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Abstract: Cities around the world are facing the implications of a changing climate as an increasingly
pressing issue. The negative effects of climate change are already being felt today. Therefore,
adaptation to these changes is a mission that every city must master. Leading practices worldwide
demonstrate various urban efforts on climate change adaptation (CCA) which are already underway.
Above all, the integration of climate data, remote sensing, and in situ data is key to a successful
and measurable adaptation strategy. Furthermore, these data can act as a timely decision support
tool for municipalities to develop an adaptation strategy, decide which actions to prioritize, and
gain the necessary buy-in from local policymakers. The implementation of agile data workflows can
facilitate the integration of climate data into climate-resilient urban planning. Due to local specificities,
(supra)national, regional, and municipal policies and (by) laws, as well as geographic and related
climatic differences worldwide, there is no single path to climate-resilient urban planning. Agile data
workflows can support interdepartmental collaboration and, therefore, need to be integrated into
existing management processes and government structures. Agile management, which has its origins
in software development, can be a way to break down traditional management practices, such as static
waterfall models and sluggish stage-gate processes, and enable an increased level of flexibility and
agility required when urgent. This paper presents the findings of an empirical case study conducted
in cooperation with the City of Constance in southern Germany, which is pursuing a transdisciplinary
and trans-sectoral co-development approach to make management processes more agile in the context
of climate change adaptation. The aim is to present a possible way of integrating climate data into
CCA planning by changing the management approach and implementing a toolbox for low-threshold
access to climate data. The city administration, in collaboration with the University of Applied
Sciences Constance, the Climate Service Center Germany (GERICS), and the University of Stuttgart,
developed a co-creative and participatory project, COKLIMAX, with the objective of integrating
climate data into administrative processes in the form of a toolbox. One key element of COKLIMAX is
the involvement of the population, the city administration, and political decision-makers through
targeted communication and regular feedback loops among all involved departments and stakeholder
groups. Based on the results of a survey of 72 administrative staff members and a literature review
on agile management in municipalities and city administrations, recommendations on a workflow
and communication structure for cross-departmental strategies for resilient urban planning in the
City of Constance were developed.

Keywords: climate change; climate resilience; climate policies and strategies; urban adaptation to
global climate change; data analytics; agile administration; digital transformation
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1. Introduction

The urgency for implementing climate-resilient urban planning has become increas-
ingly apparent as numerous cities—administrations as well as inhabitants—worldwide
grapple with the severe impacts of climate change [1,2].

Due to their high-risk geographical locations and high population densities, coastal
cities, which constitute over 90% of all urban areas, are particularly susceptible to the
consequences of rising sea levels, coastal flooding, heat waves, and freshwater scarcity [3].
Urban areas that are not directly on the coast but along the course of a river are also
exposed to higher risk. According to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC), the damage from river flow overtopping is projected to
increase threefold with global warming of 1.5 °C, fourfold with 2.0 °C, and sixfold with a
3.0 °C temperature increase [4]. As global temperatures continue to rise, urban planners
and policymakers must prioritize adaptive strategies to mitigate the adverse effects of
climate change and build (climate) resilience in their communities. The development of
sustainable infrastructure, green spaces, and efficient resource management systems is
crucial to ensure the well-being and safety of inhabitants in an increasingly changing climate.
Nevertheless, these vulnerable urban areas provide urgent and compelling opportunities
for implementing strategies to mitigate and adapt to the effects of climate change [1].

Investigations conducted within the CoKLIMAX project of the City of Constance high-
light a tripartite gap regarding efficient and resilient urban climate change adaptation plan-
ning. The subsequent sections provide an overview of the three main challenges: the legal
framework, interdepartmental and stakeholder communication, and the scientific database.

The first challenge is the respective legal framework. Local decision-makers are pivotal
in implementing climate-resilient urban planning, given their firsthand knowledge of their
cities’ needs and their position at the forefront of climate change impacts [5]. Furthermore,
they are optimally situated to catalyze change [6]. Nevertheless, local decision-makers
are constrained by national and local regulations, policies, and politics [5-7]. Since the
study area is located in the state of Baden-Wurttemberg, the following specific remarks
refer to this federal state and can differ from the others. Germany is divided into 16 federal
states ruled under the organizational principle of federalism. Therefore, governmental
power and the performance of governmental functions are matters of the 16 federal states,
which function under their own laws, regulations, and administrative framework unless
the Basic Law permits otherwise [8]. As a result of the federal structure, the overall system
can become inert because, as the number of actors increase, the veto possibilities increase
and the diversity of interests can get out of hand, leading to a greater need for negotiation,
compromise, and time. Each state uses individual approaches to project implementation or
decision-making, leading to ambiguities, problems, and, in the worst case, failure to achieve
overall national and macro-governance objectives [9]. With regard to climate projections
in planning processes, “the strictly regulated German planning system makes the use
(...) difficult because they do not fulfil the formal expectations about the nature of the
information they provide” [10] (p. 432).

In 2013, the state of Baden-Wurttemberg announced its first climate protection and
adaptation law, which was officially amended 10 years later, on 7 February 2023. The
main goal is to achieve climate neutrality by 2040 [11]. Paragraph 15 clearly lays out the
state-wide climate adaptation strategy beginning in 2023. Thereafter, the state shall adopt a
strategy that includes relevant measures based on the provided adaptation report published
in 2015 [12].

