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Foreword

Throughout human history, a crucial motive in the conception and design of sett-
lements has been the protection of people against natural hazards of diverse kinds.
Across continents and cultures this has generated a wealth of solutions and proces-
ses of continuous learning, serving their purpose largely well – even if sometimes
failing in the case of exceptional events. However, this basic capacity of adap-
tation has become undermined increasingly through modernization and is now
reaching its limits in the context of the global climate crisis. On the one hand,
ecological wisdom and the appreciation of local knowledge have been gradually
abandoned to favour globally standardized and profit-optimized technological
fixes, thereby reinforcing or even creating new climate-related vulnerabilities. On
the other hand, evidence of the growing intensity and frequency of extreme events
resulting from a changing climate as well as their spatial (co-)incidence in urban
areas is amounting. This combination implies potentially disastrous consequences
for a steadily urbanizing planet.

It is therefore not surprising that the concept of resilience has received growing
attention in the context of urban planning and development, acknowledging that
the ability to cope with risks and hazards forms a vital goal - as expressed e.g. in
the UN Sustainable Development Goal 11. But while the concept as such is now
widely shared and promoted, there is still an underlying tension between divergent
understandings of “resilience” rooted in different disciplines and communities in
research, policy, and practice. While for some the call for resilience essentially
demands strengthening the robustness and quick recovery of the material urban
fabric, others rather focus on enhancing social processes required to adapt and
transform. These perspectives also align with different political and economic
interests, considering that the former quickly translates into known measures of
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vi Foreword

urban (eco-)engineering, whereas the latter asks for adopting novel forms of inter-
action and social learning. Apparently, both orientations are critically important
but they are seldom brought into dialogue with each other.

This book takes up this challenge and unpacks notions of resilience in the con-
text of building and planning urban areas. The expression “building resilience”
used in the title thus refers to both – resilience as an attribute of built environs
and as the outcome of a social process. Editors and authors draw on a range of
in-depth contributions on specific natural hazards in the context of climate change
(e.g., river floods, heat stress) as well as goal-driven approaches for developing
resilience in local or regional settings in Germany, to underpin their proposition:
Building resilience implies an integrated handling of four key aspects: 1) Resilient
buildings, 2) knowledge integration, 3) local implementation, and 4) participation
and multi-level governance. This may also entail recognizing that certain forms of
“resilience” can be undesirable when their increase comes into conflict with other
sustainability goals. Therefore, this book offers an instructive read for urban schol-
ars and practitioners alike, inviting to rethink future research and policy agendas
aimed at “urban resilience” or “climate resilience”.

Prof. Dr. Marc Wolfram
Director of the Leibniz Institute of Ecological Urban

and Regional Development
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1Building Resilience to Natural Hazards
in the Context of Climate
Change—Introducing the Focus
and Agenda of the EditedVolume

Gérard Hutter,Marco Neubert, and Regine Ortlepp

1.1 Purpose and Focus of theVolume

The decade from the year 2011 to the year 2020 was the “hottest” in history and
the average global temperature by 2020 has risen by 1.2 °C since the start of
the industrial era (see IPCC 2018 for more details). With extreme weather events
becoming more frequent and prospects of the negative impacts of climate change
intensifying, the need to enhance resilience is obvious.

Resilience has become the hope for many that cities and regions as well as
whole societies are increasingly capable of dealing with risk and uncertainties
related to natural hazards in the context of climate change, especially extreme
events and their potentially disastrous consequences. Consequently, the bodies of
literatures on resilience, natural hazards, and climate change are continuously gro-
wing. There are manifold references to resilience concepts like “urban resilience”
(Coaffee and Lee 2016; Coaffee et al. 2018; Elmqvist et al. 2019; Meerow et al.
2016) and “urban disaster resilience” (e.g., Zhang et al. 2020).

This edited volume follows the purpose of making a focused contribution to
these growing literatures. We as editors (and authors) and our collaborators want
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2 G.Hutter et al.

to provide a coherent set of conceptual and empirical contributions to the overall
theme of the volume “Building resilience to natural hazards in the context of cli-
mate change—Knowledge integration, implementation, and learning”. Theoretical
and methodological arguments remain in the background of argumentation. The
following explains further what coherence in our context of research and practice
means.

Coherence results from the focus of this edited volume on issues of climate
change adaptation at local and regional level in cases from Germany. Climate
policy and governance are both based on climate change mitigation and adapta-
tion. However, the contributions to this volume are more about the latter than the
former. Policies and governance arrangements above local and regional level are
important background conditions of efforts to build resilience in cities and regions
(e.g., IPCC 2018; see Biesbroek and Swart 2019 on the adaptation strategy of the
EU; Die Bundesregierung 2020; Vetter et al. 2017). We assume that cities and
regions, especially actors in large cities, have significant leeway to establish their
“own” specific efforts of building resilience to natural hazards. We understand
building resilience as a core element of urban resilience. The expression “buil-
ding resilience” refers to both (1) social processes of increasing resilience and (2)
intended change of the building stock and related blue and green infrastructures
(including open spaces and urban greenery) as well as intended change of grey
infrastructures.

It has become common to consider the high diversity of understandings of
resilience in research and practice.1 Not surprisingly, readers will not find only
one specific understanding of resilience in this edited volume. This is so not
least because engineers, physical geographers, social scientists, and urban plan-
ners have contributed to this volume and resilience is therefore contextualized in
diverse “messy histories” (Ansell 2019, p. 3) of research streams on dealing with
crisis, catastrophe, risk, and uncertainty.

Coherence results especially from efforts of the contributors to argue about
resilience with regard to specific natural hazards, actors involved in dealing with
such hazards and their actual and possible consequences for the stock of buildings
and infrastructures in cities and regions. Contributions mainly deal with river
floods and risk related to heavy rain fall as well as rising temperatures, heat
waves and associated droughts in urban areas. Hence, only selected issues of high

1Some even state that the resilience word may have only “low scientific status” (Jore 2020);
see also Brand and Jax (2007) with regard to resilience as “boundary object” in contrast to
resilience as narrowly defined concept of high scientific status that is useful in empirical
analysis.
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priority of the German strategy for climate change adaptation are addressed in
this volume (Die Bundesregierung 2020).

It is interesting to see that one of the most widely mentioned arguments for
resilience is the positive connotation of the word in the context of uncertainty and
crisis (Meerow et al. 2016; Abeling et al. 2018; Die Bundesregierung 2020). In
policy contexts and at the interface of policy, practice, and research, resilience
in general, climate and building resilience in particular, may serve as a somehow
fuzzy or ambiguous reference point for communication among public, private,
and intermediary actors. Compared to this, the agenda of the volume is relatively
focussed. Contributions deal with issues of knowledge integration, implementa-
tion, and learning in cities and regions. The following further elaborates on this
agenda.

1.2 Introducing the Agenda

An agenda summarizes the main topics of a communication format and indicates
why the selected topics are in the foreground of discussion. It may entail priorities
between topics. The agenda of this edited volume encompasses four main topics:

• Building resilience as a core element of urban resilience,
• Knowledge integration,
• Implementation at local level,
• Learning in the context of participation and multi-level governance.

The following briefly comments on each point in turn.

1.2.1 Building Resilience as a Core Element of Urban Resilience

The term “resilience” is used in many research efforts, policy discourses, and
practices of climate change adaptation. The term is related to a broad spectrum
of phenomena. For instance, psychologists focus on the resilience of individual
persons (Masten 2014). Management and organizational scholars highlight the
conditions and social processes of organizations in the context of volatile mar-
kets and unexpected events (Weick and Sutcliffe 2015). Governance researchers
address the resilience of public administrations and governance arrangements
(Duit 2016). Economic geographers are interested in resilience as capability and
condition of regional growth pathways (Boschma 2015). Researchers that engage
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in research on Social-Ecological Systems (SES) follow the most encompassing
view on processes of resilience in which diversified, but nested systems are rela-
ted through dynamic processes that generate social-ecological resilience (or not)
(Elmqvist et al. 2019; Folke et al. 2010; Deppisch 2017). Scholars interested
in the question how cities and regions deal with past crises and catastrophes as
well as future risks and uncertainties may prefer the concept of “urban resili-
ence” (e.g., Coaffee and Lee 2016; Coaffee et al. 2018). Some scholars argue that
high diversity of resilience understandings has turned the term into something of
“poor scientific status” (Jore 2020, p. 15) or—even worse—into something that is
“vulnerable” to ideology-driven misuse and over-biased policy-making (e.g., neo-
liberal policies of allocating responsibility to private actors, for instance, citizens
that need to prepare for low-probability events in the context of climate change,
Coaffee and Lee 2016; Tierney 2015; see also the contribution of Zimmermann
and Lee in this volume).

We assume that the term “resilience” helps, if the multiplicity of possible mea-
nings of the word is taken into due account (Davoudi 2018) and if contributors
to the volume consider the historical context2 of how they understand resilience
in their argumentation. We understand building resilience as one core element of
urban resilience. “Urban Resilience refers to the ability of an urban system—and
all its constituent socio-ecological and socio-technical networks across temporal
and spatial scales—to maintain or rapidly return to desired functions in the face
of a disturbance, to adapt to change, and to quickly transform systems that limit
current or future adaptive capacity” (Meerow and Newell 2016, p. 7). Some com-
ments on this understanding are in order (see also Elmqvist et al. 2019): Firstly,
urban resilience is framed as an ability (or capacity) to deal with disturbance and
change. Hence, this definition does not highlight the usage of resilience for ideo-
logical and political purposes (e.g., resilience as a “myth”, Kuhlicke 2013). Of
course, we do not deny that such usage of the term is possible (e.g., Hutter and
Lorenz 2018). Secondly, resilience refers to an urban system. The term “system”
also has multiple meanings, for instance, with regard to a specific system theory
(e.g., systems as closed or open systems). In this introduction, “system” simply
means that urban resilience emerges from complex processes that relate manifold

2With regard to the general problem of “conceptual pluralism”, Ansell (2019) speaks of partly
overlapping, partly different entailments of one term in the context of “messy histories” of
research streams that use the same word in different scientific disciplines, debates, and policy
discourses. Conceptual pluralism happens in many research streams and policy discourses
(e.g., strategy, governance, and knowledge, to name just a few terms).Ansell (2019) underlines
that conceptual pluralism is here to stay, so we have to deal with it without oversimplification
of diverse contexts and messy histories.
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physical and social elements and multiple spatial and temporal scales—more or
less directly coupled. Thirdly, this definition of urban resilience is a broad one,
because it refers to the ability to maintain functions, to adapt to future change,
and to transform for more resilience in the future (Elmqvist et al. 2019).

The expression “building resilience” refers to both social processes and phy-
sical outcomes. As outcome, building resilience means intended change of the
building stock and related blue, green, and grey infrastructures in urban areas. As
social process, building resilience refers to process patterns through which urban
systems develop more resilience in the future. Building resilience as social process
corresponds with strategies for the mid- to long-term (e.g., Comfort et al. 2010;
Chelleri et al. 2015). We cannot provide a comprehensive picture of many pro-
cess patterns that are important for building resilience. We focus on goal-driven
processes of building resilience (“goal-driven” is similar to “teleological”, Van de
Ven and Poole 1995): Actors involved in urban systems are (to some extent) dis-
satisfied with the status quo. They envision improvements and formulate goals.
They undertake individual and collective efforts of knowledge integration and
implementation, and they seek to learn from experience (including “anticipated
experience”, for instance, through scenario-based learning). We highlight three
process patterns3: (1) Knowledge integration, (2) implementation on the level of
the local building stock, related infrastructures and open spaces, and (3) learning
in the context of participation and multi-level governance.

1.2.2 Knowledge Integration

Tell (2011) distinguishes between three approaches to knowledge integration:
Knowledge integration as (1) sharing or transferring knowledge, (2) as use of
similar/ related knowledge in a specialized knowledge domain, and (3) as the
combination of specialized, but complementary knowledge. In this volume, we
emphasize knowledge integration as the purposeful combination of specialized
and complementary knowledge to accomplish specific tasks. Knowledge integra-
tion in this understanding is especially important for building resilience, because

3This does not necessarily mean that every contribution to the volume addresses issues with
regard to all three process patterns. Usually, there is an emphasis on one selected pattern (e.g.,
see the contribution by Hutter et al. in this volume on knowledge integration). Sometimes,
authors address issues of knowledge integration and implementation (practicability), e.g., see
the contributions by Olfert et al. in this volume on sustainability and resilience and of Ortlepp
et al. on building heat-resilient neighborhoods).
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enhancing the ability to persist, adapt, and transform in the face of disturban-
ces and changes often requires the inclusion of actors from different knowledge
domains, with different interests, and different responsibility (e.g., citizens from
a specific neighbourhood, spatial planners responsible for this neighbourhood,
local politicians as members of the city council, and experts from water and crisis
management research and practice). Manifestations of knowledge integration may
be found in inter- and transdisciplinary research projects (Hirsch Hadorn et al.
2008). Furthermore, contributions to the resilience literatures often highlight the
challenge of overcoming “knowledge silos” based on institutionalized responsi-
bility and accountability, administrative procedures and politics. They point into
the direction of enhancing collaboration and knowledge integration to meet the
challenge of “urban resilience implementation” (e.g., Coaffee et al. 2018).

Building resilience to natural hazards in the context of climate change is a
knowledge-intensive process across multiple social, spatial, and temporal scales.
Of course, integrating all knowledge (or as much knowledge as possible) in the
sense of an intended maximum of sharing and transferring knowledge is inef-
ficient. Specialization of knowledge domains on the one hand and knowledge
integration on the other need to go “hand in hand”, but this does not easily hap-
pen in cities and regions. As project examples on climate change adaptation in
cities and regions in the Dresden region show (see Neubert & Schinke, Ortlepp
and colleagues, as well as Hutter & Olfert in this volume), researchers and prac-
titioners alike may experience difficult times trying to integrate knowledge and to
learn how to build resilience over the mid- to long term. Limitations in efforts of
knowledge integration have many causes and consequences and the contributions
to the volume explore this complexity to some extent (see below).

Integrating scientific and professional knowledge that focuses on descriptive
and explanative knowledge is an important effort in building resilience. Howe-
ver, knowledge integration also encompasses efforts of integrating “facts” and
“values” (e.g., systems knowledge, target knowledge, and transformation know-
ledge, Hirsch Hadorn et al. 2008). Facts may continuously be the object of update
and reconsideration. In contrast, values are often embedded in “messy histories”
(Ansell 2019, p. 3) of complex justifications and institutions in society—as the
contribution of Thaler on resilience and justice in flood risk management shows
(Chap. 3, see also the contribution by Zimmermann and Lee, Chap. 9 in this
volume). As editors, we can quite easily contend that issues of justice in buil-
ding resilience to natural hazards need more in-depth consideration. However,
much remains to be accomplished to establish justice as a core element of buil-
ding resilience to natural hazards in urban areas (Davoudi 2018; Ziervogel et al.
2017). Furthermore, we need practical approaches that show how the complexity
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of value-related criteria of sustainability and resilience can be considered “on the
ground” in urban systems (see the contribution of Olfert and colleagues in this
volume).

1.2.3 Implementation at Local Level

Implementation in this volume means, first and foremost, that specific measures
to physically and intentionally change the building stock as well as related blue,
green, and grey infrastructures have been accomplished in the “real world”. We
cannot provide a survey of measures that have been realized in a population of
cases (Gerringson and Christenson 2017).4 The contributions to the volume focus
on selected cases of implementation and report on these cases in vivid detail (e.g.,
see contributions by Ortlepp and colleagues as well as Eisenberg and colleagues).
They show that incremental changes for building resilience may require inten-
sive communication processes and resource allocations of the actors involved.
Furthermore, contributions ask how participatory and communicative instruments
can motivate private actors such as residents of flood-prone urban areas to make
structural changes in their homes (e.g., Grothmann & Michel).

As mentioned, this volume focuses on conceptual and empirical contributions.
Hence, theory-justified explanations of implementation issues are not of high prio-
rity. However, the empirical accounts point to some important factors for future
studies. Adopting the perspective of collaborative policy making, Ansell and col-
leagues (2017) distinguish between four typical failures of policy implementation:
Design failure, top-down-failure, bottom-up failure, and limits of steering capacity
of public actors with regard to private and intermediary agents. The contributions
to the volume give manifold insights how to avoid design failure on the local
level with regard to specific contents of building resilience. They point to factors
that limit public steering capacity (e.g., spatially and socially fragmented property
rights of buildings). We address issues of top-down- and bottom-up failure under
the topic of learning.

4Some survey information on the “state of work” of implemented measures for climate
change adaptation on local level (municipalities in a formal sense) can be found in the
„Zweiter Fortschrittsbericht zur Deutschen Anpassungsstrategie an den Klimawandel “ (Die
Bundesregierung 2020, especially part B.3 on implementation).
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1.2.4 Learning in the Context of Participation andMulti-level
Governance

Learning is a manifestation of “human agency” (Emirbayer and Mische 1998).
Many scholars would probably agree that learning happens, if actors show efforts
of reflection and deliberate change in knowledge on relations between the content,
processes, and context conditions of action (e.g., Carroll et al. 2003). Different
theories and models seek to differentiate between how this happens, the degree of
deliberateness of change, various types of knowledge, and so forth (Biggs et al.
2015). Learning can refer to experience in the past and anticipated “experience”.
Learning may also mean learning when and why not to change knowledge (Weick
and Westley 1996).

The edited volume is open with regard to the learning patterns addressed,
but tries to focus on similar occasions for learning. In the context of climate
change adaptation policy in Germany, a significant number of pilot projects and
innovative actions have been undertaken at local and regional level (see Die Bun-
desregierung 2020; see Turnheim et al. 2018 for case studies in European member
states). Some pilot projects were justified and established through referring to the
notion of resilience. Other projects may have contributed to building resilience
without explicitly using the term. In the edited volume, we are interested in both
types of pilot projects and innovative actions (see, for instance, the contributions
by Neubert & Schinke, Ortlepp and colleagues as well as Hutter & Olfert on pilot
projects in the Dresden region).

Learning as a social process is related to the context conditions and con-
tents of building resilience to natural hazards. The contributions to the edited
volume address issues of learning at local and regional level. For instance, the
contribution by Grothmann and Michel investigates the effectiveness of partici-
pation processes for building resilience in four German cities (Bremen, Kempten,
Lübeck, Worms), focusing on learning effects regarding knowledge gains, beha-
viour change and building of social capital. Karsten Zimmermann and Dahae Lee
address the dynamics of building resilience at multiple governance levels in the
Ruhr region.

Taken together, these contributions show that design choices based on “facts
and figures” are not sufficient for building resilience to natural hazards in the con-
text of climate change. Even intended incremental changes do not happen easily
and without continuous efforts of actors in urban regions to build resilience in the
mid- to long-term. Pathways of transformations to increase the resilience of urban
systems entail much higher complexity and much more dynamic relations at mul-
tiple social, spatial, and temporal scales (e.g., Birkmann et al. 2016; Elmqvist
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et al. 2019; Endlicher and Kress 2008; Köhler et al. 2019; Pelling, 2011; Wolf-
ram, 2016). We understand this edited volume as a coherent set of conceptual
and empirical contributions that facilitate future studies on pathways to increase
adaptive and transformative capacity for building urban resilience and for dealing
with the consequences of climate change.

1.3 Overview Over the Contributions to theVolume

We structured the contributions to the volume roughly in accordance with two
ideas: Firstly, we followed the trinity of knowledge integration, implementation,
and learning. All contributions seek to consider contents, processes, and con-
text conditions of building resilience. However, chapters that address issues of
knowledge integration and implementation emphasize contents, whereas chapters
that follow a learning orientation highlight processes and context conditions like
participation, multi-level governance, and project-based learning. Secondly, con-
tributions are clustered according to the natural hazards that are in the foreground
of argumentation. We begin with three chapters that highlight river floods, especi-
ally low-probability flood events. Chapters on heat stress and associated droughts
as well as on managing the risk of heavy rain fall follow.

Gérard Hutter and colleagues focus on the topic of “Knowledge integration for
building resilience—The example of flood risk maps”. This conceptual contribution
emphasizes knowledge integration as purposeful combination of specialized and
complementary knowledge to accomplish a specific task. The example of develo-
ping flood risk maps illustrates knowledge integration. Thereby, the authors use
the well-known distinction between specified and general resilience. They under-
stand developing flood risk maps as manifestation more of the former than the
latter, especially with regard to low-probability flood events. The chapter shows
how to combine concepts of (interdisciplinary) knowledge integration and con-
cepts of urban resilience (including secondary effects of floods through increases
in groundwater levels in urban areas).

Thomas Thaler provides a conceptual contribution on the topic of “Justice and
resilience in flood risk management: What are the socio-political implications?”.
He argues that flood risk management requires to comprehensively assess how
policies may affect individuals and communities, but actual policies and practi-
ces often downplay or even increase social inequality. His contribution critically
questions the roles of social justice and their political implications for flood risk
management with regard to resilience. The chapter considers a broad range of con-
cepts as well as different perspectives on justice (e.g. social, environmental and
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climate justice). The author urges us to take concepts of justice more seriously
when discussing issues of resilience and flood risk management.

