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ABSTRACT

From 12-15 July 2021, extreme precipitation in Western Europe, especially in Germany, caused severe
flooding, resulting in hundreds of fatalities and billions of euros in damages in many cities. The disaster
made the growing risk of extreme events due to climate change apparent and sparked public and political
debate on climate adaptation in urban flood management. How local climate adaptation is approached
depends on a variety of locally specific societal and environmental factors, and often follows the framing
of the adaptation issue and desired solutions among responsible authorities. Frames of adaptation are
dynamic, and the experience of extreme events has been suggested to prompt reconceptualization of the
adaptation challenge. To shed light on the effect of extreme flood events on urban flood adaptation, this
study investigated the impact of the July 2021 floods on framing of climate adaptation in urban flood
management among responsible authorities in the affected German city Wuppertal. The study used a
combination of document analysis to compare framing before to after the disaster, and expert interviews
to identify a connection of observed changes with the experience of the flood disaster. The analysis
revealed a definitive increase of the framed urgency and extent of needed adaptation, while the most
suitable strategies, revolving around nature-based adaptation approaches, were defined well before the
2021 flood. The data suggest that the Wuppertal authority reframed the application context of the already
known tools for flood adaptation to encompass all parts of the urban system. Thus, this study highlights
the post-disaster window of opportunity for redeliberation about flood adaptation and emergence of new
concepts, which is limited in time and must be used efficiently by professionals to advance climate
adaptation after a flood. However, the study suggests that the impact of a disaster on framing in urban
flood management is mediated by several variables, namely discussions on larger geographic scales,

motivated individuals in the authorities and the interactions between different responsible actors.
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1.INTRODUCTION

1.1 GERMAN FLOODING CATASTROPHE 2021

From 12-15 July 2021, extreme precipitation was recorded in large parts of Western Europe. Espe-
cially in Germany’s West, large regions recorded over 150 mm rain within a few hours (light pink in
Figure 1), which is several times the average monthly precipitation in July (Junghénel et al., 2021). The
extreme rainfall caused severe floodings with hundreds of fatalities and damages of several billion € to
infrastructure, including houses, bridges, roads, and train tracks (Bundesministerium des Innern fur Bau
und Heimat & Bundesministerium der Finanzen, 2021).
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FIGURE 1: Precipitation recorded over 48 hours in Germany from July 13™ to 14" 2021 (Schafer et al., 2021). Pink
indicates areas of highest precipitation, which cover a large region across the federal states North-Rhine Westphalia,
Saarland and Rhineland Palatinate in western Germany.

The affected regions and state showcased a striking lack of preparation and capacity through poor
authority response and exceptionally high damages to people and property (dpa-infocom, 2022; Kordes
etal., 2021). This, and the fact that the disaster aligned itself with a global trend of increasing frequency
and intensity of extreme weather events (EWES) (Seneviratne et al., 2021; Wu et al., 2013)made the
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need for action on all levels apparent (Kreienkamp et al., 2021). Indeed, the World Weather Attribution
initiative calculated that the German flooding catastrophe of 2021 was made both more likely and more
intense by global warming (Kreienkamp et al., 2021). Thus, shortly after the disaster, public and political
debate was sparked about the lessons to be learned, and extensively covered in the media across the
country (Fekete & Sandholz, 2021).

1.2 SPOTLIGHT ON URBAN CLIMATE ADAPTATION

While smaller villages in valleys were the most devastatingly affected, various cities also suffered
significant damages by the July flood (Christensen, 2021; Decke, 2023; Hausmann, 2022; Riith, 2022;
Wirtz et al., 2022). Cities are inherently vulnerable to flooding, since they concentrate population, eco-
nomic activity, and densely built structures (Derkzen et al., 2017). Flood exposure is made more likely
by the prevalence of impervious surfaces, which limits infiltration and water storage in soils, causing
the majority of rainwater to run off the surface. This enhances surface accumulation of water during
rainfalls, which can exceed the drainage capacity of the sewage system and add runoff to swelling rivers
(Butler et al., 2018). Historically, human settlements were often established in proximity to streams to
secure urban water needs, food production, and trade. Consequently, they are often exposed to river
floods (Fang & Jawitz, 2019).

In the aftermath of the catastrophe, municipal authorities within the affected region and beyond in-
dicated that the flood disaster was a wake-up call to the threat of climate change, expressing ambition
to reflect on and adjust disaster response (dpa NRW, 2021; Hausmann, 2022; Wuppertaler Rundschau,
2022). Besides disaster response improvements, the issue was elevated to the overarching topic of cli-
mate change adaptation on a state level, emphasizing the need for more resolute action on all adminis-
trative levels (Bundesministerium des Inneren und fir Heimat & Bundesministerium der Finanzen,
2022; Tagesschau, 2021). Numerous news reports around the country investigated the causes of the
disaster, quoting experts that urged to understand the flooding not just as an expression of climate
change, but also as an indication that current land use and urban design are core contributors to the issue.
Discussions centered on the continuous urbanization of German ground and ensuing surface sealing, as
well as channelization of rivers, that continue to create unnatural drainage conditions, thus heightening
the risk of flood experience and impact. Urban stormwater management concepts such as sponge cities,
water-sensitive urban design and sustainable urban drainage systems found frequent mention (Deutsch-
landfunk, 2021; dpa NRW, 2021; Jeschke, 2022; Nuhr, 2022; Raether, 2022; Wenzel, 2021). Adaptation
to extreme precipitation events in cities became a burning topic, and experts called on affected com-
munes to ‘build back better’ (Fekete & Sandholz, 2021).

1.3 RESEARCH OBJECTIVE AND QUESTIONS

In 2023, two years after the flooding catastrophe, the question remained whether and in which way
these words and discussions in fact translated into action on climate adaptation in urban flood manage-

ment. Experiences of EWES have been suggested to place climate adaptation higher on the political
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agenda, and prompt adjustments in socio-political contexts, e.g., in institutional organization and pre-
ferred adaptation strategies (Demski et al., 2017). However, assessing the effect of EWES on climate
adaptation efforts is methodologically challenging and remains understudied (Demski et al., 2017; Mad-
sen et al., 2019). Establishing a causal link between experience of an extreme event and potentially
ensuing changes in adaptation practice is inherently difficult (Demski et al., 2017), and the notorious
weight of German bureaucracy in project implementation promises to further dilate adaptation time ho-
rizons in German municipalities (Wilms, 2024). Yet how adaptation is implemented and policies are
designed is closely connected to the perspectives with which the adaptation issues are made sense of by
policymakers (Radhakrishnan et al., 2017). Thus, studying the perspectives of climate adaptation in
urban flood management among the responsible authorities has the potential to provide relevant insights
into the effects of experience of an extreme precipitation event on adaptation practice. The concept of
framing is a useful tool to analyze perspectives on urban climate adaptation. Frames capture how the
challenge of adapting to increasing extremes is conceptualized, how the problem is understood, and
which solutions are promoted (Flinfgeld & McEvoy, 2011). To date, few studies have explored the im-
pact of EWE experiences on the framing of adaptation (Madsen et al., 2019).

Consequently, the aim of this thesis was to understand the impact of extreme precipitation and
flooding events on the urgency and substance of local climate adaptation in urban flood management
among responsible authorities, by assessing whether and how framing of adaptation to urban flooding
has changed in affected municipalities from before to after the July 2021 floods. The study analyzed the
framing of the problem of climate adaptation to urban flooding and desirable solutions before and after
the event, using policy documents and expert interviews as data sources. The German city of Wuppertal

served as a case study to reach the objective and answer the general research question:

How has framing of climate adaptation in urban flood management changed among urban

authorities in response to the German flooding disaster of 2021?
along the following specific research questions:

SRQ 1:How was climate adaptation to extreme precipitation events in urban flood management

framed in policy documents before the flooding disaster of 2021, from 2019-2021?

SRQ 2: How is climate adaptation to extreme precipitation events in urban flood management framed

in policy documents after the flooding disaster in 2021, from 2021-2023?

SRQ 3: How do experts assess the impact that the 2021 flooding disaster had on the changes in urban

flood management?



2. THEORETICAL FRAMEWORK

2.1 UTILIZED CONCEPTS

A consistent terminology is crucial when conducting scientific research. This chapter introduces and
clearly defines the scientific concepts of climate adaptation and risk, framing, the types of urban flood-
ing, and urban flood management to answer the research questions clearly. Additionally, this chapter
presents the theoretical framework on which the framing analysis was based.

2.2 RISK TERMINOLOGY AND CLIMATE ADAPTATION

The reality of climate change has been internationally recognized for decades now. To date, the most
prominent discussions in the global society revolve around climate change mitigation, ergo addressing
the causes of climate change through reduction of greenhouse gas emissions (Leonardi, 2010). But while
the world struggles to cut its emissions, climate change has arrived with far-reaching consequences for
people and planet. With increasing impacts, adaptation to the already changing climate is growing in
relevance within climate action. Climate change adaptation, or simply climate adaptation, has gained
traction in international negotiations, as well as in national, regional, and local politics and practice in
recent years (Dupuis & Biesbroek, 2013). While initially only focus of one subchapter, adaptation to
climate changed is now mainstreamed throughout the entire latest IPCC report (IPCC, 2022).

Climate mitigation and adaptation both aim to reduce the risk posed by climate change to people and
nature, but while mitigation focuses on reducing the hazard of the issue by trying to prevent further
climate change, adaptation focuses on limiting exposure and vulnerability to the hazard (Ara Begum et
al., 2022). Figure 2 depicts that risk is a function of hazard, exposure, and vulnerability. The hazard
describes the general occurrence of climate events and processes with the potential to cause harm (Ara
Begum et al., 2022). However, risk only exists upon exposure to a hazard. Exposure is defined as the
presence of assets in an area where a hazardous event may occur (Cardona et al., 2012). For example, if
no people and resources are present in a floodplain, there is no disaster risk although the hazard of
flooding exists. As a third determinant, vulnerability affects climate risks. Vulnerability consists of a
variety of elements, but in essence refers to the predisposition to suffer harm upon exposure. This in-
cludes the likelihood of exposure, as well as the sensitivity to damage upon change in climate conditions.
It further includes more social and contextual factors, such as the capacity to cope with impacts and
adapt afterwards (adaptive capacity), which is heavily determined by variables like inequality and mar-
ginalization (Bergstrand et al., 2015). Thus, climate adaptation refers to a range of actions and activities

that reduce climate risks through either decreasing exposure or reducing vulnerability.

The latest IPCC report defines adaptation as ‘the process of adjustment to actual or expected climate
and its effects, in order to moderate harm or exploit beneficial opportunities‘, also capturing the facet of
recognizing potential local benefits of a changing climate, such as more favorable temperatures for a

certain crop (Ara Begum et al., 2022). In literature, distinction exists between anticipatory vs. responsive
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(adaptation in anticipation or response to an impact), as well as incremental vs. transformational adap-
tation, although differences between the definitions is not always as clear as suggested. A longer series
of incremental (step-wise) adaptation for example can in hindsight be deemed transformational, ergo
have reorganized a place or social system more profoundly (Kates et al., 2012). Due to the diversity of
climate impacts and contexts on a local scale, climate adaptation needs a local approach in contrast to

mitigation, where international strategizing may make sense (Carter, 2011).
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FIGURE 2: Conceptualization of local climate risk determinants and urban climate adaptation. This study
focuses on the relationship of disaster with the response in the urban system. (City outline: Vecteezy.com)
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2.3 URBAN FLOODS AND THEIR MANAGEMENT

Cities around the world are subjected to several types of flooding (Pedersen et al., 2012). In this
study, two of the most common types are considered, namely fluvial and pluvial flooding (Figure 3).
Fluvial flooding happens when watercourse levels rise above their banks due to accumulated high runoff
in their watershed. Pluvial flooding generally occurs when precipitation rates are higher than infiltration
and drainage rates (Miller & Hutchins, 2017; Rosenzweig et al., 2018)

As mentioned in Chapter 1.2, cities are especially vulnerable to flooding. Firstly, cities have in-
creased exposure to fluvial flooding, as settlements are frequently found on the flood-prone banks and
in the fertile floodplains of streams (Apel et al., 2016; Tingsanchali, 2012). Secondly, cities concentrate
people, cultural and economic values, as well as critical infrastructure, thus exposing a large density of
population and assets to floods (Butler et al., 2018; Skougaard Kaspersen et al., 2017). Lastly, land use
and urban design alter natural hydrological systems in a way that heightens the flood probability in urban
areas (Gimenez-Maranges et al., 2020). Often, stream courses in and around cities are restricted,
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narrowed, or channeled, reducing the space for rivers and water storage space in surrounding areas
(Tingsanchali, 2012). Furthermore, the high degree of impervious surfaces from buildings and traffic
infrastructure in cities causes large quantities of surface runoff by preventing natural infiltration into the
soil (Gimenez-Maranges et al., 2020). Peak precipitation is not attenuated by retention in soils, and thus,
surface runoff peaks fast and high, causing water accumulation and stream formation on the surface
(Gimenez-Maranges et al., 2020; Skougaard Kaspersen et al., 2017). Pluvial and fluvial flooding are
connected, as the quick runoff from sealed surfaces can contribute to rising river levels (Apel et al.,
2016; Chen et al., 2010). However, pluvial flooding and overflow of smaller streams is usually caused
by much more localized precipitation events than fluvial flooding of rivers, which is usually the conse-
guence of high precipitation throughout the larger basin. Management of these phenomena must operate
at different spatial scales, as urban fluvial flooding is influenced strongly by river management in the
upstream basin, not simply by runoff prevention in the city (Sorensen et al., 2016). Effective urban flood
management thus contains river management within and beyond city bounds, and urban stormwater

management throughout the fabric of the city.
Igr.a - MT "}
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PLUVIAL FLOODING

FIGURE 3: Schematic depiction of fluvial and pluvial flooding in cities, adapted after Rosenzweig et al.
(2018).