The second challenge to achieving effective climate change adaptation measures within
municipal administrations is efficient and trustful interdepartmental communication [13].
A lack of communication among relevant departments can lead to slower adaptation and,
ultimately, to maladaptation, where the implementation of measures is intended to promote
adaptation but, due to erroneous decisions (e.g. neglecting biodiversity or autonomous
adaptation), exacerbate vulnerability instead of enhancing adaptive capacity [7,14]. Ill-conceived
planning not only squanders valuable resources, such as time and money but may also
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render societies more susceptible to climate change impacts [6,15]. To mitigate the risk of
maladaptation, it is imperative to establish clear metrics for evaluating the effectiveness and
efficiency of adaptation measures. This entails continuous reporting, reassessment, and data
utilization [6,16]. A study by Lehmann et al. (2015) highlights that adaptation planning is
still understood and perceived as an environmental rather than a socio-environmental and
economic issue, and thus, it is not properly integrated into sectoral and societal procedures
and understandings. To mitigate the risk of maladaptation, it is imperative to establish
workflows for data implementation and interdepartmental communication [17].

The third major challenge revolves around the integration and implementation of
climate data and climate projection data within urban adaptation planning. As shown by
Lorenz et al. (2016), the lack of a solid scientific database and unfamiliarity with globally
accessible climate data significantly contribute to the slow progress in local climate change
adaptation planning and decision-making [10]. The IPCC report of 2022 underscores the
necessity for incorporating climate data, tools, and services at the local level equipping
decision-makers, policymakers, administrators, and local authorities with the necessary
tools for informed decision-making [16,18].

The new EU strategy for climate change adaptation introduces the idea of making
climate information available to individuals from various disciplines and societal struc-
tures. This approach acknowledges the urgency to collect climate-related data and make
them available to foster a holistic understanding of climate change [19]. In 2020, the
Baden-Wurttemberg Ministry of the Environment, Climate and Energy Management pub-
lished their state Monitoring Report on the Adaptation Strategy to Climate Change. The
report highlighted the insufficiency of reliable climate data to further develop climate mod-
els and conduct analyses of climate impacts, which are leading to reliable and sustainable
planning measures for climate adaptation [20]. Furthermore, the report underlines the
findings of the 2021 data strategy published by the German Federal Government, affirming
the limited availability of municipal Open Data portals emphasizing the necessity for
improvement towards a democratizing data availability and production at the source [21].
In terms of data utilization improvement, Germany advocates for a shift in their data usage
approach. For decades, the German climate adaptation planning processes have predomi-
nantly relied on climate function and planning recommendation maps that primarily focus
on present and past climate data rather than climate projections [22].

The current realities surrounding climate data utilization, coupled with the absence of
interdepartmental communication and national/local governance structures, result in the
neglect and ignorance of integrating climate adaptation topics into municipal management
processes. Moreover, due to the hierarchical structures inherent in municipal adminis-
trations in Germany (monocratic administrative organization), work follows the classical
waterfall project management approach [23]. Yet, the COVID-19 pandemic highlighted
that bureaucracies, in times of destabilization and crisis, can respond swiftly and adapt to
fast-changing requirements, regulations, and contextual situations, often applying agile
governance [24].

“Agile governance is in essence a method, translated for broader management appli-
cation, to respond to changing needs and desires of the public” [24] (p. 5). In recent years,
a marked shift has occurred in the working culture within public administrations. The
traditional approach of individual responsibilities and isolated “silos” has given way to a
more collaborative team-based approach. This transformation towards agility involves a
continuous process of adaptation and change, where solutions are devised to tackle a set
of challenges. The approach is iterative, with unexpected outcomes being evaluated and
adjustments being made to continually improve the overall process [25]. Unlike the New
Public Management model, agile administration does not solely rely on business-oriented
metrics. Instead, it emphasizes the reassessment of standardized processes, particularly
in less-structured administrative tasks. A crucial aspect of this transformation is the redi-
rection of communication, transitioning from hierarchical, top-down communication to a
more horizontal, interdepartmental, and problem-oriented exchange among colleagues and
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departments [26]. Crises situations further underscore the necessity for these translations
and adaptability into agile decision-making and cross-sectoral collaborative processes [24].
Morisio et al. (2020) emphasize that “Traditional Organizations Cannot Cope with New
Demands” [27] (p. 13). Especially in time-critical projects, traditional project manage-
ment methods encounter limitations, and the integration of flexibility and simultaneous
reduction of bureaucracy present a major hurdle [27]. Agility and adaptability assure a
functional bureaucracy that is even more relevant during times of uncertainty and volatility,
facilitating swift shifts in priorities, adaptation to altering realities and the prompt imple-
mentation of new policies and measures. Furthermore, it ensures compliance with these
policies and enhances communication with the public. Ever since, agile management has
expanded beyond software development, including governmental transformation projects
and organizational development [28].

Climate change, understood as one of the most pressing, acute, and cascading cri-
sis situations, calls for the rapid adaptation of bureaucracy and policy at various levels.
Adaptation to climate change is a time-critical socio-political, economic, and administrative
endeavor necessitating flexible and rapid action [29]. To align with the goals of the 2015
Paris Agreement (COP21), which aims to limit global warming to 1.5 °C and adapt to exist-
ing impacts, a critical reflection and change of administrative structures are imperative [30].
The IPCC, as well as the United Nations Environment Programme (UNEP Adaptation Gap
Report (2022)), identify the need for systemic change to face the challenges of CCA [16,31].
The current fragmentation of political governance, coupled with a lack of institutionaliza-
tion, presents challenges for current municipal urban CCA planning [29]. The emergence
of CCA as a new focus area for municipalities is not surprising, considering the various
impacts and challenges that climate change poses for administrations and individuals
on various scales. Nevertheless, it is crucial to address these issues comprehensively, as
highlighted by Bruns and Fiinfgeld (2021) [32]. With climate change already affecting
various aspects of public services, local municipal departments are required to collect data
and convert them into actionable information regarding climate risks and the selection of
appropriate measures [33]. Ideally, citizens, businesses, various levels of government, and
local administrations collaboratively determine normative stances on acceptable, equitable
future risks and desirable objectives regarding risk reduction for all [34]. “Climate change
adaptation requires long-term planning and forward-looking decision-making that marries
scientific diagnoses and technical innovation with social organization and political debate
around competing value systems. It requires building in experimentation, iterative learn-
ing, and the capacity to shift practices and policy positions considering new findings” [35]
(p. 107).