Marco Neubert and Reinhard Schinke analyse the topic of “House lifting to
improve resilience in Settlement Areas—an example from the Elbe village Brockwitz
(Saxony, Germany)”. They empirically compare the traditional flood protection
measure of dyke construction with the measure of house lifting including land
filling for a small-scale area (the Elbe village of Brockwitz/Coswig in Saxony,
Germany). The interdisciplinary analysis of the two alternatives considers a com-
plex set of criteria of sustainability and resilience and shows that house lifting
has, among others, specific advantages with regard to the consequences of low-
probability flood events. The chapter shows how to apply efforts of knowledge
integration “on the ground” of building resilience at the local level.

The challenge of integrating criteria of sustainability and resilience is also
in the foreground of the chapter provided by Alfred Olfert and colleagues on
“Sustainability and resilience—A practical approach to assessing sustainability of
infrastructures in the context of climate change”. Based on extensive empirical
work, they propose a new evaluation tool for in-process sustainability assessment
of local infrastructure innovation designed for early stage phases of development.
This tool treats resilience as integral part of sustainability. They focus on the resi-
lience of socio-eco-technical infrastructure systems at the local level to external
disturbances such as climate change-influenced weather extremes. As a reference
for the sustainability check, an operational stability-oriented understanding of
resilience (“bounce back”) based on “engineering resilience” is adopted. Among
others, they argue that the sustainability assessment tool helps to mediate between
diverse professional perspectives and, hence, supports, knowledge integration.

Issues of building resilience to heat stress and droughts are addressed in the
chapter of Regine Ortlepp and colleagues on “Heat-resilient neighbourhoods—
Testing the implementation on buildings and in open spaces in two sample quarters
Dresden and Erfurt”. The chapter reports on measures that were implemented in
two sample quarters in the cities of Dresden and Erfurt. A complex set of mea-
sures addresses intended change on the building scale and with regard to green
and open spaces. The selection of measures for evaluation and implementation
took place on the basis of an inter- and transdisciplinary process to consider both
scientific effectiveness analysis and how measures are perceived and accepted by
residents. The chapter also reports on measures that were planned to be imple-
mented, but could not be implemented due to various reasons. Like the chapter
of Marco Neubert and Reinhard Schinke, the chapter takes us “on the ground” of
building resilience to natural hazards in urban areas. The chapter is relevant for
issues of knowledge integration and implementation.
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Bernd Eisenberg and colleagues report on “The Impulse Project Stuttgart—
Stimulating resilient urban development through blue-green infrastructure”. They
argue that, given increasing temperatures and less summer precipitation due to
climate change, the maintenance and management of green spaces is essential
and challenging. The chapter describes the development and implementation of a
one-on-one model for urban resilience on the building scale. Designed as both a
public space with high aesthetic value and an open lab, it also serves as a starting
point for a debate about resilient urban development through blue-green infra-
structure in Stuttgart and elsewhere. The Impulse Project Stuttgart shows how
compact blue-green infrastructure can be successfully implemented in densely
populated urban spaces, thereby significantly contributing to the urban microcli-
mate, flood protection during stormwater events, and alleviating the demand for
drinking water through its substitution with rainwater and greywater.

Scholars and practitioners alike argue that building resilience involves partici-
pation. In this context, Torsten Grothmann and Theresa Michel report empirical
findings on “Participation for building urban climate resilience? Results from four
cities in Germany”. They observe a lack of evaluation studies that empirically
validate the many expected positive effects of participatory approaches. The aut-
hors develop a new resilience concept differentiating three dimensions: resilience
knowledge, action and network. They apply this concept to the evaluation of
eight government-led public participation events on adaptation to climate change,
particularly to increasing heavy rain events, in four cities in Germany (Bremen,
Kempten, Lübeck, Worms). Results of the participant questionnaires indicate that
the events were effective in increasing participants’ knowledge (particularly know-
ledge integration), action (supporting rather than triggering action) and networks.
But increases were only moderate and could not be achieved for all participants.
Hence, Grothmann and Michel conclude that the positive effects of participatory
approaches on building resilience should not be overestimated. The chapter also
addresses the important issue of assigning and sharing responsibilities for building
resilience between public and private actors.

Karsten Zimmermann and Dahae Lee approach the topic of “Building resi-
lience in the context of multi-level governance—Insights from a living lab in the
Ruhr” from a critical perspective. Like others, they observe that the term “resi-
lience” is used in an inflationary way and recent publications discuss resilience
critically. They acknowledge that much of the criticism of the fashionable notion
of resilience does make some sense, but they still argue that the resilience word
has theoretical and practical value as it points to the capacity to change a city
or region. This includes collective learning and multilateral forms of gover-
nance and a stronger recognition of city-region governance. However, what is
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missing in debates is a stronger consideration of the political science literature
on governance, decentralization and public policy analysis. They illustrate their
argumentation through referring to a case study from the project “Future of the
City-Region Ruhr” (Zukunft-Stadt-Region-Ruhr, ZUKUR).

Gérard Hutter and Alfred Olfert provide a conceptual contribution on “Project-
based learning for building urban resilience—Reflecting on project examples of
climate change adaptation in the Dresden region”. They ask how partners in pro-
jects on climate change adaptation contribute to building urban resilience, if such
resilience is understood as ability of permanent evolutionary urban systems and
if projects are understood as temporary designed collective actions. The authors
develop the outline of a new typology that considers two dimensions: Learning
options may vary with regard to whether learning agents consider whole systems
or only sub-units of a system. Opportunities further vary with regard to whether
agents aim to increase adaptive capacity or also transformative capacity. They
illustrate this learning approach through two project examples on climate change
adaptation in the Dresden region (REGKLAM with a duration from 2008 to 2013
and HeatResilientCity (HRC) with a duration from 2017 to 2021).
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2Knowledge Integration for Building
Resilience—the Example of Flood Risk
Maps

Gérard Hutter,Marco Neubert, Reinhard Schinke,
Jörg Hennersdorf, Regine Ortlepp, and Axel Sauer

2.1 Introduction

Surprisingly little systematic attention has been devoted to thinking about know-
ledge integration for building resilience in cities and regions. Researchers and
practitioners alike have been more concerned about the diversity of meanings of
the term “resilience” (e.g., engineering, ecological, and evolutionary resilience),
its manifold potential manifestations (from the resilience of children to socio-
ecological resilience of whole urban systems), and its complex and perhaps also
ambiguous relations to other guiding ideas like sustainability, vulnerability, and
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climate change adaptation (e.g., Brand & Jax, 2007, Bruijne et al. 2010; Coaf-
fee & Lee, 2016; Meerow & Newell, 2016; Abeling et al. 2018; Davoudi, 2018;
Fuchs & Thaler, 2018; Hein & Schubert, 2020).

Many scholars and practitioners would probably agree that building resili-
ence to natural hazards in the context of climate change in urban regions is a
knowledge-intensive process and also a process characterized by manifold types
and forms of knowledge. For instance, if individual persons, small groups of peo-
ple interested in enhancing resilience to natural hazards, organizations responsible
for specific tasks to deal with natural hazards and their consequences, as well
as networks of organizations are relevant for building resilience, how then is
knowledge integrated across these different scales of social action? If innovative
solutions are important to build resilience (e.g., in the context of extreme flood
events), how then are different types of knowledge combined to create such solu-
tions (e.g., expert knowledge on flood hazards and damage potentials, political
knowledge, and local knowledge about the behaviour of residents and business
organizations)? Furthermore, knowledge may refer to diverse temporal and spa-
tial scales. For instance, knowledge about the past and the next years to come is
different to knowledge that refers to climate change and its consequences up to
the year 2100 with regard to issues of validity and salience for present action.

Knowledge integration is at the heart of building resilience to natural hazards
and this topic deserves more attention in research and practice. Up to now, it is
not uncommon that efforts of knowledge integration are mainly implicit in contri-
butions to resilience research and practice. In this chapter, we want to be explicit
about the relations of knowledge integration and building resilience, especially in
the sense that knowledge integration can be understood as a “means” (or “tool”,
“instrument”) to the “end” of resilience building (“aim”).

Unfortunately, we cannot yet provide neither deep qualitative empirical fin-
dings nor “hard” evidence in terms of quantitative findings on the topic (Gerring
& Christenson, 2017). Therefore, this chapter addresses knowledge integration
for building resilience on a conceptual level. It proposes a specific understan-
ding of knowledge integration (Tell, 2011), illustrates this understanding, and then
shows that knowledge integration has at least two important conceptual relations
to building resilience: the commitment to both specific and general resilience
(Folke et al. 2010) at a micro level of social action (e.g., Weick & Sutcliffe, 2015)
and enhancing knowledge integration in urban systems characterized by complex
social, spatial, and temporal scales (urban resilience, Meerow et al. 2016). This
conceptualization of knowledge integration for building resilience, we argue, is
especially appropriate to consider natural hazards in the context of climate change
adaptation characterized by uncertainty and surprise (e.g., Schneider, 1998).
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The chapter is structured as follows: Firstly, we focus on knowledge integra-
tion as purposeful combination of specialized and complementary knowledge to
accomplish specific tasks. Secondly, we illustrate this focus through referring to
examples of flood risk maps in urban regions. Thirdly, we explain how actors
relevant for building resilience in cities and regions may balance efforts of speci-
fic and general resilience without overestimating the relevance of one or the other.
Fourthly, efforts of building resilience to natural hazard are placed in the context
of urban systems (urban resilience). Fifthly, we conclude through looking out on
future research and practice.

2.2 Three Approaches to Knowledge Integration

It is common to distinguish between knowledge, information, and data (e.g., Al-
Laham, 2003 in management research, Willke, 2001 in sociology, Zimmermann,
2010 in urban planning research). Two characteristics are crucial to understand
knowledge: Firstly, knowledge emerges through the combination of information
and data over time and through synthesizing the latter on a relatively high level
of abstraction. Secondly, knowledge is embedded in the experience of actors and
experience is context-specific, but actors seek to draw some general lessons from
experience (March, 2010; March et al. 1991). Knowledge is commonly under-
stood as the content of learning (Carroll et al. 2003), learning being a process
that is characterized by knowledge change (see the chapter by Hutter & Olfert in
this volume).

Even if knowledge is the content of learning, it may refer to the contents,
processes, and context conditions of experience. There are many classifications
and typologies of knowledge (e.g., explicit and tacit/implicit knowledge; know-
what, know-how, know-who, know-when, and so forth; knowledge about the past,
present, and future, Al-Laham, 2003; organizational knowledge as epistemology
of possession and organizational knowing as epistemology of practice, Cook &
Brown, 1999). Furthermore, there is a high diversity of knowledge domains and
related forms of knowledge (e.g., expert knowledge, political knowledge, local
knowledge, Zimmermann, 2010). Scholars involved in transdisciplinary research
distinguish between systems knowledge, target knowledge, and transformation
knowledge (e.g., Hirsch Hadorn et al. 2008, 31). How the term “knowledge” is
understood and used depends on the conceptual framework and, of course, on the
topic chosen (Weick, 1995).



20 G.Hutter et al.

If there is high diversity of knowledge types and forms, how then is it possi-
ble to accomplish the task of knowledge integration? Following Tell (2011), we
distinguish between three approaches to knowledge integration1:

• Sharing and transferring knowledge: In principle, sharing may have two mea-
nings that is possessing the same knowledge on the one hand and dividing
knowledge into parts and distributing it to different people on the other (Weick,
1995). We only refer to the first meaning in this chapter. When at least two
actors A and B share the same “body” of knowledge, this can be interpreted
as redundancy in social action: actor A knows what actor B knows. Know-
ledge transfer is the process through which actors realize knowledge sharing.
The main concern of transfer is matching message and medium (Van de Ven,
2007). After knowledge transfer, A knows what B already knew. Grant (1996)
points out that it is inefficient, if actors share all knowledge.

• Using similar/related knowledge: The second approach is characterized by
adopting a body of similar or related knowledge domains to accomplish a
specific task. The term “integration” does not primarily refer to relations bet-
ween the domains of knowledge involved, but to the common task and context
of application. Efforts of integration are necessary and possible, because the
accomplishment of a specific task requires the application of already simi-
lar or related knowledge types and forms. (Perhaps this second approach to
knowledge integration should be labelled as integrated knowledge application.)

• Purposeful combination of specialized and complementary knowledge to accom-
plish specific tasks: In this approach, actors combine highly different and
hitherto unrelated knowledge by purpose and in regard of a specific task. For
instance, A and B possess significantly different and unrelated, but potenti-
ally complementary knowledge. After knowledge integration, new knowledge
emerges that is useful to accomplish a specific task that could not be accom-
plished with only the existing related or similar knowledge. Hence, knowledge
integration in this third approach implies some degree of synthesis of pre-
existing knowledge and some degree of innovation in knowledge development.
Tell (2011) as well as Van de Ven and Zahra (2017) point out that knowledge

1The term „integration“ is used in many scientific disciplines and knowledge domains (e.g.,
social and systemic integration in sociology, technical integration in engineering, integration
as inclusion of marginalized social groups into society, socio-cultural integration of “foreig-
ners”). In this paper, integration only refers to the integration of knowledge based on the
synthesis of information and data over time in the context of social action. This understanding
of knowledge integration can be enhanced through elaborating on theories of social action
and order (see Joas & Knöbl 2013 for an overview).
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integration as combination is only possible if the involved actors also share
some knowledge.

In this chapter, knowledge integration primarily refers to the purposeful combi-
nation of specialized and complementary knowledge to accomplish specific tasks.
Knowledge sharing and transfer as well as knowledge application are also import-
ant for building resilience. However, we assume that knowledge integration
through combination is more “critical” for building resilience in many urban
regions. Furthermore, knowledge integration implies, as mentioned, some degree
of knowledge sharing. Knowledge integration as purposeful combination is the
most complex approach to knowledge integration and this approach needs some
illustration.

2.3 An illustrative example:Developing Flood risk Maps

A flood risk map is a visual representation of geographical areas in river
catchments that depicts the degree of anticipated damage due to a flood hazard of
a certain probability. Anticipation of damage refers to the calculated negative con-
sequences to values of receptors in inundated areas due to flooding measured by
its various parameters (e.g., water extension and depth, flow velocity). Developing
a flood risk map is often a knowledge-intensive process in which different types
of knowledge need consideration and integration (e.g., engineering knowledge on
flood depth-damage functions, cartographic knowledge on the visual representa-
tion of geographical areas, knowledge on administrative boundaries). Developing
flood risk maps is an apt example to illustrate building resilience in urban regions:

• Flood risk maps, especially of low-probability events, are important for building
resilience: Flood risk maps gained prominence in the context of establishing
the European directive “on the assessment and management of flood risks”
(EC 2007). European member states are obliged, among others, to develop
flood risk maps as a basis for the formulation and implementation of aims
and measures to reduce flood risk in river catchments. Disastrous events, like
the Elbe river flood in August in the year 2002 in Dresden, triggered policy
making for establishing the European directive. The directive requires to also
consider low-probability events and their adverse consequences in flood-prone
areas (EC 2007, Article 6). Dealing with low-probability and extreme events
is an important topic in resilience research and practice (e.g., Comfort et al.
2010).
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• Flood risk maps may facilitate cooperation for building resilience: Various
development options may lead to flood risk maps. Sometimes, risk maps are
developed in practice; sometimes, they are the result of (project-based) coope-
ration between scientists and practitioners. Flood risk maps are, as tangible
tools, not only the result of cooperation, they may also facilitate effective pro-
cesses of working together, if project partners use maps as common reference
point for result-oriented communication, trust-building, and building mutual
understanding (Ansell & Gash, 2008).

Elaborating flood risk maps may contribute to building resilience. The follo-
wing shows that such map-making may also count as manifestation of knowledge
integration.

2.3.1 Knowledge Sharing

Knowledge integration is especially challenging in joint projects of scientists and
practitioners. Scientists and practitioners follow different “logics” in terms of per-
ceptions, interpretations, interests, and actions (Van de Ven, 2007). Gläser and
colleagues (2004) characterize joint projects of scientists and practitioners as “he-
terogeneous cooperation”. Heterogeneity between actors encompasses differences
in knowledge, languages, preferences, perceptions, interpretations, interests, prac-
tices, and institutional constraints (e.g., Gläser et al. 2004, pp. 7–17). There is
high variety in constellations of scientists and practitioners as partners of joint
projects. In some projects, scientists and practitioners may be embedded in very
different institutional context conditions (e.g., publication pressures for scientists,
whereas practitioners face political constraints), but they both adopt mainly an
engineering perspective on flood risk management. In other projects, there is high
variety on both sides, science and practice (e.g., social scientists and engineering
researchers on the one hand and local officials responsible for water management,
social issues, and urban planning on the other).

For the purpose of illustration of knowledge sharing while developing flood
risk maps, we want to introduce two project examples in which some authors of
this chapter were involved:
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• The IOER led the project VERIS-Elbe2 (project duration from 2005 until
2008). VERIS-Elbe mainly focused on scientific challenges of flood risk mana-
gement with regard to extreme floods events and large river catchments.
Statements on target groups in practice are mainly generic (Schanze et al.
2015). Partners from practice participated to some extent in the process of
project implementation. However, the book publication for summarizing the
main project findings mainly refers to individual persons from science and not
from practice (Schanze et al. 2015).

• This is different in MULTISURE3 (project duration from 2006 until 2010).
Officials belonging to the local administration of the City of Dresden were
involved in the project. They played an active role to steer the project into
the direction of their own interests. MULTISURE was relatively specific with
regard to how local actors in the City of Dresden could use project results
(Sommer et al. 2012).

Hence, the thrust of the two projects, partner constellations and target groups are
consistent. Partner constellations between the two project examples VERIS-Elbe
and MULTISURE differed substantially, but project partners within and across
projects shared important knowledge on flood risk management.4 Both projects
were based on the understanding of flood risk as the probability of negative con-
sequences (“damage”) due to the inundation of receptors in flood-prone areas.
This understanding framed common knowledge on how to define such contested
terms like “hazard” and “vulnerability” as well as “risk” and “risk manage-
ment”. Project partners referred to publications and official documents that are
widely acknowledged in both science and practice (e.g., the EU directive on
flood risk management, official documents of the LAWA). Based on this com-
mon knowledge, project partners implemented VERIS-Elbe and MULTISURE

2The project title VERIS-Elbe stands for “Changes and management of risks of extreme flood
events in large river basins—the example of the Elbe River” (Neubert et al. 2016; Schanze
et al. 2015).
3The project title MULTISURE stands for “Development of multi-sequential mitigation stra-
tegies for urbanized areas prone to high groundwater level” (Schinke et al. 2012; Sommer
et al. 2012).
4Some individual persons participated in both projects VERIS-Elbe and MULTISURE.
Hence, it is plausible to propose that overlap in project partner constellations also contribu-
tes to knowledge integration. However, in this paper, we abstract from such social relations.
They could be investigated further in future network-oriented research on building resilience
to natural hazards (e.g., Hutter 2014).
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through adopting a comprehensive flood risk modelling methodology encompas-
sing, for instance, coupled rainfall-runoff models, models for predicting water
depths, and flood damage simulation models. This leads us to the purpose of the
two selected project examples and the specific task of combining specialized and
complementary knowledge.

2.3.2 Purposeful Combination of Specialized
and Complementary Knowledge

Flood events and multi-level governance processes led to changes in how flood
risk is managed in European Member States. In summary terms, this change is
described as change from “conventional flood protection” to “flood risk mana-
gement” (e.g., Klijn et al. 2008, 309). Projects were established to demonstrate
that the latter is not only possible in theory, but also in practice (empirical pro-
jects included, e.g., the project FLOODsite funded by the EC, Klijn et al. 2008).
VERIS-Elbe and MULTISURE followed this purpose for specific areas. VERIS
Elbe focused on causes of changes of flood risk and options for reducing the risk
of extreme flood events in large river catchments. The project team chose the
basin of the river Elbe as a case study area with emphasis on its German part
(Schanze et al. 2015). To consider the complex causal chain that leads to floods
and their consequences for receptors, the project team combined different scien-
tific models (e.g., a rainfall-runoff model for the transnational Elbe river basin,
a one-dimensional hydrodynamic numerical model for predicting water depths, a
nested two-dimensional hydrodynamic-numerical model for selected river secti-
ons, and a so-called “Modifiable Digital Terrain Model (DTM)”) for simulating
dike relocations.

The VERIS-Elbe team focused on developing a model for flood damage simu-
lation (a model named HOWAD,5 Neubert et al. 2016). Knowledge integration as
purposeful combination manifests itself especially in the project effort to thrive for
a balance between (1) being too general (e.g., because of average damage values
adopted to specific areas based on economic statistics) and (2) being too case-
specific (e.g., due to detailed damage analysis adopted to only a small number of
cases of buildings). The aim of developing a new model for the simulation of flood
damages was justified through the intention of combining synthetic depth-damage
functions regarding the flood vulnerability of residential buildings (“engineering

5ThenameHOWADof themodel stands for “Hochwasserschadenssimulationsmodell”,which
can be translated as “Flood damage simulation model”.
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analysis”) with generalizing functions to whole areas of the river basin based on
concepts and methods of urban development, physical geography, geoinformation,
and cartography (“spatial analysis”).

The project team applied a complex site-specific typology of residential buil-
dings to the whole area under investigation. The typology of buildings combined
two dimensions: structure type and period of construction. It covered seven struc-
ture types and seven construction periods that served as indicators of complex
building features. Damages were operationalized as refurbishment costs based
on expert knowledge about measures for site-specific building types. The detai-
led analysis of individual buildings as representatives of building types led to
building type-specific synthetic depth-damage functions. Spatial analysis assigned
individual buildings in the “real world” to building types based on methods like,
for instance, “on-screen digitizing”. This procedure applied, as mentioned, to
residential buildings. HOWAD considered other general types of buildings (e.g.,
commercial and public buildings) through expert judgements.