Traditional urban flood management mainly focuses on responsive adaptation with dikes and dams,
as well as efficient flow of stormwater into the sewage system and from there into nearby surface waters
(Sorensen et al., 2016). This approach has several ecological drawbacks and rather increases risk of
flooding for the urban population. Flood defenses by streams are often rigid structures that confine the
watercourse, leaving little room for natural expansion during high flows and encouraging settlement in
the hazard zone. Riverine health is impacted negatively by channelization and loss of banks and plains.
The described ‘drainage-efficiency approach’ to stormwater management also impacts river health, by
introducing large quantities of water that is often polluted or too warm for sensitive aquatic ecosystems
directly into the stream (Burns et al., 2012). Additionally, urban drainage systems have a certain design
limit that is easily exceeded with heavy rainfall and progressing urbanization. Design limits are based

on probabilistic recurrence periods, that in Germany are calculated using the limited historical data.



With advancing climate change, these recurrence periods will become less accurate, and cities must

adapt to increasing pressure from extreme precipitation (Burns et al., 2012; Pedersen et al., 2012).

Because of this, nature-based adaptation in urban flood management has increasingly gained trac-
tion on the operational level in recent years (Sorensen et al., 2016). The term comprises many different
overlapping academic concepts, such as Sustainable Urban Drainage Systems, Water Sensitive Urban
Design, or Nature-based Solutions. In river management, fluvial flood risk and environmental degrada-
tion can be addressed simultaneously by restoring natural water courses with their riparian landscapes
and flood plains (Sérensen et al., 2016). In urban stormwater management, restoration of the natural
hydrological functions of the soil by allowing infiltration and retention promises to deliver multiple
benefits on top of reducing pressure on the conventional drainage systems (Fletcher et al., 2015; Miller
& Hutchins, 2017). Nature-based stormwater management relies on spatially decentralized distribution
of blue-green infrastructure, such as infiltration strips and ditches, swales, and ponds under application
of a lot of urban greenery, as well as reversal of past and reduction of future surface sealing (Gimenez-
Maranges et al., 2020). This greening of the urban landscape has the potential to positively impact ad-
aptation to other climate hazards, such as heat, increase biodiversity, and improve human well-being
through recreational and aesthetic value (Alves et al., 2019; Lennon et al., 2014).

At the administrative level, the challenge posed by adaptation to climate change requires a change in
practice as well (Sorensen et al., 2016). Authorities in this formerly static technical discipline must em-
brace a more flexible approach to practice anticipatory adaptation to uncertain future climate trends and
scenarios (Zhang et al., 2017). The high demand for space and acuteness of several challenges within
cities require urban flood management solutions to be multi-functional and interconnected with other

urban planning spheres (Sérensen et al., 2016).

2.4 FRAMING

2.4.1 FRAMING THEORY

In essence, framing theory describes that the same situation, event, process, or issue can be viewed
through a variety of lenses (Chong & Druckman, 2007; Funfgeld & McEvoy, 2011). These lenses, or
frames, are cognitive structures that rest on mental heuristics, values, perceptions, and individual inter-
est, and describe how individuals and groups conceptualize and make meaning of occurrences they ex-
perience (ElSawah et al., 2013; Kolkman et al., 2005). Several frames can exist simultaneously, be pro-
moted throughout interactions of actors, merge, as well as change over time through learning and driving
political, ecological, and contextual forces (Bell et al., 2017; ElSawah et al., 2013). The process of fram-
ing can be intentional or intuitive, and the frames can be explicitly addressed or solely implied (Funfgeld
& McEvoy, 2011). A frame does not have to be explicitly mentioned to be visible, because frames
contain the interpretation of what is relevant about a phenomenon, which in turn determines how the
phenomenon is interacted with and spoken about (Chong & Druckman, 2007; de Boer et al., 2010;
Funfgeld & McEvoy, 2011).



2.4.2 FRAMING OF CLIMATE ADAPTATION IN URBAN FLOOD MANAGEMENT

Climate change adaptation specifically is subject to constant framing and re-framing due to the
‘wicked’ nature of the issue (de Boer et al., 2010). The problem itself as well as appropriate solutions
are widely and continuously debated (Muller & Kruse, 2021). Furthermore, the state of knowledge on
climate change and the extent of experienced impacts changes continuously. This shifts the context in
which adaptation issues are defined, and in which suitable strategies are designed and evaluated (Eriksen
et al., 2015). Adaptation issues, such as urban floods, are therefore not simply hydro-climatic issues, to
which an objective, ‘correct’ answer can be found. Rather, they are defined under influence of a variety
of social and cultural factors, the political context, and environmental variables that all interact with one
another (McEvoy et al., 2010). These shaping conditions are highly complex and locally specific, which
means that climate adaptation can be framed in a large diversity of ways (Eriksen et al., 2015; Funfgeld
& McEvoy, 2011). To illustrate this in the urban flood adaptation context, the way decision-makers
perceive and define the issue with flooding, ergo their framing of the adaptation problem, influences
their responses (Dewulf, 2013; Ulibarri et al., 2023). Through framing it is decided which questions are
considered relevant and the selection of answers deemed suitable by the responsible authority (Dewulf,
2013). Several frames of flood adaptation can exist at the same time, e.g. between different stakeholders
or authorities that look at the issue through different lenses of experience, knowledge, and individual
interest (Ulibarri et al., 2023). To exemplify, this could mean that at the same time between different
stakeholders or authorities a frame of urban flooding exists that the sewers are not sufficiently dimen-
sioned and are causing flooding, and a frame that the widely impervious urban design is causing flood-
ing. These different views on the issue define the most suitable adaptation strategy, in this case either
upscaling of the sewer pipes or unsealing of urban surfaces. Nonetheless, frames are not static in local
climate adaptation, but as dynamic as the societal and natural context they are defined in (Finfgeld &
McEvoy, 2011). ‘Focusing events’, like extreme flooding events, are suggested to accelerate reframing
and adaptation processes by creating windows of opportunity for deliberation about the nature and re-
quirements of flood adaptation (Giordono et al., 2020; Madsen et al., 2019; Otto-Banaszak et al., 2011).

Different categories have been used in climate adaptation research to systematically analyze frames.
Crabbé et al. (2015) adapted a framework for framing of collective action in social movements, and
distinguish between diagnostic and prognostic framing of climate adaptation policy. Diagnostic framing
identifies the type and origin of an issue, as well as responsible or culpable agents. Prognostic framing
selects desirable solutions and approaches to solving an issue. Funfgeld & McEvoy (2011) explore fram-
ing of local adaptation along four core questions: (1) Adaptation to what?, (2) Who or what adapts?, (3)
How does adaptation occur?, and (4) What is good adaptation?. These core questions include several
subquestions (Figure 4). The theoretical framework of this study integrates the first three core questions
into the diagnostic and prognostic outline of climate adaptation framing by Crabbé et al. (2015). The
framework incorporates subquestions that focus on the operational level, to provide insight into framing
of the actual adaptation practice, not into procedures and relevant actors.
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-,
Adaptation to what?

What climatic stressors exist?

What non-climatic stressors exist?
What local impacts are likely to result from these stressors (climatic and non-climatic,
in what time frame)2

What system(s) will need to adapt to climate change impacts?

adaptation occur?

Who or what
d . What system elements are at risk of climate change?
adaptss What are the goals of adaptation?
What is the intended outcome of adaptation?
How does What actors and organisations need to be involved in adaptation?

What process will be followed to plan adaptation?
What concrete adaptation measures will be taken, by whom?

What is good
adaptation?

What can be deemed successful and efficient adaptation?
How can the success of adaptation be measured?
How can measures be adjusted to ensure robust adaptation outcomes?

FIGURE 4: Framing questions to explore the meaning of adaptation in a local context, as described in Fiinfgeld &
McEvoy (2011). Subquestions that fed into my theoretical framework are underlined.

Table 1 shows this study’s theoretical framework for assessing framing in climate adaptation of urban

flood management. In addition to the questions seen in Figure 4, the framework includes questions about

the extent and urgency, as well as synergies of desired adaptation options with adaptation to other cli-

mate hazards, to get an idea about the broader perspective on the issue.

TABLE 1: Theoretical framework to analyze framing of climate adaptation in urban
flood management, based on Crabbé et al. (2015) and Finfgeld & McEvoy (2011).

Adaptation to..? Adaptation of...?  Adaptation by...?

Cause of experienced Components in need

Intended outcome

flooding of adaptation
Climate change Extent of change smtat;![?aispiré)sa;ches/
attribution needed . gie
interventions
synergies with
Most _relevant Urgency of change adaptation to other
local impacts needed

climate hazards
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3.METHODOLOGY

3.1 APPROACH

Figure 5 visualizes the methodological approach of this study. Chapter 2 already explained the col-
lation of the theoretical background and definition of most important concepts, as well as the formation
of the framework for analysis. Subchapter 3.2 elaborates on data collection including the study design
and selection of data sources. Subchapter 3.3 walks through the steps of the qualitative data analysis of
the two data sources, and Chapter 4 and 5 show and discuss the results to answer the main research

guestion.
:
THEORETICAL DATA N DV VN RESULTS AND
1
FRAMEWORK COLLECTION ' ANALYSIS DiscussION

Study of existing
research on flood
adaptation framing

-Risk
-Climate
adaptation

-Urban flood
management

Framing of climate
adaptation in urban
flood management

Framing categories
framework

Instrumental single
case study:

July 2021 flood in

document
collection and
sampling

Contact
experts in
urban admi-
nistration

(purposive

sampling)

3.2 DATA COLLECTION

3.2.1 STuDY DESIGN

Qualitative content
analysis

- deductive coding
according to
theoretical
framework

identify | gaps
in inform|ation

Interview guide

Qualitative content
analysis of
transcripts

- inductive coding
according to policy
document results

3.2.1.1 INSTRUMENTAL SINGLE CASE STUDY

Framing in relation
to the 2021 flood

before after

compare

Impact of the 2021
disaster on the
observed changes
in framing of urban
flood management

Impact of extreme
floods on climate
adaptation in urban
flood management

FIGURE 5: Workflow of this study from the theoretical basis to answering of the main research question.

This study uses an instrumental single case study design. This approach is suitable for exploring a
larger phenomenon by examining a specific context, when studying the phenomenon comprehensively
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in all its forms is not feasible. The phenomenon, in this study urban flood adaptation response to extreme
events, is generalized from the case study in awareness of the case-specific context (Cousin, 2005). The
study purposively sampled a case city from the largest cities that were affected by the July 2021 flooding
catastrophe in western Germany. The city of Wuppertal was chosen due to its easily accessible internet
archive of policy documents that enables data collection and its strong online presentation of climate
adaptation initiatives. Political processes and responses to the flooding disaster likely vary between the
different affected municipalities. Therefore, the results from Wuppertal will not be applicable to other
contexts yet may give an interesting insight into extreme event response in framing. This subchapter

highlights the case-specific context.

3.2.1.2 WUPPERTAL’S GEOGRAPHY AND HYDROLOGY

Wouppertal is situated in hilly to mountainous terrain in the federal state of North Rhine-Westphalia
(NRW) with a central valley where the Wupper River flows from east to west (Figure 6) (Information
und Technik Nordrhein-Westphalen, 2023). About 800 small tributaries descend over 250 m difference
in altitude within city bounds into the Wupper (Goderbauer-Marchner et al., 2015). The many creeks
are often encased, piped, overbuilt, or directly connected to the stormwater sewer system before they
are led into the Wupper (Michel et al., 2012). The city mostly has separate stormwater and wastewater
piping, with a few mixed sewer systems in the oldest parts of the city centers (Abwasserbeseitigung in
Der Stadt Wuppertal, 2023).

FIGURE 6: The mountainous city of Wuppertal in NRW in Germany’s west (Biologische Station Mittlere
Wupper, 2024)

Wuppertal is prone to heavy rainfall and urban flooding due to its steep topography and status as one

of Germany's rainiest cities. With about 500 streets and staircases inclining over 20%, rainfall quickly
13



turns streets into streams and swells creeks into torrents, blocking stormwater sewers and causing runoff
issues in lower areas (Goderbauer-Marchner et al., 2015; Michel et al., 2012). In the past decade, several
floods from heavy localized rainfall have caused significant material damages, particularly in low-lying
areas and troughs (Nikogosian et al., 2021). The most severe event occurred in 2018, shortly before the
extreme flooding of 2021 (Sprague & Prenger-Berninghoff, 2019). Flood impacts vary across the city,
strongly correlated with the degree of impervious surfaces and sewage system capacity (Nikogosian et
al., 2021).

3.2.1.3 URBAN FLOOD MANAGEMENT IN WUPPERTAL

The Wupper's flow is regulated by several upstream dams managed by the public corporation ‘Wup-
perverband’ (Goderbauer-Marchner et al., 2015). The largest dam, the ‘“Wuppertalsperre’, located just
upstream of Wuppertal controls extreme high and low river flows (Wupperverband, 2023). In Wupper-
tal, urban flood management is a joint effort between the Wupperverband, which handles fluvial flood
risks from the river and the many streams, and the City of Wuppertal, responsible for pluvial flood risks
and public safety (Wupperverband, 2024a). The City of Wuppertal is split into the political council and
the administration, which share stormwater management responsibility by steering the strategy and im-
plementation, respectively. In the administration, Department 3 as well as the ‘Climate Coordination’
office are responsible (Stadt Wuppertal, 2023). Additionally, the municipal energy company ‘Wupper-
taler Stadtwerke’ (WSW) operates and maintains the 650 kms of pipes in the urban canal system as
mandated by the semi-autonomous municipal agency ‘Wasser und Abwasser Wuppertal’ (WAW)
(Michel et al., 2012; WSW, 2024; Wupperverband, 2024b). The WAW creates the general plan of the
drainage system (all drainage objects) and ensures compliance urban wastewater legislation (WAW,
2024).

The City of Wuppertal has been active in the past to reduce the flood risk for its citizens. Grey infra-
structural measures, such as designated rainwater channels and retention basins against pluvial flooding,
as well as the reservoirs throughout the Wupper basin already date back several decades (Michel et al.,
2012). The city received national praise for its efforts on modelling of pluvial flooding and awareness-
raising among citizens in 2011 (Goderbauer-Marchner et al., 2015). The reservoirs within the basin
protect Wuppertal against flooding from the Wupper up until events with a return period of 100 years.
The return period is a statistical expression of likelihood calculated from a historical time series in Ger-
many, which does not account for the changing climate, and ensuing increased likelihood of extreme
events (Michel et al., 2012). The 100-year return period level of protection does not apply to the hun-
dreds of streams throughout the city, which represent the highest fluvial risk to the city (Sprague &
Prenger-Berninghoff, 2019).

