efforts to eradicate poverty [Masson-Delmotte, V., Zhai, P., Pört-
ner, H.-O., Roberts, D., Skea, J., Shukla, P.R., Pirani, A., Moufouma-Okia, W., Péan, C., 
Pidcock, R., Connors, S., Matthews, J.B.R., Chen,Y., Zhou, X., Gomis, M.I., Lonnoy, E., 
Maycock, T., Tignor, M., Waterfield T. (eds.)].  

Saltelli, A. (2007). Composite Indicators between Analysis and Advocacy. Social Indicators Re-
search, 81(1), 65–77. https://doi.org/10.1007/s11205-006-0024-9. 



References  

88 

 

Schipper, L., Langston, L (2015): A comparative overview of resilience measurement frameworks- 
analysing indicators and approaches. Overseas Development Institute, Working and dis-
cussion papers, 422. London. 

Schulz, T., Ruschkowski, J., Dressler, H.v., Ulbrich, A. (2019): Potentials of urban agriculture. The 
importance of productive area in the urban green space of Osnabrück for a climate-resili-
ent city. Retrieved 13. March 2022, from https://gruene-finger.de/wp-content/up-
loads/2020/02/Poster_IALE.pdf. 

Speranza, C.I., Wiesmann, U., Rist, S. (2014) An indicator framework for assessing livelihood re-
silience in the context of social–ecological dynamics. Global Environmental Change, 28, 
109–119. https://doi.org/10.1016/j.gloenvcha.2014.06.005. 

Stockmann, R., Meyer, W. (2016) The Future of Evaluation. Palgrave Macmillan UK: London. 

The Rockefeller Foundation (2014) City Resilience Framework.  

The Rockefeller Foundation (2020) 100 Resilient Cities. Retrieved from 13. March 2022. 
https://www.rockefellerfoundation.org/100-resilient-cities/. 

Tyler, S., Moench, M. (2012) A framework for urban climate resilience. Climate and Development, 
4(4), 311–326. https://doi.org/10.1080/17565529.2012.745389. 

Tyler, S., Nugraha, E., Nguyen, H. K., Nguyen, N. V., Sari, A. D., Thinpanga, P., Tran, T. T., 
Verma, S. S. (2016) Indicators of urban climate resilience: A contextual approach. Envi-
ronmental Science & Policy, 66, 420–426. https://doi.org/10.1016/j.envsci.2016.08.004. 

UN (United Nations) (2015a) Paris Agreement. Retrieved on 13.03.2022, from https://un-
fccc.int/sites/default/files/english_paris_agreement.pdf. 

UN (United Nations) (2015b) Transforming our world: the 2030 Agenda for Sustainable Develop-
ment.  

UN DESA (United Nations, Department of Economic and Social Affairs) (2017) Sustainable De-
velopment Goals Report 2017. United Nations: New York. 

UN DESA (United Nations, Department of Economic and Social Affairs, Population Devision) 
(2018) World Urbanisation Prospects: The 2018 Revision. Retrieved on 13.03.2022, from 
https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS.  

UNDP (2020) Urban Climate Resilience. Issues Brief. Retrieved on 13.03.2022, from 
https://www.undp.org/publications/undp-issues-brief-urban-climate-resilience. 

UNDP (United Nations Development Programme) (2014) Community Based Resilience Analysis 
(CoBRA): Conceptual Framework Methodology. Retrieved on 13.03.2022, from 
ttps://www.undp.org/content/undp/en/home/librarypage/environment- energy/sus-
tainable_land_management/CoBRA/cobraconceptual-framework.html. 



References  

89 

 

UNDRR (2015) Sendai Framework for Disaster Risk Reduction 2015 - 2030. Retrieved on 
13.03.2022, from https://www.undrr.org/publication/sendai-framework-disaster-risk-
reduction-2015-2030. 

UNFCCC (2010) Report of the Conference of the Parties on its fifteenth session, held in Copenhagen 
from 7 to 19 December 2009. Retrieved on 13.03.2022, from https://unfccc.int/re-
source/docs/2009/cop15/eng/11a01.pdf#page=4. 

UNFCCC (2021) Decisions CP.26. Glasgow Climate Pact. Retrieved on 13.03.2022, from 
https://unfccc.int/sites/default/files/resource/cop26_auv_2f_cover_decision.pdf. 

UN-Habitat. (2017) New Urban Agenda. https://uploads.habitat3.org/hb3/NUA-English.pdf. 