HOWAD was (and is) able to integrate information and data given in a GIS-
compatible digital data format in the same geographic coordinate system. It was
possible to establish a link between the buildings in the area under investigation
and their synthetic depth-damage functions (for residential building types) or rela-
tive damage functions (for non-residential buildings and land-use types). HOWAD
visualized model results as maps overlaid on topographic data or aerial imagery.
The project team made risk maps for specific sub-areas of the German Elbe river.
The team simulated damage of flooding with regard to multiple return periods.
It compared—out of a total of 50 events—a relatively frequent flood event (like
an event with a return period of 50 years) with an extreme flood event opera-
tionalized as an event with a return period of 300 years (Neubert et al. 2016).
The VERIS-Elbe team concluded that the results of the whole flood risk model-
ling methodology are rather sensitive to the spatial downscaling of the underlying
climate projections (Schanze et al. 2015). It also concluded that the new damage
simulation model HOWAD is relatively robust and of high spatial resolution com-
pared to the existing methods of calculating damage potentials due to flooding
(Neubert et al. 2016).

In sum, flood risk maps, like the ones made in the VERIS-Elbe project,
are the result of a knowledge-intensive process that also encompasses efforts
of knowledge integration. The project and map examples illustrate that know-
ledge integration requires some common knowledge among the people involved.
Without common knowledge, project partners are too much strangers to each other
to develop new innovative solutions for building resilience to natural hazards
through trust-based cooperation and result-oriented communication. Based on
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knowledge sharing, complex processes of knowledge integration may flourish
between project partners. The example of the project VERIS-Elbe illustrates that
flood risk maps are, in this case, mainly the result of inter-disciplinary knowledge
integration. This is consistent with the mainly scientific overall purpose of the pro-
ject. Project partners thrived to integrate knowledge from engineering and urban
development research as well as physical geography and cartography. Looking at
the flood risk maps (e.g., Neubert et al. 2016), we see the result of knowledge
integration in the sense of combining specialized and complementary knowledge,
but quite “naturally” we see only little of the efforts of actually accomplishing
the social process of map making.

2.3.3 Using similar/related Knowledge

Researchers and practitioners alike often focus on surface water floods (e.g., river
floods), because these are associated with primary effects like casualties and high
economic losses due to damage to buildings and settlements. However, signifi-
cant flood damage may also be due to secondary effects of surface water floods,
because of rising groundwater levels, especially in the basements of buildings
(Schinke et al. 2012). Flood damage specifically due to rising groundwater levels
may remain underestimated, because it is difficult to assess, especially for the
whole building stock of flood-prone areas. Therefore, project partners of MUL-
TISURE decided to develop a damage simulation model called GRUWAD6 (a
variation on the name HOWAD of VERIS-Elbe).

Like HOWAD, GRUWAD combines concepts, methods and data from enginee-
ring science, urban development research, physical geography and cartography
to calculate and simulate flood damage due to groundwater inundation of buil-
dings (Schinke et al. 2012). The GRUWAD-module “Urban structure” has high
resemblance with the spatial analysis and the building typology used for damage
simulation in HOWAD. Similarities exist also with regard to the overall pro-
cedure to generate building type-specific synthetic depth-damage functions due
to groundwater inundation of buildings. The procedure of GRUWAD provides
enough leeway to consider specific challenges of damage caused by groundwater
inundation (e.g., basement/footprint ratio and of foundation depth to deter-
mine which and how many residential and non-residential building types need
investigation for the generation of depth-damage functions).

6The name GRUWAD of the model stands for “Grundwasserschadenssimulationsmodell”,
which can be translated as “Groundwater damage simulation model”.
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The module “Calculation” integrates the parameter “minimal depth to ground-
water” from the module “Groundwater dynamics”, all geo-data on the building
stock with the designation of the building types from the module “Urban structu-
re” as well as the depth-damage functions from the module “Vulnerability of
buildings due to groundwater inundation”. As a result, calculation leads to a
GIS data-set encompassing the potential subterranean building damage caused
by groundwater inundation for different inundation scenarios. It is possible to
aggregate damage values calculated in GRUWAD to statistical units like building
blocks, urban districts or other topologies (e.g., grid cells or damage clusters) and
to visualize model results through risk maps (Schinke et al. 2012).

MULTISURE started after the project VERIS-Elbe. Project partners shared
some knowledge within and across projects. Concepts, methods, types of data
and calculation procedures of HOWAD and GRUWAD show similarities. GRU-
WAD expands the range of application of HOWAD to issues of flood damage
of buildings due to groundwater level rise as secondary effect of surface water
floods. Hence, GRUWAD illustrates the approach to knowledge integration as
using similar or related knowledge.

2.4 Justifying knowledge Integration as Means to Build
Resilience

Knowledge integration is neither “one thing”. There are different approaches like
knowledge sharing, using similar/related knowledge, and the purposeful combi-
nation of specialized knowledge. Nor is integration always a “good thing”. It is
inefficient to share all knowledge. Efforts of combining specialized knowledge
may fail, because knowledge is not complementary. Knowledge integration often
requires recurring cycles of co-operation and trust-building between the people
involved. Trust is quickly “destroyed”, but emerges only over time.

Given such complexities and limitations, we nevertheless argue that knowledge
integration is a potential means towards the end of building resilience to natural
hazards in the context of climate change. To show this on a conceptual level of
argumentation, we clarify, firstly, in general terms what it means to understand
knowledge as a means (tool, instrument) for the end (aim, goal, purpose) of buil-
ding resilience. Secondly, we specify the meaning of resilience as ability of actors
to manage disturbance and surprise. Both are important in the context of natural
hazards and climate change, because these context conditions increasingly lead
to limits of knowledge and the unexpected. Thirdly, we argue that the distinction
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between specific and general resilience is crucial in pro- and reactive approaches
to resilience.

2.4.1 Means and their Justification through Ends

The categories “end” and “means” are commonly used in some scientific discipli-
nes and policy fields (e.g., policy design research, Howlett, 2019, climate change
adaptation policy, e.g., Vetter et al. 2017). It is crucial to distinguish between ends
and means with regard to time and temporality: Means are used in the present
to realize desired effects in the future. Means are deployed to realize ends and
ends justify that resources for specific means are used. Thus, there are two very
different approaches to relate ends and means (there is abundant social science
literature on this topic, e.g., Howlett, 2019; Luhmann, 1968; March, 1994; Weick,
2001; Wiechmann, 2008):

• Searching for and choosing alternatives to implement a given end: Deterministic
one-to-one relations between ends and means are of little relevance for social
action in the “real world”. There are often alternative means to realize a given
end and actors decide about means on the basis of multiple criteria (see the
contribution by Neubert & Schinke in this volume on how to decide between
the alternative of dyke construction and the alternative of lifting residential
buildings to accomplish the given design level). This approach is characterized
by starting with an end and then searching for alternatives to realize this end.
Multi-criteria-analysis shows which alternative to choose.

• Justifying a given means through statements about ends: Idealistic notions of
ends-means-rationality often mainly refer to searching for alternatives to rea-
lize a given end. However, actors do not (and cannot) always follow this
rationality. Given bounded rationality, uncertainty, and change in context con-
ditions, they start with specific means (e.g., knowledge integration) and then
search for justification to demonstrate the relevance and (net) benefits of such
means. From the viewpoint of the first approach, this kind of ends-means-
rationality is somehow questionable, because it seems that decisions about
means are not justified through systematic and “fair” comparison with alter-
natives, but only by searching for the best justification to legitimize a given
decision about means.

In this chapter, we adopt mainly the second approach to the rationality of ends-
means-relations. This does not mean that the first approach is less relevant or
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useful, but only that, before looking for alternatives to knowledge integration to
the end of building resilience, it seems appropriate to specify in which ways such
integration contributes to resilience.

2.4.2 Building Resilience as Pro- and Reactive Management
of Disturbance and Surprise

Considering building resilience through knowledge integration obviously refers
to human agency and intentionality (Coaffee & Lee, 2016; Emirbayer & Mische,
1998). Actors intend to increase resilience in the future. In daily life, resilience is
broadly understood as being able to deal with adversity in its manifold manifes-
tations in a way better than compared to a state of suffering from adversity due
to a lack in resilience. Scientific disciplines and related research streams seek to
develop a more precise understanding of what it means to consider resilience as
ability and aim of human agency. In principle, there are many options to justify
knowledge integration as means to building resilience, depending on the diverse
scientific literatures of resilience (e.g., Coaffee & Lee, 2016; Fuchs & Thaler,
2018). We propose that resilience is the ability of an actor to proactively adapt
to and recover from disturbance and surprise (similar to the definition of social
resilience suggested by Hutter & Lorenz, 2018, p. 191).

In a complex, uncertain, and turbulent world, some disturbance of action is
inevitable and increasingly “the new normal” (see Farazmand, 2009 on “sur-
prise management” and Ansell et al. 2017 on “Governance in turbulent times”).
There are different kinds of disturbance. Some disturbances are well-known in
kind in advance (“usual”). Still, when they happen and exactly how they happen
may unsettle the lives of the affected actors. Other disturbances are less known
(“unusual”) or even outside the range of experiences and expectations of an actor.

In a similar vein, in his seminal book on “Searching for safety”, Wildavsky
(1988, p. 93) distinguishes between “quantitative (expected) surprise” and “quali-
tative (unexpected) surprise”. The former is known in kind, but not in its specific
manifestation when it occurs; the latter is impossible to expect in qualitative and,
therefore also, in quantitative terms. Otherwise, by definition, such manifestation
of surprise would be classified as “expected surprise”. Wildavsky (1988, p. 93)
highlights unexpected surprise as “true” surprise.

Knowledge integration for building resilience needs to consider both usual and
unusual disturbance as well expected and unexpected surprise. To elaborate on
this, we, firstly, focus on conditions for disturbance and the unexpected. Secondly,
we define in more depth resilience as the ability of an actor to pro- and reactively
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manage disturbance and surprise. Thirdly, we argue that being more specific on
knowledge integration as a means for building resilience leads us to the distinction
between specific and general resilience (in the next sub-section).

The terms “disturbance” and “surprise” highlight different conditions for buil-
ding resilience. The term “disturbance” is more action-oriented, whereas the term
“surprise” points to cognition about the future. If there is disturbance, something
that could have been undisturbed is present. In the social sciences, disturbance
is often related to institutionalized action. Institutions are not only regulative
arrangements for solving conflicts between self-interested actors, but also nor-
mative and cognitive-cultural aspects of social action (Scott, 2014). Actors do not
invent “reality” from day to day. They expect some parts of social life to stay
(at least) similar to as they were in the past (Emirbayer & Mische, 1998). Actors
adopt (more or less explicitly) value premises, normative expectations, classifica-
tions, and “scripts” to act. There are many manifestations of disturbed action (e.g.,
disturbed routines of daily life, organizational routines, and social practices).

The term “surprise” focuses attention on the cognitive-cultural representati-
ons of future action and on the fact that expectations do not necessarily become
“true”, when the future unfolds in the present. When an actor experiences surprise,
there are—by definition (Hutter, 2017)—two relevant approaches to explaining
the unexpected (Weick & Sutcliffe, 2001, 2015): (1) explanation through refer-
ring to the external context conditions of action (e.g., change in socio-economic
conditions, action of other actors, hence, strategic interaction) and (2) explanation
through the more or less appropriate expectations of an actor as internal context
conditions. Weick and Sutcliffe (2001, 2015) argue that resilience requires that
actors resist the temptation to attribute success mainly to internal conditions and
failure to external circumstances. Actors interested in building resilience consider
the full range of options: internal conditions as causes of success and failure (e.g.,
appropriate and inappropriate expectations) and external conditions of success and
failure (e.g., good luck and bad luck).

Against this background, we understand resilience as the ability of an actor
to proactively adapt to and to recover from disturbance and surprise, especially
unusual disturbance and unexpected surprise. This understanding is inspired by
the work of Weick and Sutcliffe (2001, 2015) on managing the unexpected, but
highlights resilience as both pro- and reactive ability. Weick and Sutcliffe (2015)
understand resilience mainly as a reactive ability of actors, especially of teams
and organizations:

“Notice that in the reactive world of the unexpected, the ability to make sense
of an emerging pattern is just as important as is anticipation and planning. And
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the ability to cope with the unexpected requires a different mind-set than to anti-
cipate its occurrence. The mind-set for anticipation is one that favors precise
identification of possible difficulties so that specific remedies can be designed.
A commitment to resilience is quite different. Resilience is a combination of kee-
ping errors small, of improvising work-arounds that keep the system functioning,
and of absorbing change while persisting.” (Weick & Sutcliffe, 2015, p. 97).

We agree that the “proof of resilience” is in present action in the face of actual
disturbance and surprise. However, the intention of building resilience necessarily
involves anticipatory efforts of actors and this also holds for efforts that seek to
adopt the management lessons proposed by Weick and Sutcliffe (2001, 2015).

2.4.3 Building Specified and General Resilience

Given the fuzziness as well as the many possible meanings of the term resilience,
it is not surprising that some scholars seek to develop a specific concept that
is suitable in scientific efforts of also testing hypotheses derived from resilience
thinking (Brand & Jax, 2007). However, Folke and colleagues (2010) point to
the danger that actors interested in resilience and demonstrating the usefulness
of the notion become too interested in narrowing down resilience to a concept
as specified as possible. They underline that building resilience does not only
encompass dealing with the specified and expected, but also with the truly novel
and hitherto unimaginable, hence, unusual disturbance and “true” surprise. They
distinguish between specified and general resilience.

Folke and colleagues define (2010, p. 3) specified resilience as “…resilience
of some particular part of a system, related to a particular control variable, to
one or more identified kinds of shocks.” Referring to Carpenter and colleagues
(2001), they characterize specified resilience as effort to determine resilience of
what, to what. In contrast: “General resilience…is about coping with uncertainty
in all ways” (Folke et al. 2010, p. 5). Folke and colleagues (2010, p. 3) define
general resilience as the “resilience of any and all parts of a system to all kinds
of shocks, including novel ones.”

The distinction between specified and general resilience is crucial to under-
stand how efforts of knowledge integration for managing disturbance and surprise
can be understood conceptually in flood risk management. Flood risk maps (like
the ones developed in the projects VERIS-Elbe and MULTISURE, see above) are
apt examples to adopt a concept of specified resilience. For instance, flood risk
maps are specific on the geographical areas inundated in the context of a flood
event of a certain probability. Flood risk maps specify how damage potentials of
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receptors in inundated areas are calculated. It is the point of developing flood risk
maps in accordance to the directive of the EU on assessing and managing flood
risk (EC 2007) to make also the extreme and relatively unlikely available in anti-
cipatory efforts of flood risk management. Flood risk assessment (including map
making) with regard to flood events of different probabilities is then the basis for
developing specific aims and measures for flood risk reduction.

In Article 2 of the directive, floods are defined as “temporary covering by
water of land not normally covered by water.” (EC 2007, Article 2). Hence, a
flood event can be interpreted as a (temporary) disturbance of how land is used
in normal times. Referring to different probabilities, it is possible, for instance, to
specify what “usual” and “unusual” mean (e.g., defining an unusual disturbance
as a flood event with a low probability or as an extreme flood scenario, EC 2007,
Article 6). This clarification points into the direction that flood risk management
in line with the directive corresponds to building specified resilience. Thereby, it
is useful to remember that specification is not the same as specialization. Flood
risk maps are, in the cases of the maps developed in VERIS-Elbe and MULTI-
SURE, specific results of knowledge integration through combining specialized
and complementary knowledge.

From the viewpoint of resilience thinking, it is crucial how the relevant actors
in anticipatory management efforts interpret specified disturbances as well as
expected surprise and how they decide about responses to such events and anti-
cipated experiences (Folke et al. 2010, see also March et al. 1991; Weick &
Sutcliffe, 2001, 2015). Do actors derive a “false sense of safety” from the conside-
ration of only one specific extreme flood scenario? Or do they interpret knowledge
integration for specified resilience as one component of a comprehensive approach
to building resilience in the context of natural hazards and climate change?

A comprehensive concept for building resilience to natural hazards may
encompass diverse tools, resources, methods, and governance arrangements, as
well as approaches to cognitive-cultural change of the relevant actors (e.g.,
Cunha et al. 2006, 2012; Farazmand, 2009; Hutter, 2017; McDaniel et al. 2003;
Mendonça et al. 2009; Weick & Sutcliffe, 2001, 2015). Up to now, research con-
tributions to building general resilience have mainly been developed for managing
business organizations (Cunha et al. 2012) or technology-driven “High-Reliability
Organizations (HRO)” (Weick & Sutcliffe, 2015). An appropriate concept for
flood risk management still has to be found (Hutter, 2016, 2017; Merz et al.
2015).

The set of requirements to develop a comprehensive approach for building
resilience in flood risk management is diverse. We highlight one requirement:
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Knowledge integration for building general resilience needs systematic compari-
son with alternatives of dealing with uncertainty in all ways. Two alternatives are
especially noteworthy: (1) generalized resources (e.g., money, power, social capi-
tal), and (2) insurance as instrument to handle expected and unexpected surprise.
Comparison with money as generalized resource may be especially illuminating,
because—however an uncertain future unfolds—money will probably play a role
in it. This will be different in case of knowledge integration, not least because
of its complexity and limitations (see above). Future research should explore the
relatively limited range of contents and context conditions in which knowledge
integration for building general resilience plays a role.

In sum, if specific resilience efforts dominate, flood risk managers may have
the illusion that they can calculate an uncertain future and that it is sufficient
to consider disturbance and expected surprise. If general resilience dominates,
management efforts follow an idea of resilience that is too unspecific to be
consequential for present collective action. Thus, building specified and gene-
ral resilience are both important for dealing with disturbance and surprise. Efforts
of specific resilience are not always in harmony with efforts to deal with uncer-
tainty in all ways. Flood risk managers may need to set priorities. They can do
so in different ways (Poole & Van de Ven 1989): Firstly, they may separate the
two over time (e.g., phase one: focus on specific resilience, phase two: adding
general resilience). Secondly, they place a stable priority on specific resilience,
but also consider general resilience, perhaps in the background of management
efforts. Thirdly, they may strive for a new synthesis of flood risk management in
which both specific and general resilience are components of equal weight. We
suggest that the concept of urban resilience (Meerow et al. 2016) has the potential
to provide such a new synthesis for building resilience in flood risk management.

2.5 Knowledge Integration and Urban Resilience

Building specific and general resilience are both important for dealing with natu-
ral hazards like floods in the context of climate change. However, practitioners
responsible for specific tasks and researchers working on selected topics of flood
risk management may prefer the former to the latter. Specification of resilience
issues is necessary for publications and practitioners of flood risk management
like to stay within the formal boundaries of their management tasks. Collabora-
tion of researchers and practitioners then may be an opportunity to address the
issues of building general resilience for developing a contribution to a comprehen-
sive approach for dealing with uncertainties of natural hazards, but collaboration
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also benefits from working on (specific interim and final) results (Ansell & Gash,
2008; Hutter, 2016 see also Hutter & Olfert on project-based learning in this
volume).

Against this background, we suggest that especially the ambition of building
general7 resilience leads to the challenge of taking a broader and systemic view
on how actors in urban regions deal with natural hazards in the context of climate
change. The concept of urban resilience enhances such a systemic view (e.g.,
Coaffee & Lee, 2016; Meerow et al. 2016). Meerow and Newell (2016, p. 7)
define urban resilience as follows:

„Urban Resilience refers to the ability of an urban system—and all its consti-
tuent socio-ecological and socio-technical networks across temporal and spatial
scales—to maintain or rapidly return to desired functions in the face of a distur-
bance, to adapt to change, and to quickly transform systems that limit current or
future adaptive capacity.“

The term “system” is crucial here. Like resilience, the term “system” may
be understood in different ways, for instance, with regard to a specific system
theory (e.g., theories of closed, open, and autopoietic systems). In this chapter,
system simply means that urban resilience emerges from complex processes that
relate to manifold social, ecological, and technical elements and multiple spatial
and temporal scales—more or less directly coupled (see, for instance, Tödtling &
Trippl, 2005, on “fragmented metropolitan regions”, see also Zimmermann & Lee
in this volume).

The second half of the definition refers to efforts in urban systems of coping,
adaptation, and transformation. In reality, these efforts are not always in harmony;
tensions between coping, adaptation, and transformation need to be considered
(Folke et al. 2010, see also the literature on regional resilience that considers
tensions between adaptation and adaptability, Boschma, 2015, p. 735). Actors
in urban regions that emphasize coping in the sense of coping with a specific
event related to a natural hazard and its consequences (“emergency management”)
and that are interested in returning to a similar state as before the emergency as
quickly as possible may have difficulties taking general resilience seriously (e.g.,
using the resilience word mainly as buzz word).