3.2.1.4 THE 2021 DISASTER IN WUPPERTAL
During the 2021 disaster, Wuppertal experienced unprecedented pluvial and fluvial flooding of the

Waupper and its tributary creeks after intense rainfalls in the night from the 14" to the 15" of July (see
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Figure 7). The German Weather Service had warned the days leading up to the disaster that extreme rain
would be reaching NRW, correcting its prognoses upwards every day, yet the 160mm of rainfall that
ultimately reached Wuppertal and the entire Wupper basin within 12 hours caught authorities off guard
(Slawig, 2021). By 23h on the 14" of July, the Wuppertalsperre-reservoir was full, and the flood gates
were opened, unleashing a flow above the calculated fluvial flooding event of a 10,000-year return pe-
riod down the narrow river course (Slawig, 2021). Aside from the river, many creeks overflowed, and
streets turned into streams themselves. Failure of surveillance equipment, communication channels, and
general understanding of the coming severity had the emergency services and urban population insuffi-
ciently warned (Stadt Wuppertal, 2021). Fortunately, the flooding caused no fatalities in Wuppertal, but
it left high damages on buildings, as well as traffic-, energy- and communication infrastructure (Rth,
2022). About 40 million € of damages were caused on public infrastructure alone on that day. Damages
to private property from flooded houses, cellars, and business sites were substantial as well (Slawig,
2021).

0| | B
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Figure 7: Flooding in the district Beyenburg in Wuppertal on the 15™ of July 2021 (Anna Schwartz).

3.2.2 PoLIcY DOCUMENTS
3.2.2.1 PURPOSE
This study used several research methods to increase the validity of the achieved results through
method triangulation (Bowe, 2009). The first method is analysis of policy documents, a frequently used
gualitative research method. Policy documents capture the explicit and implicit framing of the climate
adaptation problem and suitable solutions by responsible authorities at a fixed point in time in the past
(Funfgeld & McEvoy, 2011; Radhakrishnan et al., 2017). Small changes within those documents can

already be indicative of a pronounced change in substance (Bowe, 2009). Thus, they were a relevant
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data source for assessing past developments in framing of climate adaptation in urban flood management

among the urban authorities to answer SRQs 1 and 2, without the danger of and subsequent reframing.

3.2.2.2 DEFINING THE TARGET POPULATION AND SAMPLING FRAME

The target population describes the group of research units (in this case documents), that a researcher
wants to analyze because they have the desired attributes (Applied Doctoral Center, 2023). The sampling
frame is the part of the target population that can actually be sampled from (Taherdoost, 2016). The
target population of the policy documents comprised any official document for or by the urban admin-
istration and the city council of Wuppertal that discussed or represented the latest activities and views
on climate adaptation to extreme precipitation events in the city.

The sampling frame contained only documents that are publicly available on the Ratsinfor-
mationssystem (RIS; council information system), which is an archive of all meetings of (sub)municipal
councils and their boards, including all agendas, input proposals, requests and briefs, as well as results
of all decisions. The RIS has a search function that looks for any item in a specified timeframe that
contains part of or the whole of the search terms in the title or text. The search terms ‘Hochwasser’
(flood) and its synonyms ‘Uberflutung’ and ‘Uberschwemmung’, ‘Klimaanpassung’ (climate adapta-
tion), and ‘Starkregen’ (heavy rainfall), as well as ‘Regenwasser Management’ (‘stormwater manage-
ment’), for the timeframe from 01.01.2019 to 25.07.2023 (starting date of data collection) yielded sev-
eral hundred results. The sampling frame excluded the overlapping results from different search terms,
a large share of building plans that contained sections only technical information of climate adaptation
in construction, as well as false results that did not include the search terms. Ultimately, the sampling
frame contained 12 documents from before the disaster and 30 documents from after (Appendix I).

Chapter 4.1 shows a timeline of these documents.

3.2.2.3 SAMPLE SELECTION

The sampling of documents among the sampling frame followed the four crucial criteria for docu-
ment analysis collected by Morgan (2022): authenticity, credibility, representativeness, and meaning.
Authenticity expresses whether a document is genuine and not forged, and is granted since all documents
stem from the council’s official public information system. Morgan (2022) defined credibility as the
absence of error and distortion, stemming from inexperience or ulterior motives, such as to portray
something in a favorable light. Credibility is not always easy to determine in the internal urban admin-
istration and council processes, especially on highly political topics such as climate adaptation. Framing
theory itself assumes a certain level of distortion in any worded product. Nonetheless, the documents
are publicly accessible and not selected by stakeholders specifically for this research. Thus, this study
regarded documents that left the impression of a balanced depiction of events and progress as credible.
Morgan (2022) defined representativeness to be “how typical a document is”, whether it is in line with
content of other texts on the same matter. This study deemed documents representative of the urban
authorities’ views that were approved or agreed on in the city council, or in the case of reports authored
by the administration itself and received in the council. The date of the document was not when it was
16



authored, but when it passed through the city council without further changes. When the council did not
accept or agree on a document, it was included in the timeline overview yet excluded from sampling.
This study determined documents’ meaning according to their relevance to answering the research ques-
tions both at face value and in consideration of the context that they were written in (Morgan, 2022).
Documents received school grades from 1-6 according to how many of the framing dimensions of the
theoretical framework (Chapter 2.4.2) they described. Sampling only occurred on documents with the
grade 1 or 2 that rated positive on the other three criteria were. After this application of the criteria, six

documents before and six documents after the disaster constituted the sample (see Appendix I).

3.2.3 INTERVIEWS WITH LOCAL PROFESSIONALS
3.2.3.1 PURPOSE
The second research method used in this study was interviews with professionals that work on the
development, decision-making and implementation of urban flood management in Wuppertal. The in-
terviews serve to validate the results acquired in the document analysis and answer SRQ 3. Furthermore,
they capture expert’s perceptions of the causes of potential changes to explore a causal link between
experience of the 2021 disaster and the developments in framing of urban flood adaptation found in the

document analysis.

3.2.3.2 TARGET POPULATION, SAMPLING, AND CONDUCTION OF INTERVIEWS

Potential interviewees, the target population, are in climate-adaptation, flood management, drainage,
and urban planning in the responsible Department 3 of the Wuppertal administration. Sampling of in-
terviewees was done through convenience sampling, which describes the process of choosing interview-
ees according to their willingness to participate in the research (Robinson, 2014). Upon contact with the
project leads and heads of relevant units in Department 3, two professionals who carry responsibility in
urban stormwater and fluvial flood management agreed to participate. The interviewees each answered
eight main questions of the interview guide (Appendix 1) within one-hour online interviews. Questions
were formed beforehand according to the ‘objective of the question’, meaning which knowledge they
were supposed to elicit to answer the research question. In line with a semi-structured approach (Owen,
2014), the interviewees also answered spontaneous questions whenever themes emerged that seemed
useful to be explored further. After the written permission of the subjects, the recording and transcription

function on Microsoft Teams captured the content.

3.3 DATA ANALYSIS

3.3.1 QUALITATIVE ANALYSIS OF POLICY DOCUMENTS
This study analyzed the twelve sampled policy documents with a qualitative document analysis
(QDA). This is a suitable approach, as data are not directly extracted from the documents but require
some level of interpretation on behalf of the researcher to derive information from text and imagery
(Bowe, 2009). The method assesses the written content of a document but additionally takes ‘latent
content’ into account, such as the context of the document (Kohlbacher, 2006). Relevant text excerpts
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were coded in the Atlas.ti 23 software, through a combination of deductive and inductive coding. This
describes coding of text according to already existing categories, in this case the theoretical framework
of Chapter 2.4.2, and subcategories derived from the text after reading (Ho & Limpaecher, 2022). All
documents were read several times before the initial codes were applied. The 600-page long document
named B2 in Chapter 4.2 was read selectively according to Chapter names and expression search of the
terms used in Chapter 3.2.2.2. In subsequent readings, the codes were inductively split into subcodes to
create a higher granularity among the coded excerpts. Appendix 111 contains a list of all codes and sub-

codes.

3.3.2 QUALITATIVE ANALYSIS OF INTERVIEWS

The qualitative analysis of the interview transcripts used a combination of deductive and inductive
coding. While part of the purpose of the interview was to understand the causes of the changes observed
in the policy documents, making ‘cause’ a principal code, some themes worth coding emerged from the
transcripts themselves (Ho & Limpaecher, 2022). The semi-structured interview approach created space
for interesting themes to be explored that captured the professionals’ experienced changes in urban flood
management conceptualization and practice. This added the code ‘barriers to change’ to the analysis
(Appendix 111).
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4. RESULTS

4.1 TIMELINE OF FLOOD ADAPTATION DOCUMENTS

The timeline of documents that were part of the tar-
get population of policy documents by the Wuppertal
authority because they discussed climate adaptation to
extreme rainfall show a very slim coverage of the topic
from 2019 until the disaster (Figure 8). Documents are
written in low frequency and only mention flood adap-
tation or include it as a subtopic. Right after the July
flood disaster in 2021, the frequency and depth of dis-
cussion on the topic increases visibly. Around the end
of 2022, the frequency of documents that discuss flood
adaptation remains high, but it becomes more of a sub-
focus of policy documents or is merely mentioned.

4.2 FRAMING IN PoLICY DOCUMENTS

4.2.1 BEFORE THE 2021 DISASTER

This section reports on the results of the qualitative
document analysis of the six sampled policy documents
from before the flooding disaster in Wuppertal in July
2021. Table 2 contains the basic information and con-
tent of the documents, as well as their indices by which
they were named in the study. While Appendix IV
holds a comprehensive analysis of the framing of urban
flood adaptation per policy document, this Chapter syn-
thesizes the individual results per document into one
overview of the overall diagnostic and prognostic fram-

ing before the disaster.

The six before documents differ in purpose, style,
length, and framing of adaptation to climate change in
urban flood management. Some of the documents are
designed to discuss a comprehensive solution or over-
arching principles in urban flood management (B2, B3,
B6), while others aim at the implementation of a certain

part of the strategy (B1, B4, B5). Both document types

Figure 8: Timeline of all documents that are part of the target
population (Appendix I). The color indicates the extent to which

climate adaptation in urban flood management is discussed.
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grant insight into framing of adaptation. While there are several congruences in framing, the documents
from shortly before the 2021 disaster differ in the salience they grant to different aspects of the cause
and solutions to flood risk in Wuppertal. Table 3 shows a summarized overview over the different fram-

ings per policy document, which were reported in detail in Appendix IV.

TABLE 2: List of documents used in the analysis from before the flooding catastrophe. Documents will henceforth be

named by their indices.

Coded
Index Date Document Name Authors Content Segments
Urban Admin-
“Proposal for Green istration, Depart-  Proposal for mandatory

Bl  12/2019 p, ment ‘Environ- green roof cover on newly 5

Roofs i

mental Protec- built flat roofs

tion’
Climate mitigation Ciity of Wupper- Overarc_hlng_strategy for cli-
concept with integrated mate mitigation and adapta-

B2  05/2020 . . . tal, Consultancy . . 83
field of action climate firms tion purposes, with measures
adaptation (IKSK)’ and timeline
‘Sewage water and Strategy of sewage and rain-
stormwater disposal water removal and treat-

B3 06/2020 concept 2021-2026 of WAW ment, as well as planned pip- 12
Wuppertal’ ing capacities

Response to request about
“Current state of flood Department ‘En-  current activities on flood
B4 11/2020 . vironmental Pro- management by different 15
management . - : -
tection bodies of the city admin-
istration
Council parlia- Administration tasked with
‘Proposal for surface mentary groups creating an unsealing plan
BS 042021 unsealing’ CDU, The for all unused areas, aimed !
Greens, The Left  at ‘land recycling’
. Current adaptation efforts,
‘Reporting on adapta- Department “Ur- centering on heat, and organ-

B6 05/2021 [P & P ,  ban Develop- centering ' g 11

tion to extreme events ment’ izational structure of respon-

sibilities

The most salient framing throughout the six documents from shortly before the 2021 disaster states

that increasing extreme rains from climate change causes issues with flooding in Wuppertal since it
exceeds the drainage design of the sewage system. The documents differ slightly in whether they ex-
plicitly name they ‘grey’ urban design with many impervious surfaces as contributing to the issue (B2
and B4), or whether these surfaces are simply feasibly adaptable to reduce pressure on the sewers (B1,
B3, B5, B6). B4 adds Wuppertal’s steep topography and many streams as a main cause of vulnerability.

However, these different framings do not necessarily contradict each other, but expand upon another.

Relevant impacts do not take a center stage in any of the documents. Among those that frame relevant
impacts, focus lies on the effect of flooding on humans. Named first are impacts on human health, either
directly or by threatening critical infrastructure such as hospitals and energy supply, followed by dam-
ages to economic activity. Impacts on the environment, e.g. through pollution by flood water, are only

mentioned B4, reflecting the framing in the request it answers by the parliamentary group ‘The Greens’.
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TABLE 3: Overview of diagnostic and prognostic framing of climate adaptation in urban flood management among the six documents from before the 2021 disaster.

Diagnostic - Adaptation to what?

