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Abstract: In the face of accelerating climate change, urbanization and the need to adapt to these
changes, the concept of resilience as an interdisciplinary and positive approach has gained increasing
attention over the last decade. However, measuring resilience and monitoring adaptation efforts have
received only limited attention from science and practice so far. Thus, this paper aims to provide
an indicator set to measure urban climate resilience and monitor adaptation activities. In order
to develop this indicator set, a four-step mixed method approach was implemented: (1) based on
a literature review, relevant resilience indicators were selected, (2) researchers, consultants and
city representatives were then invited to evaluate those indicators in an online survey before the
remaining indicator candidates were validated in a workshop (3) and finally reviewed by sector
experts (4). This thorough process resulted in 24 indicators distributed over 24 action fields based
on secondary data. The participatory approach allowed the research team to take into account the
complexity and interdisciplinarity nature of the topic, as well as place- and context-specific parameters.
However, it also showed that in order to conduct a holistic assessment of urban climate resilience, a
purely quantitative, indicator-based approach is not sufficient, and additional qualitative information
is needed.
Keywords: resilience; indicator; monitoring; climate change; climate adaptation

1. Introduction
Our society is facing multitudinous different challenges—in this paper we are focusing on two
main challenges: climate change and urbanization. In 2015, 3.9 billion people were living in cities.
By 2050, the population in cities is projected to reach up to 6.7 billion people [1]. Urban agglomerations
will continue to grow and are increasingly threatened by the high uncertainty of climate change
impacts [2]. In response to these impacts, cities are already implementing climate change adaptation
measures in order to prepare for uncertain future changes. Adaptation to climate change and climate
variability is not a new phenomenon [3]. However, steadily rising temperatures, increasing magnitude
and frequencies of climate-induced extreme events, such as droughts, floods, storms or intense rainfall,
as well as the growth of the global human population pose new adaptation challenges to humankind [3].
In our research, we use the term adaptation as defined by the United Nations Climate Change [4]:
“Adaptation refers to adjustments in ecological, social, or economic systems in response to actual or
expected climatic stimuli and their effects or impacts. It refers to changes in processes, practices, and

Sustainability 2019, 11, 2931; doi:10.3390/su11102931

www.mdpi.com/journal/sustainability

Sustainability 2019, 11, 2931

2 of 17

structures to moderate potential damages or to benefit from opportunities associated with climate
change”. Furthermore, the ability of adaptation is understood as part of resilience, as described
by Folke et al. [5]. The concept of resilience can be attributed to Holling [6] and originates from
ecology. He described resilience as the “measure of persistence of systems and of their ability to
absorb change and disturbance and still maintain the same relationship between population or state
variables” [6]. The original concept of resilience gained increased importance in other disciplines,
whereby the definitions of resilience were steadily differentiated, broadened and deepened. There
are three main understandings of the character of resilience: “bounce back” which refers to the fast
return to an equilibrium state of a system after a shock event, “bounce forward” which focuses on a
system which should have capacities to be adapted to uncertainty and “both” which addresses the
co-occurrence of the capacities for “bounce back” and “bounce forward” [7]. Meerow et al. [2] analysed
57 academic definitions of urban resilience, with particular regard to these fundamental understandings
of urban resilience. The analysis showed that 35 definitions focus on “bouncing back”, 15 on “bouncing
forward” and only seven see both capacities as elementary for resilience. Figueiredo et al. [8] pointed
out that the definitions shifted from an equilibrium-centred understanding of resilience towards an
evolutionary/transformational understanding of resilience. Four main approaches to resilience can
be identified: disaster risk reduction [9], socio-ecological [10], sustainable livelihoods [11] and the
community-oriented approach [12]. Resilience can also be discussed on different scales (county, region,
urban area, city, community and household) [8]. Even though it is important to take action on all scales,
in this work we are focusing on cities—particularly in Germany—and are using the socio-ecological
approach. Besides the definitions and understandings of resilience in academia, it is very important
to also consider how practitioners interpret resilience. Practitioners and policy makers are a central
part of the resilience-transformation process. Therefore, it is remarkable that the term resilience is
interpreted in a much wider range of ways by practitioners than by academia [13].
Adaptation measures are implemented in different sectors of the city system. Since cities are
complex and multifaceted systems, which in turn contain other systems, measuring the success
of resilience-increasing activities poses a particular challenge. However, measurement is of great
importance in order to be able to govern and steer the adaptation and transformation process. Every city
has its specific context and needs, and its exposure to risk and vulnerability is dynamic and changes
over time [8].
However, it is important to develop measurable indicators for different reasons. Indicators
enable monitoring of the resilience-building process, as they provide regular and impartial feedback.
They build an evidence base and make resilience more tangible for decision and policy makers as well
as society at large. Furthermore, indicators can help to govern and steer the transformation process
because they help to structure the new field of urban climate resilience. Clear indicators are not only
important for the general measurement of resilience, but also for the analysis of whether adaptation
measures were effective and whether the expected results were achieved [14]. Indicators also contribute
to the credibility, transparency and accountability of the measures implemented. This in turn is very
important for local policy makers to support further adaptation measures.
However, the development of indicators in this context poses particular challenges. In addition to
the conceptual challenges of urban climate resilience, context specificity represents another challenge
for the development of resilience indicators. Consequently, it is very important to consider how to
include context specificity in the indicator set. Another fundamental consideration is in regard to the
context-specific, dynamic and ever-changing nature of risk and vulnerability [8].
MONARES (monitoring of adaptation measures and climate resilience in cities), a project funded
by the German Federal Ministry of Education and Research (BMBF), was initiated in order to address
the main challenges of (1) developing a consistent understanding of resilience for both practitioners
and academia, (2) shaping the adaptation and transformation process into a transparent process
of governing and steering and (3) the use of resilience and adaptation measurements. The aim
of MONARES is to create application-oriented methodologies for monitoring and evaluating local
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Figure 1. MONARES—research process.