7Building specific resilience and urban resilience are also closely connected. For instance, it
would be possible to trace how specific solutions found in flood risk management diffuse in
other parts of urban systems (e.g., river flood risk maps are inputs to managing the risk of
heavy rain and then the risk of further natural hazards like rising temperaturs and heat waves,
see further contributions in this edited volume). However, in this short sub-section, we largely
abstract from connections between specific and urban resilience.
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Folke and colleagues (2010, p. 5) argue that building general resilience is espe-
cially related to transformation of urban systems and the transformative capacity
of the actors involved (Wolfram, 2016). However, the relations between general
resilience and urban resilience to natural hazards are, up to now, undertheorized
and only little conceptualized, not to speak of qualitative or quantitative empiri-
cal research. The state of art is more elaborated with regard to specific resilience
(see the diverse contributions in this volume). We hope that contributions to buil-
ding a comprehensive approach for urban resilience that pays due attention to the
relations between knowledge integration as well as specific and general resilience
flourish in the future.

2.6 Conclusion and Outlook

This chapter followed a conceptual purpose. We conceptualized knowledge inte-
gration as purposeful combination of specialized and complementary knowledge
based on knowledge sharing between often heterogeneous actors and illustrated
this understanding through referring to examples of flood risk maps in line with
requirements of the directive of the EU on assessing and managing flood risk (EC
2007). We further conceptualized knowledge integration as means to the end of
building resilience, especially in urban regions, and distinguished between specific
and general resilience to natural hazards in the context of climate change.

Specific and general resilience are both crucial for building resilience in
this context. The former enables actors to be specific in their assessment and
management approaches while embracing uncertainties as well as possible distur-
bances and surprises related to natural hazards. Actors can work out the specific
consequences and implications of resilience for collective action. General resili-
ence reminds them that unusual disturbance and unexpected surprise are always
possible even in the case of intensive management efforts to consider specific
low-probability events like extreme floods. Thereby, it is probably unlikely that
flood risk managers in urban regions will develop capabilities like managers of
the so-called “High-Reliability Organizations (HRO)” to manage disturbance and
surprise mainly in an unfolding (emerging) present through high “sensitivity to
operations” (Weick & Sutcliffe, 2001, 2015). Especially general resilience needs
elaboration based on the specific contents and context conditions of flood risk
management in urban regions and this points into the direction of resilience efforts
that are more concerned about anticipation and long-term planning than Weick
and Sutcliffe (2001, 2015) are willing to contend.
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To advance research and practice about knowledge integration for building
resilience, a systemic and network-oriented view on resilience efforts in urban
systems is required. The concept of urban resilience (as proposed, for instance,
by Meerow et al. 2016 or Coaffee & Lee, 2016) emphasizes that actors are embed-
ded in complex and dynamic relations with socio-technical and socio-ecological
networks on multiple spatial and temporal scales. Embeddedness in networks is
crucial to understand if, and if yes, how actors involved in resilience efforts are
able to not only adapt to an uncertain future, but also are able to transform urban
systems for more resilience in the future. Pathways towards more specific and
general resilience may differ between urban regions and the role of knowledge
integration is likely to be also more context-specific than, for instance, the role of
generalized resources like money and social resources. Therefore, we need more
multi-level and dynamic analysis that considers (1) different approaches to know-
ledge integration, (2) specific and general resilience8 as well as (3) relations to
the multiple social, temporal, and spatial scales in urban systems and (4) different
pathways to incremental or transformative change.
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3Justice and Resilience in Flood Risk
Management: What Are
the Socio-Political Implications?

Thomas Thaler

3.1 Introduction

The concept of flood resilience has become a central paradigm in current flood
risk management strategies around the globe. In particular, various international
and national documents encourage authorities to develop and implement commu-
nity or individual resilience to various threats and risks (Doorn et al. 2019; Kim
et al. 2018). The UN Hyogo Framework for Action 2005–2015, the UN Sendai
Framework for Disaster Risk Reduction 2015–2030 or US based initiatives such
as 100Resilience city initiated by the Rockefeller Foundation, represent resilience
as the key goal and ideal for different communities (Béné et al. 2018; Doorn et al.
2019; Spaans and Waterhout 2017; UN 2005, 2015).

Scholars have often linked the term ‘resilience’ to an engineering understan-
ding (Doorn et al. 2019), such as in Crawford Stanley Holling’s seminal paper.
In 1973, Holling introduced resilience in the understanding of ecosystems in con-
texts where a system might change (= reborn) or revert back to the previous status
(Holling 1973). Resilience is seen as “a process that links a network of adaptive
capacities (resources with dynamic attributes) to adaptation after a disturbance or
adversity” (Norris et al. 2008, p. 127). Resilience aims to minimize the vulnerabi-
lity of a flood event based on the community and individual adaptive and coping
capacity, as well as lessening the time of return to ‘normal’ (Agudelo-Vera et al.
2012; Emrich and Tobin 2018; Liao 2012). More recently, scholars have linked
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the concept of resilience to the concept of bouncing forward (including social lear-
ning) or the ability to bounce forward (Grinberger and Felsenstein 2014; Manyena
et al. 2011), ending the debate around built-forward-better (Kelman et al. 2016).

Nevertheless, the main understanding and goal of resilience for large numbers
of policy makers has been to increase community resilience in terms of to return
as fast as possible to the previous (or “normal”) pre-disaster stage with all its con-
sequences that initially led to the disaster (Mika and Kelman 2020). In disaster
risk reduction, the focus has been on efficiency and robustness measures at regio-
nal, community or individual household levels (Doorn et al. 2019). Resilience
often overlooks the pre-disaster situation, including distributional and procedural
aspects of justice within a community. To realize community resilience, aspects
of justice must be addressed by both scholars and policy-makers (Kasperson and
Kasperson 2001; Lebel et al. 2009; Doorn et al. 2019). The practical implicati-
ons of resilience is that already existing inequalities within a community are not
addressed. For example, the unequal distribution of the burdens of flood risk and
social vulnerability cannot be changed following an event. A key problem is the
social exclusion of individuals in the policy making and decision-making proces-
ses, which is rarely considered in the wake of an event (Wisner et al. 2004; Collins
et al. 2018; Sayers et al. 2018; Thaler et al. 2018a, 2020; Thaler and Fuchs 2020).

The question of justice is widespread and differently understood by scientists,
policy makers, stakeholders and citizens. There exist a wide range of different
theoretical conceptual understandings of justice and how to reach it as a goal.
The chapter focuses on three main themes within the current debate on justice,
mainly (i) social justice, (ii) environmental justice and (iii) climate justice. This
does not imply that social, environmental and climate justice has only one theo-
retical concept and understanding. Social justice, for example, includes various
philosophical schools that tackle how to understand, analyse, and reach social
justice. Having said that, this chapter presents some theoretical concepts and their
understanding and how to reach resilience as political and societal goal. The-
refore, the current chapter concentrates far more on conceptual than empirical
research regarding the link between justice and resilience in the example of flood
risk management at the community level. It concludes with a possible outline of
a research agenda within this field.
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3.2 Social Justice—Environmental Justice—Climate
Justice: Different, but the Same

Generally, flood hazard and risk management are often unequally distributed in
societies. In some regions, it is more likely that deprived communities (who are
more likely vulnerable to flood risks) are living in floodplain areas (Chakrab-
orty et al. 2019; Collins et al. 2018; Maldonado et al. 2016). In addition, these
groups are usually less well connected within their national political systems and
decision-making processes to ensure their interests and needs are met (Thaler
and Levin-Keitel 2016; Thaler and Priest 2014). Deprived communities also often
receive less support (such as financial resources) from the public administration
(Emrich et al. 2020; Munoz and Tate 2016). Scholars have referred to these
unequal policies as discrimination perpetrated by many public administrations
(Bolin et al. 2005; Maldonado et al. 2016). Consequently, flood risk management
policies often encourage or increase social and spatial inequalities that enhance
flood risks (Chakraborty et al. 2014; Thaler et al. 2018b).

3.2.1 Social Justice and Resilience

Social justice focuses on the relationship between individuals or groups within a
society. The question is how fair and just are the wealth, possibilities and privi-
leges distributed, as well as means to engage in the political process (Patterson
et al. 2018; Thaler and Hartmann 2016). Discussion of social justice and how to
reach social justice goals was already happening in antiquity with Plato (Plato
2006). The concept of justice itself has a broad understanding and interpretation
(Elster 1992; Mill 2006; Kaufmann et al. 2018; Thaler et al. 2018b, 2020; Ben-
nett et al. 2019). At its most basic conception, social justice concerns questions of
fairness in the allocation of resources, capital and wealth among different mem-
bers of a given society (Thaler and Hartmann 2016). There are many different
models of social justice dictating different interpretations of fair resource alloca-
tion and distribution, such as neoclassic economic approaches that strongly focus
on fair distribution and allocation through their atomic views of society. These
approaches often harness some faith in methodological individualism and general
market equilibrium (Varian 1975). Honneth (2001) defines social justice as a link
between ‘how, and in what way, individuals recognize one another reciprocally’
(ibid, p. 45). The rules of distribution (material and cultural) are mirrors of a
society and its institutions; ‘rules of distribution cannot simply be derived from
the relations of production, but are rather to be seen as the institutional expression
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of a sociocultural dispositive that determines in what esteem particular activities
are held at a specific point in time’ (ibid, p. 54). However, conflicts over dis-
tribution are only understandable as ‘symbolic struggles over the legitimacy of
the sociocultural dispositive’ (ibid, p. 54). To achieve fair distribution, the politi-
cal discussion and especially that surrounding institutions (formal and informal)
require change. In the discussion of justice and flood protection, the actual allo-
cation of flood protection measures is significant (Mancilla and Campbell 2012;
Neal et al. 2014), but so is the way in which this allocation is achieved. Social
justice is more than distributional effects of costs or risks (Zwarteveen and Boe-
lens 2014). It also relates to the procedural process by which a certain distribution
is selected (Johnson et al. 2007; Walker and Burningham 2011).

In summary, there have been many different theoretical conceptual frameworks
developed over the centuries to consider social justice (such as utilitarian, ega-
litarian, libertarian, prioritarian (or needs-based), merit-based, or rights-based),
which foresee different policy directions and support to reach the goal of resi-
lience. Some theoretical concepts include a strong focus on the support of the
most vulnerable groups within our society in terms of capacity building by the
government to reach resilience in these groups. Other concepts foresee a strong
individualistic approach, which states that each household is self-responsible to be
resilient against flood hazards. Therefore, implementation of resilience or activi-
ties by the government to reach such resilience depends on different philosophical
schools:

• First, in the case of a utilitarian policy, the distribution of resources is based on
the goal to achieve the “greatest” happiness within a given society. The defini-
tion of “greatest” happiness in flood risk management involves understanding
the cost–benefit logic; higher benefit = more happiness (Johnson et al. 2007).
Investments and activities of individuals, businesses or communities only occur
when the cost–benefit ratio is positive or favors the highest outcome in cases
that would improve resilience. In pursuing resilience, every activity requires a
cost–benefit analysis. Moreover, actions to reach resilience will be implemen-
ted in high-income communities, as their physical vulnerability (core impact
factor in cost–benefit analysis) is higher in comparison with deprived com-
munities. On the other hand, deprived communities may be provided with
sandbags (as a low cost investment) or even no protection at all.

• A second policy approach (egalitarian policy) foresees the distribution of
resources, such as the aim to increase individual or community resilience based
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on an “equal distribution” principle within the catchment or community. Con-
sequently, high risk areas reach the same level of resilience as low risk areas
as the actions are equally distributed (Ciullo et al. 2020).

• Another interpretation of social justice (mainly libertarian policy) advocates
for the distribution of resources based on an individualistic perspective (Thaler
et al. 2018b). In such a conception, each person (or household) is responsi-
ble for managing and organizing itself. Consequently, a libertarian flood risk
management system would foresee privatization of public tasks in flood risk
management, expecting to provide information on hazards. This would allow
each person to individually (and freely) decide if they would choose to live on
a floodplain.

• In contrast, a prioritarian justice policy concentrates on identifying the ‘most’
vulnerable groups in a society. Here, the focus lies on households who need
support from the public administration to increase their resilience. In particu-
lar, deprived communities are typically located in more hazard-prone areas.
These communities usually face strong challenges to recovering in the case of
a flood event, as these highly vulnerable groups are more at risk of physical
and psychological impacts, as well as unemployment, not to mention financial
difficulties restoring or rebuilding their homes (Deeming et al. 2011; Elliott
and Pais 2006; Emrich et al. 2020; Medd et al. 2015).

• A similar direction includes merit-based justice. A merit-based policy would
distribute support from a public administration according to who actually
deserves it based on their inputs and efforts. People who are engaging in flood
risk management would receive more aid from the public administration in
reaching the goal of resilience. However, actually deprived communities show
low participation in flood risk management policy because they tend to lack
individual resources (time, social networks, cultural capital, needs) (Thaler and
Levin-Keitel 2016). Consequently, deprived communities, i.e. those who need
the most help/are the most vulnerable, would not receive support from the
public administration.

• Finally, a rights-based approach would focus on human-rights. Rights-based
approaches foresee to encourage a strong capacity building based on the ideals
of the capabilities approach (Nussbaum 1998). In this case, the distribution
of resources should ensure basic human rights and pre-existing rights of First
Nations communities into the decision-making process (Bennett et al. 2019).
A central aim is to provide strong capabilities within the communities to
reach the goal. A rights-based approach to justice also means that resilience
would respect indigenous knowledge and expertise and their definitions of
resilience. In line with this understanding, resilience must include traditional
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knowledge from First Nations communities rather than relying exclusively on
a Eurocentric understanding of resilience (Amin 2010).

The question of who takes the responsibility to reach the goal of resilience (such
as government vs. individual household) highly depends on which direction of
justice is implemented in a country. Following a radical libertarian understanding,
for example, would mean that policy makers concentrate on providing information
about the hazards and risks of floods, but not on financial support to imple-
ment resilient measures. Other policy strategies, such as utilitarianism, show the
danger of focusing most activities on high income communities, wherein low-
income communities might get relocated by public administration owing to the
cost–benefit ratio being too low or negative (Siders 2019).

3.2.2 Environmental Justice and Resilience

The environmental justice strand strongly follows the 1980s debate on environ-
mental injustice in the United States of America, explaining the disproportionate
exposure of individuals according to socio-economic status (Bullard 2000; Harri-
son 2014; Schlosberg 2007; Walker 2012). Environmental justice strongly focuses
on assessing the unequal distribution of exposed householders in terms of hazard-
areas, such as floodplains, high risk of air pollution, or poor water quality.
This involves asking questions pertaining to who is living in these areas and
where water is contaminated, therefore identifying how to diffuse pollutions, for
example, insecticides and herbicides, domestic waste, chemical waste, and heavy
metals caused by industry or mines and so forth (Boelens et al. 2018). Most of
the studies in environmental justice are often focusing on the question of tech-
nological hazards, like unequal distribution of air pollution, cancer and social
vulnerability (Collins et al. 2015; Dobbie and Green 2015; Grineski et al. 2015;
Walker 2012). In past years, a new direction within the current environmental
justice debate has involved considering social and spatial inequities involved in
flood risk (Chakraborty et al. 2014, 2019; Collins et al. 2018; Liao et al. 2019;
Montgomery and Chakraborty 2015; Walker and Burningham 2011).

Environmental justice often uses “traditional” socio-economic variables to
explain the spatial and social inequalities pertaining to flood risk. Nevertheless,
the literature often identifies socio-economic injustice in addition to cultural inju-
stices. Cultural injustice is reflected in discrimination based on nationality, ‘race’,
sexuality, gender or/and ethnicity (Fraser 1995). Fraser sees main cultural inju-
stices in the cultural domination of one or more groups with the result of not
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recognizing and disrespecting minor groups. Unequal material distribution reflects
the income and property ownership of each individual citizen. Unequal economic
distribution involves barriers to accessing the labor market, education system,
health care etc., but also natural injustice like living in floodplain areas based on
socio-economic inequality. Fraser defined social fairness as a combination of eco-
nomic and cultural justice, noting that, ‘People who are subject to both cultural
injustice and economic injustice need both recognition and redistribution’ (ibid,
p. 74).

Assessing the vulnerability (to support them in terms of reaching resilience)
of residents is not simply a matter of socio-demographic attributes. The variable
age, for example, is no more than a rough indicator for underlying economic and
social dynamics. There are further questions like how much pension the person
receives, how much savings they have, whether they live alone in a building in
need of renovations, whether the person is physically frail, whether they have
nearby family members to serve as helping hands, or whether they have expe-
riences from past hazard events (Davis and Bellers 1995; Dibben and Chester
1999). By shifting the perspective from plain socio-economic status to specifics
of living situations, it becomes clear that affected households are widely diverse
in how strongly they are threatened by flood risk and which resources they can
mobilize. Acknowledging diversity among affected households implies that some
are better off while others are worse off.

For example, the Vietnamese population in New Orleans weathered Hurricane
Katrina in 2005 fairly well despite being highly vulnerable in terms of poverty
and housing conditions, largely owing to their close-knit network among families
and neighbors that enabled them to cope with the disaster’s impacts (Leong et al.
2007). In a similar example in Austria, elderly people with savings recovered
better from the St. Lorenzen mudflow event in 2012 than young families who
were indebted from building their homes (Weber 2015). This understanding also
comprises decisions on how to support people in reaching resilience. Assessing
environmental justice is far more complex because one must integrate variables
and concepts of vulnerability, coping and adaptive behavior to support indivi-
duals or communities. Of course, individuals might need and request different
(individualistic) support.
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Environmental justice need to assess socio-spatial inequalities within commu-
nities. The aim is to understand and explain why low-income families often live
in floodplain areas and what the consequences would be in case of a flood event.
Here, the research encourages authorities to improve resilience of marginalized
groups by changing the actual power distribution. Environmental justice strongly
stresses the need to overcome the unequal distribution of power and resources
(Allen et al. 2017). Researchers have stressed that decision-makers must reco-
gnize communities and include them in the decision-making process to ensure
their interests and needs are addressed through a fair distribution of investments
and burdens. This includes changing the current political debates to tackling how
to overcome environmental racism, as well as overcoming inequalities in other
fields, such as income, gender, or sexuality (Fraser 1995).

3.2.3 Climate Justice and Resilience

In past years, there has been a stronger focus on the intergenerational aspects
of justice, mainly in the case of climate change. The climate justice debate has
mirrored the unequal distribution of climate change impacts (Schlosberg and Col-
lins 2014; Schlosberg et al. 2017). Recent climate observations clearly show an
increasing risk of extreme weather events related to climate change. Flood events
or heat waves and extreme temperatures are likely to occur more frequently in
the future (IPCC 2018). For example, structurally dense urban areas with high
amounts of sealed surfaces and low shares of green and blue areas are more vul-
nerable (Markolf et al. 2019). Climate justice often follows a strong principle of
equality, where the main aim is to include intra- and inter-generational equality
in the process of sharing risk-burdens (Schuppert 2011).

For example, an approach towards realizing the vision of a city resilient
towards climate change involves implementing urban ecological infrastructure
like parks, pocket parks or parklets, green roofs, green facades, alleys in streets,
de-sealing of impermeable surfaces, percolation troughs and water bodies. Nevert-
heless, the goal of climate justice often neglects a number of questions pertaining
to social equality (Kabisch et al. 2016; Perkins et al. 2004), even leading to non-
intended side effects and trade-offs, such as gentrification processes (Checker
2011; Meishar 2018; Rigolon and Németh 2019). As climate justice, for exam-
ple, can improve living conditions in targeted urban areas, dynamics of residential
self-selection and shifts in real estate pricing can lead to uneven access to the
benefits, i.e. privileging people who are already resistant or recover easily because
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of their wealth. This may undermine ongoing political efforts for social diver-
sity and equity, perhaps leading to displacement of less affluent residents when
marginalized families have to relocate to affordable residential spaces (Astmars-
son et al. 2013; Rigolon and Németh 2018). Refurbishing entire urban quarters
may advance residential segregation by pushing out the less affluent and the less
outspoken (Pareja-Eastaway and Winston 2017). Such action may also push peo-
ple to move to a built environment where they can easily uphold their existing
preferences and financial possibilities regarding mobility, leisure activities, and
cultural context (Cao et al. 2009). When transforming the urban fabric to reach
climate justice, from the outset it is paramount to address the necessity to inte-
grate the needs of marginalized groups while ensuring that the negative impacts
of a warmer climate are reduced (Iwaniec et al. 2019; Patterson et al. 2018).

3.3 Conclusion

This chapter discusses a wide variety of notions and concepts of justice in the
current literatures. The chapter presents different perspectives (such as social,
environmental or climate justice), but also a wide range of different theoretical-
philosophical understanding, at the same time displaying debates on what justice
might be and how to reach it. Nevertheless, policy makers around the world follow
justice principles with strong implications for the concept of resilience (Johnson
et al. 2007; Thaler and Hartmann 2016). The political implications vary highly in
terms of who receives support, resources or information from public administrati-
ons. In addition, policy goals and strategies with the aim to increase resilience
in low-income communities might include negative trade-offs (like gentrifica-
tion processes)—this has been evident with the implementation of “Nature-based
Solutions (NbS)” in urban areas.