Prognostic - Adaptation of what and by doing what?

|
g Cause of adapta- Synergies w/
E tlon.lssue &.Att”b' Re[evant local EIEETENE Extent of adaptation Urgency Intended outcome Suitable strategies other climate
ution to climate impacts be adapted
X change hazards
climate change over- multi-beneficial im- . -
Roofs of new mandatory measures . greening of buildings
B1 whelms sewer sys- n/a L e medium provement of urban heat
buildings needed, no retrofitting : (roofs)
tem design
overarching orinciole integrated measures under
human health, paradigm shift in _— ng p P coordination of all planning
current grey urban N . high: of dynamic and flexi- - o X
. . loss of attract-  sealed surfaces  thinking and practice . dimensions: successive na-
design and drainage .. : . newly created  ble sustainable urban ;
4 tiveness for and compacted  of climate adaptation - ture-based adaptation at the heat &
B2 not fit for several ; . focus on flood  development in cli- .
g both busi- soils, water both on the opera- . . surface and improvement of drought
climate change haz- . L adaptation, but  mate adaptation, under ...~ .
nesses and res-  courses tional and administra- . - . infiltration through reduced
ards . . after heat consideration of social :
idents tive level S sealing, both on new and
justice TRRr
existing infra-structure.
changing boundar CIEIETR M
ging haary . work*, (cased) ideally change overall ‘holistic’ and sustaina- decentralized and nature-
conditions (climate  sensitive .
B3 - ; water courses urban stormwater ma- n/a ble management of ur- based adaptation, comple- n/a
change) meet static  infrastructure : .
throughout the nagement approach ban watercourses mented by retention basins
sewer systems city
combination of the .
. Lo . S grey infrastructure, such as
steep topography public health, individual object . .. medium: .
: . . everything possible is . an educated popula- channels and basins, as well
with many streams  environment,  protection, sew- ; S0 focus on limita- . . o o =
B4 . being done, inevitable . tion aware of the inev- as citizen information; per- n/a
and the grey urban  cultural heri-  ers, and cased . . tions to adapta- . . ) .
. . residual risk stressed . itable residual risk haps future exploration of
design, climate tage, economy  streams tion
nature-based approaches
change
surfaces of only public land that is making pavement permea-  heat &
B5 climate change n/a brownfields and  unusable for other ur-  high n/a g pave P
fallow land ban development ble and adding greenery drought
B6 climate change n/a n/a P> more focused city with high living g ' heat

tivity in all decision-
making processes

on heat

quality

and multifunctional use of
space

*drainage network does not equal sewage network, as drainage is a more widely phrased term that encompasses all physical elements that contribute to the drain- 21

age of water from the surface in the city



With the problem and its most relevant impacts defined, the framing of needed adaptation solutions
takes shape. In line with the framing of the cause, B1, B3, B5, and especially the central adaptation
strategy document B2, all adopt the framing that runoff from human-made surfaces must be reduced to
rein in pluvial flooding. B1 and B5 focus on specific surfaces, roofs and brownfields, respectively, and
B3 points to sealed surfaces more generally. B2 lists a range of specific components with compacted
soils or impervious surfaces. B2, B3, and B4 also mention need for adaptation of the many water courses
throughout the city, especially the confined sections. B4 differs from the other documents by framing
the components less as an overall structural change, but instead put a focus on adapting individual ob-
jects that are at risk, as well as mentioning needed adaptation of the sewage system. Even B3, written
by the operators of the sewage system, puts less emphasis on expansion of the sewage system and tech-
nical retention mechanisms, saying that ‘(stormwater) prevention and mitigation measures in the catch-

ment area always take precedence over retention and treatment measures’ (B3, p.16).

The extent of adaptation also differs between documents. B2, B3, and B6 frame the adaptation chal-
lenge as far-reaching, calling for an overall shift of thinking and practice in flood management, even
calling it a transformation. B1 and B5, which are more practical proposals, envision a certain redesign
but with limitations, as B1 foresees no retrofitting of green roofs and B5 limits unsealing to otherwise
unusable brownfields. B4 takes another stance by giving more room to limitations to flood adaptation,
reporting that all possible measures are being pursued, and that an inevitable risk remains due to Wup-

pertal’s location and topography, which must be adjusted to.

The urgency of adaptation is also framed differently among the ‘before’-documents. B2, B5, and B6
use strong wording to convey the high urgency of adaptation to flooding. However, in B2 and B6 adap-
tation to flooding takes the second place behind adaptation to heat. B1 does not have the same strong
wording to convey urgency, and in light of the proposed extent of adaptation, the urgency comes across
as medium. B4, by showing that all possible adaptation options are being pursued, also only conveys a

medium urgency as the necessity to reduce risk in certain areas is still strongly recognized.

The intended outcome of adaptation takes similar shape between several of the documents. B1, B2,
B3, and B6 all see holistic adaptation practice, where measures contribute to overall sustainable urban
development, attractiveness of the city, and wellbeing of its people. B2 further adds the perspective of
dynamic and flexible structures, to leave room for the visions of future generations. In these documents,
heavy precipitation adaptation is not conceptualized in isolation and achieved by one-dimensional solu-
tions, but rather seen in connection with other climate hazards, social issues, and planning processes.
This cross-cutting nature requires intensive collaboration and communication between all city depart-
ments and responsible actors. B4 implicitly frames the outcome a bit narrower as a good coexistence of

educated and prepared residents with the residual risk of flooding in Wuppertal.

The most suitable approaches, strategies, and interventions for adaptation to urban flooding are

largely congruent throughout the documents. B2, B3, B5, and B6 all focus on nature-based adaptation
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options that revolve around restoring natural stream courses and the natural hydrological function of the
urban soil by enabling water infiltration and retention, or in the case of B1 by retaining water in roof
soils and plants. This involves surface measures like laying permeable pavement, unsealing, and distrib-
uting blue-green infrastructure. For financial feasibility, this new design is primarily considered in new
developments, or when routine renovations or constructions are taking place on buildings and infra-
structure. B3 frames the nature-based approaches to function best with complementary ‘grey’ retention
basins for extreme rainfalls, while B4 reverses the order and adopts the framing that ‘grey’ measures
such as channels and basins are central, and could be complemented by nature-based, decentralized
infiltration approaches. For this, B4 refers explicitly to the sponge city concept as a potentially relevant
future concept. The other documents do not explicitly envision the sponge city, yet some use its vocab-
ulary by discussing multifunctional spaces in B2 and B6. All except B4 and B5 propose solutions that
weave into the fabric of the city, while B4 focuses on flood risk management through deactivation of
flood risk hotspots. Most documents that frame nature-based adaptation solutions see clear synergies in
the adaptation to heat, and in some cases drought.

4.2.2 AFTER THE 2021 DISASTER
This section reports on the results of the qualitative document analysis of the six sampled policy
documents from after the flooding disaster in Wuppertal in July 2021. Table 4 contains the basic infor-
mation and content of the documents, as well as their indices by which they were named in the study.
Appendix V holds a comprehensive analysis of the framing of urban flood adaptation per policy docu-
ment, which is summarized in Table 5. This subchapter synthesizes the individual results per document

into one overview of the overall diagnostic and prognostic framing after the disaster.

Much like the ‘before’-documents, the documents written after the 2021 flooding disaster in Wup-
pertal do not represent a homogenous framing of urban flood management. The documents have differ-
ent natures and purposes. A1-A5 explore and frame urban flood management more from an overarching
strategy angle, while A6 focuses on one specific aspect of implementation, while referring to an over-
arching strategy. A1-A5 clearly frame the cause of the issue with flooding to be climate change and the
increasing extreme events. Al and A2 identify that the sewage network cannot and will not be able to
cope with these future extremes, while A1 and A4 add that Wuppertal has a special vulnerability through
its steep topography. A5 and A6 expand the cause of the issue by the ‘grey’ urban design, with imper-

vious surfaces increasing pressure on the sewers.

The framing of the most relevant impacts of urban flooding includes public health, damage to (pri-
vate) property and public infrastructure. A6 frames the impact of flooding by sealed front gardens to be
that expensive stormwater removal infrastructure has to be constructed at all. Framing of the impacts
again does not take center stage in any of the documents, as the impacts of flooding in Wuppertal seem

to be clear.
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TABLE 4: List of basic information and indices of documents used in the analysis from after the flooding catastrophe.

Coded
Segments

Index  Date Name Authors Content

Wuppertal applies to par-
ticipate in NRW’s sponge 10
city model project
Response to request
Current state of cli- Division ‘ur- ab(_)ut state of implemen-
A2  09/2021 . ban develop- tation of B2 and state- 10
mate adaptation , . :
ment ment about immediate
disaster response
Proposals to achieve cli-
Proposal Climate 5 parliamen- mate neutrality until

Application Sponge 5 parliamen-

Al 09/2021 .
city tary groups

A3 1172021 Neutrality until 2035 tary groups 2035 and expand blue- 1
green infrastructure
. Strategy for how to
Consolidation con- . X .
A4 12/2021 cept for heavy rain- City ?f Wup- mamstreaml adaptatloln 15
fall risk management pertal, WSW into general urban devel-
opment
Final report of ad- Mayor, the E‘:Egrs Ig{as?;/g[;g:eng b?)?i;
A5 06/2022 hoc flooding task city’s flooding short-term and Ion'g-term 21
force task force .
responses listed
Campaign for less Parliamentary  Proposal to redesign pri-
A6  09/2022 sealed surfacesand  group The vate gardens for climate 4
more heat protection  Greens adaptation & biodiversity

Al, A2, A3, A4, A5 all agree that the components in need of adaptation comprise the entire drainage
system of the city, meaning that overall stormwater management must be adapted. A2 adopts the framing
that the sewage system itself cannot be dimensioned to manage an extreme event as the one experienced,
therefore drainage and climate adaptation must be regarded in a wider sense. Al clarifies that any com-
ponent that causes quick runoff needs to be adapted. A3 and A5 explicitly include adaptation of the
water courses in the city. A6 is an implementation focused documents, that frames sealed garden sur-
faces to need adaptation. Al, A2, A3, and A4 frame adaptation to flooding to be a cross-cutting issue,
which needs to be considered in any activity regarding urban design and construction. This means flood
management does not stay in its policy area, with stormwater management in the streets, but rather
becomes a consideration in all further urban development. This ties in with the framing of the extent of
adaptation to flooding in these documents, which state that climate adaptivity must become a part of all
future municipal action, A3 proposing legal requirements for all projects on public and private ground.
Ab also lists a broad array of components to adapt, yet looks more at adaptation activities within the
usual scope of stormwater and river management by the already responsible authorities, and refers less
to the cross-cutting nature of climate adaptation. Thus, it differs slightly from the other documents in
the framed extent, which does not see flood management weaving into other policy areas. The extent of
adaptation in A6 is quite narrow, not because it is a practical proposal for adaptation of a single compo-
nent, but because it does not suggest any mandatory measures or active incentivization of garden owners,

yet only that financial support for adaptation can be granted upon request.
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TABLE 5: Overview of diagnostic and prognostic framing of climate adaptation in urban flood management among the six documents from after the disaster.

Diagnostic - Adaptation to what?

Prognostic - Adaptation of what and by doing what?

|
N C fi & S i
p Cause of issue . . ynergies
g Attribution to Re[evant local EEEE L Extent of adaptation Urgency Intended outcome Szl approaches,_ SV, w/ climate
. impacts adapted and interventions
x  climate change hazards
EmELE EIEG2 drainage system, ST G157 _pr!nuples ap high: flooding sponge city, climate new stormwater management focused on
overwhelms . plied to building, energy ! : B . A
Al n/a runoff must not di- o the biggest cli- adaptation is central retention and infiltration through green- heat
sewage network, and traffic infrastructure : - - . .
rectly enter sewers : mate risk to high quality of life blue infrastructure
steep topography planning
. . medium: reduced risk through combination of grey and nature-based
. existing retention . L - . - .
climate  change . climate adaptivity to be acceleration de- cross-cutting collab- measures, e.g. expanded retention basins
X basin, general ur- - ; . . - . L . .
A2 exceeds drainage n/a ban desian as considered in all munici- sirable but not oration, integrated and urban greening, potential of single heat
system limitations '9 pal action feasible, limita- climate  mitigation measures is limited so adaptivity must
framed in B2 . . L
tions stressed  and adaptation become a part of all activity
. adaptivity requwer_ne_znts . . nature-based adaptation in line with
water courses in for all future municipal . = . proactively adaptive |, o
. i . . high: disaster . Sl sponge city' concept complemented by
. health of vul-  the city, new infra- construction projects, le- . city, where risk is re- X
A3 climate change : was a 'wake-up grey measures, focus on blue-green in- heat
nerable groups structure and gal measures for private . duced as much as . :
o call P . frastructure and decentralized rainwater
buildings ground, changes to all wa- possible; sponge city . -
infiltration
tercourses
. any peeslele Ui medium: water-sensitive urban design stressed,
climate change, in urban develop- . . PR . .
. adaptation must occur in flooding is an . - multifunctional spaces and urban green-
special vulnera- property dam- ment (see extent), - ; climate resilientand . . : heat &
A4 T all domains of urban plan-  exceptional L ing are key instruments, restoring natural
bility through to- age new developments . . . water-sensitive city . . . drought
A ning and management risk, adaptation water retention, information for private
pography and eX|st|ng_ m_fra— is incremental property holders
structure/ buildings
management and mixture of 'grey' and 'green’ approaches
. L : current management of . . s .
climate change, riverside com- design of water - . high: report by L for pluvial and fluvial risk, retention ba-
. : . . both fluvial and pluvial : water-sensitive city, . . . heat &
A5 urban design with  panies, public courses,  overall S special flood - sins in hotspots, blue-green infrastruc-
L flood risk in all areas to be sponge city e s . drought
sealed surfaces infra-structure  stormwater man- . - taskforce ture and infiltration throughout the city
reinforced or reconsidered L .
agement (limitations recognized)
. . expensive financial support for un- medium: men- Multi-beneficial . C g
ongoing sealing  stormwater sealed garden sur- . X decentralized infiltration of stormwater,
A6 : sealing can be requested  tioned after greened gardens ; heat
of private gardens measures faces : through greening of gardens
needed by houseowners heat throughout city

25



The framing of the urgency of flood adaptation in AL, A3, and A5 is high, calling flooding the biggest
risk to the city (A1), the 2021 disaster being a ‘wake-up call’ to the threat (A3), and reporting on behalf
of a special flooding task force that was called to life after the event (A5). These documents convey that
the city is in a state of emergency. A2 adopts a different framing of the urgency of adaptation, by re-
porting on current implementation of flood risk management and the limitations to it. It takes less of a
‘we have to do everything as soon as possible’ stance and gives an impression of ‘this is all we can and
could do’, rooted in past experience of adaptation efforts that imply that accelerated adaptation is infea-
sible. A4 frames flooding to be an exceptional risk, but through the wording conveys a less pressing
adaptation timeline, as it will be a continuous incremental process. In A6, the risk of flooding is named
after heat adaptation as a reason for the proposal, implying that flooding is not the central adaptation
challenge in Wuppertal.