Such deliberative processes require being informed by scientific and quantitative data
to avoid maladaptation and identify pathways for a resilient future. Climate impacts mani-
fest diversely depending on regional and local conditions as well as contextual vulnerabili-
ties, thereby requiring CCA strategies to be designed at a local level [36]. Hence, municipal
administrations play a pivotal role in data collection, information processing, strategy
development, facilitation of participatory and deliberative processes, and implementation
of measures. Adopting agile approaches to municipal CCA management in collaboration
with new data holds promise in jointly establishing data-handling practices and work
processes towards a holistic, interdepartmental, and encompassing stakeholder concept.

Agile management has its origins in software development [27,28,37]. In 2001, 17 experts
crafted a manifesto on agile management based on the following principles:

“Individuals and interactions are more important than processes and tools

A software that works well is more important than extensive documentation

The cooperation with project stakeholders is more important than contract negotiations
Responding to change is more important than sticking to a rigid plan” [38]

For public administrations, an agile framework must address the specific needs of
individual departments while providing a holistic view of the organization. The goal
is to improve efficiency, adaptability, and communication throughout the organization
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by implementing digital administrative processes, information, and data flows. Agile
structures allow rapid process adaptation through recurrent solution elicitation. Elements
of agile management include a willingness to experiment, make mistakes, and engage in
early and regular feedback with relevant stakeholders and the public [37]. The essence
of agile management transcends traditional delineations of responsibilities and subject
areas. Current experiences highlight that flexible, interdepartmental communication and
cross-departmental agile work are possible when responsible employees from relevant
offices regularly convene to exchange ideas, share and co-create knowledge, and collaborate
within their expertise [39]. The development and integration of CCA into municipal
operations is a continuous and developing process. To address evolving community needs
and preferences, the involved departments must exhibit adaptability. As updated data,
such as the information given within the Intergovernmental Panel on Climate Change
(IPCC) reports, becomes accessible, city administrations should revise their CCA strategy
to prevent maladaptation due to outdated information. [40]. Agile administrations are not
yet widespread in Europe and worldwide. The only well-documented case of Angelholm,
a Swedish city, implemented agile administrative management in 2015. Yet, traditional
administrative approaches have not been completely replaced; instead, the two forms, agile
and traditional administrative approaches, complement each other [41]. The decision to
embrace a conservative or agile approach is based on careful consideration of which one
will yield the optimal solution for the existing problem. When the administration cannot
resolve a citizen’s issue through conservative means, when the level of service provided
is inadequate, or when projects face time constraints (such as threats to public safety),
the agile approach is preferred [42]. Regarding agile administrative management and
CCA, current academic and practice literature highlights the urgent need for enhancing
adaptation measure planning by integrating climate data into agile management processes
grounded in local and supra-regional legal frameworks [20,35,40]. This paper connects
the findings of the empirical approach conducted within the CoKLIMAX project with the
knowledge about the opportunities of agile management in order to develop an agile
workflow for the City of Constance, where the three main challenges regarding climate
change adaptation planning are tackled.

2. Materials and Methods
2.1. The City of Constance and the COKLIMAx Project

Constance, the largest city on Lake Constance in Southern Germany, is home to over
87,000 people [43]. As a regional center within the state of Baden-Wurttemberg and border
city to Switzerland, it holds significant supra-regional significance (Figure 1).

As the first city in Germany to announce a climate emergency, the authorities signed a
declaration on 2 May 2019, laying the cornerstone to bundle social, political, cultural, and
economic aspects within urban society to counter climate change impacts and prepare for
the future. This resolution emphasized the urgency and necessity of holistic adaptation to
forthcoming climate changes, providing the political and legal frame for fast and prioritized
administration and decision-making [44]. On 25 November 2021, the City Council further
solidified its commitment to sustainable practices by adopting the Constance Climate
Protection Strategy, paving the way to achieve maximal climate neutrality by 2035 [45]. A
further step towards sustainable urban development and planning occurred on 19 July
2022, with the establishment of a dedicated climate office under the direct leadership of the
Mayor [46].

As a parallel progression, the Department of Urban Planning and Environment is
developing a catalog of measures for future climate change adaptation for both private
and public spaces. This catalog is expected to be completed by 2024, contingent upon the
renewal of climate function maps, which were first crafted as part of an initial climate
analysis in 2015. Furthermore, a comprehensive vulnerability analysis for the entire urban
area is currently in preparation [47].
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Figure 1. location of the City of Constance.

The overarching goal of the CoOKLIMAXx project is to enable public administrators
to utilize different strands of CCA relevant data and information (e.g., Copernicus data
products [48] and in situ measurements) in a cross-departmental collaborative fashion.
This endeavor involves developing and testing novel data management strategies and
procedures [49]. A central ambition is to develop an Advanced Municipal Climate Data
Store (AMCDS) toolbox, facilitating climate-resilient urban planning based on reliable
climate data [50].