Based on steps 1 to 3 as shown in Figure 1, the final definition of urban resilience in MONARES is
as follows:
The climate resilience of a city depends on the ability of its sub-systems 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.
Based on this preliminary work, a four-step mixed-method approach (Figure 1 Phases 4–7) was
designed to develop the indicators for urban climate resilience on which this paper focuses.
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2. Materials and Methods
The exponential growth of literature concerning urban resilience contains a multitude of
approaches, indicators and methods stressing the resistance of an urban system. The development of
the method of this paper was guided by the questions: resilience for whom, for what and where [35].
A reflexive approach of input and feedback loops was developed in order to adapt and validate
international indicators. A main challenge was to adapt the indicators to the specific context of German
communities in the face of climate change.
2.1. Literature Review: “Resilience Indicators”
The selected frameworks (see Figure 1 Phase 1) were identified through an extensive literature
review using the key search terms “resilience”, “urban resilience”, “climate resilience”, “adaptive
capacity + urban/city”, “resistibility + urban” and “learning capacity + urban/city” (in German and
English). Based on these frameworks and their operationalisation of resilience, an extensive list of
indicators was deduced. These indicators were matched with the MONARES framework, developed
in steps 1–3, which consists of dimensions and action fields (see Table 1).
Table 1. Dimensions and action field of the resilience framework.
Dimension

Action Field
Soil and green spaces

Environment

Water bodies
Biodiversity
Air
Settlement structure

Infrastructure

Energy
Telecommunication
Traffic
Drinking and wastewater
Innovation

Economy

Business
Economic structure
Research
Knowledge and risk competence

Society

Healthcare
Socio-demographic structure
Civil society
Civil protection
Participation