The intended outcome of urban flood adaptation differs between the documents. Al, A3, A4, and A5
have in common that they use concepts to frame their goal (sponge city and water-sensitive city), yet do
not more clearly define what these concepts mean for Wuppertal. Clear from several documents however
is the vision of a city with a high quality of life, where adaptation is not one-dimensional, but contributes
to overall sustainable urban development. A2 and A3 specify that in the desired future, risk is reduced

as much as possible through adaptation that is collaborative (A2), and proactive (A3).

The most suitable approaches, strategies, and interventions to reach this adaptation goal are framed
in all documents as nature-based adaptation centering around increasing water infiltration and retention
of the soil, mostly by distribution of blue-green infrastructure and permeable pavements. A2, A3, and
Ab frame it suitable to combine this approach with ‘grey’ flood management measures, such as retention
basins in especially affected areas. A5 specifically points to the limitations to infiltration on the steep
rocky slopes of the Wuppertal valley but stresses the need for underground retention space and multi-
functional spaces. The latter are also regarded highly in A4. Fluvial flood management is framed in the
documents also as a mixture of natural water course restoration and technical flood defenses. These
strategies all recognize the strong synergies of nature-based flood adaptation with the mitigation of ur-

ban heat, while A4 and A5 further stress the adaptation to future droughts through increased infiltration.

4.3 PERCEPTIONS OF PROFESSIONALS IN URBAN FLOOD MANAGEMENT

The inductive coding of the two interviews with local experts (interviewee 1 (11) and interviewee 2
(12)) working in urban flood adaptation in Wuppertal yielded two main themes that were central to the
interviews and that help to answer specific research question 3. The experts shared their own experience
of perspective changes in urban flood management within the urban administration over the last years,
and elucidated the main causes of change including the 2021 disaster and earlier extreme events. Fur-
thermore, they hinted at the translation of internal processes into action, and obstacles in that process.

The main results of the interviews are shown in Table 6.
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TABLE 6: Interview results per theme, with relevant quotes by the interviewees (11 and 12)

CAUSES OF CHANGE
Influence of experienced Influence of 2021 Other drivers
EWEs in general disaster specifically and facilitators

e The experience of extreme rainfall e The main strands of work and current central activities (HPK, e EU, national and federal state legislation and funding
events has been a part of Wupper- hazard maps) were already established before the recent extreme influence local climate adaptation.

tal’s history, which has caused the and were only updated or amended in response. 11: “So if flood protection or natural flood protection is
early initiation of the adaptation line  11:‘The issue of flooding and heavy rainfall began long before [the funded, even if this is not a legal change, then this is of
of work. 2021 disaster], starting at least in 2016.” course a clear sign for a municipality to act in this direc-
12: ‘We have many, many streams, e There was no deeper effect on the main perspective on the issue tion.’
not just the Wupper, (...) and be- and its solutions. In Wuppertal, national funding funded installation of cli-
cause there have been these extreme  11: ‘[The most recent extreme events] only changed our under- mate action coordination, or climate management.
events in the past, most recently the  standing slightly, of course they sharpened it.’ 11: ‘I think climate management was really important,
extreme event in 2021, ultimately « Complementary technical and natural solutions were supported ~ With the IKSK. This actually gave it a bit of new momen-
my position came into existence.’ by the experience, as the soils were already saturated before the fum.’

o A main impact of experiencing ex- extreme, showing the limits to nature-based adaptation. EU water legislation has shaped fluvial flood manage-
tremes in general is the elevated at-  [2: ‘But then of course also against the background that if | have =~ ment.
tention. an event like 21, if | stick with the nature-based solutions - my na-  //: ‘The Water Framework Directive is decisive for the
11: ‘(...) the events always trigger ture was full and the means are then also limited.’ work of the Wupperverband, and the themes of natural
new motivation and highlight the e The disaster rekindled debates on the issue and made the vulner- ~ retention, creating floodplain landscapes and redesign-
urgency.’ ability apparent. Exploration of new approaches recommenced.  ing the course of rivers have been very important for at
Interest also quickly declines again.  11: ‘Ir was extremely expensive insurance-wise in 2021 (...), since ~1€ast 20 years.”’
11: ‘When there hasn't been aﬂood then there have been more discussions agal'n. ’ o |mp0rtant are individuals in the urban authorities that

event for a few years, there's a bitof  12: ‘| think it had a particular impact on Wuppertal because it was ~ enable new practices and processes in urban flooding ad-

a lull again. The urgency always hit twice in such a short amount of time and we were reminded  aptation.
comes to the surface again when again of climate change at a time when we were already busy for- 11 ‘[The mayor] wants to consolidate the positions that

something happens.’ getting the whole thing and dismissing it as an isolated event.” were included (...) in broader issue areas.’

o Extreme events provide leverage 12: ‘These disaster response things, the new working group things, 11: “There have been many personnel changes in recent
for project funding. the planned working group on water-sensitive urban development, ~ years, so there is a new head of department for green
11: “If we have to ask for money these things, of course, then popped up.’ spaces and forestry, which are very important partners
from the city treasurer, then such The ‘sponge city’ concept gained traction, although focus shifted forus(...)."
events are what you can refer to.’ towards water sensitive urban design. e The new digital twin helps in convincing political deci-

12: ‘We have moved away from the sponge city towards water-sen-  sion-makers of the importance of adaptation by supply-
sitive urban design.’ ing data of flooding impacts.

e The collectivity of the adaptation challenge was further internal-  I1: “What is actually bringing a lot of momentum to eve-
ized, increasing collaboration. rything that involves heavy rain/flood protection is the

digital twin, Smart City.’
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12: ‘We then looked at what we could do, but also how we could
pool resources, because we simply don't have them all on our own
and the whole thing was somehow seen more as a collective task.’
Regional cooperation was formalized to improve river flood man-
agement and share knowledge.

o Wuppertal experts were prepared to use the window of oppor-
tunity after the disaster.
12: ‘I think in Wuppertal you had the advantage of the 18 event that
you noticed how quickly the interest in it dropped again, so that
you really took advantage of the opportunities after 21, as long as
the sensitivity was there, because you were affected.’

e Since 2021, the interest in flood adaptation has decreased again.
I11: ‘There is the war in Ukraine, so the city is also busy with many
other issues. | think the flood issues have actually fallen asleep a

bit.’
TRANSLATION INTO ACTION: BARRIERS TO CHANGE
Administration functioning Finances Coordination
¢ Climate action is not a statutory o Drafting of strategies is financed, yet not execution of the strategy e Different actors in urban flood management frame as-
task, and in times of clear staff which has to be secured through extra funding sources. pects of the topic differently.
shortage, any extra task is not pri- e External funding comes with clear rigidities and does not allow  |11: ‘WSW and WAW in Wuppertal, i.e. the municipal util-
oritized. flexible implementation of adaptation measures. Yet the city is de- ities and drainage, are very technically oriented. They
11: ‘If you have a staff shortage pendent on funding. still are, | would say. The understanding comes little by
and don't actually have enough |1: ‘The IKSK was written, approved by the council, was ticked off little.’

people to do it, then of course you  as okay by the funding body, meaning “as a city you can do it this  Especially vague concepts need clear work for a uniform
only do your mandatory tasks for way, but that also means you have to do it exactly this way”. As ~ definition,

the time being.’ climate managers, we had no chance to deviate from this, really. 12: ‘I have the feeling that everyone has a different un-
e The city has to prioritize which We had to comply with the measures because otherwise we would-  derstanding of each term, and that sponge city is a par-

topic to focus its resources on, as n't get any funding or, in the worst case, we'd even have to pay the  ticularly vague concept.’

there are many pressing issues. money back. So it's a very rigid construct.’ ¢ Overlapping responsibilities can make financing and

12: ‘You then have this collective o Current funding limits use retrospective return periods. execution of projects complicated.

task of climate adaptation, heavy 12: ‘But if you have extreme events and if you have climate change, 1. ‘With the number of people involved, you can already

rainfall, extreme weather events then the question often arises to what extent this HQ 100, which is  see that such meetings or the responsibility for the over-

(...) but you also have many other based on retrospective statistics, to what extent it will still be HQ  all project can quickly get lost in the crowd.’

collective tasks, immigration, 100 in 5 years' time or will it perhaps be HQ 50 by then?’

homelessness.’
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The main developments in climate adaptation in urban flood management as identified by the experts
already commenced long before the most recent extreme events, as experience of heavy rainfall is part
of Wuppertal’s history. Throughout the years, conceptualization of adaptation to flooding changed from
a very technical and little understood issue to a more holistic and systemic understanding of the problem
and its solutions, with a focus on blue-green infrastructure. The remnants of and ongoing older projects
are still showing this development. For fluvial flood management, nature-based approaches to increasing

water retention upstream with co-benefits for biodiversity are the main approach.

The impact of the 2021 disaster on this process is thus subtle. The main strands of work were already
established before 2021, and the central projects guiding current adaptation in urban flood management
were already initiated. This is namely the flood protection priority concept (HPK) that identifies hotspots
of flood risk, that are met with measures according to their risk, as well as flood hazard maps for infor-
mation of property owners. Through the experience of extreme events, they were only updated or
amended, not fundamentally changed. Extreme rainfall events in general elevate perceived urgency of
the need for adaptation and can serve as a crucial argumentation tool to justify need for investments.
According to the experts, the disaster of 2021 also had that effect, increasing attention and motivation
for work on the topic, with new working groups emerging on comprehensive nature-based adaptation
approaches (first the sponge city, then water-sensitive urban design). 12 mentioned, that the 2021 disaster
also showed the limitations to nature-based approaches. Saturation of the soils even before the real ex-
treme began reiterated the importance of complementary approaches between technical and natural so-

lutions.

Both interviewees explained that action on urban flood management has already died down again,
that the window of heightened attention closes again sometime after the disaster. New issues appear
more pressing and require resources. However, this also defines the importance of the 2021 disaster, as
it came fairly shortly after the 2018 event. According to the interviewees, the responsible experts were
well prepared to use the window of opportunity for more ambitious flood management when disaster
struck in 2021, due to the recent other extreme event. The extent of the 2021 disaster did strengthen the
perception that the adaptation task has to be approached collectively under involvement of all actors.
New procedures for intra-administration collaboration between departments that had started over the
years is now to be formalized into official procedures. Furthermore, a regional cooperation was formal-
ized between river management authorities. Overall, the experts showed that when looking just at the
toolbox, not a lot has changed in urban flood management through experience of the most recent ex-
tremes, as most of it was already well known before. But the way this toolbox is used, how it fits into a
view of the whole, that there indeed has been some development to understand adaptation as a cross-

cutting, intergenerational task.

Several other factors have strong influence on the developments in urban flood management, which

must be taken into account as mediating variables. Wuppertal is in a tight financial situation, which
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means that supra-local funding mechanisms have a large impact on the activities in the municipality.
The experts mentioned legislation and funding from the federal state, the national level, as well as from
the EU. However, external funding always comes with rigidities, as there are legal funding limits that
might be outdated, and the money cannot be flexibly used for adaptation projects, but exactly for what
it was requested for. This can cause lock-in into implementation of unsuitable or outdated projects.
Overall, the city is lacking financial and human resources to follow up on all desirable ideas. The design
of a digital twin of the city, however, improves consideration of climate adaptation in administrative
planning. Catalysts for change are also motivated individuals, such as the mayor and new staff in urban
planning departments. However, the experts also pointed out that it is common practice that new aspi-
rational concepts are explored, yet not translated into action. |11 elaborated that for multifunctional spaces
for example, it is easier and cheaper to work out concept papers and conduct workshops and book this
as working on the topic, rather than actually implementing any multifunctional spaces. Human and fi-
nancial resources are lacking to shift this process from theory to action.

4.4 IMPACT OF THE 2021 FLOOD ON ADAPTATION FRAMING IN WUPPERTAL

This study tried to answer the question, whether and how the framing of climate adaptation in urban
flood management has changed in Wuppertal in response to the experience of the July 2021 flooding
disaster. Figure 9 shows the most common framing of the analytical categories among documents before
and after the event. The most striking differences are highlighted by the frame. It is visible that especially
several categories of the prognostic framing have changed from before to after. Overall, in both periods
adaptation is conceptualized as part of sustainable urban development by contributing to the overall
livability of the city. In both periods, nature-based adaptation approaches and measures to both pluvial
and fluvial flooding are highlighted as the path to take, focusing on the distribution of blue-green infra-
structure and restoration of the natural hydrological functions of the urban soil and watercourses.
Changes in framing are captured more in the extent and urgency of envisioned adaptation. Visible also
in the components in need of adaptation is the broadened extent of the adaptation need. While the before
and after overlap in their framing of the components, after the disaster the entire function of the drainage
system needs to be adjusted, which includes but is not limited to sealed surfaces. The documents point
to the need for transformed thinking and practice for effective adaptation already before the disaster, but
after become very clear on the cross-cutting nature of the adaptation challenge. While also mentioned
before the disaster, the documents after agree that adaptivity must be a core consideration in any munic-
ipal decision-making and action, and effectively leave its restriction to the flood management policy
area. The policy document timeline already showed the spike in depth and frequency of discussion of
flood adaptation, and the worded urgency in the documents after the disaster show the strong increase

in awareness of the risk in response to the flood.
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FIGURE 9: General framing per category as identified in the policy document analysis from before to after
the 2021 flooding disaster.