Simple and intuitive manageability is of high importance to all stakeholders, includ-
ing administrators and the public [49,50]. Special attention is given to designing and
implementing agile data workflows that effectively integrate climate data into relevant ad-
ministrative processes, improving communication between different city departments and
functions, as well as with citizens, and providing a robust foundation for decision-making
within the city/City Council. As part of the overarching goal to improve CCA planning
and data utilization, this study aims to investigate and identify communication structures
within the city administration. This meticulous exploration is a crucial initial step towards
tailoring the toolbox to stakeholder requirements.
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2.2. Qualitative Methods

We conducted a qualitative semi-structured survey including relevant stakeholders
from the City of Constance administration. To ensure a comprehensive and well-coordinated
effort, the rollout of the stakeholder survey was meticulously planned by the project
management, aiming to establish trust as well as common understanding and goals with
the City of Constance administration. Furthermore, to ensure a representative output,
sensitive preparation increased the questionnaire response rate. Prior communication
with the city ensured that relevant departments were well-informed and engaged. The
questionnaire was tailored to align with the organizational structure and requirements for
future effective CAA work planning.

A pre-selected number of staff members across different departments were identified,
all working on issues in the context of climate change and protection, geoinformation,
as well as urban planning and development. A total of 72 administrative employees
participated in the survey between May and July 2022. The survey results were analyzed
using bivariate statistical methods, allowing the identification of correlations between
individual questions and providing better insights into administrative management and
governance structures. The stakeholder survey and its analysis served as the basis for
the elaboration and development of an agile data workflow, with the long-term goal of
establishing a sustainable and interdepartmental climate data management structure.

The objective of the survey was twofold: (a) identifying the respective departments
and relevant stakeholders to be integrated into an agile workflow for CCA, and (b) gaining
a better understanding and insights on the following questions:

1.  Isclimate data utilized in your field of work?

2. Would you like to employ climate data within your area of expertise?

3. Which departments should be more engaged in communication concerning adaptation
to climate change impacts?

4. Which processes or areas of urban planning could benefit from processed information
on climate and expected future climate changes?

To achieve the surveys’ overall objective, it was organized into nine thematic sections:
(1) work field and expertise, (2) need for and field of action, (3) climate adaptation mea-
sures, (4) implementation challenges, (5) communication flow(s), (6) work with climate data,
(7) obtaining climate data, (8) planning processes, and (9) digital transformation. The struc-
ture of the survey, the questions, and answer options are shown in Appendix ??, Table A1.
The questionnaire was collaboratively developed in partnership with the City of Constance
administration and experts from the Climate Service Center (GERICS), who provided
support in the preparation of the questionnaire based on their long-standing expertise and
experience in climate data integration within municipal administration workflows [51].
The survey was designed to collect both general and specific information from participants.
General information included their departmental affiliations and experience with climate
adaptation. Specific and detailed questions aimed to gain a better understanding regarding
how climate data is currently used in their daily work and within their respective depart-
ments. Additionally, the survey sought insights into the existing workflows of CCA and
identified the aspects of their current and future work that would benefit most from climate
data integration. Sub-sections were created for specific areas to ensure comprehensive
responses, targeting a filtered group of respondents with specialized knowledge. This
approach aimed to obtain well-informed answers and gain a deeper overall understanding
of the topics. Multiple-select questions were predominantly used in the survey, allowing
respondents to choose from a range of options for matters such as climate adaptation mea-
sures and the desire for improved inter-departmental communication. Matrix questions
(multiple Likert scale questions) were utilized to capture participants’ personal opinions.
Additionally, the survey included opportunities for free-text responses, encouraging partic-
ipants to share their personal or professional thoughts on specific aspects of climate data
implementation and utilization. This facilitated the exploration of distinct willingness and
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Analysis of the impact of climate change (heat, heavy...
Promoting acceptance for climate change adaptation

Identification and consideration of adaptation options

Inclusion in communication culture with the public
Monitoring and evaluation of adaptation measures

(Periodic) review of and integration into land use plan.

Integration into development plans
Information basis for specialized planning

Consideration in strategic goals of the city

Inclusion in internal communication culture

opinions on the value of climate data, providing essential insights to pinpoint the most
suitable entry points for its implementation.

Upon completing the nine sections of the survey, participants were invited to engage
in a “conversation”, a term deliberately chosen instead of “expert interviews”, in order
to foster inclusivity and create a welcoming environment for all stakeholders to partici-
pate, regardless of their expertise in CCA and data handling. Following the survey, the
research proceeded with 10 in-depth “conversations”, which were thoroughly evaluated by
Harrs et al. (submitted) [52]. The primary focus of this paper is to identify an appropriate
workflow for communication involving all relevant departments and incorporating climate
data integration. In particular, sections 5 (communication flows), 8 (planning processes),
and 9 (digital transformation) were central areas of interest. The remaining sections were
considered as additional information, and the results were used where applicable.

3. Results

The largest group of survey participants consists of employees from the Department
of Urban Planning and Environment (UE), followed by the waste disposal company (WM).
The distribution of participants does not reflect the size proportions of individual offices,
which is considered in later interpretations.

In order to identify the relevance of climate data at the municipal administration level,
the survey included a question about which processes or areas of urban planning could
benefit from processed information regarding climate and expected future climate changes
(Figure 2).

In your opinion, which processes or areas of urban planning could
benefit from processed information on climate and expected future

climate changes?