Vaitla, B., Tesfay, G., Rounseville, M.Z., Maxwell, D.M. (2012) Resilience and Livelihoods Change 
in Tigray , Ethiopia. 

Walker, B., Carpenter, S. R., Anderies, J. M., Abel, N., Cumming, G., Janssen, M. A., Lebel, L., 
Norberg, J., Peterson, G. D., Pritchard, R. (2002) Resilience Management in Social-eco-
logical Systems: a Working Hypothesis for a Participatory Approach. Conservation Ecol-
ogy, 6(1). https://doi.org/10.5751/es-00356-060114. 

Walker, B., Holling, C. S., Carpenter, S. R., Kinzig, A. P. (2004) Resilience, Adaptability and Trans-
formability in Social-ecological Systems. Ecology and Society, 9(2). 
https://doi.org/10.5751/es-00650-090205. 

Wardekker, A., Wilk, B., Brown, V., Uittenbroek, C., Mees, H., Driessen, P., Wassen, M., Mo-
lenaar, A., Walda, J., Runhaar, H. (2020) A diagnostic tool for supporting policymaking 
on urban resilience. Cities, 101, 102691. https://doi.org/10.1016/j.cities.2020.102691. 

Weith, T. (2018) Handwörterbuch der Stadt- und Raumentwicklung. Akademie für Raumfor-
schung und Landesplanung. Retrieved 13 March 2022, from https://shop.arl-
net.de/handwoerterbuch-stadt-raumentwicklung.html#V. 

Westley, F. R., Tjornbo, O., Schultz, L., Olsson, P., Folke, C., Crona, B., Bodin, R. (2013) A Theory 
of Transformative Agency in Linked Social-Ecological Systems. Ecology and Society, 
18(3). https://doi.org/10.5751/es-05072-180327. 

Wilden, D., Feldmeyer, D. (2021) Measuring knowledge and action changes in the light of urban 
climate resilience. City and Environment Interactions, 10, 100060. 
https://doi.org/10.1016/j.cacint.2021.100060. 

Williams, C., Fenton, A., Huq, S. (2015) Knowledge and adaptive capacity. Nature Climate 
Change, 5(2), 82–83. https://doi.org/10.1038/nclimate2476. 

WMO (World Meteorological Organization) (2021) State of Climate in 2021: Extreme events and 
major impacts. Retrieved 13 March 2022, from https://public.wmo.int/en/media/press-
release/state-of-climate-2021-extreme-events-and-major-impacts.  



Legal Bases  

90 

 

Legal Bases 

Raumordnungsgesetz (ROG) of 22. December 2008 (BGBl. I p. 2986), lastly change by article 5 

of the law on 3rd December 2020 (BGBl. I p. 2694). 

Baugesetzbuch (BauGB) in the version of the announcement of 3. November 2017 (BGBl. I p. 

3634), ), lastly change by article 9 of the law in 10. September 2021 (BGBl. I p. 4147). 

  



Appendices  

91 

 

Appendices 

Appendix A: Overarching and specific impact objectives ............................................................ 92 

Appendix B: Indicators for Monitoring Urban Climate Change Resilience and Adaptation (1st 

Contribution) ...................................................................................................................................... 99 

Appendix C: Regional climate resilience index: A novel multi-method comparative approach 

for indicator development, empirical validation and implementation (2nd Contribution) .... 117 

Appendix D: Measuring knowledge and action changes in light of urban climate resilience (3rd 

Contribution) .................................................................................................................................... 129 

Appendix E: Original Repetitive Online Survey – Version 2019 (Digital Appendix) ............. 142 

Appendix F: Original Repetitive Online Survey – Version 2020 (Digital Appendix) ............. 143 

    

 

 

 



Appendix A: Overarching and specific impact objectives  

92 

 

Appendix A: Overarching and specific impact objectives 

Table1: Overachingimpact objectives 

Overarching impact 
objectives 

Year N Mean SD 

N
ot

 a
t a

ll 
im

-
po

rt
an

t 

N
ot

 im
po

rt
an

t 

Ra
th

er
 u

ni
m

-
po

rt
an

t 

N
ei

th
er

 n
or

 