Another interesting change in the documents from before to after is the increased salience of certain
nature-based urban water management concepts, such as the sponge city and water sensitive urban de-
sign, although they are not further defined. The interviewees elucidated here, that the sponge city con-
cept has already been abandoned again since and that they expect the water-sensitive city discourse to
prevail. Overall, the interviews match the results from the document analysis, yet bring a little more
nuance into the picture. The interviewees revealed that the current climate adaptation strategies for urban
flood management were established well before the 2021 disaster, saying that the available tools have
remained the same. This includes green measures such as swales and restored river courses. The disaster
simply temporarily heightened attention and rekindled debate, although this focus has faded again,
which was also visible in the document timeline. The experts however mirror the changes captured by
the documents, that the sheer extent of the flooding within the city and beyond really visualized the
cross-cutting nature of the adaptation challenge, and the need to institutionalize adaptation considera-
tions in any municipal decision-making and action. However, the process of seeing flood adaptation as
more of a systemic challenge involving all actors has not only started with the 2021 disaster. The experts
state that urban flood management has evolved over the last years from purely an engineering issue to a
more holistic co-beneficial approach centering on nature-based measures. The need for collaboration
between different organs of the city authority and beyond has also become better understood. This learn-
ing process could also be observed after prior extreme events, most recently the 2018 heavy rainfall.
However, it has also been observed before what this study’s document timeline shows. The increased
attention and discussion around flooding quickly fades again. The 2021 event's proximity to the 2018
extreme allowed experts to really use the window of opportunity after the disaster to advance work on
urban flood management and secure future funding, as they were aware of the briefness of heightened

attention. The water-sensitive city concept found frequently in the documents was in fact a working
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group that budded up shortly after the flood, but appears to not have been fully institutionalized before
the new-found urgency faded again. The interviews also point out, that this working group specifically
was pushed for by an ambitious and motivated member of the administration staff, that has left the
Wouppertal administration. This shows that the impact of the 2021 disaster on frames of flood adaptation
is not necessarily direct, but is subject to mediating factors. The interviews indicate several of these

mediating variables that are illustrated in Figure 10.

Supra-local discussions

Communication and
collaboration between —
organizations

Interest and motivation
of administration staff

FIGURE 10: Influence of an experienced extreme event on the local framing of urban flood adaptation, as
described by the Wuppertal experts.

Discussions after an extreme on the supra-local level give an indication to municipalities about what
future funding will be available for, so the local framing incorporates these larger developments in its
orientation. Additionally, the exchange between different actors, for example several units within the
administration, or the administration and WSW or WAW affects the most salient conceptualization of
adaptation.
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5.DISCUSSION

5.1 EXTREME FLOODS EXPAND ADAPTATION UNDERSTANDING

The data from Wuppertal collected for this study suggest that the 2021 flood disaster did affect the
framing of climate adaptation in urban flood management. This change applies much less to the availa-
ble tools and strategies of adaptation, as these were already known before, but rather how these tools are
used and into which larger picture they are embedded. The influence of the disaster is mediated by the
exchange between different responsible organizations in Wuppertal, motivated individuals in the ad-
ministration that push for certain framings, as well as the larger context, the influence of regional and
national discussions on the framing of urban flood adaptation.

The findings of this study resonate with those of several previous studies, that help to understand
how much the extreme experienced in Wuppertal and the following changes in flood management fram-
ing are specific to the city or represent a broader phenomenon. Rozer et al. (2022) observed a shift in
academia and among flood management practitioners over the last two decades from one-dimensional
engineering approaches towards more transformative practices to ‘enable all parts of the urban system
to live with floods and learn from previous floods.” These findings, echoed by Wardekker (2021), indi-
cate that the shift from engineering to more holistic and nature-based urban flood management is broader
than just the development in any locality. However, the findings of Madsen et al. (2019) suggest that
flood managers in Copenhagen changed their purely technological trajectory of adaptation towards new
solutions in the years following a disaster as a direct response. This in turn indicates that extreme events
can indeed have the effect of initiating the change towards a more integrated practice. In Wuppertal, the
experts recount that fundamental changes in urban flood management have been going on for years and
do not identify the 2021 flood event as the cause for the local expression of the broader trend from more
technical to more holistic approaches. The disaster was described as one of many along this process that
refueled change towards a more integrated practice. That would mean that the trend towards a more
nature-based, integrated flood management practice is a general trend in the field, perhaps spurred by
collective experiences of the impacts of climate change, that influences local framing through supra-
local discussion. Thus, this study in connection with the former work in this field indicates, that local
adaptation is part of a larger system of developments and reframing of climate adaptation, in which all

levels of knowledge and experienced impacts are interconnected.

The reframing of the extent of adaptation in Wuppertal happened quite abruptly. Madsen (2019)
found that risk managers in Copenhagen reframed the flood adaptation process to include a wider range
of stakeholders and expand their risk framing after a flood. This matches the perception of the Wuppertal
interviewees, that especially the extent of the experienced flood in 2021 made apparent that climate
adaptation must be on everyone’s agenda, as the impacts are complex and far-reaching. Thus, this study
indicates, that the experience of an extreme event brings responsible authorities closer to framing of an
adaptation approach that Rozer et al. (2022) find the most likely to be successful — involving the entire
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urban system and encompassing adaptation of a wide extent of urban design and planning procedures.
The Wuppertal interviews further refer to the fact, that this is not due to an extreme event creating more
drivers for an integrated flood management framing among the responsible actors, but rather through

turning actors away from inhibiting change.

Several studies describe the phenomenon, that after experienced extreme events a ‘window of op-
portunity’ opens for new deliberation about the climate adaptation challenge (Flnfgeld & McEvoy,
2011; Giordono et al., 2020; Madsen et al., 2019; Otto-Banaszak et al., 2011). This showed itself in
Wouppertal through the emergence of the sponge city and water-sensitive urban design concepts in policy
documents after the 2021 floods, as well as the planned working group on water-sensitive urban design.
In line with the aforementioned studies, the Wuppertal case also showed that this window of opportunity
closes again after the disaster. What this study adds to existing knowledge is the importance of individual
motivated actors for how effectively this window of opportunity is used, as well as awareness of the
volatility of the heightened attention.

While the goal of this study was to capture changes only in framing in response to a specific disaster,
the overall aim was to understand what happens to urban climate adaptation when faced with a climate
change impact. Singh et al. (2021) and Rozer et al. (2022) argue that the general shift in understanding
of urban flood management described in the previous paragraphs is often unsuccessful in implementa-
tion by responsible institutions. Giordono et al. (2020) add, that failure to change policies and practice
of climate adaptation after disaster might be more frequent than successful policy change. The inter-
viewees shed light on this, as they were quick to move from changes that have happened in urban flood
adaptation in the last years to which changes did not happen and why. Several factors affect translation
of adaptation framing into practice in Wuppertal. Most salient are the issues of lacking finance and
human resources. The municipal budget of Wuppertal is slim, and adaptation is not a statutory task,
which means that funding for flood management can only be procured through external funding sources.
These sources are pointed out in several policy documents and the interviews, that tie funding to condi-
tions that limit development and experimentation with local adaptation practice as it is conceptualized.
Furthermore, the municipal authority needs to institutionalize new workflows to effectively introduce
flood adaptation outside of the flood management policy area. The understanding of co-creation of ad-
aptation between different administrative departments is slowly growing according to the interviewees,
pointing to the formalization of collaboration between the urban green space planners and the flood
managers. This indicates that the Wuppertal authorities are slowly building their institutional adaptive
capacity to effectively adapt to flooding, meaning their ability to respond to stressors (Bettini et al.,
2015). Singh et al. (2021) highlights the importance of this process to actually achieve a system that is
resilient to climatic impacts. Thus, this study indicates that extreme events can foster institutional adap-

tive capacity to align with the framing of the adaptation challenge.
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5.2 LIMITATIONS OF THE STUDY AND RECOMMENDATIONS FOR RESEARCH

An important observation in this study is that the policy document analysis and the interviews yielded
results that were not superimposable. They were not contradictive but showcased that the two data
sources provide inherently different perspectives. The methods were triangulated in this study to verify
each other’s results but also to build on one another, which was successful. The policy documents offer
a structured view of intended policies and strategies in the wording of a specific point in time (Bowen,
2009). They do not capture the ‘operationalization gap’ (Rozer et al., 2022) as explicitly as interviews,
meaning the dynamics of translating strategy to practice, such as the barriers to implementation, the
sincerity of nicely worded documents, and interactions of different stakeholders in flood adaptation.
They often present an idealized version of policy, that does not necessarily give an insight into the reality
on the ground (Owen, 2014). This can already be guessed from the differences in framing among the
policy documents themselves. These differences stem from a variety of factors, such as the agenda and
experience of the author and the purpose of the document (Owen, 2014). For example, among the ‘be-
fore’-documents, B4 stands out with a narrower framing of the intended outcome, strategies, extent, and
components of adaptation in comparison to the rest. This could stem from the fact that the document
reports on the actual implementation efforts in flood adaptation, which is subject to several barriers and
dynamics that the future-oriented often more political than practical other documents do not address. B4
resembles a sobered version of the rosier strategy documents, such as B2. The differences between the
different documents reduce the validity of the observed change from before to after the event, as there

is no homogenous framing before and after.

The interviews elaborate strongly on the dynamics of implementation, showing that the interviews
capture the lived experience of the professionals, also making the discrepancies between theory and
practice apparent and the influence of contextual factors, but being inherently subjective and personally
biased (Owen, 2014). Due to the scope of this research and lack of responses, the number of interviewees
is very low, which reduces the representative value of the interviews. The differences in framing among
the documents and between data sources, however, highlight the importance of interviews for studying
framing. For future research, this study recommends increasing interviewee numbers and diversifying
the roles of the subjects, so that observation of the implementation gap does not stem from a single
angle. Additionally, increasing sample sizes of documents could clarify different frames that perhaps

coexist within an urban authority at the same time and analyze changes of these frames.

Selection of documents and interpretation of framing analysis are very subjective practices in gen-
eral, proving that the results of this study must be supported by further studies in different localities and
seen through a different set of eyes. In this study, it is possible that the single researcher distorted the
pattern of framing into a certain direction subconsciously. For future studies, it is thus recommended to

triangulate researchers. Despite the listed limitations, the research of this study provides interesting
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insights into reconceptualization of climate adaptation in urban flood management due to experienced

extreme events, that harbor opportunity for further study.

The results have practical implications as well. The experts point to the window of opportunity for
advancing climate adaptation in flood management right after disasters that tends to close quickly. While
perhaps unconventional, it could be useful for experts to strategically use the windows of opportunity
by having a plan beforehand which barriers to decrease or for which to use the leverage of recent extreme
experience. Future research could explore how experts can more effectively use the post-disaster period
to advance climate adaptation and build institutional capacity, by studying the mechanisms through

which these changes are enabled.
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6. CONCLUSIONS

The study of the city of Wuppertal’s response to the disastrous flooding in western Germany in the
summer of 2021 shed light on the understudied potential of extreme events to cause changes in framing
of climate adaptation in urban flood management among responsible authorities. The study determined,
that framing of the local challenge is interconnected with discussions on higher levels, and the develop-
ment of urban flood adaptation in Wuppertal over the last decade towards integrated and favorably na-
ture-based approaches reflects a broader trend in the field overall. Thus, the favored strategies and tools
were already defined before the 2021 flood, yet the conceptualization of how adaptation can be achieved
and the needed extent of it expanded as a response. In Wuppertal a window of heightened attention
opened after the disaster, that brought forth new salient management concepts and working groups, as
well as activities to raise the authority’s adaptive capacity and improve integrated planning procedures
for flood adaptation. However, the increased urgency faded again soon, and the usual barriers to imple-
mentation, including lack of human and financial resource, inhibited further momentum. This study
shows compelling evidence for the impact of extreme events on local adaptation practice. Future re-
search could explore the mechanisms through which change is leveraged in response to an extreme
event, so that adaptation practitioners can proactively prepare for an extreme and its window of oppor-
tunity to further their efforts. Because Wuppertal’s experience of another flood two weeks ago shows:

the next extreme is sure to come.
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Comment on Text
How do you know this window of opportunity really closed again? Can we clearly judge that from the document analysis? Don't we need to wait and see some more time for this? Like you say in the presentation; are these not just different steps, the first of which 'talking' is a lot easier than the second 'doing'?
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APPENDICES

APPENDIX | — SAMPLING FRAME DOCUMENT SELECTION

] Diagnostic Framing
Date Document Title and Link Author Status CC Attri-
Cause . Impacts
bution
02/2019 GB1 Received X
09/2019 Griine, CDU Agreed
12/2019 Ressort 106 - Umy  Agreed X
12/2019 GB1 Received
12/2019 Griine, CDU Approved X
05/2020 Stadt + Consultand Agreed X X X
06/2020 WAW Agreed
Agreed X
06/2020 GB1 Agreed
11/2020 Stadt, WSW, WV | Received X X
04/2021 Griine, CDU, Link{ Approved X X
05/2021 GB3 Received X X
08/2021 WV Received
08/2021 SPD (BV Cronenb| Agreed X X
08/2021 GB3 (DWD) Received X X
08/2021 Griine (BV Elberfy Agreed X X
09/2021 SPD, CDU, Griine| Agreed X X X
09/2021 CDU Fraktion Received X
09/2021 GB3 Received X
11/2021 CDU, SPD, Griine| Agreed X X
12/2021 Ressort 106 - Umy Agreed X X
Ressort 106, Pechg Agreed X X
12/2021 Ressort 106 - Umy Received
02/2022 Ressort 105 - Baug Received
02/2022 GB3 Received X
09/2022 Fraktion Griine | Approved X
06/2022 Taskforce, Oberbii] Received X
09/2022 Fraktion Griine Agreed X X X
09/2022 WAW Received
09/2022 Klimakoordination Received
11/2022 GB3 Received
11/2022 GB1 Agreed
12/2022 SPD Fraktion Received
01/2023 Ressort 403 Finanj Received |not suited for QDA
03/2023 Ressort 403 Finan] Agreed
02/2023 Koordinierungsste| Received
03/2023 SPD, CDU.FDP | Agreed
03/2023 GB3 Received
04/2023 Klimamanagement Received X
03/2023 Ressort 402 - Amt| Agreed X
05/2023 Approved
06/2023 Griine Rejected X X
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Prognostic Framing < N N
Tobe  Extent/ Beststra- Syner- Authenticity Credibility tRaetE:/rer;:s- Selected
adapted Urgency tegies gies
X 5 yes yes yes
6 yes yes yes
X X X 2 yes yes yes X
6 yes yes yes
X 6 yes yes no
X X x [ e yes yes X
X X 4 yes yes yes
X X 2 yes yes yes X
6 yes yes yes
X X 2 yes yes yes X
X X X 2,50 yes yes yes X
X X X X yes yes yes X
yes yes no
X X X yes yes no
X 4 yes yes no
X X X 3 yes yes no
X X X N e yes yes X
X X 3 yes yes no
X X X 2 yes yes yes X
X X X I e yes yes X
X X 8 yes yes yes
X X 2 yes yes yes X
X X 5 yes yes yes
X X 4 yes yes yes
X X 3 yes yes yes
X X X 8 yes yes no
X X X 2 yes yes yes X
X X X X 2 yes yes yes X
X X X 8 yes yes yes
X X 35 yes yes yes
6 yes yes yes
X X X 4 yes yes yes
6 yes yes no
X N e yes yes
3 yes yes yes
X X 5 yes yes yes
3 yes yes yes
X X 8 yes yes yes
X X X N e yes yes X
X X X 2,5 yes yes yes
6 yes yes no
X X X x [ e yes no
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APPENDIX Il — INTERVIEW GUIDE

Question

Objective of the Question

What are in your perception the most important changes in
climate adaptation in urban flood management in recent

years?