Governance

Municipal budget
Strategy, plans and environment
Administration

As we have the aim to develop a user-friendly, applicable and transparent indicator set, we firstly
reduced the indicators to two indicators per action-field. The two most important selection criteria
were (1) context specificity of industrial nations, especially Germany, and (2) data availability. Context
specificity is important because many of the indicators in the literature are suitable for the context
of the Global South but not for the Global North, and even indicators that might be suitable for the
Global North might not be suitable in the German context. The second criteria—data availability—is
therefore important because municipalities have, on the one hand, good access to a lot of data but have,
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on the other hand, resource problems regarding time, finances and human resources. Action fields
without literature-based indicators required the development of new ideas within the project. Given
the available data, some action fields were difficult to measure without significantly neglecting the
complexity of the action field.
2.2. Survey to Assimilate the Indicators for Context Specificity
Based on the literature review (see Figure 1 Phase 4) and the described selection process, an
online-survey was developed (see Figure 1 Phase 5). The survey was used because, given that the
indicators should be transparent and user-friendly, not only the scientific background is important, but
a clear understanding of the indicators in the broad community is important also. The survey was
sent to all persons who are working in one of the 14 projects mentioned above. 39 people answered
the survey.
The main aim of the survey was to measure how participants assess the different indicators.
They were requested to rate the importance of every indicator regarding urban climate resilience on a
scale from one (low importance) to five (high importance). Each action field was represented by at
least one indicator (Table 1). Besides the rating of indicators, the survey consisted of four chapters:
First, some general background; Second, the context of urban climate resilience; Thirdly, the indicators;
Fourthly, the possibility of extending the set of indicators by indicators without existing data sources,
and some final remarks.
2.3. Workshop Following the Survey
As mentioned previously, the explanatory power of an indicator set of urban climate resilience
is hugely dependent on the context, and therefore we discussed the results of the survey again with
the 14 projects (see. Figure 1 Phase 6). Moreover, this feedback loop increases the transparency of the
process and the robustness of the results. The workshop started with presenting the survey results
and then the participants were split into two groups in order to create two independent feedback
loops and cross-validation of the indicator set. For each group, a poster was prepared, listing all
indicators included in the survey. The indicators that were ranked lower in the survey were written
on the poster in light grey (compared to black), for an improved visualization of the survey results.
Hence, both groups had the visual results to discuss and were asked to compare each pair in detail and
find explanations for the survey results. In addition, the overall set remained visible, which allowed
participants to keep the important question of the overall themes in mind. Therefore, indicators could
be moved across the set or could become more important if they were deemed a missing piece in the
mosaic. The guiding questions for this phase of the workshop were: (1) Are there enough indicators?
(2) How many indicators are needed and sufficient? (3) Are the selected indicators the right ones or
should they be changed? And (4) are there important gaps in the set that are yet to be filled?
2.4. Finalizing the Indicators Set
In Step 7 (see Figure 1) we analyzed the results of the workshop. Furthermore, expert interviews
with practitioners were conducted with the aim to develop indicators in action fields where neither the
literature review nor survey and workshop produced results. On this basis, we finalized the urban
resilience indicator set.
3. Results
In our review of the academic literature, 19 indicator-based resilience frameworks were analyzed.
Based on the indicators of these frameworks a list of 498 indicators (including duplicates) was generated.
The indicator list was used as an important starting point for developing the MONARES Indicator Set
(MIS). After screening the indicators through the lens of the MONARES-framework, some action fields
remained empty and were filled by proposed indicators of the MONARES project-team. One to four
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indicators were selected per action field in order to cover all topics and include sufficient redundancy.
Table 2 shows the selected and proposed indicators.
Table 2. Delineated indicators and action fields.
Dimension

Action Field
Soil and green spaces

Environment
Water bodies
Biodiversity
Air
Settlement structure
Infrastructure

Economy

Energy

Indicator

Code

Literature

Degree of soil sealing

A_a_1

[31]

Land consumption

A_a_2

[21]

Recreational area

A_a_3

[21]

Share of water bodies

A_b_1

[36]

State of water bodies

A_b_2

[23]

Share of nature conservation and protection areas

A_c_1

[23]

Wetlands and retention areas

A_c_2

[36]

Cold air parcels

A_d_1

[23]

Density of buildings

B_a_1

[37]

Accessibility of green spaces

B_a_2

[38]

Share renewable energy

B_b_1

[18]

Diversity renewable energy

B_b_2

[18]

Telecommunication

Broadband access

B_c_1

[37]

Traffic

Concept for sustainable traffic

B_d_1

[21]

Drinking and wastewater

Number of springs

B_e_1

[8]

Innovation

Innovation index

C_a_1

[37]

Business
Economic structure
Research
Knowledge and risk
competence

Society
Health care
Socio-demographic
structure
Civil society

Civil protection

Participation

Municipal budget
Governance
Strategy, plans and
environment

Administration

Ratio of insolvencies to start-ups

C_b_1

[22]

Share of employees in largest sector

C_c_1

[39]

Employees in research intensive companies

C_c_2

[40]

Number of research projects

D_a_1

[18]

Citizen information about heat, heavy rain and
flooding

D_b_1

[37]

Experience with extreme events in last five years

D_b_2

[37]

Accessibility of hospitals

D_c_1

[41]

Doctors per 10,000 citizens

D_c_2

[40]

Share of citizens ABV6/U65

D_d_1

[42]

Share of employees

D_d_2

[30]

Voter turnout

D_e_1

[42]

Number of associations

D_e_2

[42]

Fire brigade

D_f_1

[37]

Citizens in honorary positions

D_f_2

[31]

Number of participation processes

E_a_1

[37]

Contact point for participation

E_a_2

[37]

Depth per citizen

E_b_1

[21]

Tax income

E_b_2

[21]

Risk and vulnerability analysis

E_c_1

[26]

Strategies against heavy rain and heat in plans

E_c_2

[26]