Ra
th

er
 im

-
po

rt
an

t 

Im
po

rt
an

t 

Ve
ry

 im
po

rt
an

t 

Building climate resilience 
networks on the ground 

2019 58 5,14 1,75 5% 3% 9% 14% 21% 20% 29% 

2020 52 4,58 1,71 4% 12% 12% 15% 27% 15% 15% 

Development of long-term 
guiding principles 

2019 56 5,05 1,52 3% 3% 8% 19% 19% 33% 16% 

2020 52 5,63 1,39 2% 2% 6% 8% 13% 42% 27% 

Transferable implementa-
tion measures 

2019 59 6,15 1,19 0% 1% 1% 7% 10% 22% 57% 

2020 53 6,26 1,08 2% 0% 0% 4% 8% 36% 51% 

Initiation of long-term be-
havioural change 

2019 59 5,56 1,47 1% 4% 4% 12% 18% 28% 31% 

2020 50 5,26 1,65 2% 6% 8% 14% 18% 22% 30% 

Integration of results into 
urban planning 

2019 59 6,08 1,33 0% 3% 3% 7% 7% 21% 58% 

2020 52 6,23 1,20 2% 0% 2% 2% 15% 21% 58% 

Sensitisation and aware-
ness-raising of actors re-
garding climate resilience 

2019 59 6,15 1,13 0% 0% 4% 7% 9% 24% 55% 

2020 52 5,94 1,45 2% 4% 2% 2% 21% 19% 50% 

Improvement of energy effi-
ciency 

2019 56 3,82 1,91 16% 17% 9% 20% 14% 16% 8% 

2020 50 3,38 2,04 30% 6% 20% 12% 12% 12% 8% 

Early detection of extreme 
events 

2019 53 3,62 1,88 13% 21% 15% 15% 15% 11% 10% 

2020 51 3,31 2,15 31% 18% 4% 14% 10% 16% 8% 

Improvement of communi-
cations between and with 
stakeholders 

2019 58 5,91 1,19 0% 3% 0% 5% 23% 28% 42% 

2020 51 5,55 1,47 4% 0% 6% 8% 22% 31% 29% 

Improvement of quality of 
life 

2019 56 5,70 1,35 0% 3% 5% 9% 22% 23% 38% 

2020 53 5,79 1,28 0% 4% 2% 8% 21% 30% 36% 

Improvement of resource 
efficiency 

2019 57 4,35 1,75 8% 11% 14% 17% 20% 22% 8% 

2020 50 4,72 1,55 6% 2% 10% 22% 28% 20% 12% 

Improvement of environ-
mental quality 

2019 56 5,14 1,71 2% 6% 14% 14% 9% 31% 23% 

2020 51 5,22 1,46 2% 4% 6% 14% 29% 24% 22% 

Improvement of knowledge 
and information transfer be-
tween actors on the ground 

2019 59 6,08 1,21 0% 1% 3% 7% 9% 28% 51% 

2020 52 5,96 1,30 2% 0% 4% 4% 21% 23% 46% 
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Overarching impact 
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Improvement of knowledge 
transfer between research 
and practice 

2019 57 6,02 1,14 0% 2% 2% 8% 17% 29% 43% 

2020 53 6,23 1,01 0% 2% 0% 4% 11% 34% 49% 

Further development of 
coping strategies for ex-
treme events 

2019 58 6,03 1,47 3% 3% 3% 3% 14% 15% 58% 

2020 53 5,79 1,52 4% 2% 4% 4% 17% 28% 42% 
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Table 2: Capacity Building - Specific Impact Objectives.  
Ratings of the importance of potential specific objectives in projects addressing the impact sphere Capacity 
Building. 

Capacity Building Year N Mean SD 
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Activation and mobilisa-
tion of actors 