In future research, there exist several aspects that need to be addressed. First,
there is a need for better conceptual connections in the field of flood risk mana-
gement, justice, and resilience. As a first step, scholars must assess the aspect of
justice in theoretical discourses in flood risk management (Kuhlicke et al. 2020).
Second, there is a need to have a stronger focus on the question of empirical
research. The different theoretical streams in justice require reflection surrounding
how we might collect data and analyze them. Finally, there is a need to address
justice in all fields of resilience activities in flood risk management. There are
diverse traditions regarding how to reach resilience, but these actions need to be
seen through a lens of justice to address the needs and interests of the community
in general.
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4.1 Introduction

4.1.1 From Flood Risk Management to Resilience
and Sustainability

Floods are among the most frequent and consequential natural events worldwide.
At the same time, trends show an increase in flood-prone assets and thus flood
damage. Concepts, strategies, methods and measures are therefore continuously
being developed and refined in order to be better prepared for such events and to
be able to mitigate or prevent flood damage. In the past, the main focus was on
protection against flood hazards. However, it became apparent that absolute pro-
tection is not achievable. An important milestone in flood management reflects the
European Floods Directive (2007/60/EC), which illustrates the ongoing shift of
traditional flood protection to risk-based approaches (Hartmann and Jüpner 2017).
Frequently, decisions in flood risk management are based on risk analyses that
relate in particular to direct damage and consequences. Typically, indirect and
non-monetary effects are not considered (De Bruijn 2020).
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These limitations characterize one decisive fact for further developments
improving the management of floods and other natural hazards. This is in line
with current changes and the increasing importance of resilience approaches (cf.
Schinke et al. 2016). With focus on urban resilience, the concept geared to integra-
tive and sustainable approaches, considering relevant functions of urban systems
and their interactions (Albano et al. 2015; Serre et al. 2012, 2016). In conse-
quence, both research and legislation started to have a more holistic view on all
elements of the flood risk management cycle to improve existing solutions and to
develop new options reducing current and future flood risks. It also includes envi-
ronmental, societal and economic perspectives and thus aim for more sustainable
solutions (Connelly et al. 2015; De Moel et al. 2015; Serre et al. 2016; Vojinović
2015).

The concept of resilience is gaining more and more attention, despite the fact
that the term and concept are characterized by a certain vagueness (Hartmann
and Jüpner 2020, see Hutter et al. in this volume, Chap. 1). The idea of resilience
is directed towards integrated solutions for environmental issues in an increasin-
gly complex environment that take into account other aspects besides economic
consequences (Disse et al. 2020). In this context, the assessment and application
of measures should be flexible and integrative, considering the dynamics of the
processes—but also robust solutions. With regard to flood risk management, the
application of the resilience concept is first fundamentally used to mitigate the
negative impact of extreme events (ibid.), but this is linked to improve concepts
of measures. Resilience supports on the one hand “bouncing back” (lat. “resilio”)
to a previous system state, which determines the stability of a system. On the
other hand, the concept of resilience focuses on adaptation, which improves the
sustainability of the system (ibid.).

Against this background, this paper focuses on the topic of urban resilience
(Meerow and Newell 2016), more specifically the resilience of buildings. Since
the study is also covering natural instead of solely built-up areas, it is also
addressing landscape resilience. Schmidt (2020) defines landscape resilience as
the adaptability and self-renewal capacity of a landscape and thus the ability to
maintain, regenerate and increase its own fundamental landscape qualities (func-
tions, services, etc.) despite disturbances, crises or ongoing changes. Applied to
this study, the construction of a dike would lead to the almost complete loss of
the natural landscape resilience of the Elbe floodplain in the case study area as
this artificial technical structure would massively impair the natural landscape.
In addition, the appearance of the landscape would also be degraded by human
intervention. At the same time, the study also considers (to a large extent) aspects
of sustainability for assessing the impacts.
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Knowledge integration is important as well for the transdisciplinary approach
of the study presented. We refer to it as the purposeful combination of speciali-
zed and complementary knowledge to accomplish specific tasks (Tell 2011). The
research reported here required the involvement of manifold actors of different
scientific domains to get an overall picture of the resulting solution and its conse-
quences. Besides, the process involved also local residents affected by decisions
on measures for flood risk reduction as well as the city administration (see below).

4.1.2 Background and the Idea of House Lifting in Brockwitz

The flood events of the last decades led to immense economic damage and high-
lighted the need to plan and implement appropriate measures for damage and
risk mitigation. Due to a further increase in event frequency and intensity caused
by climate change, robust and sustainable solutions are becoming increasingly
important.

In recent years, therefore, enormous efforts have been made to limit the effects
of flood events. The Free State of Saxony, for example, has invested around
2.6 billion Euros in flood protection and in the elimination of flood damage to
existing protection systems since the major flood event in 2002 (SMUL 2017).

The prioritization of new flood protection measures to be built by the Free
State of Saxony was based on uniform criteria that took into account the extent of
the damage potential, the cost–benefit ratio, water management aspects, as well
as particular impacts, consequential hazards and protection requirements (SMUL
2005). Based on these evaluations, many priority projects were established. These
projects showed their effectiveness during the 2013 flood and they prevented
numerous damages.

However, the assessment also reveals that there are a number of projects that
have a low priority and consequently will not (or cannot) be implemented in the
near future. The main reasons are often local or small-scale projects in combina-
tion with less favorable benefit–cost ratios. The situation described leads to the
fact that flood risks in these areas will continue to exist for the time being and
that other precautionary strategies will have to gain in importance.

Brockwitz, a village within the municipality of Coswig (Saxony, Germany)
located on the Elbe River with a 1000-year history, has also been affected by
floods and was severely affected by the events in 2002 and 2013. Due to the
local conditions, a stationary flood protection facility (dyke) is contested here,
as it would represent a significant intervention in the cultural landscape and the
historic townscape. At the same time, it is possible to protect only a relatively
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small number of buildings with such a massive intervention, so that this project—
from an overall Saxon perspective—has a low priority and the implementation of
the measure in the near future is questionable.

This prompted the identification of suitable alternatives for damage and risk
reduction, an assessment of their feasibility, and an evaluation of the consequences
for the village, its residents, and the surrounding area. The aim is to maintain or
improve the attractiveness and quality of life of the town and the natural functions
of the Elbe floodplain. The municipality of Coswig is pursuing an innovative
solution approach of house lifting for the flood-affected houses in order to mitigate
the flood risks in accordance with principles of sustainability and of avoiding
subsequent operative costs.

This chapter reflects the chosen approach with the investigations carried out—
in the sense of a feasibility study. The chapter gives an overview of the work
conducted to date and the results achieved, which serve as a basis for an evaluation
of the alternative courses of action in the Brockwitz case study (cf. Schinke et al.
2019).

4.2 Methodology

4.2.1 Overall Approach for Analyzing Flood Resilience
and Sustainability

Following the idea of an area-related house lifting, the aim was to investigate
key issues for a resilience and sustainable development with regard to appropriate
flood mitigation measures. Our intension was to find a comprehensive approach,
which ensures the transferability of the methodical results. For this purpose, essen-
tial influencing factors had to be investigated and evaluated in an interdisciplinary
context.

At first, the investigation focuses on a detailed view of the flood hazard situa-
tion in the catchment of the Elbe River. For this purpose, characteristic (mean)
flood hydrographs and flood peak values for different occurrence probabilities
were derived by means of extreme value statistical methods. Based on this, hydro-
numerical modeling was carried out, which was based on the 2D-HN model of
the Elbe River. For the extracted section, which is about 31 km long, the digital
terrain model and the building stock were updated and the roughness occupancy
was adjusted, in addition to the hydrological parameters. By refining the calcula-
tion network in the area of the buildings, the evaluation of flow velocities was also
possible between the buildings. The calculations were performed for actual and
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planned conditions under quasi-stationary conditions, in particular to derive the
required height for the envisaged flood protection, and under transient conditions
to obtain realistic information on inundation areas and flow velocities (Carstensen
et al. 2018).

Of central importance was the analysis of the building stock, which focused
on three fundamental aspects:

• A building typological differentiation of the settlement structure as well as
incorporation of object-specific building parameters as a basis for damage
modeling and the assignment of vulnerability information,

• An assessment of the building stock including the existing cultural monuments
and the historic settlement with regard to their significance for the preservation
of monuments, cultural history and the view of the place, as well as

• An initial structural assessment with regard to technologically relevant boun-
dary conditions for house lifting.

The investigations are based on on-site inspections, individual case studies and
archival research. A central result are the recommendations and guidelines for
the selection and scope of the objects to be preserved, which were developed
from the perspective of monument preservation. These are aimed at preserving
the culturally and historically valuable objects in the ensemble and in their spatial
relationship to each other. In addition, the specific character of the village could be
strengthened by a targeted arrangement of replacement buildings in the building
line.

The structural and constructional investigation of the existing building fabric
in conjunction with interviews with experts served for the detailed consideration
of process-related and constructional boundary conditions for house lifting. House
lifting is not an unknown procedure. It is used in civil engineering for the solving
of various tasks. Typical fields of application are in particular the correction of
foundation problems, e.g., as a result of subsidence in former mining areas, and
the avoidance of rising groundwater, e.g., after the cessation of mining dewatering.
Technologically, house lifting can be differentiated, for example, according to the
attachment points/attachment system of the lifting tools:

• Lifting via load-bearing foundation slab or ceiling construction,
• Lifting via load-bearing wall constructions,
• Lifting via auxiliary constructions (cf. Melenhorst et al. 2019a).
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Depending on the structural conditions, the lifting techniques can be combined,
so that a variety of adaptations and special solutions are possible. Especially in
recent years, a number of house lifting projects has been carried out, which inclu-
des some historic buildings. Regardless of this development, the lifting of rural
residential buildings, some of which were built before 1870, in conjunction with
quarry stone wall and partial basements, remains a challenge that should not be
underestimated. Here, it can be assumed that additional measures are necessary to
stabilize and improve the load-bearing capacity of the constructions. A limitation
of the lifting height can be circumvented by a stepwise approach.

Another key aspect of the study is the impact of the flood protection measures
on nature and landscape (see subsection 4.2.3). For this purpose, biotope structu-
res as well as plant and animal species composition were mapped for the actual
state. On this basis, indications for the protection and preservation of the biotopes
and biodiversity during and after the construction measures could be provided.

The aim of this part of the investigations was a nature conservation analy-
sis and evaluation of the current state of the affected landscape. A subsequent
assessment and prognosis of the adverse effects of flood protection on nature
and landscape aimed to compare the two construction options of house lifting
including land filling and dyke construction to show the advantages and disad-
vantages as well as the degree and extent of negative impacts on the natural area
and thus provide decision-making support. In addition, proposals for minimizing
damage to nature and the landscape were developed as well as compensation and
replacement measures to improve the situation for native flora and fauna.

All in all, the results of the investigations and explorations carried out lead
to drafts for local and open space planning, which contribute to the development
of resilient landscape and settlement areas. The focus here is on the question of
the usability and adaptation possibilities of the link between “house—garden—
landscape space” as well as the effects of house lifting on the townscape and the
public space.

A major emphasis was also given to involving the affected citizens and
property owners in order to develop common ideas and perceptions for the pre-
cautionary concepts. An important component here was the implementation of
participation workshops, whose results were incorporated into the conception of
measures and are also reflected in the resulting inspiration manual (Melenhorst
et al. 2019b).
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4.2.2 Analysis of Risk and Risk Mitigation

In the light of the case study with its focus on house lifting, there is a need for a
detailed damage simulation that analyses the changes of risks for each individual
object. The HOWAD/GRUWAD model provides an appropriate basis, which is
characterized by (i) a multi-scale approach analyzing risks and risk mitigation
from local to regional scale, (ii) innovative methods to describe the urban structure
and the vulnerability as well as (iii) a high spatial and contextual resolution of
the resulting risks (Neubert et al. 2016; Schinke et al. 2012, see also Hutter et al.
in this volume, especially chap. 2 for a summary on the HOWAD/GRUWAD).
The model has been used for many years in risk modelling and in the evaluation
of flood protection concepts that includes a continuously further development of
methods and their data basis.

Within the approach, the urban structure is characterized by a building typo-
logy that uses a differentiation of structure types, construction periods and
considers the main construction of every individual building. Due to field survey,
there was the possibility to collect damage dominating attributes like the ‘ratio
of basement floor area to building footprint’ and the ‘depth of foundation’ (see
Schinke et al. 2012). Due to a significant variation in building types, the para-
meter could considered here directly on the building polygon and the building
related analysis. Depending on the flood hazard, it allows the exact definition of
the lifting height (see Fig. 4.1).

The derivation of synthetic depth-damage functions to describe the vulnera-
bility of buildings, as a decisive basis for the model approach used, based on
detailed analysis of characteristic buildings. The flood stages are used to identify
damage, to specify remediation techniques as well as to calculate refurbishment
costs (Schinke et al. 2016). Due to the small case study area, there was the possi-
bility to adapt and to create individual depth-damage functions on specific house
lifting and construction conditions.

4.2.3 Analysis of Nature and Environmental Issues

In addition to a sampling-based faunistic and floristic survey in summer/fall 2017
(birds, bats, reptiles, amphibians, butterflies, dragonflies, grasshoppers, xylobiont
beetles as well as plants), an area-wide status analysis and assessment of biotopes
was carried out. This was conducted in fall 2018 and covered all biotopes that
would be affected by the planned house lifting and land filling as well as dike
construction.
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Fig.4.1 Approach to consider house lifting in damage and risk models with high spatial and
contextual resolution. (Source Schinke et al. 2019, modified)

Taking into account a suitable biotope mapping method (Schulte et al. 1993)
and according to legal requirements regarding protection status according to the
Nature Conservation Act of Saxony (SächsNatSchG) and the EU Habitats Direc-
tive, as well as on the basis of knowledge about the binding of value-giving
species to the corresponding habitats in the study area (e.g., Bellmann 1993;
Flade 1994; Hardtke and Ihl 1999), all affected areas/biotopes have been clas-
sified according to the following three-part scale: low, medium and high nature
conservation value. According to this, legally protected biotopes (according to
§ 21 SächsNatSchG), such as scattered orchards and lean fresh meadows as well
as extensively used lean grassland of fresh sites, which can also be assigned to
habitat type 6510 ‘Lean lowland meadow’ according to the EU Habitats Directive
if they have a characteristic appearance and corresponding floristic composition,
are considered to be of ‘high value’. Other extensively used grassland and rela-
tively structurally rich, near-natural gardens with native shrubs and fruit trees have
a ‘medium value’. In contrast, weekly mowed short lawns, beds with foreign orna-
mental shrubs and wood chip cover are considered ‘low value’. All sealed surfaces
were also identified.
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Furthermore, all trees in the project area were mapped and also classified from
a nature conservation point of view according to a three-level scale of value.
Old fruit trees with tree cavities and prominent native deciduous trees/solitary
trees with a diameter at breast height of more than 60 cm were classified as ‘high
value’, younger fruit trees without tree cavities, other native and typical deciduous
trees in the area have a ‘medium value’ and conifers that are not typical for the
site and foreign conifers, such as blue spruces, are classified as ‘low value’.

4.3 Results and Discussion

4.3.1 Action Alternatives Investigated for the Case Study
Brockwitz

A first step was directed towards a more detailed description and characterization
of the action alternatives as an essential basis for all further investigations. This
includes general specification to different restrictions, dependencies, and impacts.
It is closely linked with the hazard analysis to derivate the protection level for the
case study area. In summary, Fig. 4.2 reflects the action alternatives considered.
It illustrates the focus on comprehensive comparison between traditional flood
protection (dyke) and a measure of house lifting including land filling, which
was proposed in this special case as a smart alternative. The conditions for house
lifting are favorable, because the severely affected buildings stay close together
and the rising terrain facilitates the integration in the landscape. The protection
level was set to the water level of a recurrence interval of 100 years under steady-
state conditions that ensures a flood freeboard of 50 cm. For the house lifting, the
protection level was determined by the minimum level of the ground floor.

The dike variant is based on a first routing draft developed for the flood mana-
gement concept of the Free State of Saxony. The dike line is located close to the
village and has a construction mean height of about 3.5 m and a maximum height
of about 4.5 m.

The house-lifting variant integrates central results of the research. It is charac-
terized especially by the recommendations of historic preservation with its focus
on an area-related house lifting without singularities, preservation of the histo-
ric building fabric as well as retention the view of place. The lifting height are
between 1 and about 3 m, in individual cases up to 4 m.
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4.3.2 Results of Environmental and Nature Conservation
Aspects

The result of the nature conservation evaluation of the affected areas as well as the
affected woody plants is shown in Fig. 4.3. In the case of the house lifting with
land filling, the proportion of areas of high nature conservation value is only just
under 1% (approx. 190 m2), and that of medium value is 6% (approx. 1,632 m2),
so that a relatively small area of 0.2 ha relevant to nature conservation would be
affected. In contrast, 60% of the area in this variant is sealed (building area, roads,
paths, access roads, terraces, etc.). More than 30% (approx. 8,010 m2) of the area
can be assessed as low-value from a nature conservation point of view, because it
is intensively maintained short lawn, foreign conifer hedges and beds with foreign
ornamental shrubs, which are partly covered with wood chips. Such intensively
overgrown areas represent hostile areas for a large part of the native flora and
fauna, which offer them hardly any development opportunities and therefore have
only a low nature conservation value.

In the case of the dike construction variant, the proportion of areas of high
nature conservation value affected by the construction measure is just under 40%
(approx. 12,754 m2), of areas of medium value 20% (approx. 8,459 m2) and of
areas of low value just under 40% (approx. 12,593 m2). The proportion of sealed
surfaces is less than one percent and is limited to two driveways and one building.
This means that the construction of a dike would destroy about 2 ha of areas of
high and medium nature conservation value (e.g., meadow orchards and lean fresh
meadows as well as other extensively used grassland) and thus 60% of the total
affected area. This does not take into account that woody habitats are additionally
affected by clearing on the dike distance space.

In terms of mapped trees, the following result is found: 59 trees were mapped
in the area of the house lifting and land filling. Of these, 5 trees have a high
conservation value and 12 trees have a medium conservation value. Almost three
quarters of all trees (42 items) in the vicinity of the residential buildings are blue
spruce or other alien or non-site-specific tree species, all of which have a low
conservation value.

On the planned area of the dike construction variant, 297 trees were mapped.
29 trees are classified as high and 182 as medium nature conservation value.
Just under a third of the trees (86) have a low conservation value. Figure 4.3
clearly shows that with a potential clearing area of 10 m in the dike foreland and
hinterland, additional trees would be affected; with a potential clearing area of
30 m, additional trees would be affected.
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The planned construction measures will inevitably lead to impairments in
nature and landscape in both variants, as there will be a massive change in the
surface structures.

The area affected by the house lifting including land filling amounts to 2.6 ha.
Within this area, the buildings cover approx. 5,000 m2 and roads, paths, access
roads and other sealed areas 10,250 m2. At this stage, there is a total sealed area
of 15,250 m2 or ample 1.5 ha, and there is an unsealed area of about 1 ha that
will be backfilled but will remain unsealed.

In the case of the dyke construction, a crest height of up to 4.5 m is determi-
ned for the project area, as well as a width of about 34 m and a length of about
1,000 m according to technical specifications, e.g., angle of inclination. Thus, an
area of about 3.5 ha will be completely built over, i.e. on this area the original
biotopes will be removed and the landscape functions will be permanently impai-
red. On this dike area, for example, it can be assumed that the water absorption
capacity is limited due to the construction technology and relief, due to the use of
stone fill, stone inserts, geogrid mattresses, soil consolidation by adding binding
agents, etc. In addition, there is the mandatory dyke defense path. With a width of
about 3.5 m, an additional area of about 0.3 ha is sealed, which is currently still
unsealed. In this respect, the construction of the dike would directly remove about
3.5 ha of retention area from the floodplain, as well as another 4–5 ha through
the embankment of terrain, which would remain unchanged in the house lifting
and land filling variant. In total, the loss of habitat amounts to almost 4 ha and
the loss of retention area to at least 8 ha.

In the case of house lifting and land filling, only just under 0.2 ha of areas
of high and medium value in terms of nature conservation would be affected. On
the other hand, there is a potential area of 0.2 to 1 ha that can be unsealed and/or
ecologically upgraded in the course of the site filling and redesign of the terrain
around the buildings.

The dike construction variant, on the other hand, would destroy about 2 ha
of area on which high-quality and medium-value biotopes were identified from a
nature conservation perspective.

According to Code of Practice DWA-M 507-1 (DWA 2011), there is a require-
ment that a distance of 10 m or 30 m (copses class I, such as poplars, sycamores,
robinias, etc.) must be free of trees on both sides of the dike, measured from the
dike bottom (Haselsteiner 2018). This results in a considerable encroachment. In
this respect, the dike construction variant would destroy many more trees (51), of
which 6 are high nature conservation value and thus legally protected cavity trees,
while the house elevation and terrain filling would have a much smaller impact on
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or negative effects on high nature conservation value areas and high value woody
plants.

The house lifting and land filling alternative would only advance the existing
terrain level of the river terrace by a few feet. All visual relationships and the
typical landscape grading would be only slightly changed compared to the dike
construction variant. In contrast, the levee construction alternative would involve
a massive encroachment on the natural zoning of the floodplain landscape, which
would result in an extreme visual barrier from both sides throughout the landscape
section.

A similar assessment can be made for protected and endangered animals and
plants: Significantly more legally protected and endangered species would be
impacted or their habitats destroyed during construction of a dike than under
the house lifting and land filling alternative. The few breeding sites on buildings
that have been identified so far would be preserved, provided that the houses are
raised, or can be adequately replaced after reconstruction of the outbuildings.

In summary, we conclude that house lifting and land filling in comparison
to dike construction represents a significantly lower intervention from a nature
conservation point of view and should be preferred for this reason. In addition,
there is the potential to ecologically improve the filled-in settlement areas through
design and planting that increases biodiversity. At the same time, this would make
the settlement more resilient to other climate change-related influences such as
heat and drought.