Validation of results from Document

Analysis

Recount main results — In which way do you agree or disa-
gree with what | found out about the developments from
policy document analysis?

Prompts for resonance or disagreement and further points

Validation of results from Document
Analysis

In which way do you see a connection between the July 2021
flood disaster in Wuppertal and the understanding of the is-

sue of flood adaptation or the vulnerabilities of the city?

Connecting diagnostic framing re-
sults from document analysis to the

extreme event

In which way do you see a connection between the July 2021
flood disaster in Wuppertal and changes in the desired solu-
tions and the perceived extent of needed adaptation?

Connecting prognostic framing re-
sults from document analysis to the

extreme event

My results showed that the concept of the sponge city
gained popularity in the documents over the course of the
last 4 years. How do you perceive this?

Which impact does the experience of an extreme event play

on that?

Understand the impact of an extreme
event on the use and popularity of

new concepts and buzzwords

In which way does the understanding of the concepts and
adaptation in general align between different institutions
and responsible actors? Does this change through the expe-

rience of extreme events?

Clarify the homogeneity of framing
among different relevant actors, and
potential conflicts that arise from ab-

sence of mutual understanding

A few years have passed since the last floods. Do you have
the feeling that ambitions and plans in the city authorities
have changed again? What about the perception of urgency

and extent of needed adaptation?

Duration of the impact of extreme

events on decision-making

Which impact do developments on higher spatial levels have
on the ideas around adaptation in Wuppertal, e.g. on the na-
tional/federal government level, or through intercommunal

exchange?

Map mediating variables
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APPENDIX Il — LIST OF USED CODES AND SUBCODES

DOCUMENTS INTERVIEWS
CODE SUBCODE COoDE SUBCODE

1. & 2. Causes Climate Change Barriers to Change Bureaucracy
Compound climate impacts Coordination
Insufficient canal system Finances
Topography Framing Conflicts
Urban Design Personnel

3. Impacts

4. Components To Adapt Buildings Cause of Change Earlier EWEs
Cased Creeks Facilitators
Emergency Response Impact of 2021

5. Extent of Needed Ad-
aptation

6. Urgency of Needed
Adaptation

7. Intended Outcome

8. Suitable Approaches/
Strategies/Measures

9. Synergies

Administrative Procedure
Green Spaces

Private ground

Public ground

River course

Roofs

Sealed surfaces

Sewage system

Roads

Green

Grey

Organization and Capacity
Physical Adjustment
Physical Redesign
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APPENDIX |V — FRAMING BEFORE THE DISASTER PER POLICY DOCUMENT

This section reports on the results of the qualitative document analysis of six documents from before
the 2021 flooding disaster in Wuppertal between 01/2019 and 07/2021 (Overview in Table 2).

B1 is a proposal by the urban administration department on environmental protection, which was
unanimously agreed on by the city council. It diagnostically frames the cause as increased experience
of heavy rainfall events due to climate change.! The current drainage system lacks capacity to manage
these extreme flows, which implies not a flaw in the current drainage approach, but merely a shifting of
the drainage needs.? Impacts are not elaborated on. The prognostic framing of the document is in line
with its title and identifies individual buildings with flat roofs as components to be adapted. The suitable
strategy are greened flat roofs in the city, which have synergies with heat mitigation, biodiversity, and
air quality.® Thus the adaptation outcome is a multi-beneficial upgrading of the urban structure. The
extent of adaptation is framed as the need for inclusion of (at least extensive) green roofing on all new
flat roofs that are planned in the legally binding land-use planning. Retrofitting is not foreseen. For the
urgency of adaptation, the benefits of green roofs for reduction of pressure on the drainage system during
heavy rainfall is mentioned first, before benefits for cooling and other urban issues. However, the em-
phasis on urgent action in the wording is not very strong.

B2 is the still active long-term strategic document of the urban administration’s climate mitigation
efforts, under integration of climate adaptation strategies. This document is by far the longest and
yielded the most code. In the diagnostic framing the cause of the adaptation issue is framed as a combi-
nation of increased hazard due to climate change and high vulnerability due to past and ongoing urban
development. The steep topography and many creeks increase the hazard of heavy rainfall events.*® The
continuous sealing of surfaces on public and private terrain heightens the sensitivity of the city to heavy
rainfall events, as well as other climate hazards. The current sewage system does not have the capacity
to handle peak runoff from extreme events. Depending on the section of the document, the most relevant
impacts are listed in differing order. Overall, human health (with a special focus on vulnerable groups),
and loss of attractiveness as a place for residence and business are most salient throughout the docu-

ment.® For the prognostic framing, B2 identifies any sealed surfaces and compacted soils as components

! “With the momentous heavy rain event on May 29, 2018, and the exceptionally hot and dry summer of 2018 and
2019, the first local effects of global climate change have also become clearly noticeable in Wuppertal.” B1, p.1
2 <A green roof thus relieves the burden on the sewer system during heavy rain events and reduces the risk of
flooding.” B1, p.2
3 ‘Consistent green roofs can make a significant contribution to climate protection, relieve the burden on the sewer
system, improve air quality and enhance the urban living space and urban design.’
4 ‘The general discussion about potential adaptation strategies to climate change, the expected increase in heavy
rainfall events and a continuing rise in land sealing have increasingly brought the need to adapt to ‘urban flash
floods’ into focus.” B2, p.64
5 ‘The steep topography leads to torrents during heavy rainfall events.” B2, p.121
6<(...) this will have serious consequences, e.g. in terms of health protection and loss of attractiveness, both in
terms of ecological and social effects. (...) In addition, Wuppertal would be weakened as a business location
because it has not positioned itself for the future in good time.” B2, p.22
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to be adapted, as well as cased watercourses. The extent of the needed adaptation is framed far-reaching,
as it requires a transformation in thinking and practice in urban planning, decision-making and building.’
Furthermore, the document suggests several times to create guidance and regulations for any construc-
tion activities on public and private land, so that climate adaptivity becomes a central point of consider-
ation. The urgency is high as heavy precipitation events are mentioned as a newly added focus of adap-
tation practice, which has also been influenced by ‘the general discussion on potential adaptation strat-
egies (...)” (B2, p.64). Overall, adaptation to flooding is conceptualized as a proactive activity, yet for-
mer experience of extreme events is mentioned as the driver for proactive adaptation.? In the general
section of the document, urban heat is listed and discussed before urban flooding, which implies that
adaptation to extreme precipitation is not seen as the principal task. However, the synergies of different
climate impacts (especially heat, drought and flooding) and their solutions are stressed throughout the
document. Herein, the emphasis is placed on the cross-cutting nature of adaptation and the need for
interconnected planning and decision-making in the form of hazard maps. Adaptation to climate impacts
is embedded into the city’s overarching goal of ‘sustainable urban development” and is framed as always
increasing the city’s environmental and life quality. The outcome of the adaptation would be a highly
proactive and continuously adaptive city, that has room for future needs and developments by employing
reversible and dynamic adaptation strategies under inclusion of social justice criteria. The ‘water sensi-
tive city” concept is mentioned as an aspirational target, yet not further elaborated on. In line with this,
nature-based adaptation approaches are identified as the most suitable solution, and the synergies of
urban greening for both adaptation to heat and extreme rainfall, as well as overall attractiveness and
resident wellbeing are stressed throughout the document. Suitable measures for flood mitigation focus
on surface-based measures due to their cost-effectiveness. Wide-spread successive unsealing of existing
paved surfaces, minimization of new sealing and soil compaction, and addition of underground retention
space and urban greenery on the ground and buildings are central. Both smaller adjustments to existing
infrastructure as well as more elaborate redesign of space during construction works are foreseen. Due
to the scarcity of free space, multifunctional spaces that function both for water retention and other
purposes (e.g. sports fields) are envisioned. Besides these nature-based approaches, construction of grey
infrastructure, such as retention basins, is seen as necessary to reduce peak flows during extreme events.

B3 is the sewage and stormwater disposal concept by the WAW. In its diagnostic framing, B3 implies
increasing extreme events due to climate change to cause the necessity to adjust the rigid sewage net-
work to higher surface runoff.® The main adverse impact of surface runoff is on sensitive infrastructure,

which is not explicated further. Thus, the drainage network is the component to be adapted in the

7<(...) a rethink is required in our regions to adapt to the consequences of climate change. A transformation must

take place at city, district and building level in order to reduce the future impact of climate change.” B2, p.135
8 ‘Extreme weather events have already occurred in the Bergisch city-triangle in the past, which is why the mu-
nicipalities of Wuppertal, Solingen and Remscheid have recognized a need for proactive action.” B2, p.65
9 «(...) the realization that urban water infrastructure will be subject to changing boundary conditions in the future.
In urban drainage, such developments carry particular weight, as changes due to e.g. increasing heavy rainfall
events etc. meet inflexible systems.” B3, p.67
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prognostic framing, to improve performance under extreme conditions. Furthermore, management of
open and cased watercourses (including the Wupper) needs to be adapted to improve flow properties
while improving environmental status. The extent of adaptation includes technical adjustments to the
sewage network, and several plans to evaluate and create more sustainable approaches to wastewater
management. The outcome of adaptation is framed as ‘holistic” and sustainable management of urban
watercourses in cooperation with the different relevant institutions.*® Clean rainwater should be valued
higher and be separated from dirty water and retained. Although the document is authored by the man-
aging authority of the sewage network and carries the word water disposal in its name, decentralized
and nature-based approaches to stormwater management are suitable approaches, that are favored over
construction of retention basins and more efficient removal of runoff. The document stresses the need
for renaturation of the Wupper and consideration of environmental considerations such as pollution and
ecological river status. Framing of the urgency and synergies of adaptation could not be elicited.

B4 is a response by the urban administration, the WSW, and the Wupperverband to a question by the
Greens’ parliamentary group in the council about potential necessity of further action on urban flood
adaptation. The diagnostic framing of the cause of the adaptation issue is focused on the topography of
Wuppertal and its many creeks, as well as the urban design with many sealed surfaces and encased
watercourses. It is stated that the sewage network cannot drain extreme runoff from the city. Climate
change and its impacts on extreme events are mentioned once, later in the document. The main impacts
are seen on public health, the environment, cultural heritage as well as economic activities.* Further
stressed are the threats to critical infrastructure by urban flooding. The prognostic framing in B4 identi-
fies protection of individual assets as components in need of adaptation, as well as the capacity of the
sewage network and cased watercourses. For the extent and urgency, it is implied that the issue is some-
what urgent, but that all possible steps at the administrative level are being taken. Simpler measures to
protect from flooding such as stormwater basins are under construction, and whether further adaptation
measures can be taken, under mention of the sponge city concept and blue-green infrastructure, is cur-
rently under discussion. Several limits to adaptation are outlined, such as technical and financial feasi-
bility, or lack of space. Ultimately, adaptation is conceptualized as necessary risk reduction, however, a
residual risk will always remain.*? The adaptation outcome is thus framed as a more informed and sen-
sitized population and maximal reduction of flood risk. The framing of the suitable adaptation strategy
is implied through the listing of currently ongoing adaptation activity, which comprises construction of
grey infrastructure, such as stormwater retention basins, new rainwater channels, a priority list of adap-

tation hotspots where targeted asset protection can be implemented, as well as information of the public

10 ‘General aims: (...) - Holistic consideration of open and piped sections of watercourses together with the water
boards (...), - Developing and evaluating holistic and sustainable solutions” B3, p.16
1L¢(...) the Greens parliamentary group raised several questions on flood management, taking into account the
risks to human health, the environment, cultural heritage and economic activities.” B4, p.1
12 “The above-mentioned measures are intended to significantly reduce the risk, but it cannot be ruled out for all
affected assets. Wuppertal's topography, dense development (high sealing), technical/financial limits and climate
change with an increase in extreme weather events are the reasons for this.” B4, p.2f
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with a hazard map. Finally, potential future explorations into nature-based adaptation options are envi-

sioned, as mentioned above. Synergies with other climate hazards are not included.

In B5, a proposal from several parliamentary groups for unsealing of surfaces, the diagnostic framing
identifies the cause of the adaptation issue to be the increase in extreme weather events due to climate
change.® Important impacts are not mentioned. For prognostic framing, the components in need of ad-
aptation are barely or unused large impermeable spaces on public ground, that are not suitable for other
use such as housing or business. Further targeted are fallow (industrial) spaces. The extent of the pro-
posed adaptation is limited, as only spaces on public land that are unusable to meet other needs of urban
development are targeted in the document, although the urgency is worded strongly. As suitable strate-
gies the document proposes changing the impermeable ground to more permeable coverings, as well as
adding greening measures. Unused spaces should be recycled, and in the case of industrial sites poten-
tially matched with measures for legacy contamination. Synergies between adaptation to different cli-
mate hazards is implied by connection of flooding, heat, and drought in the introduction of the document.
The adaptation outcome is not framed.