2019 37 6,49 0,77 0% 0% 0% 3% 8% 27% 62% 

2020 38 6,29 1,11 0% 3% 3% 0% 8% 32% 55% 

Development of counselling 
services for the respective 
target group 

2019 36 4,81 1,77 6% 3% 14% 25% 14% 14% 25% 

2020 37 4,70 1,66 3% 8% 19% 11% 16% 32% 11% 

Development of decision-
making aids approaches and 
recommendations for action 

2019 36 6,11 1,06 0% 0% 3% 3% 25% 19% 50% 

2020 37 6,11 1,58 3% 3% 5% 3% 8% 14% 65% 

Sensitisation and aware-
ness-raising 

2019 36 6,56 0,77 0% 0% 0% 3% 8% 19% 69% 

2020 38 6,53 0,80 0% 0% 0% 3% 11% 18% 68% 

Strengthening self-empow-
erment and self-regulation 

2019 36 5,42 1,36 0% 6% 6% 6% 31% 31% 22% 

2020 38 5,21 1,60 3% 5% 8% 11% 24% 26% 24% 

Improvement of knowledge 
transfer 

2019 36 6,14 0,87 0% 0% 0% 6% 14% 42% 39% 

2020 37 6,00 1,18 0% 0% 8% 3% 11% 38% 41% 

Networking of actors 
2019 36 6,22 0,99 0% 0% 3% 3% 14% 31% 50% 

2020 38 5,95 1,39 3% 3% 3% 0% 16% 34% 42% 

Knowledge about coping 
strategies during extreme 
events 

2019 36 5,86 1,29 3% 0% 0% 11% 14% 36% 36% 

2020 36 5,28 1,41 0% 3% 14% 11% 14% 42% 17% 
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Table 3: Management and Planning - Specific Impact Objectives.  
Ratings of the importance of potential specific objectives in projects addressing the impact sphere Capacity 
Building. 

Management and Planning Year N Mean SD 
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Development of decision-making 
aids, solution approaches and 
recommendations for action 

2019 39 6,49 0,88 0% 0% 3% 3% 3% 26% 66%

2020 29 6,14 1,68 7% 0% 0% 7% 7% 10% 69%

Integration of the results into the 
urban development programme 

2019 39 6,21 1,22 0% 3% 5% 0% 8% 29% 55%

2020 29 5,86 1,68 7% 0% 0% 10% 10% 21% 52%

Integration of the results into 
urban land use planning 
(Bauleitplanung) 

2019 39 6,03 1,22 3% 0% 3% 3% 11% 45% 37%

2020 29 5,66 1,59 3% 0% 7% 14% 10% 24% 41%

Integration of the results into 
urban development funding 

2019 39 5,46 1,50 3% 0% 8% 16% 21% 18% 34%

2020 29 5,21 2,14 10% 7% 3% 14% 7% 14% 45%

Integration of the results into the 
urban framework planning 
(Städtebauliche Rahmenplanung) 

2019 39 6,08 1,11 0% 0% 5% 5% 11% 37% 42%

2020 29 5,86 1,55 3% 0% 7% 7% 10% 24% 48%

Improving land provisioning & 
ensuring fresh air supply 

2019 39 5,67 1,58 3% 3% 8% 5% 11% 32% 39%

2020 29 4,79 2,19 14% 3% 14% 14% 0% 24% 31%

Improve land use planning with 
regard to open spaces that are 
important for climate ecology. 

2019 38 5,92 1,36 0% 5% 3% 3% 11% 35% 43%

2020 29 5,38 1,76 3% 0% 14% 21% 3% 17% 41%

Improving water retention & 
stormwater management 

2019 39 5,49 1,32 0% 3% 8% 5% 29% 29% 26%

2020 29 4,93 2,28 14% 7% 10% 7% 3% 21% 38%
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Table 4: Behavioural Changes of Actors - Specific Impact Objectives. 
Ratings of the importance of potential specific objectives in projects addressing the impact sphere Behavioural 
Changes of Actors. 

Behavioural Changes of Actors Year N Mean SD 
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Activation and mobilisation of 
actors 