4.3.3 Economic Aspects

The economic investigation is based on the shown model approach calculating the
flood damage to buildings. It uses the results of (i) the hydro-numerical modelling
(Carstensen et al. 2018), (ii) the detailed surveys of the building stock and (iii) the
analysis of the building vulnerability in the case study area. It forms the basis for
the variant analysis, taken into account the flood hazards for different recurrence
intervals. Moreover, it considers the current situation without mitigation measures
as well as the derived planed situations with the effects of mitigation measures
due to flood protection (dyke) and area related house lifting.

Figure 4.4 provides an important summary of the variant analysis and their
results. The shown risk curves reflect the expected, potential damage to buildings
depending on the recurrence intervals of the flood events. The damage values are
displayed in percent related to the current situation with an average recurrence
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Fig. 4.4 Risk curves for the case study area. (Source Schinke et al. 2019, modified)

interval of 200 years. The colored, differential area between the curves of the cur-
rent situation without and the planed situation with mitigation measures indicates
the prevented damage to buildings.

With a view of the recurrence interval up to 100 years, the flood protection
(dyke) will prevent all damage behind the dike. If the house lifting variant refers
to the same protected area, then some damage to buildings remains in this area
(about 20%). The main reason is here that the protected area of the dyke is much
greater than the area of house lifting (see Fig. 4.2).

Regardless of this, the dike will not provide any protection, if the flood level
exceeds the level of a 1 to 100 year event. Due to an uncontrolled, fast overtopping
of the dyke, such events could lead to a catastrophic situation with (i) destroying
parts of the dyke structure, (ii) destroying of several buildings by flood levels in
the first floor and (iii) danger to life by a potential delayed evacuation. In the
same way, such an extreme event will lead to moderate flood levels for the lifted
buildings and there is the possibility to prevent the damage by mobile systems.
Figure 4.4 highlights these important advantages by the green color between the
relevant curves and illustrates the improved resilience of the village.

A further economic aspect focuses on measurement costs. In a first raw esti-
mate, it is to assume that the costs of house lifting are higher than for a dike
construction. In our case study, the investigation costs of both measures are rela-
tively similar. One reason is the massive construction of the dyke with a length of
about 1,000 m on the one hand and the smart, focused measure on the other hand.
In contrast to house lifting and land filling, the dyke results in a construction struc-
ture and needs maintenance cost or reinvestment costs. This is why both measures



70 M.Neubert and R. Schinke

lead to cost benefit ratios in a similar range, which allow further investigations
and planning steps to justify all results in more detail.

4.3.4 First Overall Assessment of House Lifting in Brockwitz

The extensive and interdisciplinary investigations were used as a basis for a com-
parative assessment between the innovative house lifting including land filling and
the conventional dike construction variant. Even though the evaluation and overall
assessment is still tentative and was carried out at a relatively coarse level in the
sense of a feasibility study, some factors can already be highlighted here:

As explained in subsection 4.3.3, the main objective, i.e. the protective effect
of both variants—dike and house lifting with land filling—is comparable up to a
protection level of a flood recurrence interval of 100 years. For higher events, the
protective effect of the house lifting exceeds that of the dike, while both the costs
and the cost–benefit ratio are similar.

Positive secondary effects of the house lifting can be seen from the point of
view of historic preservation, since a house lifting that is compatible with the
view of the location means a less severe intervention for the landscape as well
as the culturally and historically valuable building ensemble and, in addition, the
historic building fabric would be secured in the long term.

In addition, there are major advantages for the natural environment and lands-
cape. In the case of house lifting with land filling, the intervention is mainly
limited to the area of the current development, so that—in comparison to the dike
solution—the areas in the floodplain of the Elbe that are valuable in terms of
nature conservation are affected to a significantly lesser extent. The leveling of
the terrain required by the elevation can also be used for an ecological enhance-
ment of the area. This is in line with the various design options and upgrading
possibilities that arise in local and open space planning.

4.4 Conclusions

The article gives a general overview of the investigations carried out in the sense
of a feasibility study. It became clear that the house lifting has a number of
sustainable and positive aspects, but is also associated with additional effort.
It should be emphasized that the flood protection achieved with the house lif-
ting is almost invisible, counteracts an impairment of the natural space and can
thus make a valuable contribution to the development of the village. At the same
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time, the existing views of the surrounding area are maintained or even impro-
ved. The house lifting will not result in the construction of any new facilities,
so that the corresponding maintenance costs will be avoided. Further detailing
of the property-specific development options will enable the advantages for users
and owners to be elaborated more specifically and funding opportunities to be
identified, which should increase acceptance of the necessary individual effort.
The workshops conducted represent a suitable format to further support the
implementation of the precautionary concept.

Based on the project results, funding for the implementation of the project was
applied from the German federal government as a model project. Fortunately, the
funds were approved in 2020 and the implementation is planned therefore in the
next few years.
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A Practical Approach to Assessing
Sustainability in Innovative
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5.1 Introduction

Infrastructure systems fulfil essential functions and services of great public inte-
rest, such as the provision of energy, water, mobility and communication or the
managing of waste and wastewater. Currently, digitization, urbanization, demo-
graphic change, climate mitigation, climate change adaptation and the ongoing
energy transition including nuclear and coal phase-out in Germany put infra-
structure under great pressure and propel fundamental changes. A shift from

A. Olfert (B) · G. Schiller
Leibniz Institute of Ecological Urban and Regional Development, Dresden, Germany
e-mail: a.olfert@ioer.de

G. Schiller
e-mail: g.schiller@ioer.de

J. Walther
BTU Cottbus-Senftenberg, Cottbus, Germany
e-mail: walther@b-tu.de

M. Hirschnitz-Garbers
Ecologic Institute, Berlin, Germany
e-mail: martin.hirschnitz-garbers@ecologic.eu

K. Hölscher
Dutch Research Institute for Transitions (DRIFT), Faculty of Behavioural and Social
Sciences, Erasmus University, Rotterdam, The Netherlands
e-mail: holscher@drift.eur.nl

©TheAuthor(s), under exclusive license toSpringer FachmedienWiesbadenGmbH,
part of Springer Nature 2021
G. Hutter et al. (eds.), Building Resilience to Natural Hazards in the Context
of Climate Change, Studien zur Resilienzforschung,
https://doi.org/10.1007/978-3-658-33702-5_5

75

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-658-33702-5_5&domain=pdf
mailto:a.olfert@ioer.de
mailto:g.schiller@ioer.de
mailto:walther@b-tu.de
mailto:martin.hirschnitz-garbers@ecologic.eu
mailto:holscher@drift.eur.nl
https://doi.org/10.1007/978-3-658-33702-5_5


76 A.Olfert et al.

centralized to decentralized or from passive to smart infrastructure can be obser-
ved (Loorbach 2010; Malekpour et al. 2015; Markard 2011). New technical
possibilities of information and communication technologies (ICT) and their pro-
liferation accelerate the dynamic of change additionally as they make existing
services more user-convenient or enable completely new services. In all these
changes, infrastructure systems and their services need to ensure economic and
resource efficiency, supply security and social justice.

In this context, the transformation of existing infrastructure systems offers
great potential to contribute to sustainability transitions (Frantzeskaki and Loor-
bach 2010; Hölscher et al. 2020). The transformation of infrastructure systems
means to create radically new socio-eco-technical systems through the co-
construction of social and technological changes, including policy ambitions,
social practices, institutional arrangements, knowledge and values (Chester et al.
2019; Monstadt and Coutard 2019). Innovative infrastructure solutions can con-
tribute to such transformation by leading to new market structures, new demands,
social innovations or new forms of interaction between interest groups (e.g. ‘pro-
sumers’) (Frantzeskaki and Loorbach 2010). This opens up space for contributing
to sustainability transitions.

Great hopes are placed specifically on coupled infrastructure solutions as a
way to achieve more sustainability in the delivery of infrastructure services.
In policy-oriented debates on resource efficiency, resilience and ‘smart’ deve-
lopment, coupled infrastructures are put forth as a way to leverage previously
unexploited synergy potentials by interacting resource flows, technological inter-
connections, institutional interactions and financial interdependencies between
different infrastructure domains (Monstadt and Coutard 2019). They have thus the
potential to generate ecological, social and economic benefits such as resource
efficiency, maximizing returns on investment and more citizen-focused approa-
ches to service provision (Anderies et al. 2016; van Broekhoven and Vernay
2018).

However, the transformation of infrastructure systems is complex and con-
tested. Once in place, infrastructure systems are hard to change due to sunk
costs, vested interests, societal expectations and existing regulatory frameworks
(Frantzeskaki and Loorbach 2010; Schiller 2010). Especially the coupling of
sub-systems from different sectors counters existing regulatory frameworks and
implies the involvement of a larger number of actors and interests (Monstadt
and Coutard 2019). Overturning existing regimes will inevitably cause conflict,
resistance and chaos, and some innovations might imply controversial social and
economic consequences (e.g. geographical shifting of industries and jobs, fur-
ther concentration of wealth) (Bulkeley et al. 2014). In addition, transformation
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does not automatically lead to more sustainability. While sustainability gains
importance in infrastructure planning, there is little empirical information on
sustainability effects of innovatively coupled systems. The transformation of infra-
structure systems for sustainability transitions requires continuous social learning
about effects of intended actions, taking systemic synergies and trade-offs as well
as diverse actors’ perspectives into account. The latter is a practical challenge.

Operators, municipalities and regions face the task of supporting or even
propelling the sustainability transition of infrastructures through a targeted mana-
gement of change processes. Informed decisions are a key challenge that can be
solved by a systematic and differentiated consideration of sustainability impacts.
These can help to draw attention on the strengths and weaknesses of options
in early phases of change processes and to develop sustainable options while
addressing the unexpected challenges they pose.

We present results from ongoing work that developed and tested an easily
accessible sustainability check for the screening of potential sustainability effects
of coupled infrastructure solutions. Resilience is integrated and operationalized as
part of a sustainability check for in-progress sustainability assessment for local
infrastructure projects (Sect. 5.2). We base our work on a resilience understan-
ding explicitly applied to local level socio-eco-technical infrastructure systems
(Sect. 5.3). After presenting the application framework for hypothetic and real
world cases we introduce types of results achievable by applying the sustainabi-
lity check (Sect. 5.4). Finally, results and applicability of the sustainability check
are discussed and conclusions drawn (Sect. 5.5).

5.2 Sustainability Check for Innovative Infrastructure
Projects

5.2.1 Integrating Sustainability and Resilience

Infrastructure and sustainability are closely related. In many respects, infrastruc-
ture has the potential for direct and indirect impact on the sustainability of a
society. According to Thacker et al. (2019), 72% of the 169 Sustainable Develop-
ment Goal (SDG) targets are influenced by infrastructure. Adshead et al. (2019)
make a distinction between 30 direct and 91 indirect pathways how infrastruc-
ture can influence sustainability targets. In addition to impacts through individual
systems, explicitly coupled solutions are also named (Adshead et al. 2019, p. 4).

The discussion of sustainability and resilience of infrastructure takes place
simultaneously (Bhatkoti et al. 2018; Olfert et al. 2020a, b; Thomé et al. 2016;
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Uda and Kennedy 2018). The discourses on ‘Sustainable Urban Systems’ (SUS)
(Dong et al. 2016; Kennedy 2016; Ramaswami et al. 2012; Sahely et al. 2005),
on ‘Infrastructure Ecology’ (Brown 2014; Pandit et al. 2017; Xu et al. 2012) or
on ‘sustainable urban infrastructure’ (SUI) (Pandit et al. 2017) are specifically
oriented towards sustainability implication of municipal infrastructure services.

We regard resilience as an integral part of a sustainability concept adapted to
the needs of infrastructure. If we accept that infrastructure services are a basic
requirement of our societies, than we can follow Folke (2006) that there is no
sustainability without resilience. This is not uncontroversial. While sustainability
provides a framework for normative discussions resilience is often understood
as a complex non-normative system property (e.g. Elmqvist et al. 2019). As for
sustainability, we take recourse to the “triple bottom line” concept (e.g. Schwei-
kert et al. 2018) and adapt it to the particular needs of infrastructure sustainability.
This “three-pillar model” of ecology, economy and social issues has been dif-
ferentiated and interpreted in many ways. Important contributions discuss the
prioritization of the three dimensions among themselves (Dietz and Neumayer
2007; Neumayer 2013)—but remain rather theoretical and thus little instructive.
Important conceptional contributions to the operationalization of sustainability
referring to infrastructures is made by the politically motivated “energy policy
target triangle” (BMWi and BMU 2010) developed in the context of the German
debate on energy system transformation and the closely linked SDG 7 adopted
in 2015. Both approaches (triangle and SDG 7) focus on three main criteria for
sustainable energy systems: security of supply, economic efficiency and environ-
mental compatibility. These three dimensions can be directly linked to discussions
on resource efficiency, resilience and economic efficiency. We integrate this under-
standing with the triple bottom line to capture both, social justice and security of
supply (Fig. 5.1) in an adapted concept. Security of supply introduces the direct
link to the resilience of infrastructure systems.

Fig. 5.1 Dimensions of
infrastructure sustainability
(Olfert et al. 2021, adapted)
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One main argument for integrating resilience and sustainability is that the pro-
vision of services as the primary and societally unquestioned goal of infrastructure
systems is insufficiently covered by the efficiency criterion traditionally dominant
in sustainability—both with regard to resources and the economy. Resilience in
this context stands for the provision of structures, processes and resources needed
to ensure functionality and is the “natural” complement to the efficiency criterion.
It is important to consider these two aspects (efficiency and resilience) separately
and differentiated but still connected, since they partly compete in their perspec-
tives. At the same time, they are inseparable in the sense of social and economic
fulfilment of infrastructure goals. The perspective of efficiency is to contribute to
the conservation of resources, or, in absolute terms, to reduce the consumption
of resources through their more efficient use. This understanding is in contrast
to a widely accepted concept of efficiency that looks at the relationship between
input and output and consequently can also regard those developments as efficient
where a higher use of natural resources leads to disproportionately more output—
or, of course vice versa, efficiency is formally achieved by reducing the input
of resources such as goods and services, personnel, investments etc. In practice,
higher efficiency is not necessarily achieved only by technological improvements,
but also by a positively connoted “streamlining” through reducing resource buf-
fers, the exhaustion of system reserves or the reduction of redundancies. However,
what makes operation more efficient under normal conditions can trigger failures
and disrupt the provision of infrastructure services under crisis conditions.

In contrast, resilience requires suitable structures, resources and capabilities
to ensure secure supply even if regular operations are impaired by internal or
external factors (even if just looking at minimum supply, cf. Fekete et al. 2019).
Structures, resources, and capabilities serve the goal of preventing, delaying, or
shortening the passage of critical thresholds that jeopardize or make impossi-
ble the provision of infrastructure services (operational engineering resilience).
The search for a balance between efficiency and resilience is thus an important
management task in the operation of infrastructures.

Beyond this operational perspective on resilience as we pursue in our approach,
the medium- to long-term goal-oriented development (in terms of transformation)
of infrastructure systems remains important in order to deal with uncertainties
and changing hazard situations, e.g. in the context of climate change, or to make
use of new technical opportunities to achieve more climate protection (strate-
gic/evolutionary socio-ecological resilience). While resilience factors are essential
for securing infrastructure service, they inevitably counteract too narrow effi-
ciency targets in implementation and are thus an important counterpart to the
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efficiency criterion (cf. e.g. Schiller et al. 2012 referring to the efficiency of
settlement structures).

5.2.2 Sustainability Check—A Practical Screening Approach
for Infrastructure Projects

So far, little is known about how innovative solutions affect different aspects
of sustainability. In part, because the solutions are too new, but also because a
systematic sustainability assessment does not take place in practice. Established
procedures such as environmental impact assessments (EIA) or strategic EIA are
very time-consuming and expensive. They start at an advanced stage of plan-
ning and cover only selected areas of sustainability. Therefore, also the screening
stages of these established procedures do not offer a suitable option for sustaina-
bility assessment. Sustainability ratings applied in consulting practice are also
very costly and rather tailored to the classical fields of sustainability (Clevenger
et al. 2013; Diaz-Sarachaga et al. 2016). Aspects of resilience or supply security
are usually not covered—certainly also because the resilience concept appears
difficult to operationalize (especially quantitatively) in many respects.

Particularly, the development of novel solutions requires a creative and fle-
xible environment, which tends to be rather inhibited by formal, complex and
often expensive processes. Therefore, the application of existing approaches for
environmental impact assessment, technology impact assessment or sustainability
assessment seems to be less suitable to accompany innovative processes of search
and development. In the TRAFIS project,1 a low-threshold sustainability check is
being developed and tested for early phases of project development. Early pha-
ses are particularly promising, as the openness and scope for design are great
and sunk costs are still low. The check is intended to help keep an eye on the
various infrastructure-specific aspects of sustainability before formal decisions
have created first path dependencies.

The check has a simple structure. A manageable number of criteria and the
simplified evaluation procedure make it a low-budget instrument. The check is
designed to analyze variants of emerging solutions for their strengths and weak-
nesses in terms of sustainability. It uses locally available personnel and can be
applied repeatedly if required. In this way, potential problems and challenges can

1TRAnsFormation towards sustainable, coupled InfraStructures (TRAFIS), see acknowled-
gements.
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be identified at an early stage and taken into account in the development of a new
solution—ideally before first decisions have been taken.

The sustainability check helps to answer the question, which sustainability
effects a new infrastructure solution may have. Thus, the check is a screening
instrument that also provides indications of potential challenges that require spe-
cial attention in the development of the solution in order to minimize undesired
effects. The check does not answer, whether a change will make an infrastruc-
ture system sustainable in absolute terms (as defined by the Brundtland report,
UNWCED 1987). However, it shell help to find a way towards more sustainable
solutions. The following three dimensions form the basic framework for making
the sustainability concept operational by providing criteria that can be applied at
an operational real world project level:

• Security of supply (including performance and resilience)
• Resource efficiency
• Economic viability and social justice

As discussions and test applications with potential users have shown, the frame-
work of the sustainability check can be used for various purposes (Olfert et al.
2021):

• to structure discussions on infrastructure sustainability and to moderate dif-
ferent perspectives within the involved actors or staff (see case Rödental
below),

• to qualitatively assess novel options for which little empirical sustainability
knowledge is available (see hypothetic cases below) or

• to structure and to foster legitimation of innovative approaches beyond the
classical topics of economic efficiency or CO2 reduction by setting innovative
solutions into the context of various societally important discourses.

Criteria of resilience are applied to substantiate the security of supply and comple-
ment the notions of performance, economic viability, social justice and resource
efficiency. While the latter are altogether represented by output and outcome cri-
teria, resilience, being a dynamic system property, is mainly covered by structural
and process criteria. We are aware that a combination of various types of criteria
in one set faces the critics of inconsistence with requirements for a sustainability
check. Nevertheless, we think that the criteria set provided meets well the topic as
it applies to a real life operational level which it is designed for. This is because
at this level questions of intended output, intended and unintended outcomes as
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Fig. 5.2 Overview of criteria proposed for the sustainability check. (Adapted from Olfert
et al. 2020a, b; VDI 2017)

well as associated structures, processes and inputs are raised. A development pro-
cess must consider all of those at the same time if interrelations between these
elements shall be consistently included in a process looking for well-functioning
and still more sustainable solutions. Currently, over 30 criteria are discussed for
our approach (Fig. 5.2) in a still ongoing development process.

Our goal in the following is to explain how we understand and operationalize
resilience, how the sustainability check is applied and which kinds of learnings it
enables.

5.3 Resilience Understanding for Infrastructure
Innovation

As introduced, the sustainability check we propose for innovative infrastructure
projects is made up of criteria in three dimensions: “security of supply”, “eco-
nomic viability and social justice” and “resource efficiency”. The full array of
currently used criteria is mentioned in Fig. 5.2. In this contribution, we do not
emphasize “economic viability and social justice” and “resource efficiency” (for
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more details cf. Olfert et al. 2020a, b; Olfert et al. 2021). This section is dedica-
ted to the explication of our understanding of the resilience concept as it may be
applied to infrastructure. In the last section of this chapter, the operationalization
of resilience for assessment is presented. As part of resilience, our approach also
covers two important aspects of criticality: its analysis (sensitivity, dependency)
and its management (e.g. redundancy, buffer potential, modularity).

We characterize our resilience understanding with the help of seven guiding
questions. An explicit differentiation of the understanding of resilience is import-
ant for the operationalization of both its assessment and as a basis for concrete
management of system resilience. Meerow and Newell (2019) describe five W’s
of resilience: “… resilience for whom, what, when, where, and why?” Possible
(guiding) questions to characterize the understanding of resilience may well have
a longer history in this regard with prior work and, for example, perspectives from
White and O’Hare (2014): „Whose resilience? “; Carpenter et al. (2001): „Resi-
lience of what to what? “; Colker (2020) and White and O’Hare (2014): “Why
resilience?”. Furthermore, especially from an operational perspective, it seems
useful to fundamentally raise the W-question, “Which resilience?” (White and
O’Hare 2014). Particularly when considering socio-eco-technical systems, it is
fundamental to clarify not only which technical and/or social subsystems or which
perturbations are in focus (What to What?) but also whether a narrower understan-
ding of resilience (engineering resilience in the sense of a “bounce back”) or an
expanded evolutionary understanding (in the sense of “bounce forward”) is being
used (Doorn et al. 2019; Folke 2016). Finally, the question arises of how to ope-
rationalize resilience for practical applications. We frame this additional “W” as
“Resilience—how?” This question is deliberately ambiguous. On the one hand,
it refers to the aspect of a summative or formative assessment (Resilience—how
to measure?). On the other hand, it refers to the operational goal of managing or
building resilience (Resilience—how to improve?). Both perspectives are directly
linked if one assumes that criteria for measuring resilience can also be seen as
relevant parameters for achieving better resilience. Thus, we follow an expanded
array of guiding questions:

• Why resilience?
• Resilience of what to what?
• Which resilience?
• Resilience—for whom, when, where?
• Resilience—how?
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5.3.1 Why Resilience?