In B6, the administration’s Department 3 reported on the current activities on climate adaptation with
a focus on heat to the council, answering a question by the parliamentary group of The Greens. For the
diagnostic framing, the cause of the adaptation issue is clearly attributed to climate change and the
ensuing extreme events. The most relevant impacts are not framed. For prognostic framing, the compo-
nents in need of adaptation are not clearly specified. The extent of needed adaptation is set very wide
and will require inclusion of an array of planning authorities, e.g., construction, land-use planning, or
traffic management.** Climate adaptivity is supposed to be included as a criterion in any decision-mak-
ing processes in the shape of a checklist. The urgency is stressed to be very high,® although adaptation
to heat receives slightly more attention throughout the document and is described in more detail. The
adaptation outcome is an adapted city, where adaptation to different climate hazards, quality of life,
green roofs and traffic security is designed in an integrated manner. In line with this, suitable adaptation
strategies approach climate adaptation as a cross-cutting topic. * Mentioned is unsealing of paved sur-
faces to increase soil infiltration and retention of water, as well as greening on and around buildings,
and creation of multifunctional spaces. Adaptation to heavy rainfall is seen as highly synergetic with

adaptation to heat impacts.

13¢(...) the consequences of climate change such as flooding due to heavy rainfall, heat, drought and drinking

water shortages are already being felt today” BS, p.1

14 “Close cooperation involving green space, open space, urban and transport planners and the Climate Protection
Coordination Office, among others, is necessary with regard to this future topic in order to think outside one’s own
box’ B6, p.3

15 “This current state of affairs shows very clearly - particularly in view of the fact that the problem situation is set
to increase in the coming years - that there is a great need for action in many areas (...)’ B6, p.5

16 ‘Climate adaptation is a cross-cutting task and places high demands on networking.” B6, p.3
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APPENDIX V — FRAMING AFTER THE DISASTER PER POLICY DOCUMENT

This section reports on the results of the qualitative document analysis of six documents from after
the 2021 flooding disaster in Wuppertal between 07/2021 and 07/2023 (Overview in Table 4).

Al is a declaration of Wuppertal’s intention to apply as a model commune for a federal state project
on sponge cities. The diagnostic framing of the cause of the adaptation issue points to climate change
and the already experienced increased intensity of extreme events, as well as Wuppertal’s steep topog-
raphy and polycentric structure.r” The current sewage network is not capable of dealing with the peak
flows during extreme events. Thus, the prognostic framing identifies that the overall drainage system of
Wuppertal is the component in need of adaptation, so that rainwater does not enter the sewers directly.
The extent of adaptation is large, as the principles of the sponge city concept are to be implemented in
building, energy and traffic infrastructure planning.® The urgency is high, as the document states that
the currently experienced effects will worsen in the future, and clear action is needed in any scenario.
The document states that especially extreme rainfall events must be adapted to, stressing their risk in
comparison to other climate hazards.'® The adaptation outcome envisions Wuppertal as a sponge city,
where climate adaptation is a central component in urban development and high quality of life. Under
this most suitable strategy falls new stormwater management focused on retention and infiltration
through greened buildings and streets, new water bodies and green spaces. This approach mitigates both
flooding and heat hazards in synergy. The most relevant impacts are not framed.

A2 is the response by the urban administration to a question by the CDU parliamentary group about
the current state of adaptation to heavy precipitation events and implementation of B2. The question
was posed as a direct reaction to the flooding disaster. A2’s diagnostic framing is implied, and clearly
links the cause of the adaptation need to climate change and the ensuing increased risk of extreme rain-
fall events. The document points to the fact that in only 3 years, two extreme events were suffered in
Wauppertal, in 2018 and 2021, that lie way beyond realistic capacities of the sewer system.?° The most
relevant impacts are not framed. For the prognostic framing, the document is a stock take of currently
ongoing action, so it does not have a clear outlook on the components in need of future adaptation, but
reports on the adaptation of components identified in B2, and a ‘grey’ retention basin that the CDU
specifically asked about. It is stressed that currently ongoing or even significant additional expansion of

the sewage network cannot handle the amounts of runoff experienced in the latest extreme events. The

17 “Due to its special topography and complex settlement structure, Wuppertal is virtually predestined to act as a
model city here. In the last two decades, well over a dozen extreme storms have occurred in our city.” Al, p.2

18 < Adapting to climate change poses major challenges for our cities and municipalities, which we must address
through climate-friendly urban development. (...) Climate and resource efficiency are becoming increasingly im-
portant in the realization of sustainable projects in the areas of construction, energy and transport infrastructure.’
Al p.2

19 ‘Heat, storms and drought, but above all heavy rainfall events, hail and flooding require a clear strategy.- Al p.2
20 “In order to build a system (theoretically) compatible with the two flood/heavy rainfall events of the past three
years, the Wupper collector, which would be over eleven kilometers long after the expansion, would have to be
extended many times over; not even a dimensioning the size of a subway shaft would have been sufficient to drain
the water volumes.” A2, p.4
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components are further implied in the extent of needed adaptation, which outlines that climate adaptivity
must be considered in any administrative action due to its cross-cutting nature.?* The urgency in the
document is somewhat unclear. The document mentions barriers to different measures and the imple-
mentation process, that convey the message that accelerated adaptation is desirable yet not feasible.?
The intended outcome of adaptation is a reduction of flood risk with an integrated approach to climate
mitigation and adaptation measures. This is to be achieved through cross-cutting work among relevant
actors, with active communication and coordination. The most suitable strategies are framed to be a
combination of grey infrastructure, for example upgraded stormwater retention basins, and extensive
urban greening and more decentralized rainwater management. Several of the adaptation measures out-
lined in B2 are under the management of the administration’s departments for green spaces and forestry,
and the department of environmental protection, which shows the nature-based approach to adaptation
endorsed here (in line with the framing under B2). However, the document points several times to the
limitations to adapting to extreme events as intense as the recent ones. Synergies with heat reduction are
clearly mentioned.

A3 is a proposal for higher climate mitigation and adaptation efforts, giving particular room to miti-
gation action, by five parliamentary groups, that was unanimously agreed on in the city council. The
diagnostic framing clearly pins the cause of the adaptation need on accelerating climate change and the
connected extreme events. The most relevant impacts of flooding are on the health of vulnerable groups,
such as seniors and children. The prognostic framing of the components in need of adaptation entails the
course of the Wupper and its tributaries, as well as all future construction projects of buildings and
infrastructure on public ground.?® This means that the extent of adaptation is far-reaching, deciding to
create mandatory requirements for all further municipal urban development with regards to climate
adaptivity. Furthermore, changes to the legal framework of urban stormwater management are consid-
ered, to facilitate more infiltration on private grounds.?* The document stresses the very high urgency of
adaptation action, stating that Wuppertal ‘must therefore implement all conceivable measures for more
climate protection and climate impact adaptation as quickly as possible” (A3, p.4). The flooding disaster
of July 2021 is called a ‘wake-up call”,”® which must also affect the city’s ambitions under climate
mitigation. The intended outcome of adaptation is that Wuppertal becomes a proactive actor in adapta-

tion and mitigation, and the population is protected from flooding as much as possible, especially

21 ‘These new "products" aim to ensure that climate adaptation and climate protection are taken into account as
comprehensively as possible in administrative action and that networking is continuous and binding.” A2, p.3
22 ‘“The measures have not yet been started for technical reasons (premature start of measures is detrimental to
funding), but also for reasons of work capacity.” A2, p.2
23 ¢ All planned major municipal projects are checked for their climate suitability (in particular protection against
extreme weather events) and, if necessary, future-proofed with climate-friendly measures. (...) Further measures
to renaturalize the Wupper and its tributaries are being implemented at an accelerated pace.’ A3, p.3
24 ‘The administration is commissioned to present a new design for the mandatory connection and use of the rain-
water drainage system by spring 2022, with the aim of using local infiltration.” A3, p.3
25 ‘There could hardly have been a worse wake-up call than the catastrophic storms in NRW and Rhineland-Palat-
inate in mid-July.” A3, p.4
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through the city being transformed into a sponge city. This means that the most suitable adaptation
strategy is installation of blue-green infrastructure, acceleration of the restoration of the river Wupper
and tributaries, decentralized rainwater management, and more space for rainwater retention which can
be complemented by ‘grey’ retention basins. Synergies with heat adaptation are hinted at yet not really

explicated. Heat and flood adaptation are mentioned along each other, but with differing measures.

A4 is a consolidation concept with the aim ‘to bring together the topics of ‘preparedness for heavy
rainfall’, ‘water-sensitive urban development’ and ‘climate adaptation’ and to make the instruments and
products developed in stormwater risk management usable and to anchor them permanently in admin-
istrative action” (A4, p.7). The diagnostic framing frames climate change and the increase in extremes
to be the cause of the adaptation issue, complicated by Wuppertal’s topography. The most relevant
impacts are not clearly mentioned, solely property damage is referred to when the initial problem is
outlined. In the prognostic framing of A4, the components in need of adaptation fall under a variety of
different planning processes, as the extent of needed adaptation is very broad. Action is framed to be
needed in “urban spatial planning, traffic infrastructure, water management and urban drainage, planning
of public buildings” (A4, p.7), among others. The urgency of adaptation appears to be high based on the
range of proposed action, yet the wording in the document speaks more of a gradual continuous adapta-
tion process, which does not imply high time pressure. However, the document frames especially heavy
rainfall events and subsequent flooding to be an issue for Wuppertal due to its topography.?® The in-
tended outcome of the adaptation process is a climate resilient and even more water sensitive city. The
most suitable strategy of adaptation is anchoring climate adaptation as a principal consideration in all
administrative action, and all construction of new projects, as well as retrofitting on existing infrastruc-
ture and buildings. Water-sensitive urban design is mentioned several times throughout the document
as the concept to guide urban development.?” Multifunctional spaces are a key instrument to achieve the

objectives, also because they are seen as highly synergetic with heat and drought adaptation.

A5 is the final report of the ad-hoc taskforce on flooding and climate resilience, that was called to life
by the mayor in response to the July 2021 disaster to analyze the events of the disaster and explore
suitable solutions to address flood risk. The diagnostic framing of the cause of the adaptation issue are
the ‘enormous challenges arising from climate change” (A5, p.3), well as added sensitivity to the climate
hazard by the high degree of sealed surfaces in cities.?® Impacts are not elaborated in detail, however,
the special risk of many companies that have their grounds by the river is mentioned. Furthermore, the

WSW, operator of the public transportation and energy infrastructure, suffered high damages during the

% ‘The frequency and intensity of heat waves and storms, especially extreme weather events with heavy rainfall,
which have already flooded large parts of the city center in the past, are increasing.” A4, p.2
2 ‘Consideration of the topics of heavy rainfall precaution and water-sensitive urban development in the updating
of urban development concepts’ A4, p.11
28 ‘The heavy sealing of cities in conjunction with heavy rainfall events can lead to the deterioration of groundwater
recharge and cause the capacity of drainage systems to be surpassed, and harbors risks that should be minimized
as far as possible.” A5, p.6
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disaster.?® The prognostic framing of the components in need of adaptation includes a wide variety of
elements, such as the river and the tributary creeks’ course, the upstream Wupper reservoir, stormwater
management in streets and parking spaces, as well as 41 fluvial flood risk hotspots in the city. The
hotspots of main flood risk — due to the design of nearby streams, topographical attributes etc. — were
captured for the first time in 2017 in the ‘Hochwasserschutz-Prioritdtenkonzept’ (HPK; Flood protection
priority plan) and amended and adjusted since then (Hydrotec Ingenieurgesellschaft, 2019). The extent
of adaptation is very broad, as the components show, and basically encompasses all adaptation strategies
from protection of individual assets to an overall change in stormwater management throughout the city.
The document further foresees that a runoff model be used for new construction projects. The urgency
of adaptation is high, as the authoring taskforce itself was called to life specifically to accelerate adap-
tation to flooding. The adaptation outcome is hinted at by mentioning the initiated working groups for a
water-sensitive and sponge city. The most suitable approaches are framed as a mixture of grey and
green measures. In several of the 41 hotspots, special water retention basins are to be constructed on
public ground, and management of the Wupper reservoir upstream is supposed to be adjusted to be more
prepared for both drought and flood events. For adaptation on private ground, a hazard map for extreme
rainfall events supported by communication initiatives is supposed to empower landowners to contribute
to the city’s climate adaptation efforts on their property. Surface sealing is to be reduced by installation
of greenery and permeable pavement, e.g. permeable street asphalt. These principles are to be considered
in any construction activity on private and public ground. However, limitations to this approach are
recognized, as the city’s steep slopes and rocky base rock do not permit full infiltration in large shares
of the city.®® Nonetheless, the city’s goal is to become water sensitive and build its sponge function, in
which the growing regard for blue-green infrastructure is stressed,®! as well as multifunctional spaces
and underground water retention space. A combination of ‘technical” and ‘green” solutions is supposed
to be applied to the management of flood risk from the river.® The synergy of street greening with
benefits for the urban summer climate is mentioned, as well as drought mitigation through augmented

groundwater recharge.

A6 is a proposal for more unsealed surfaces by the parliamentary group of the Greens that was unan-
imously agreed on in the city council. The diagnostic framing identifies the cause of the adaptation issue
to be progressive sealing of surfaces on private property that causes surface runoff that must be removed.

This has the impact, that expensive stormwater removal measures have to be taken. The prognostic

2 ‘Flood damage in the WSW Group amounted to a total of 3.4 million euros - albeit with a focus on the suspension
railway scaffolding and railroad stations.” AS, p.5
% ‘Due to its topography and the subsoil conditions, on-site infiltration is not possible everywhere in the urban
area.” AS, p.6
31 ‘These foundations for green and blue infrastructure create a good basis for aligning urban development with
issues of climate resilience, which is also becoming increasingly important in the context of funding frameworks.”
Ab, p.6f
32 ‘On the basis of a comprehensive baseline study, proposals were drawn up to improve technical flood protection
and ‘green’ flood protection (...).” A5, p.5
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framing thus identifies sealed private gardens as components to adapt. The extent of adaptation is lim-
ited, as the city grants financial support to house owners, that actively request to unseal their gardens.
Adaptation to heavy rainfall is mentioned after the need for adaptation to heat as a reasoning for the
proposal, which implies a medium urgency. The intended adaptation outcome is a high degree of green
gardens in Wuppertal that leads to both a lower risk of flooding and overheating, as well as benefits for
biodiversity. The most suitable adaptation option in this document is thus framed as decentralized infil-
tration of rainwater, which is to be contributed to by unsealing and greening of urban gardens. The strong
synergies of this approach with heat adaptation are outlined.
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