2019 36 5,28 1,11 3% 0% 0% 17% 31% 44% 6% 

2020 30 6,07 1,51 3% 0% 7% 0% 17% 13% 60%

Contribution to increasing social 
stability 

2019 34 3,82 1,64 12% 12% 15% 24% 24% 12% 3% 

2020 30 4,13 2,08 17% 10% 13% 10% 17% 20% 13%

Contribution to increasing 
economic stability 

2019 30 3,20 1,58 20% 17% 17% 23% 17% 7% 0% 

2020 30 3,57 1,96 20% 20% 7% 13% 23% 10% 7% 

Development of counselling 
services by the target groups 

2019 33 4,30 1,26 3% 6% 12% 33% 27% 18% 0% 

2020 30 4,60 1,77 7% 10% 7% 20% 20% 23% 13%

Strengthening the self-
determination and self-control 
of the actors 

2019 34 4,74 1,11 3% 0% 6% 29% 35% 26% 0% 

2020 30 4,87 1,36 0% 0% 3% 37% 13% 30% 10%

Improvement of knowledge 
transfer between actors 

2019 35 5,46 0,78 0% 0% 0% 11% 37% 46% 0% 

2020 30 6,00 1,29 0% 3% 3% 7% 7% 37% 43%

Behavioural changes in 
agriculture & horticulture 

2019 25 2,92 1,55 16% 32% 20% 20% 4% 4% 4% 

2020 30 3,33 2,04 30% 10% 10% 23% 10% 7% 10%

Behavioural changes in dealing 
with extreme events 

2019 34 4,94 1,28 0% 6% 6% 24% 24% 35% 6% 

2020 30 5,50 1,38 0% 7% 3% 7% 23% 37% 23%

Behavioural changes in how 
counselling services are used 

2019 32 4,50 1,34 0% 13% 6% 28% 28% 22% 3% 

2020 30 4,53 1,61 3% 10% 13% 20% 17% 30% 7% 

Interconnection of actors 
2019 36 5,00 1,26 3% 3% 3% 22% 25% 42% 3% 

2020 30 5,70 1,62 3% 0% 13% 3% 7% 33% 40%
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Table 5: Information and Communication - Specific Impact Objectives. 
Ratings of the importance of potential specific objectives in projects addressing the impact sphere Information 
and Communication. 

Information and Communication  Year N Mean SD 
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Development of decision-making 
aids, solution approaches and 
recommendations for action 

2019 38 6,50 0,89 0% 0% 3% 0% 11% 18% 68%

2020 41 6,00 1,67 5% 2% 5% 0% 10% 20% 59%

Software tools for information 
and communication 

2019 38 4,87 2,06 8% 13% 5% 11% 13% 21% 29%

2020 41 4,85 1,80 5% 10% 7% 15% 22% 20% 22%

Improving communication within 
organisations (e.g. 
administration) 

2019 38 5,87 1,02 0% 0% 0% 8% 34% 21% 37%

2020 41 5,59 1,43 2% 2% 2% 7% 32% 20% 34%

Improving communication 
between organisations and 
external stakeholders 

2019 38 6,24 0,94 0% 0% 0% 8% 11% 32% 50%

2020 41 5,73 1,60 5% 0% 7% 2% 17% 27% 41%

Improving communication 
between stakeholders 

2019 37 6,14 1,08 0% 3% 0% 3% 16% 32% 46%

2020 40 5,73 1,43 3% 3% 3% 8% 18% 33% 35%

Improve dialogue between all 
actors in the project 

2019 38 6,21 0,81 0% 0% 0% 3% 16% 39% 42%

2020 41 5,73 1,48 5% 0% 2% 7% 15% 37% 34%

Improving knowledge transfer 
within institutions (e.g. 
administration) 

2019 38 5,95 1,06 0% 0% 3% 5% 26% 26% 39%

2020 41 5,68 1,44 2% 2% 2% 7% 24% 24% 37%
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Table 6: Green Infrastructure - Specific Impact Objectives. 
Ratings of the importance of potential specific objectives in projects addressing the impact sphere Green Infra-
structure.  

Green Infrastructure Jahr N Mean SD 
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Increasing climate resilience 
through green infrastructure  

2019 42 5,86 0,61 0% 0% 0% 2% 19% 69% 10%

2020 36 6,39 1,08 0% 0% 3% 6% 11% 11% 69%

Increasing the climate resilience of 
green infrastructure 

2019 42 4,93 1,33 0% 7% 7% 19% 26% 33% 7% 

2020 35 5,37 1,68 3% 3% 9% 17% 14% 17% 37%

Strengthening the initiative of the 
actors regarding the use & 
improvement of the green 
infrastructure 

2019 42 5,19 1,37 2% 5% 5% 10% 24% 48% 7% 

2020 35 5,74 1,34 3% 0% 0% 11% 26% 23% 37%

Improvement of fresh air supply 
through green infrastructure 

2019 41 5,07 1,31 2% 2% 5% 20% 24% 39% 7% 

2020 36 5,61 1,38 0% 3% 6% 11% 25% 19% 36%

Improving awareness of green 
infrastructure among stakeholders 

2019 42 5,62 1,01 0% 0% 7% 7% 12% 64% 10%

2020 36 6,42 0,84 0% 0% 0% 6% 6% 31% 58%

Improving water retention & 
stormwater management 

2019 42 5,07 1,11 0% 0% 12% 17% 29% 38% 5% 

2020 34 5,74 1,60 3% 6% 0% 6% 21% 21% 44%
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