Urban climate inventory

Environmental audits

| don't know

Other (free text response)

o
()]
[N
o
N
wu
N
o
N
(&)
w
o
w
o
N
o
I
¢
wn
o

Figure 2. Processes/areas of urban planning that would benefit from climate data, Section 8 [52].

The answers show four areas as particularly benefiting: integration into development
plans (43 mentions), analysis of the impact of climate change (42 mentions), consideration
of climate data in strategic goals of the city (42 mentions), and climate data as information
bases for specialized planning (42 mentions).
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Good communication between relevant concerning departments is an important
prerequisite for enhancing administrative processes’ agility [37]. Figure 3 shows how
offices rate their communication with other offices and within their own. In this context, the
red cross symbolizes the desire for significantly more communication and the orange arrow
for somewhat more communication. If a field contains a green check mark, communication

is considered sufficient. If no need is seen for communication with another office, the space
is left blank.

Fire Department
Other (free text response}

Department of Real Estate and Geoinformation
Department of Urban Planning and Environment (UE)
Department of Building Administration

Waste Management (WM)

Fire Department

Buildings Department

Major's Office

Climate Protection Office

Economic Development Office

Municipal Housing Association

Technical Operations

Department of Underground Construction

ﬁ ﬁ Office of Education and Sports

<

)
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ﬁ ﬁ ﬁ & ﬁ x Technical Operations
ﬁ x ﬁ ﬁ ﬁ ﬁ Q ﬁ ﬁ Department of Underground Construction

)N
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Q ﬁ ﬁ ﬁ x g ﬁ x ﬁ m ﬁ ﬁ Climate Protection Office

x ﬁ x x Q x ﬁ ﬁ Municipal Housing Association
< WU X Y Y << Y X Municipal utilities

ﬁ ﬁ x x ﬁ ﬁ ﬁ ﬁ x Department of Building Administration

XXu o

& &
¢

<
|
ﬁ ﬁ ﬁ & ﬁ ﬁ x ﬁ Q ﬁ ﬁ Department of Urban Planning and Environment (UE)

WAXS X

b
X
X

\/ sufficient communication
X insufficient communication
a communication required

no communication needed

Figure 3. Communication between different departments, Section 5.

The foremost priority involves enhancing communication with the Buildings Depart-
ment, the Municipal Housing Association, the Department of Underground Construction,
the Department of Building Administration, and the Climate Protection Office. Notably, no
office considers internal communication within their own department to be satisfactory.

For effective integration of climate data into administrative processes in the future,
understanding which offices are already working with climate data is vital. Presently, less
than a third of the city employees surveyed are currently using climate data. Among those
not yet working with climate data, there is a noted interest in adopting it in the future. The
Department for Urban Planning and Environment should be highlighted here, which shows
an above-average interest in working with climate data compared to other departments.
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Increasing the volume of work through digitization
Increased resource requirements or excessive...

Lack of willingness to change among employees
Digitization or integration not possible with existing...

As we learned from the survey results, climate data currently employed in the city
administration primarily consists of observational data and climate model data. Some
participants mentioned using climate projection data. The participants state that the climate
data they use is obtained from external experts and scientific sources, e.g., studies, data
portals, or research articles. However, the specific sources were not further specified in
the survey. Further, a few participants stated that it is planned to increase the work with
climate model data in the future.

Looking at the topic area of digitalization and data integration into existing admin-
istrative processes and digital workflows reveals that participants identify several major
challenges. These include a lack of know-how among employees, the increase in the volume
of work due to digitalization as additional work, and increased resource requirements
or too high investment costs (Figure 4). These observations are consistent with the latest
findings from the IPCC report [53].

What are the hurdles to digitally integrating new data into existing

local government processes?

Lack of know-how

Lack of staff

Unclear responsibilities
Excessive bureaucracy

Quality assurance of the output

Legal requirements
| don't know

Other (free text response)

o
N
o
B
o

60

Figure 4. Hurdles in integrating data into existing processes [52].

Considering the above-mentioned concerns of the stakeholders and the preceding
research, an exemplary agile workflow for the integration of climate data into the adminis-
trative process of urban land use planning was created using the example of the City of Con-
stance (Figure 5). The abbreviations stand for UE = Department of Urban Planning and Envi-
ronment, TBA = Department of Underground Construction, and HBA = Buildings Department.

The departments and offices that need to be strongly involved in communication,
according to the survey results (Figure 3), are a central part of multiple steps within the
agile data workflow. While the gray boxes represent constant feedback loops among
involved parties about actions taken, arrows represent the direction of communication,
with double-sided arrows denoting constant exchange during a certain phase. Light blue
boxes contain established procedures of the binding urban land use planning prescribed by
the building code, substantiated by the petrol boxes containing the respective paragraphs.
These legally binding parts of the building code present multiple possibilities for the
integration of the AMCDS toolbox.
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The building code serves as the foundation for all construction projects in Germany [54].
It consists of four chapters. The first chapter outlines the basics of urban land use planning,
starting with general regulations, to the instrument of the preparatory urban land use
plan (Iland use plan), to the binding urban land use plan (development plan), and to the
cooperation with private parties. In this workflow, the first chapter of the building code
is considered. The following six consecutive steps are required for the final approval of
the development plan: (1) preparation of the development plan, (2) after approval of the
City Council (the City Council as a voluntary body decides on the individual steps [54,55]),
the city municipality starts with the implementation, (3) early public participation through
public display of the plan and the possibility to comment on the plan, (4) engagement of
external experts for environmental, noise protection report and others (5). Considering early
public comments, the City Council decides the resolution of approval and interpretation,
followed by a second display for citizens and public interest entities. If serious changes
arise from balance consideration, it is necessary to revise and repeat the application (6a,
dotted arrow). If no serious changes are necessary, the City Council decides to establish
the development plan through statutory resolution (6b). Reaching the stage of statutory
resolution leads to the approval of the final development plan entering into force through
a public announcement by the City of Constance administration. Within the proposed
workflow, the resources within the AMCDS toolbox could be involved in all these stages,
supporting all stakeholders ranging from the municipality and City Council to citizens,
public entities, and external experts. The toolbox could support everything from initial
public information using climate data about local environments and the planned changes
to demonstrating and evaluating the impact of planned measures during the final stages.