Infrastructure systems (IS) are not an end in themselves. As backbone of social
and economic life, infrastructure supplies services upon which basically all actors
across all domains (social, economic etc.) rely. In some cases, infrastructure and
its services is considered critical—this is whenever even a short-term interruption
of the service may lead to a major impact on social and/or economic life of a
society. Infrastructure services can be placed among fundamental needs of human
life. Where infrastructure services are disrupted, economic and social activities
lose momentum and safety is endangered. As a result, the reliable provision of
infrastructure services (understood as security of supply) has increasingly become
a central topic of resilience research on infrastructure (cf. e.g. Shafiee 2016).
Libbe et al (2018) describe the sustainability of infrastructure by three central
properties:

• universal availability of services—anywhere, anytime, for anyone,
• universal accessibility of infrastructure services in spatial, temporal, technolo-

gical, economic, cognitive or safety terms, and
• high quality and resource efficiency of services provided.

Thus, security of supply is a central point when it comes to the dealing with infra-
structure services. As seen in the context of the CoViD 19 pandemic, availability
and accessibility of IS services is particularly important in times of crisis, e.g. to
keep medical and social infrastructures and the physical access to those running,
to ensure information flow and communication in times of social distance rules,
or to enable a safe and informed isolation of the most vulnerable.

Infrastructure is expected to provide its services reliably and universally. That
is, even when internal or external factors threaten the functioning of the infra-
structure system through a strong deviation from the normal range (cf. Table 5.2).
At the same time, the performance of infrastructure is influenced by internal and
external conditions, which, on the one hand, set a changing fundamental frame-
work for the functioning of infrastructure, but which also define new challenges
for the required inputs and the intended and unintended outputs (cf. Table 5.1).

Uncertainties coming from changing conditions and potential hazards can pose
major challenges to the functioning of infrastructure and the reliability of ser-
vices. Resilience in this context is not just a descriptive (multiple) property of
the system under consideration, but also a strategy with respect to the design,
operation and development of systems including elements, linkages, interdepen-
dencies, capabilities, resource inputs in the broad sense and various kinds of
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Table 5.1 Inputs, outputs and conditions for the functioning of socio-eco-technical infra-
structure systems

Technological
dimension

Socio-economic
dimension

Ecological dimension

Inputs Technology, operation
systems
Artificial resources
(energy, data, etc.)

Knowledge and
Skills—management,
technical operation,
planning, sales, etc
Investments and
expenses

Natural resources
(energy, raw materials,
space, etc

Outputs Energy, Matters, Data Revenues Sink function of the
environment (CO2,
pollution, waste, noise)

Conditions (Internal) technical and
organizational
complexities (variety of
artefacts, actors,
connections,
dependencies,
processes, etc.)

(internal) Operating
organization, networks,
routines, access to
technology
(external) Societal
expectations,
regulations,
user-preferences and
capabilities (skills,
technical equipment,
finances)

(external) availability of
input and output
resources

outputs. A resilience strategy aims at maintaining the functionality of a system,
both in internal operation and with regard to the services provided, even under
tense and disturbed conditions, and at quickly remedying functional losses if
necessary before the social or economic functioning of society suffers significant
damage (narrow resilience, engineering resilience, mono-equilibrium resilience,
short term operational resilience). However, resilience can also be interpreted
as a strategy that enables systems to evolve in response to or in anticipation of
important events and conditions in order to ensure security of supply even under
changing demands and resources (extended resilience, socio-ecological resilience,
multi-equilibrium resilience, long term resilience). Resilience is thus a response
to risks and uncertainties caused by external and internal influences, as a result of
which critical thresholds for the provision of services (incl. e.g. elements, proces-
ses, resources, cf. subsection 5.3.5) are exceeded. As a result, resilience is also
an answer to an ongoing discussion on criticality, pursued mainly with regard to
critical infrastructures.
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Table 5.2 Sources of disturbance for infrastructure systems. (inspired by Rehak et al. 2019,
pp. 128, extended)

Naturogenic Technogenic Anthropogenic

internal organizational
perturbations (staff
shortfall during
epidemics/pandemics)

process-technological
perturbations

human error in analysis,
decision, implementation

external geological (e.g.
earthquakes, landslides,
underground instability
tsunamis)
meteorological (e.g.
frequency, severity,
duration of weather
extremes)
resource related (natural
scarcity)
health related (e.g.
vector based diseases)

cascades of
perturbations relating to
goods and services

cyber threats
physical threats
(terroristic attacks)
political decisions,
instabilities
economic implications
societal pressure
(acceptance)

5.3.2 Resilience ofWhat toWhat?

If resilience is to describe the ability of a system to maintain or restore func-
tionality despite adverse conditions or disturbances, the often quoted question
“Resilience of what to what?” is logical. This means: Resilience of which sys-
tem (WHAT 1) to which conditions (WHAT 2)? Thus, this is also the question
of general resilience against specific resilience (Folke et al. 2010). However, this
differentiation is only seemingly clear, as it does not explain how general is gene-
ral resilience and how specific is the specific one. We assume, that a kind of
a “continuum” of undefined intermediate forms extends between “general” and
“specific”. Also, the regarded system can be more specific than the regarded per-
turbation(s) and vice versa. The Matrix in Fig. 5.3 proposes one possible stepwise
differentiation of specific against general perspectives of resilience. As one crite-
rion, it differentiates the specificity of system complexity by considering discrete
or interdependent (sub-) systems or parts of it. This differentiation if far from
being clear or even under discussion. Here, it is meant to describe possible steps
of increasing complexity as they might be assumed for a system. Of course, other
than the proposed grades are possible. We think that the applied complexity levels
are helpful to explain the perspective on this topic. Even though artefacts or parts
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Fig.5.3 Variants between general and specific resilience. (Source:Olfert et al. 2021, adapted)

of systems cannot be called systems, these are important objects of failure, ana-
lysis and adaptation to improve system resilience, as seen in criticality oriented
approaches such as dependency and sensitivity analysis (e.g. Dierich 2019).

A similarly stepwise approach to define types or groups of possible perturbati-
ons can be helpful to understand how specific or general the resilience focus can
be from the perspective of failure sources. As a result, we also describe a kind
of a “continuum” between a specific and general perspective on possible pertur-
bations. Thus, resilience can focus specifically one discrete sub-system or even a
part of it against one perturbation with a defined magnitude in terms of extent,
dynamics, duration etc. In a general perspective, resilience may look at systems
of various complexities against all kinds of perturbations. Of course, the more
general the resilience perspective becomes, the more general become methods,
data and results. However, the latter is no petitum for a most specific focus to
be applied as systems of interest do have different specifics and the focus on
one hazard does not replace a wider view on the more diverse reality. We use
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Fig. 5.3 to discuss the raised question “Resilience of what (1) to what (2)?” in this
subsection.

WHAT (1): Which system are we talking about?
Each infrastructure is a complex system. By providing essential services,

infrastructure systems are deeply interwoven with society. Most infrastructure
is enabled by a densely related interplay of technological, socio-economic and
ecological elements and conditions. The functioning of such socio-technical
(Frantzeskaki and Loorbach 2010; Moss 2014) or better socio-eco-technical sys-
tems (Chester et al. 2019; Grabowski et al. 2017) integrates physical artefacts,
technologies, societal expectations and behavior, market patterns, institutional
structures, knowledge and skills, legal regulations, technical standards and natural
resources (Fig. 5.4). Inputs, outputs and conditions in those three dimensions are
summarized in Table 5.1.

In the technological dimension infrastructure is often perceived as technical
or physical artefacts or single elements such as roads, pipes or small facili-
ties. However, already at this lowest level, usually multiple technical components
are interconnected including communication lines, traffic lights or pumps which
enable the technical functioning. Technologies are required to produce defined ser-
vices. More or less complex operation systems enable the processing of maters,
energy and information.

Conditions of the ecological dimension are represented by resources used to
produce and deliver infrastructure services. On the one hand, facilities, proces-
ses and often the actual services require continuous inputs of resources such as
energy, matters or space (inputs). On the other hand, natural resources such as
air, water or soil are used as a “sink” for various waste-products released into the
environment such as CO2, pollutants, waste, noise or heat (outputs).

Most underestimated seems the socio-economic dimension. On the one hand,
this dimension includes the operating organization including established routines,
internal and external networks, societal expectations, legal regulations as well as
the preferences and the capabilities of the user. The latter is as important as the

Fig. 5.4 Infrastructures as
socio-eco-technical
systems. (Source: Olfert
et al. 2021, adapted)
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other factors—a service which is not used is irrelevant; a service which cannot
be used due to inaccessibility’s is not socially just. On the other hand, knowledge
and skills of the personal are crucial inputs that enable management, planning
or technical operation of the infrastructure. Last but not least, investments and
expenses need continuous financial input and revenues often need to ensure the
covering of the full cost of services provided.

For the system perspective (see Fig. 5.4), we differentiate five levels:

• Single components (e.g. a pump, a sensor, a control module, a road pave-
ment), connections between elements (one communication line between two
components). While the given example is deduced from a technical system,
the level may also be applicable to social system-systems, e.g. by looking at
one single individual (cf. e.g. Jönsson et al. 2008).

• Artefacts, meaning a first e.g. functional agglomeration of elements making up
a waste water channel incl. pipes, pumps etc. At this level nods of connections
without the connected elements could be located. From a social perspective,
a household consisting of more than one person can be associated with this
level.

• Sub-systems include various artefacts connected by communication and con-
trol to form first complex functional units but still differentiating between
domains such as technical, social etc. A community level perspective may
be applied here involving e.g. multiple spatially (geographically) related hou-
seholds reaching from a quarter to city districts or even whole small to
middle-sized towns.

• A next, potentially higher local level complexity can be considered by looking
at interconnected and interdependent (sub-)systems from different domains,
thus focusing e.g. socio-technical or socio-eco-technical systems. Here, a dif-
ferentiation between sub-systems from different domains is not proposed,
however not excluded.

• Finally, a regional-supra-regional level of interwoven cross-domain systems
could be the most general complexity level.

What (2): Which Disturbances/perturbations do we look at?
Physical or virtual disruptions caused by natural hazards, human error, cyber-

attacks etc. can cause damage to infrastructure systems and jeopardize the
reliability of services. Restrictions of the services in quantity (e.g. capacity of
the sewage network, data volume …) or quality (e.g. drinking water quality, fre-
quency stability in the electricity network …) are the result. These often reach
deep into the processes of daily life, economy and administration. Socio-economic
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consequences of infrastructure failures often far exceed the damage caused to the
infrastructure itself (cf. e.g. Chang 2016). Contemporary or future hazards, from
which sources ever, are therefore the primary interest of resilience management.
Table 5.2 proposes a systematic for internal and external sources of disturbance
for infrastructure systems, of which naturally only some are related to climate
change (marked bold in the Table).

It needs not much explanation that a system can be more susceptible to one
hazard than to another. However, possible hazards are already very divers and
extremely manifold in their expression. Natural hazards such as floods or heat
waves may, despite all uncertainties regarding time, place, frequency or magni-
tude, be still relatively well predictable as they follow widely understood physical
processes, patterns and limits. As the Fukushima power plant disaster shows, even
those relatively well understood hazards such as a tsunami can be physically unde-
restimated. This example also shows that man-made internal management failure
can be as decisive for the pathway a perturbation takes in doing harm to the
system. And the same example is very well suited to show that external natural,
internal human and external political failure can cascade to form a complex con-
text for a natural hazard to take a pathway towards a catastrophe (Funabashi and
Kitazawa 2012).

To differentiate the space between a specific and a general degree of perturba-
tions the following levels are proposed:

1. As a relevant potentially most specific level, one single hazard such as inun-
dation or heat wave of a defined design level (magnitude incl. intensity,
dynamics, spatial extension, duration) is assumed. Of course, also a speci-
fic human internal failure could be located at this level. However, for most
manmade failures design levels may hardly be defined.

2. The perturbation definition could also remain less specific by assuming several
hazards such as all weather extremes. This level would typically be applica-
ble if dealing with climate change influenced hazards including their different
dynamics, physical properties and spatial patterns such as those of floods,
heavy rainfall, heat waves, droughts, wind storms etc. If there are types of
human failure, they would probably be paced here.

3. More generally, all potentially definable natural, manmade or climate change
related hazards (incl. landslides and cascading effects) might be taken as a
reference to look at system resilience.
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4. Even more general (or more complicated), external and internal hazards may
be considered thus additionally including by far less definable political, econo-
mic distortions, side effects, erroneous decisions or hardly predictable terrorist
attacks.

5. Finally, all internal and external perturbations including cascades of those
could be addressed at the potentially most general (most abstract) level.

As these levels indicate, the question of specific and general resilience implies the
complexity of methods to evaluate resilience. And it goes along with increasing
uncertainty or decreasing robustness of evaluation results the more general the
resilience perspective becomes. As seen in Fig. 5.3, the different abstraction levels
of possible perturbations can be helpful to identify the level of specificity of the
resilience perspective applied.

5.3.3 Which Resilience?

The resilience concept is caught between two fundamental approaches: a stability-
oriented and an evolutionary understanding of resilience (Doorn et al. 2019; Folke
2006; Seeliger and Turok 2013; White and O’Hare 2014). On the one side, there is
a resilience understanding (stability-oriented mono-equilibrium resilience), where
agile adaptation and resilience (Lundberg and Johansson 2015) aim at a short-
term (operational) return to an original state (the one defined equilibrium state)
of the system in response to more or less expected disturbances (“bounce back”,
engineering resilience, cf. Doorn 2017; Folke 2016). On the other hand, there is an
evolutionary understanding of resilience with the claim of a dynamic, i.e. process-
oriented, purposefully induced and learning-based transformation of the systems
to another, e.g. more resilient or sustainable system state (multi-equilibria resi-
lience, socio-ecological resilience) (multi-equilibria resilience, socio-ecological
resilience, cf. Doorn 2017; Folke 2016).

These tensions also apply to infrastructure of general interest at the municipal
level: they should withstand disruptions, they are expected to ensure a minimum
supply even under unfavorable conditions, and they must recover as quickly as
possible. This operational perspective on resilience is central in terms of secu-
rity of supply. The requirement for the shortest possible downtimes precludes
system reconstruction immediately after disruptions—a short-term return to the
original state is mandatory in the first instance. Nevertheless, in the medium and
long term, municipal infrastructures also may face the challenge of implemen-
ting radical changes (transformation) of the systems in order to respond to new
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expectations, threats and technical possibilities, or to achieve greater sustainability
while maintaining or improving resilience.

The narrow understanding of engineering resilience has in the past led, not
without good reason, to criticism that by focusing on the return to a previous state,
resilience is too focused on preserving a status quo of existing systems (Folke
2016; Meerow and Newell 2019). The main criticism here is that the return to the
original state always renews old path dependencies, thus preserving conventional,
non-resilient or unsustainable, or/and socially inequitable structures and solutions,
and thus preventing the necessary transformation of systems under the “guise”
of resilience (cf. e.g. Davoudi et al. 2012; Seeliger and Turok 2013; Davoudi
2018). Resilience has even been interpreted as close to neoliberal patterns of
thought, in that existing systemic failures or a purposeful “withdrawal of the state”
from traditional tasks such as hazard prevention (Davoudi et al. 2012; White and
O’Hare 2014, p. 940) is supposed to be compensated by (involuntary or forced)
flexibility and resilience of the affected parts of society, rather than making the
system more equitable and resilient for all (Davoudi 2018; Meerow and Newell
2019).

This fundamental critique of resilience approaches does not appear to be
necessarily applicable to the resilience context of our work. On the one hand,
because the medium to long-term perspective on the transformation of systems is
not the focus of our approach (see sustainability check). The focus is on innova-
tive sustainability-oriented projects that already are part of a transformation and
that should be kept “on track” by considering sustainability. On the other hand,
the services provided are so important in an operational sense that only short-term
impairments can be socially tolerated. Here, the sustainability check can help in
the search for potentially sustainable long-term solutions.

The narrower, stability-oriented understanding of resilience based on the
approach of “engineering resilience” (Doorn et al. 2019; Folke 2006; Holling
1996) seems to be well suited for adopting an operational perspective on tech-
nically based infrastructure systems, as they are the subject of our work (water,
wastewater, energy, transport, waste, ICT sectors). In the context of disruptions,
these systems are in fact mostly concerned with being able to maintain the planned
performance as reliably as possible or to return to exactly the previous perfor-
mance mode as quickly as possible, i.e. with the ability to bounce back, as is the
basis of the understanding of engineering resilience.

However, beyond this narrow understanding applied in our work, when con-
sidering technical infrastructures, it makes sense to broaden this operational
understanding of resilience in the sense of a more evolutionary “resilience thin-
king” to consider resilience as the ability to proactively and purposefully change
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the structures, resources, and capabilities of the affected systems in the sense
of supply security (i.e., improved resilience) or to completely redesign and
purposefully rebuild them.

5.3.4 ResilienceWhere, forWhom andWhen?

In our work, we focus on innovative infrastructure systems that are implemented
and operated on a local or regional level as individual or interdependent systems.
We do not address large-scale systems such as supra-regional power distribution
networks. Thus, as an overall goal, we see community-level resilience in a social
sense understood as the “ability of groups and communities to cope with external
stresses and disturbances as a result of social, political and environmental change”
(Adger 2000). Infrastructure at the community level plays a prominent role by
ensuring a reliable supply of vital resources and services, which simultaneously
places high expectations on their resilience.

However, the target group of our work is primarily the operators of municipal
infrastructure systems in the broader sense, which includes operating companies
and responsible parts of the public administration. With the help of the sustaina-
bility check introduced in Sect. 5.2, the personnel responsible for planning,
administration and operation shall be supported in strengthening the resilience
of systems in the context of the ongoing change. The focus is on incipient change
processes in which proposals for new solutions are to be made in the foreseea-
ble future (e.g. weeks to months). Due to the high persistence in infrastructure
systems, the impact of these decisions and thus the possible resilience effects are
expected to be rather long-term.

5.3.5 Resilience—How?

The discussion of the resilience understanding as it may be applied to infrastruc-
ture forms an important basis for the operationalization of the sustainability check
and particularly of resilience as part of it. The following is the summary from
previous subsections, which guides the operationalization.

• Our approach is motivated by an understanding of resilience orientation as
a suitable strategy for maintaining the ability to act in the face of uncertain-
ties, hazards and other challenges caused by external and internal perturbations
through the targeted development and maintenance of suitable structures,
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resources and capabilities, and for ensuring security of supply even beyond
“normal operation”.

• We focus socio-eco-technical infrastructure systems at local level considering
sub-system co-operations between different sectors. And we look at external
perturbations related to climate change influenced weather extremes such as
heat, heavy rain, inundations, wind storms etc. Thus, our approach follows a
rather semi-specific perspective of resilience.

• As a reference for the sustainability check, an operational stability-oriented
understanding of resilience based on “engineering resilience” (“bounce back”)
is adopted.

• Bearing local level community resilience in mind, our work addresses mainly
the operation and administration of local level infrastructure utilities engaged
in short and middle term innovation processes as a part of a local sustainability
transitions.

• As a result, to assess security of supply, we introduce resilience criteria which
describe relevant system properties describing structure, resources and abili-
ties. These properties are assessed applying a qualitative five step rating scale.
In our approach, resilience assessment is embedded in a sustainability check
designed to support early stage assessment at project level.

For the dimension “security of supply” we propose 14 criteria which describe
effects on the system performance (output criterion) and the structure, resources
and abilities of the system behind it (Table 5.3) (for more details cf. Olfert et al.
2020a, b). The latter three aspects can be understood as resilience and are repre-
sented mainly by structural criteria which describe parameters relevant to secure
the supply of services, but which are not the service itself. Where new inter-
connections (couplings) of infrastructure systems are the object of assessment,
some of the criteria need to be applied for each of the coupled sub-systems (see
Fig. 5.5). As we focus a rather specific system level, mainly looking at the inter-
nal functioning and provision of services, the selected criteria mainly deal with
the questions of the technical system and its operation. This means that the social
dimension of resilience is restricted to the management part of the infrastruc-
ture system. As a result, the operationalization is dedicated to the questions: (a)
Do involved technical sub-systems have the structure and resources to deliver
the infrastructure services? and (b) Does the management have the staff, skills,
flexibility, time and money to keep the technical system functional? Both ques-
tions are primarily related to conditions of pressure which go beyond normal
operation. This is consistent with the conceptionalization proposed by Davoudi
et al. (2013) including four components of resilience: persistence, preparedness,
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Table 5.3 Criteria of performance and resilience applied in the dimension “security of
supply”

Sub-dimension No Criterion (short) Explanation (short)

Performance 1 Overall performance
(sub-system perspective)

… meaning the ability of
the (coupled?)
sub-systems to deliver
required services

Resilience (structures) 2 Technological complexity
(sub-system perspective)

… of the (coupled?)
sub-systems described
by components,
connections,
dependencies, etc.