Landscape plan legally binding

E_c_3

[37]

Climate change adaptation part of urban
development plan

E_c_4

[30]

Inter-office working group regarding risk,
climate change and resilience

E_d_1

[37]

Climate manager

E_d_2

[37]
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3.1. Survey about Resilience Indicators
The survey was structured based on the results of Phase 4. The survey (Figure 1 Phase 5)
was filled out by 39 respondents within the funding initiative “Climate resilience through action
in cities and regions” of the BMBF. The overall mean perceived importance of the indicators was
3.63 within the complete range from one to five. Considering the complexity of the urban system and
the interdisciplinary character of the indicator set, this rating was regarded as high. The median of
four was also high. The standard deviation of 1.17 together with the entire evaluation range reflected
the diversity of interpretations. Nevertheless, despite this diversity, these core numbers show that the
indicators were overall judged as important. Splitting the indicators into the five main dimensions
(Figure 2), the median shows that only the indicators within the dimension of economy were rated
less important, they are rated in the middle of the range, which might indicate a slight indecisiveness.
Several reasons could explain this, such as that the indicators selected were not covering the dimension
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Table 3. The five indicators rated as most important in the survey.
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Median

Mean

5

4.6

3rd
Quartile
5

4

5

4.5

3

4

5

2

4

2

4

Action field

Indicator

Min.

Environment

Air

2

Governance

Administration

Cold air parcels
Inter-offices working group
regarding risk, climate change
and resilience
Experience with extreme events
in last five years
Strategies against heavy rain
and heat in plans
Citizen information about heat,
heavy rain and flooding

1st
Quartile
4

2

Dimension

Society
Governance
Society

Knowledge and
competence
Strategy, planned
and environment
Knowledge and
competence

Max

N/A

5

3

5

5

2

4.5

5

5

3

5

4.5

5

5

3

5

4.4

5

5

2

Table 4 displays the five lowest ranked indicators in context of their relevance related to urban
climate resilience. The overall lowest rated indicators were both from the society dimension, namely
voter turnout and number of associations. The respondents did not think that they were relevant for
measuring and monitoring urban resilience. The third lowest indicator was the infrastructure indicator
broadband access. Fourth and fifth were two economic indicators measuring ratio insolvencies to start-ups
and share employees in largest sector.
Table 4. Five lowest rated indicators.
Dimension

Action field

Indicator

Society
Civil society
Voter turnout
Society
Civil society
Number of associations
Infrastructure Telecommunication
Broadband access
Economy
Business
Ration insolvencies to start-ups
Economic
Share Employees in largest
Economy
structure
sector

Min.