Based on the survey analysis, four main processes (Actions) benefiting most from
climate data utilization and integration have been identified (see Figure 2): (I) analysis of
status quo and impact, (II) measure development, (III) measure adaptation/testing, and
(IV) monitoring and evaluation. In the proposed agile data workflow, the AMCDS toolbox
is integrated in a way to support all these processes with data-driven information and
applications.

An urban development plan entered into force requires continued legally bound
monitoring and evaluation. These processes can provide feedback data to the AMCDS
toolbox, enabling data experts to assess and refine the execution of the development plan.
The reciprocal data flow would lead to continued improvement regarding the reliability
of data comparison and future predictions for the city. This process necessitates either
training and dedication from existing municipal employees or constant monitoring from
AMCDS toolbox scientists. The feasibility of establishing such a process is discussed in the
following section.

Since the proposed workflow relies on the participation of the whole city, broad
support from citizens and elected political representatives, the City Council, is needed.
Gaining acceptance and support for urban projects and achieving timely results is only
feasible through the engagement of all parties involved [10,17].

4. Discussion

As elaborated in the introduction and confirmed through the survey conducted within
the City of Constance administration, the implementation of climate data in urban plan-
ning processes faces three challenges: legal frameworks, communication, and scientific
database [7]. Firstly, national and local regulations hinder the use of climate data in existing
planning processes [10]. Secondly, a lack of structure and agility within city governance
poses obstacles to integrating climate data into existing established processes [1,10,16]. The
lack of communication between involved departments can lead to maladaptation and must
be avoided [7,14]. Thirdly, at this point in time, very little climate data is incorporated
into urban planning processes [10,19,20]. Actively adapting to climate change has only
recently gained attention at the local governance level, and processes and procedures
have yet to be established to give this issue the attention and importance it requires. The
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inter- and intradepartmental communication deficit (Figure 3) is regarded as a structural
problem. Interdepartmental thinking and collaboration, which is a prerequisite for the
successful implementation of the cross-cutting challenge of CCA, has not yet arrived in the
classical waterfall structure of the city administrations. Realizing these connections and
adapting administrative structures is an ongoing learning process requiring the willingness
of administrative staff to change.

It is crucial to recognize that mitigation and adaptation are not mutually exclusive but
rather complementary aspects of climate protection [7]. While early mitigation efforts can
help prevent damage and adverse impacts, adapting to the irreversible changes that have
already transpired remains essential [6,56]. By striking a balance between mitigation and
adaptation, urban planners and policymakers can more effectively address the multifaceted
challenges of climate change and promote sustainable, resilient communities.

The case study within the City of Constance, including the administrative staff survey
analysis and the literature review, reveals that climate change adaptation at the municipal
level is not purely a technical issue but also a socio-political one. In this context, benefits
for stakeholders need to be promoted when proposing the implementation of climate
adaptation measures to public actors. Within existing law, three municipal structures
are key stakeholders in this process: (a) the City Council, responsible for commissioning
administration and deciding on financial and human resources; (b) municipal employees
who prioritize and implement measures; and (c) citizens, who support the measures as
the foundation of society. By encouraging the “city government to be an integrating
force, fostering communications and mutually beneficial partnerships among experts and
stakeholders at multiple levels” [6] (p. 23), and integrating climate data into planning
and decision-making, the long-term goal of a climate-resilient city can be achieved, and
maladaptation can be avoided [6,7,16]. One example of this integrated approach is the shift
to green/sustainable mobility. While this shift lowers greenhouse gas emissions in urban
environments, it directly benefits stakeholders by mitigating health risks through poor air
quality within the city. [57]. By combining the shift to green/sustainable mobility with the
use of data for intelligent traffic control, further benefits, such as reduced commute times
or less traffic congestion, can be created for urban society [58,59].

In the City of Constance, the City Council comprises 40 elected citizens who volunteer
for this role. Therefore, no professional politicians are members of the City Council [60]. A
legislative term lasts five years [55]. However, climate change adaptation measures might
take a longer time to show direct effects, are not directly visible (e.g., installing storage
sewers in the sewer system), or, at first glance, are associated with restrictions on citizens,
as experienced in other cities worldwide (e.g., nature-based solutions in Remiseparken
in Copenhagen (Denmark), Rotterdam (Netherlands) and New York City (USA), where
lowered sports fields serve as retention areas during heavy rainfall events [61,62]). For
these reasons, adaptation to climate change does not enjoy excessive popularity among
politicians as well as among citizens. However, according to the survey, the greatest
challenge in integrating climate data is still seen at the administrative level.

Based on the survey results and research, it is concluded that the agile data workflow
and the AMCDS toolbox have theoretical feasibility. However, a major challenge lies in
establishing the longevity of such a digital tool [63]. As pointed out in Figure 4, a lack of
know-how poses the main hurdle to integrating new data into existing local government
processes. With the help of an intuitive AMCDS toolbox, comprehensive training, constant
revision, and further development, these hurdles can be overcome. Another way for
continuation would be supervision by the scientists who provided the toolbox. However,
this approach presents systematic challenges since after the CoKLIMAXx project concludes,
maintaining personnel structures would be necessary to provide well-founded support.
On the other hand, this approach offers the opportunity to react to changes and make
adjustments at short notice. A good example of continuation is Victoria state in Australia,
where the implementation and continual evaluation of a Heatwave Plan is conducted in
close collaboration with residents by the local council [64,65].
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One of the next steps is to present the developed and proposed exemplary agile
data workflow (Figure 5) to selected administrative staff in participatory and co-creative
workshops. Feedback received will be revised and integrated into an adjusted workflow.
In addition, conducted expert interviews will provide more in-depth information and
additions for the ideation phase [52]. After approval of the workflow from administrative
staff and co-creative development of the toolbox, the workflow will be integrated into the
urban development plan implementation process.

In all the above considerations and analyses, it should be kept in mind that the
proposed workflow is a possible solution for the City of Constance. A transferability to
other municipalities in the state of Baden-Wurttemberg is possible under consideration of
given local structures and context. Striving for transferability of the integration of climate
data into municipal governance structures to the whole of Germany requires a case-by-case
examination of various legal standards and binding codes, such as state building codes
(LBO) that vary within the 16 federated states in Germany [66]. It should also be taken into
account that the financial resources available to municipalities vary greatly, both globally
and within Germany [53,67].

5. Conclusions

Climate change adaptation transcends national boundaries to become a global chal-
lenge. Due to climatic, geographic, political, and structural differences, thoughtful ap-
proaches tailored to local circumstances are essential [16,31,53,68]. Based on the presented
findings, we conclude that agile workflow approaches have the potential to support sus-
tainable and effective CCA planning at the municipal level. However, it becomes evident
that these approaches must be well-integrated within existing governance structures and
legal/political framings. In addition, the most impactful changes to governance structures
arise when co-developed directly with municipal authorities, ensuring comprehensive
integration of all relevant municipal departments and stakeholders.

Furthermore, the findings highlight that CCA planning and implementation are not
solely administrative processes; they constitute holistic citizen-oriented activities. Therefore,
integrating citizen science and participatory approaches support a successful transforma-
tion from administration to implementation of CCA.

To avoid maladaptation and ensure the effectiveness of climate adaptation measures,
local decision-makers need a reliable system based on climate data in place to facilitate
the transition towards informed climate-resilient urban planning. This system should
further provide a framework for progress measuring and scenario predictions [16,61].
Empowering local decision-makers, the municipality, and citizens by providing necessary
tools and resources, agile data workflows have great potential to unlock climate resilience
in urban areas.
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Appendix A

Table A1l. Structure of the survey.

Thematic Section

Question

(1) Background /Experience

Q1: In which office (or staff unit or company) of the city do you work?
Department of Urban Planning and Environment (UE)
Waste Department
Department of Real Estate and Geoinformation
Buildings Department
Major’s Office
Technical Operations
Fire Department
Municipal Housing Association
Department of Underground Construction
Department of Building Administration
Climate Protection Office
Economic Development Office
Office of Education and Sports
Municipal Utilities
Other (free text response)

Q2: How many years have you been professionally involved in the topic of
adaptation to the consequences of climate change?
Yes, more than one year
Yes, less than one year
No experience

(2) Areas of action for CCA /need for action

Q3: In your opinion, is there a need for municipal action regarding adaptation to
the consequences of climate change (e.g., heavy rain, heat waves, etc.)?
Yes
No

Q3a (if answer to Q3 is “yes”): In your opinion, is there a need for municipal
action regarding adaptation to the consequences of climate change (e.g., heavy
rain, heat waves, etc.)?

Very high need for action
High need for action
Rather little need for action
Little need for action
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Table Al. Cont.

Thematic Section

Question

Q4: In which fields of action of adaptation to the consequences of climate change
do you see your professional tasks most likely? (multiple choice)
Spatial, regional, and urban land use planning
Human health
Water balance, water management
Soil
Agricultural production areas
Forestry and forest management
Biodiversity
Energy management
Traffic and transport infrastructure
Industry and commerce
Tourism industry
Civil protection
I do not deal professionally with adaptation to climate change
Other (free text response)

(3) CCA measures

Q5: Which climate adaptation measures in cities do you know? (multiple choice)
Green roofs
Greening of facades
Increasing the green volume in urban spaces (e.g., parks, lawns, etc.)
Preservation and protection of cold air production areas and corridors
Green corridors
Multifunctional use of green and open spaces
Unsealing of surfaces
Preservation and creation of water retention areas
Technical flood protection systems
Adapted stormwater management (to heavy rainfall events) (e.g., infiltration
troughs, infiltration trenches, etc.)
Use of light-colored surface materials
Climate-adapted (new) construction
Climate-adapted renovation
Creation of shaded areas (trees, structural sun protection)
Planting of climate-adapted tree species
Providing information on heat events and associated health risks within
urban areas
I also know of. .. (free text response)

Q6: Do you know of climate adaptation measures (e.g., from question 5) that have
already been implemented in Constance? Which adaptation measures are these?
Yes
No

Qba (if answer to Q6 is “Yes”): Which adaptation measures do you know are
already being implemented in Constance?
(free text response)

(4) Challenges of Implementation

Q7: At which of the level(s) below do you see the greatest challenges to
incorporating climate adaptation measures into urban planning?
Administration
Municipal council
City population
Civil society (e.g., clubs, associations)

I'don’t know
Others (e.g., municipal subsidiaries)

Q7a (if answer to Q7 was not “I don’t know”): Please briefly describe the
challenge(s) at the level you chose in Q7
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Table Al. Cont.