1st
Quartile

Median

Mean

3rd
Quartile

Max

N/A

1
1
1
1

2
2
2
2

3
3
3
3

2.4
2.6
2.8
2.8

3
3
4
3.5

4
4
5
5

1
2
3
4

1

2

3

2.8

3

4

6

Figure 3 displays boxplots of all indicators. The main tendency has already been shown in
a more condensed form previously in Figure 2. Share of nature conservation and protection areas
(A_c_1) was the lowest ranking in the dimension environment. The second indicator of the action
field biodiversity, however, received high approval, which emphasised the perceived importance of
biodiversity considerations for climate resilience in the urban context. Settlement structure (B_a_1&2)
was seen as vital for structural climate change adaptation, similar to the first action fields of soil and
green spaces (A_a_1-3).
Energy (B_b_1&2) indicators, in contrast, not only ranged from a rating of one to five, but the
quartiles of the boxplot also show a comparably high range around the middle of the scale.
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3.2. General Workshop Results Regarding the MIS
The overall discussion about applicability and feasibility was touched on in many ways from
The discussion of the indicators during two discussion groups yielded important feedback on
different angles, most prominently regarding data availability, numbers of indicators and total effort
the overarching attributes and requirements of the MIS. They were mentioned several times from
needed. The balancing of the loss of information related to simpler indicators or vice versa with more
different persons and related to different indicators. Firstly, one important aspect was the size of the
complex indicators with higher explanatory power but with an infeasibility to be handled by the
municipality and hence the scaling of the indicator. No universal scaling was found appropriate, since
target group was seen as a key challenge. Therefore, the participants agreed that the indicators should
the different units and scales required indicator-specific scaling. Nevertheless, the scaling was seen as
be based solely on existing data, thereby reducing the overall effort and simplifying the calculations
an important factor in order to reach the goal of acquiring indicators for municipalities and therefore
and data management.
an interpretable result on this level of administrative organization.
The idea of detailed factsheets describing the data source and calculation of the indicator and
The overall discussion about applicability and feasibility was touched on in many ways from
helping with the interpretation of the result was raised by participants and received wide support.
different angles, most prominently regarding data availability, numbers of indicators and total effort
Factsheets also help to communicate the meaning of an indicator to uninitiated persons, which was
needed. The balancing of the loss of information related to simpler indicators or vice versa with more
also mentioned as a crucial aspect.
complex indicators with higher explanatory power but with an infeasibility to be handled by the target
The total number of indicators to be feasible was seen at around 25. Certain gaps were identified
group was seen as a key challenge. Therefore, the participants agreed that the indicators should be
during the workshop due to the fact that specific expertise related to certain action fields was missing
based solely on existing data, thereby reducing the overall effort and simplifying the calculations and
in the room, specifically regarding the action fields energy, wastewater and civil protection. Here,
data management.
single expert interviews were carried out after the workshop to fill in the gaps.
The idea of detailed factsheets describing the data source and calculation of the indicator and
helping with the interpretation of the result was raised by participants and received wide support.
3.3. Indicator Specific Workshop Results
Factsheets also help to communicate the meaning of an indicator to uninitiated persons, which was
Table 5 as
summarizes
the process of indicator development during the three phases of the survey,
also mentioned
a crucial aspect.
the
workshop
and
ending
in thetofinal
set of indicators.
indicators
highlighted
in grey
are those
The total number of indicators
be feasible
was seen atThe
around
25. Certain
gaps were
identified
of
the
initial
indicator
set
that
were
seen
as
important
by
survey
respondents
and
therefore
stayed
during the workshop due to the fact that specific expertise related to certain action fields was missing on
the list. The indicators highlighted in orange were updated or modified as a result of the survey
and/or workshop. The yellow indicators were moved from one action field to another. The indicator
degree of soil sealing was inverted to degree of unsealed ground, as sealing is not per se negative, even
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in the room, specifically regarding the action fields energy, wastewater and civil protection. Here, single
expert interviews were carried out after the workshop to fill in the gaps.
3.3. Indicator Specific Workshop Results
Table 5 summarizes the process of indicator development during the three phases of the survey,
the workshop and ending in the final set of indicators. The indicators highlighted in grey are those
of the initial indicator set that were seen as important by survey respondents and therefore stayed
on the list. The indicators highlighted in orange were updated or modified as a result of the survey
and/or workshop. The yellow indicators were moved from one action field to another. The indicator
degree of soil sealing was inverted to degree of unsealed ground, as sealing is not per se negative, even may
even be desirable or unavoidable in urban areas. The cold air parcels was seen as an important factor of
resilience but should be updated, adding cold air streams to the indicators. Biodiversity was discussed
in contradictory ways, as it was not clear to the participants how it is related to climate hazards. Hence,
the workshop resulted in representing urban biodiversity with the indicator wetland and retention areas
in order to include flood protection arguments into the indicator of biodiversity.
Infrastructure was seen undoubtedly as a key area for achieving urban climate resilience, but also
related to secondary data and its inherent complexity most difficult to quantify currently. Accessibility of
green spaces was rather seen as an indicator of social justice and less as a settlement structural indicator
and hence the second indicator building density, slightly lower ranked in the survey, was included
instead. The share of renewable energy indicator focused strongly on climate protection and less on
resilience factors, such as robustness and redundancy. These factors were seen to be better covered by
the diversity of renewable energy sources. However, it was also argued that even conventional energy
should be included in the indicator. This observation was followed by the consideration that no
climate resilience can be achieved without climate protection in the long term. Therefore conventional
energy sources cannot be regarded as a positive contribution to climate resilience in the long term.
The action field of telecommunication was deleted in accordance with the participants’ perception of this
as being less important than the other action fields, lacking data and having low to no influence of
the municipality. Instead, the action field wastewater treatment was included, as there was agreement
on its importance additionally to the supply side. No specific indicator was defined in the workshop
due to missing competence in this regard. Transportation was discussed as an important action field
for municipalities, but participants agreed that its complexity cannot be covered by one indicator.
Therefore, the action field remained as an action field of the framework, reminding of the importance
of the topic and urging municipalities to consider and discuss it qualitatively.
The discussion around the economic dimension reflected the lower ranking of its indicators in
the survey. The dimensions environment and infrastructure were seen to be more naturally linked to
resilience than the economic dimension. Nevertheless, discussing the importance of a resilient economy
for an urban system generated acceptance for the dimension and its components. This example
illustrates one very important lesson of the workshop: the need for explanation and building a common
understanding. Innovation was seen to be covered best by the number of employees in research intensive
companies not by the innovation index. The tax income from companies was considered an important
resource for the financial ability of the municipality to adapt. This indicator was part of the action field
municipal budget in the survey and has since been moved to business. Similar to energy, a diverse economy
was considered more robust, flexible and redundant when facing uncertainty of climate impacts. It was
also discussed whether there might be sectors with crucial or higher relevance than others, but the
group agreed that no single sector could be selected.
There was a general agreement on the importance and contribution of society to urban climate
resilience, but less agreement on how to measure it quantitatively. Literature shows that the experience
with extreme events contributes positively to citizens’ resilience. In addition, citizen information about
heat, heavy rain and flooding (Table 3) was amongst the top five rated indicators. However, regarding the
spatial scale of municipalities, it was argued that information is not only provided by the local authority
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and therefore the indicator was not further considered. Civil society started an intense discussion on
how to measure it and if the proposed indicators were adequate. In contrast to the survey, where the
indicator voter turnout ranked higher, the workshop participants disliked this indicator, arguing that
voter turnout nowadays cannot be seen as a proxy indicator for solidarity and community in Germany.
The indicator associations was also critically reflected upon as being unable to capture civil society
entirely. Still, the participants were in favour of the imperfect indicator associations instead of deleting
the action field. In the survey, the dimension governance and its indicators were ranked high, and this
result was confirmed in the workshop. Only one change was decided: replacing the contact point for
participation processes with the number of conducted participation processes. Both were ranked very close in
the survey with a mean of 3.3 and 3.4, respectively.
Table 5. Indicator set after the survey, workshop and final set.
Dimension