Thematic Section Question

Q8: With which offices or departments do you or your department communicate regarding
climate-relevant urban planning? (multiple choice)
Office of Education and Sports
Department of Real Estate and Geoinformation
Department of Urban Planning and Environment (UE)
Department of Building Administration
Waste Management (WM)
Fire Department
Buildings Department
Major’s Office
Climate Protection Office
Economic Development Office
Municipal Housing Association
Municipal Utilities
Technical Operations
Department of Underground Construction
There is no communication regarding climate-related urban planning
Other (free text response)

(5) Communication structure

Q9: Which offices should be more involved in communication regarding adaptation to
climate change impacts? (multiple choice)

Q10: With which offices do you communicate about climate data? (multiple choice)
State Parliament of Baden-Wiirttemberg
State Institute for the Environment Baden-Wiirttemberg
Freiburg Regional Council
District Office Constance
With no institution
Other (free text response)

Q10a (If selection in Q10 is not “With no institution”): Who is your contact person in the
selected institution?

Q11: Do you work with climate data in your field of work?
Yes
No

Q12 (If answer to Q11 is “No”): Would you like to work with climate data in your field of
work?
Yes
No

Q12.1 (If answer to Q12 is “Yes”): What specifically would you use climate data for?
(free text response)

(6) Work with climate data

Q12a: (If answer to Q11 is “Yes”) Which climate data do you work with? (multiple choice)
Observational data (data recorded at the earth’s surface, e.g., with weather stations or
ground sensors, usually small measurement networks from several points in a city)
Climate model data in general
Reanalysis data (historically consistent data created by merging historical observational
data and the use of climate model data)

Climate projection data (data produced on the basis of climate models or model ensembles
for near or distant future scenarios)

Satellite data (Earth surface data acquired through remote sensing methodology that are
prepared and made available for various purposes through the use of various
processing steps)

Crowdsourcing (climate data collected by private individuals, usually for a specific purpose
such as measuring pollutants on traffic routes)

Other (free text response)
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Table Al. Cont.

Thematic Section Question

Q12b (If answer to Q12 is “Yes”): Are you planning to work with the following (or
further) climate data in the future? (multiple choice)
Observational data
Climate model data in general
Reanalysis data
Climate projection data
Satellite data
Crowdsourcing
Other (free text response)

No

Q12c (If answer to Q12 is “Yes”): Do you consider future expected climate change
information in your field of work?
Yes
No

Q12¢.1 (If answer to Q12c is “Yes”): What kind of information is involved?
(free text response)

Q12d (If answer to Q12c is “No”): Would you like to work with future expected
climate change information in your field
of work?
Yes
No

(7) Gathering climate data Q13: Where do you generally obtain data and information for decision making?
(multiple choice)
External experts
Scientific sources (e.g., studies, data portals, online articles, etc.)
Expert reports
Non-scientific online articles
Colleagues
Empirical knowledge
Personal expertise
Own data sets
Surveys or public participation
Other (free text response)

Q14: Do you collect climate data yourself in your area of work?
Yes
No

Q15 (If answer to Q14 is “Yes”): What climate data do you collect?
(free text response)

(8) Planning processes challenges of handling ~ Q16: In your opinion, which processes or areas of urban planning could benefit
climate data from processed information on climate and expected future climate changes?
(multiple choice)
Urban climate analysis
Analysis of the impact of climate change (heat, heavy rain, etc.)
Consideration in strategic goals of the city
Information basis for specialized planning
Environmental audits
Identification and consideration of adaptation options
(Periodic) review of integration into land use plan.
Integration into development plans
Inclusion in internal communication culture
Inclusion in communication culture with the public
Promoting acceptance for climate change adaptation
Monitoring and evaluation of adaptation measures
Other (free text response)
I don’t know
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Table Al. Cont.

Thematic Section Question

Q17: Please tell us to what extent you agree with the following statements.
answer matrix:
Do not agree at all
rather disagree
rather agree
fully agree
I don’t know
Statements:
The importance of reliable climate data in urban planning processes is steadily
increasing
It is difficult to obtain reliable climate data
Assessing the quality of climate data is difficult
It is difficult to process climate data
The analysis of climate data is difficult
Integrating climate data into existing work and planning processes is difficult
My work would benefit from a tool that provides processed information on
climate and future expected climate changes
The integration of reliable climate data has no influence on the consideration
processes in urban planning.

Q18: What other data or information could you use to better implement climate
adaptation measures in your area of work?

(9) Digital transformation Q19: How high do you rate the readiness for digital transformation?
answer matrix:
Very low
Low
High
Very high
I do not know
answers:
For me personally. ..
In my department in general. ..
With political decision-makers. . .

Q20: What hurdles are there to the digital integration of new data into existing
processes in local government? (multiple choice)
Lack of willingness to change among employees
Increase in work volume due to digitization as additional work
Increased resource requirements or excessive investment costs
Quality assurance of output
Lack of dedicated staff
Lack of know-how
Digitization or integration not possible with existing software concepts
Too much bureaucracy
Unclear responsibilities and roles
Legal requirements
I do not know
Other (free text response)
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