Action Field
Soil and green spaces

Environment

Water bodies
Biodiversity
Air
Settlement structure

Infrastructure

Energy

MIS
Degree of unsealed ground

State of water bodies

State of water bodies

State of water bodies

Wetlands and retention
areas
Cold air parcels
Accessibility of green
spaces
Share renewable energy

Number of springs

Innovation

Innovation index

Knowledge and risk
competence
Health care

Ration insolvencies to
start-ups
Employees in research
intensive companies
Number of research
projects
History with extreme
events
Accessibility of hospitals

Sociodemographic
structure

Share of citizens
ABV6/U65

Civil society

Voter turnout

Business
Economic structure
Research

Civil protection
Participation
Governance

Workshop
Degree of unsealed ground

Water supply and
wastewater treatment

Economy

Society

Survey Result
Degree of unsealed ground

Municipal budget
Strategy, plans and
environment

Administration

Cold air parcels and flows

Nature conservation and
protection areas
Ventilation status

Building density

Building density

Diversity of renewable
energy
Per capita energy
consumption
Number of springs

Diversity of renewable
energy
Per capita energy
consumption
Number of springs

Wetlands and retention areas

(Including wastewater
indicator)
Employees in research
intensive companies

Adapted sewer system
Employees in research
intensive companies

Commercial tax per capita

Commercial tax per capita

Diversity of business

Diversity of business

Number of research projects

Number of research projects

History with extreme events

History with extreme events

Accessibility of hospitals

Number of doctors

Share of citizens ABV6/U65

Share of citizens ABV6/U65

Fire brigade

Associations per 10000
capita
Fire brigade

Associations per 10000
capita
Fire brigade volunteers

Contact point for
participation
Depth per citizen

Number of participation
processes
Depth per citizen

Number of participation
processes
Depth per citizen

Risk and vulnerability
analsysis
Strategies against heavy
rain and heat in plans
Inter-offices working
group regarding risk,
climate change and
resilience
updated

Risk and vulnerability
analsysis
Strategies against heavy rain
and heat in plans

Risk and vulnerability
analsysis
Strategies against heavy rain
and heat in plans

Inter-offices working group
regarding risk, climate
change and resilience

Inter-offices working group
regarding risk, climate
change and resilience

switched action field

no change

3.4. Urban Climate Resilience Indicator Set
Since even the diverse group of participants of the workshop did not cover all topics of the
indicator set, experts were interviewed. Furthermore, the results of the survey and the results of the
workshop were summarized and merged.
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The final set of indicators is shown in Table 5 in the column MIS. Compared with the workshop
set, the action field of biodiversity was seen crucial in its own right and better approximated by the
indicator nature conservation and protection areas. Moreover, wetlands and retention areas were already
covered by the state of the water bodies in line with the European Water Framework Directive regarding
good ecological and chemical status. Hence, in order to create a balanced set of indicators, it was
seen that the latter indicator added thematically more information and another aspect to the overall
set. Secondly, the air action field was further developed, as cold air parcels and flows was difficult to
interpret. The simple number or share of cold air parcels and streams were not clearly related to
resulting air status. The ventilation status including the effects of air streams and cold air production
parcels was therefore selected. For the wastewater action field introduced by the workshop, an expert
interview recommended the indicator share of adopted sewer system. Another interview was conducted
with the lower civil protection agency. The interviewee stressed the importance of volunteers across
organizations, but as no data were gathered assessing the total numbers of volunteers, the most
important one of the fire brigade was considered. Moreover, the municipality may have to consider
this important topic even more in the future, as the principle of volunteers may be endangered due to
demographic development. Finally, yet importantly, the accessibility of hospitals was interchanged with
the density of doctors.
4. Discussion
The results from the work on indicators for monitoring urban climate resilience presented above
yields a number of important insights and implications—with respect to previous studies but also for
future research and for practitioners in this field.
Existing indicator sets are a good starting point, but adapting and extending them for the context
at hand is crucial. There are numerous indicator sets for urban resilience; these provided a good
basis from which the MONARES indicator set could be developed. However, many of the indicators
analysed in the literature review were aimed at the context of developing countries. To adapt indicators
identified in the review for the German context, four steps were important: (A) Disregarding indicators
that do not allow sufficient distinction between cities, e.g., literacy rate is favoured as an indicator
in many sources, but in Germany the literacy rate is rather high and differences between cities are
marginal. (B) Disregarding indicators for which the data availability was rather limited in Germany.
(C) Adding new indicators for action fields that are deemed important in the context of MONARES
but which were not touched upon in the literature. (D) Focusing on municipalities as the key player
for climate change adaptation. These level of municipalities require the set to be manageable in terms
of data availability as well as size and complexity of the calculations.
Step A did not pose any major difficulties. Further, step B based on research concerning data
availability did not cause problems. However, step C and D need to be examined in more detail.
First, the workshop clearly stated here the conflicting goals when discussing single action fields.
It was felt that one indicator does not reflect the entirety of the topic, but at the same time all action fields
were considered important and the total number of indicators should not exceed around 20, in order to
stay manageable, which is far less than the proposed 52 indicators by the City Resilience Index (CRI) [22]
and comparable to the core of 14 by the project Building Resilience Amongst Communities in Europe
(embrace) [37] or Cutter’s [43] core of 22. Since researchers, as well as practitioners, participated in our
workshop, we had the impression that researchers tended to prefer larger, encompassing indicator
sets. Compared with the scientists, practitioners were more in favour of concise and compact sets.
The discussions in the workshop showed that persons with a research background had numerous ideas
for new indicators for all dimensions, and advocated for their inclusion. During the workshop and its
aftermath, practitioners working in municipalities displayed a different tendency—their perspective
tended to focus more on how to handle the indicators in practice. Hence, what some researchers
considered a concise indicator set was perceived by practitioners as overwhelming and too extensive.
In order to find an adequate balance between a broad coverage and good usability in practice, it
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is important to involve both researchers and practitioners in the development of an indicator set.
This finding is consistent with the literature and is one strength of the current study. Meerow and
Stults [13], for example, stress the need for including practitioners in the process. Consequently, the
trade-off between practicability and completeness had to be balanced, leading to the fact that some
indicators that were considered important were still sorted out in order to cover all action fields and
still achieve a manageable amount of indicators.
Second, it was mentioned that the indicators just by title were not clear in terms of their effect on
and relation to urban climate resilience, and were consequently rated around the middle. This fact was
considered while developing the survey, but an in-depth explanation of indicators was removed from
the survey in favour of including more indicators covering all action fields and in consideration of
the time needed to fill out the survey. However, this lack of explanations meant that the disciplinary
background of respondents affected the ratings.
Third, indicators from the dimension environment were met with relatively high consensus while
indicators from the dimension economy were faced with more diverging opinions. The indicator
selection was dependent on the conceptualization of urban resilience and the urban context. The results
contribute to the gap between the understanding of urban resilience by scholars and practitioners [13].
This became apparent both in the survey and the workshop and shows that more research is warranted
on what characterizes a climate resilience urban economy. Supporting evidence for this can be taken
from the fact that much more has been published on climate resilience and environmental issues
than on climate resilience and economic issues. Moreover, this discussion displayed the importance
of a negotiation-focused approach for defining place-specific attributes of urban resilience and its
measures [44].
Fourth, secondary data was seen as crucial for monitoring purposes in order to reduce resource
expenditure by the administration. In other words, “The best indicator is inoperable if there is no
feasible way to obtain the required data.” [37]. Moreover, there was a strong request from the local
administrations for more provision of data from the higher administrations. They argued that data
handling, data collection and finances for these activities are lacking. They stressed the need for data
provision to be handled at the higher level of administration to avoid scaling and data comparability
issues. Hence, data availability for indicators on a municipal level is a strong limiting factor, especially
when it comes to indicators concerning infrastructure and social aspects [45]. Parts of the infrastructure
related to energy, transport and communication are owned or organized by entities on a higher
administrative level, such as the national government or by private entities. This tends to lead to
limited data availability when it comes to data with a sufficient resolution on a municipal level. Here it
would be favourable if entities in charge of the respective infrastructure made access to data easier
and provided data with a resolution that is suitable for analyses on a municipal level. Moreover, the
discussion centred around technical measures and physical impacts and less about social drivers and
demographic changes. The latter are seen as core aspects of the community’s ability to resist unforeseen
threats. Nevertheless, the intense discussion around the proxies suggested by literature displayed
vividly the intricacy of social dynamics. New data and methods from the higher administration or
crowd-sourced databases are needed to better understand and monitor the indicators [43].
Fifth, it is important to mention that a conflict of goals among indicators can arise and can
lead to a competition for the scarce resources. These reciprocal processes cannot be completely
avoided. For example: impervious surfaces are seen negative regarding heavy rain, fresh air and
heat island effects, but they are necessary for a redundant infrastructure and other urban functions.
Another example is provided by Meerow and Newell [35] who analysed the negative correlation of
park access and stormwater management goals, concluding that resilience measures create winners
and losers. This also requires transparency of the data and the method of the indicator definition to
understand the root causes of the conflicting goals and find adequate solutions. Here the Rockefeller [22]
approach seems like a black box because it is difficult to deduce what adaptation measures are used
as a data basis, and indicator calculations are unclear. During the workshop, several practitioners
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mentioned consequently the necessity of transparency and the need for precise communication and
non-scientific language.
Sixth, following the previous point, many indicator approaches are used to build a composite
index for resilience [19,22,45–47], vulnerability [18,48–52] or risk [53–55]. Specifically, at the scale of
urban resilience, indexing across the multitude of action fields was discussed critically. The different
scales, topics and units appeared to not be logically linkable. Moreover, a combined index value
was seen to not tell much about the level of resilience. It was seen as more important to see the
contribution of each action field to the overall resilience. Also, considering the next step of adaptation
measures, it is more relevant to have a resilience profile displaying specific topics to be addressed in
the municipal context.
Working at the science-policy interface was challenging for all sides. The mixed method approach
proved invaluable in finding a common language, tolerance and understanding. This created an
environment that allowed for constructive criticism, which is indispensable for finding a compromise.
5. Conclusions
In this study, we developed an indicator set to measure and monitor urban climate resilience
for municipalities, thereby assessing the requirements of indicators and implementing a method for
adapting global approaches to the local context.
The mixed method approach proved to be essential for the process of indicator development.
It provided an adequate frame and time to develop a mutual understanding across disciplines,
researchers and practitioners, which is needed in order to select indicators or accept indicators from
different fields of expertise. Transparency in the process and the inclusion of feedback builds acceptance
and trust. The concept of resilience provided the required assembly hall and saw climate change
as the imperative. Even the often-criticized ambiguity of the resilience concept was helpful as it
created room for discussion. The number of 24 indicators based on secondary data balanced as well as
possible the diverging interests. Amongst the indicators, conflict of goals is unavoidable. Making the
conflicts visible is a helpful basis for making informed decisions, which is a strength of this indicator
set. In general, the softer and more qualitative aspects of resilience are challenging. They were seen as
crucial but very hard to assess by quantitative proxies based on secondary data. Still, representative
surveys to cover them in more detail on a regular basis were rejected by municipalities as too expensive
and labour-intensive.
Developing an indicator set tends to be easier than assessing the significance or validity of an
indicator over time and it requires an extended period of observations to be able to make statements
about the significance of a certain indicator. Nevertheless, in order to advance this field of research, it
is necessary to pursue this path and start inquiries into the significance or validity of the numerous
indicators that are permeating the ongoing discussions. In further research, the indicators need to be
tested in reality, and there needs to be more research that addresses the validation of the indicators.
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