3 Organizational complexity
(sub-system perspective)

… of the (coupled?)
sub-systems described
by involved actors,
management structures,
etc.

4 Susceptibility
(sub-system perspective)

… of the (coupled?)
sub-systems against
disturbances (internal,
external, climate change
related, etc.)

5 (internal) Dependencies
(sub-system perspective)

… of the (coupled?)
sub-systems functionally
connected to form the IS
solution

6 Technological adaptability … of the system
allowing to address new
challenges

Resilience (resources) 7 Redundancy of resources
and technology

… allows to compensate
temporary shortcomings

8 Redundancy of personnel … increases staff
reserves to cope with
disturbances (e.g. during
long term hazards such
as pandemics)

(continued)
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Table 5.3 (continued)

Sub-dimension No Criterion (short) Explanation (short)

9 Buffer potential … increases system
capacity to overcome
temporary shortage of
required resources or
fluctuating demand

Resilience (capacities) 10 Modularity … allows local control
over important system
functions

11 Flexibility in the
management system

… allows to operatively
adapt procedures

12 Staff skills … asks whether the staff
has the skills needed to
run the innovative
system

13 Restorability (duration) … of the system after
disturbances by internal
means

14 Restorability (costs) … of the system after
disturbances by internal
means

adaptability and transformability. As explained, in our approach we do not focus
transformability.

5.4 Applying the Sustainability Check

5.4.1 How to Apply the Sustainability Check?

Public administrations, infrastructure operators and local partner companies
usually have well-trained and experienced staff with excellent knowledge of site-
specific conditions. The proposed sustainability check makes use of this locally
available expertise. It is voluntary and provides an opportunity for important sta-
keholders to bring existing knowledge and different perspectives into the planning
process. Ideally, the application provides an important impetus for the develop-
ment of suitable infrastructure solutions that (a) meet typical primary objectives,
such as economic efficiency, attractiveness or CO2-reduction, and (b) take into
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Fig. 5.5 Result overview for 14 hypothetical cases. (Adapted from Olfert et al. 2020a, b)
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account possible undesirable side effects. The application of the check is carried
out in five steps:

Step 1: Define the objectives and the configuration of the system. At the start
of the evaluation process, the infrastructure solution of interest is defined. The
technical and organizational configuration of the solution and the services it is
meant to provide should be clear to all participants as a basis for the assessment.
The solution can then be further refined together with the involved experts based
on the assessment results.

Step 2: Select appropriate experts. Included experts should represent key per-
spectives on project implementation and potential impacts. Typically, this may
involve (a) the middle and lower management level of the operating company,
(b) if municipal infrastructures are addressed, the municipal administration, (c)
the environmental authority, and d) if applicable, local/regional infrastructure
planning partners.

Step 3: Tailor criteria to the discussion and assessment process. Infrastruc-
ture projects are always characterized by site-specific features and needs. (a) It
may therefore be useful to specify the applied sustainability criteria based on the
criteria set provided and to reduce (or supplement) them as necessary. (b) The
understanding of the criteria must be ensured by means of questions comprehen-
sible to all participants. If necessary, questions provided with the check can be
adapted. (c) The evaluation mode should be specified in advance—anonymous
or face-to-face, joint meeting or decentralized. Anonymous evaluations can be
useful in high-tension constellations. Preference should be given to a transparent
consideration of perspectives.

Step 4: Assessment and analysis. First, the assessment is conducted by selected
experts (approx. up to 45 min) during scheduled project development meetings
or in advance. The evaluation approach focuses on the question: How does the
transition from an existing infrastructure solution (e.g. traditional) to a novel
solution (e.g. coupled) affect resilience and other sustainability parameters? The
assessment is based on a qualitative five-point scale (Table 5.4) which delivers
trend-information from “not suitable” (−2) to “very well suited” (+2). The scale
was operationalized as part of our research work in an iterative process invol-
ving test persons selected from science and infrastructure management in several
stages.

Second, analysis of the assessment is carried out as a basis for the discussion
of different variants or for the (further) development of a specific solution. A
visualization of results, e.g. as a spider diagram (see example Rödental below),
is beneficial for further discussion. Good visibility of perspectives from different
parties involved is helpful to inform a discussion process.
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Table 5.4 Five-stage assessment scale

Rating Scale Context-related examples

strongly negative −2 not suitable—e.g. significant increase in costs, significant
increase in raw material demand, etc.

slightly negative −1 fairly unsuitable—e.g. slight increase in costs, rising demand
for raw materials, etc.

neutral 0 no change compared to a traditional solution

slightly positive +1 fairly well suited—e.g. slight cost reduction, tendency to
decrease raw material demand, etc.

strongly positive +2 very well suited—e.g. significant cost reduction, significant
decrease in raw material demand, etc

Step 5: Repeat if necessary. The impact of a solution depends largely on its
design and operation. The results of the assessment should give reason to optimize
the envisaged solution with regard to different aspects or to develop alternative
solutions. In case of changes to solution options, a repeated assessment of the
sustainability impacts may be useful. The flexible and “easy” application of the
check (“low-budget instrument”) makes this possible.

5.4.2 Application with Hypothetic and Real Cases

We applied the sustainability check in a Delphi-based online-survey based assess-
ment involving more than 100 Experts. As object of assessment 14 hypothetic
cases of innovatively coupled infrastructures where used from the sectors water,
sewage, energy, transport, waste and ICT (see Table 5.5) organized in seven panels
with two content-related cases per panel. Each case was defined in general terms
to ensure a common understanding of the technical solution in question.

Applied criteria where operationalized to ensure the understanding by diffe-
rent professional groups applying pre-tests and tests with external experts. For
each hypothetic case the criteria definitions were specifically adapted. Invol-
ved experts where thoroughly selected to ensure best quality of assessment and
considering the perspectives of infrastructure operation, infrastructure planning,
related public administration and infrastructure research to balance professional
bias. The Delphi-based survey was implemented in two rounds with provision of
anonymized interim feedback.
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Table 5.5 14 hypothetical cases of coupled infrastructures

Panel No Cases

Panel 1 1.1 Central heat and waste heat recovery from waste water;
1.2 Decentralized heat generation in wastewater networks

Panel 2 2.1 Feed-in of (industrial) waste heat in heat networks;
2.2 Feed-in of solar thermal energy into heating networks

Panel 3 3.1 Control of hybrid energy networks on a local/regional scale;
3.2 Virtual power plants - Swarm-controlled operation of generation plants for
power load regulation

Panel 4 4.1 Power grid stabilization through integration of accumulator-based electric
vehicles; 4.2 Induction-based charging of vehicles in areas of flowing traffic

Panel 5 5.1 Power to Heat (PtH)—storage of excess electricity in heating networks;
5.2 Power to Liquid (PtL)—electrolysis of renewable electricity to hydrogen

Panel 6 6.1. App-supported management of virtual vehicle fleets by merging private
vehicles in a car sharing model; 6.2 App-supported fleet management in
free-floating car sharing

Panel 7 7.1 Intelligent rainwater management; 7.2 Controlled sewer overflow in
combination with multifunctional open spaces in urban areas

5.4.3 Sustainability Trends for Innovative Infrastructure
Solutions

The Delphi-based results of the assessment can help to differentiate strengths and
weaknesses of selected solutions or as a general trend over various innovative
solutions (see Fig. 5.5). A trend can express positive or negative effects or, as
frequently encountered, neutrality of effects. For some criteria, a wide range of
ratings can be observed indicating uncertainty or even polarization of estimati-
ons. Effects are usually specific for the subsystems involved in a coupling. The
displayed results are based on a previous criteria set which was smaller than the
one presented in Fig. 5.2 and partly criteria come in a different order and with
different names. In summary, the following trends are observed:

Performance and resilience: The examined interconnections usually have the
potential to deliver the expected performance and, by leveraging previously unex-
ploited synergies, in some cases can even have higher performance potential than
conventional non-coupled systems. However, the relation of coupled sub-systems
is often asymmetric where only one sub-system gains while the other provides—
even though usually without losses. The assessed solutions often go along with a
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partly significant increase in technical and organizational complexity. Correspon-
ding with the stated performance potentials, coupled infrastructure can locally or
regionally strengthen security of supply by improving the redundancy, modularity
and buffer capacity of involved infrastructure systems. However, new interconnec-
tions often also create new susceptibilities to faults and dependencies between the
coupled systems.

Economic viability and social justice: The studied interconnections generally
seem not to cause losses in the quality and quantity of service. However, econo-
mic consequences are expected for many of the novel solutions including higher
operation costs for the provider and higher end user prizes of the innovative infra-
structure services. This usually does not call into question the economic viability
of coupled infrastructures. However, the access to the new infrastructure services
often requires noticeable investments on the part of the users, e.g. to enable the
access to mobile online services or in case that buildings need to be adapted to
reduce temperatures in the heating system where regenerative or alternative heat
sources are integrated.

Resource efficiency: The effect of coupled infrastructures on most of the
resource indicators is usually rated neutrally or often slightly positive. We inter-
pret both as positive in the context of possible performance improvements
described above. Especially for primary energy demand, final energy demand
and greenhouse gas emissions mainly positive effects are expected. The assess-
ments regarding the demand for land, raw materials and critical raw materials
vary from case to case. The space requirements of coupled solutions are usually
higher. However, comfortable new services can be more resource consumptive or
even impede other societal goals.

5.4.4 HowDo RealWorld Projects Profit
from the Sustainability Check

Based on the experience of applying the sustainability check with synthetic cases,
the approach was also tested with two real-world cases as part of transforma-
tive case study research (see Hirschnitz-Garbers et al. 2020b): a) Case study
“Rödental”—Demand-Side-Management in the municipal sewage plant; b) case
study “Augsburg”—Mobility-App linking the city of Augsburg’s multiple trans-
port services and improving their accessibility. In the following results of the
Rödental-case are considered.

Case description “Rödental”: Applying demand-side management measures
to help stabilizing the grid by a bundle of measures including (a) switching off
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existing micro-gas-turbines, (b) starting the heat pump or co-operating a Power-to-
Heat system as a heat source, and providing positive control power by sustaining
micro-gas-turbines for on-site power generation. The sustainability check was car-
ried out in November 2017 involving the management, the technical management
of the wastewater treatment plant and the wastewater treatment master. The aim
of the sustainability check was to screen in particular the economic, technical and
ecological potentials as well as the manageability of demand side management in
the Rödental wastewater treatment plant.

In order to apply the sustainability check to real world cases, we first specified
the questions to reflect the case study contexts. Based on an in-depth understan-
ding of the cases, informed by literature review and interviews with the utilities,
relevant indicators were selected and reframed in the process. The rules of the
procedure were detailed to the participants. The real world implementation of the
sustainability check was enabled by the transformative research approach pursued
by our project (Hölscher et al. accepted). In particular, long-standing exchange
between researchers and practice actors with multiple personal meetings and an
agenda oriented towards practice relevant support provided by the research team
helped building trust and positioning our work as relevant for the utilities. This
allowed creating the environment, in which the utilities agreed to experiment with
such participatory sustainability assessment.

The assessment results of the sustainability check for case “Rödental” are sum-
marized in Fig. 5.6. For Rödental, results referring to security of supply and social
justice are most salient. Experts see …

• …positive and negative effects on ‘performance’. New signal transmission will
need to be established and integrated into daily routines which will increase
both the technical and the organizational complexity of the planned solution. A
clearly positive effect of the coupling is expected on local and regional energy
grid stabilization.

• …positive effects on the security of supply because decentralized energy gene-
ration enhances the robustness of service provision and eases replacement of
local grid hubs.

• …positive and negative effects on economic viability and social justice. Local
and regional supply of energy will be strengthened due to grid stabilization
effects. However, connection to a virtual power plant needs additional digital
components and will thus require additional investments.

In the Rödental case, the experts intuitively used the sustainability check to dis-
cuss changes to the complex solution which was the object of assessment. While
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the advantages of the evaluated solution were basically not in question, the focus
was on the identified critical results and their attribution to single components of
the proposed solution. As reported by the involved personnel, the check provi-
ded a good framework for discussing different perspectives on equitable terms.
The evaluation of the originally planned configuration revealed weaknesses that
had not been taken into account until then. In particular, the risks for wastewater
treatment and for consumer prizes became clear. On this basis, the team discussed
alternative solutions and combinations of measures. Ultimately, a different, smal-
ler technical solution was implemented on site that provides grid stabilization,
does not require additional fuel, and does not increase costs or limit plant ope-
ration. The discussion conducted with the help of the sustainability check helped
to ensure that a comprehensive exchange took place around the pros and cons of
the new infrastructure solution.

5.5 Concluding Discussion of Results and the Assessment
Approach

Sustainability is an important challenge for infrastructure development. In addi-
tion to the established focus on economy and resource efficiency, novel infra-
structure solutions must also deliver on resilience and social justice. Resilience
indicators do make the difference if a comprehensive sustainability perspective at
transformation of infrastructure shall be taken.

Sustainability effects of innovative infrastructure are specific for each solution.
However, general conclusions can be drawn. Innovative solutions change the stan-
dard technical configuration of infrastructure systems, are usually more complex,
involve multiple and new actors and are often characterized by decentralized
and redundant structures. Often, constant or even improved performance can be
expected from new coupled systems. Many of the solutions can effectively reduce
primary energy demand and greenhouse gas emissions while not negatively influ-
encing most of the other resource criteria. The need for space usually increases
to accommodate new system elements and connections, in some cases (e.g. solar
power integration) significantly. To access the services provided by novel soluti-
ons, often additional user side investment is required. This poses socio-political
challenges.

Security of supply is operationalized by resilience parameters describing struc-
tures, resources and capacities which altogether make up the system’s ability to
consistently prepare for and react to threats. Structural indicators confirm hig-
her technological and organizational complexities in novel infrastructure solutions
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and can lead to new dependencies. Also the susceptibility of novel solutions can,
but need not necessarily be negatively affected. Innovative solutions can also
improve important resilience parameters such as redundancy, buffer capacity and
modularity.

The proposed sustainability check is operational and flexible. The application
with more than 100 experts allows the conclusion that the sustainability check is
well suited as an instrument to enable a fast and simple evaluation of uncertain
questions related to sustainability effects of innovative infrastructure solutions in
early planning stages. The assessment can address one or compare several vari-
ants, take into account different time horizons or consider several scenarios and it
can be used with coupled and uncoupled infrastructure solutions. One important
strength of the approach lies in its ability to generate indications for effects that
require particular attention in planning and management. On this basis, important
input can be given particularly in early stage process of solution development.

The sustainability check is applicable in real planning situations. The suitability
of the evaluation concept and the criteria has been confirmed. Involved experts
have accepted the sustainability concept in its thematic scope and have used it for
a reflected assessment. The case-specific operationalization of the indicators has
proved to be particularly important in order to facilitate the experts’ access to the
criteria. As confirmed in real world cases, the easily accessible assessment concept
enables researchers and managers to map different aspects of sustainability on the
basis of expert knowledge, with limited effort.

The sustainability check can be used to mediate between different professio-
nal perspectives. A value-free coexistence of different dimensions and criteria
as applied in the check can promote the exchange between actors with diffe-
rent perspectives. In case “Rödental” the check helped to mediate between the
different perspectives of involved parties. As a surprise, the sustainability check
thus became an instrument that facilitated structured communication and pro-
moted mutual understanding in the specific planning process. In particular, the
instrument has helped to neutralize hierarchies between the participants and the
dominance of single perspectives. This has created a solid basis for a factual dis-
cussion. Even though an unintended effect, this result is an important impetus for
the further development of the sustainability check.

In our discussion we show, that a deliberate resilience understanding is cru-
cial to make the concept operational for practical applications. The questions
discussed in Sect. 5.3 are central to define the abstraction level of analysis, to
select appropriate criteria and to make them operational for real world applica-
tion. Such deliberate procedure will allow to generate valuable information inputs
for innovation projects in the sustainability transition of infrastructure systems.
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For our purposes, we stayed with a “soft” qualitative definition of the criteria.
Other criteria may be included responding to the regarded level of system com-
plexity, focused perturbations or management goals addressed. It is well possible,
that for the assessment of the same criteria more “deliberate” and quantitative
methods may be applied. For some of the criteria such as the overall perfor-
mance or redundancy, quantitative estimations should be attainable. For others,
such as susceptibility or dependency, quantitative methods are being discussed in
literature. Others however, mainly those relating to capacities may remain quali-
tative. The proposed approach allows a flexible application of different methods
which can accommodate various needs in early phases of innovation processes.
We believe such approaches can help to position resilience as an operational
management paradigm in sustainability transitions of infrastructure.
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6.1 Introduction

Summer heat is one of the most serious environmental impacts of climate change.
The average annual temperature has been rising since the beginning of the twen-
tieth century, and temperatures are expected to continue to rise until the end of
this century (IPCC 2013). A changing climate is driving these warming tenden-
cies. While natural fluctuations continue to play an important role in extreme heat
events, climate change has shifted the odds and increased the probability of these
events occurring (EPA 2016). Climate projections show a clear trend towards sum-
mer heat, i.e. an increase in both mean and maximum temperatures (IPCC 2018).
Projections for Saxony also show an increase in temperatures (Spekat and Enke
2020). In addition to rising mean temperatures, especially in spring and summer,
increased maximum temperatures are also projected. The frequency of summer
days (Tmax≥25 °C), hot days (Tmax≥30 °C) and warm general weather condi-
tions such as in the summers of 2003 and 2018 will increase (Imbery et al. 2018).
This applies in particular to dense urban neighborhoods without networked green
corridors and ventilation strips (Magistrat der Stadt Wien 2015), where there is a
great need for action in terms of resilience to heat.

Strengthening people’s resilience in the context of their living environment,
with a level of detail that extends into concrete implementation, has received
surprisingly little attention, although it is known that rising temperatures will
lead to increasing risks for the effects of heat on work, human performance, and
daily life (Kjellstrom et al. 2015). Heat exposure through the combination of air
temperature, humidity, air movement and heat radiation leads to heat stress, heat
exhaustion, heat stroke and heat-related mortality of people. The performance
and the so-called thermal comfort of people are significantly affected in their
neighborhood, both inside and outside buildings. In order to maintain or even
improve the quality of life of people in spite of climate change, it is necessary to
focus on ensuring their coping capacity and thus on resilience.

The chapter explores how coping capacity can be improved through adaptation
to climate change, and at which different levels such adaptation can be implemen-
ted effectively and in a socially acceptable manner. Firstly, the human organism
is in principle capable of adapting to changing climatic conditions within cer-
tain limits. This ability is inherent in people to varying extents and is not the
focus of consideration in this chapter, although the differences are always kept
in mind in the reflections below. Secondly, the environment—buildings and open
spaces in the neighborhood—can be adapted to absorb thermal effects to a cer-
tain extent and thus reduce the exposure of people. The latter aspect forms the
basic idea for the concept of establishing heat-resilient urban neighborhoods in
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this chapter. We therefore follow up on the hypothesis that targeted adaptation
measures can counteract these problems and thus “build resilience in buildings”.
At the level of the city quarters, urban greenery, e.g. parks, gardens and indivi-
dual trees, plays a decisive role in terms of resilience in the sense of local climate
regulation (e.g. Bolund and Hunhammer 1999; UN 2019). This is followed by the
hypothesis that appropriate adaptation measures can contribute to “building heat-
resilient neighborhoods”. The quality of human life can therefore be maintained
or even improved at various levels by adapting to climate change.

In this chapter, we will explore the questions of how we need to consider
resilience at different levels of the neighborhood and how the understanding of
resilience is operationalized in the course of planning and implementing adap-
tation actions. With regard to the implementation of adaptation measures for
resilience building, not only their general effectiveness must be questioned, but
also site-specific boundary conditions that influence the selection and feasibility
of such measures. This leads to other specific questions that we will consider in
this chapter: Which structural and technical adaptation concepts are physically
effective while meeting the criteria of citizen participation and acceptance for
successful implementation? How can we identify the demand for adaptation in
open space from an ecological perspective and from the citizens’ point of view,
and which implementation measures may require further action? Can we derive
specific factors that enable or inhibit planning and implementation from the expe-
rience with the adaptation measures on buildings and in open space described
here?

In the project HeatResilientCity, concrete adaptation measures were imple-
mented on buildings and in open spaces in two selected sample quarters1 in
Dresden Gorbitz and Erfurt Oststadt each with different urban structure and buil-
ding types that are characteristic of many cities in Germany and Europe. The
most visible and largest part of the example quarter Dresden Gorbitz is pre-
dominantly built up with industrial prefabricated concrete apartment buildings
(so-called post-war large-panel construction), which were constructed in the early
1980s. A large part of these buildings are owned by the housing cooperative
“Eisenbahner-Wohnungsbaugenossenschaft Dresden eG” (EWG). Slightly more
than twenty thousand people live on an area of about 200 hectares. Compared
to the city as a whole, the district has a higher spatial concentration of socially
and economically disadvantaged people. However, Gorbitz has a relatively high

1An urban living lab approach is underlying as a research method (cf. Bulkeley et al. 2019;
Evans 2016;Karvonen andvanHeur 2014; Schneidewind andSinger-Brodowski 2015).Urban
living labs emphasize the potential of experimentation and failure to foster social learning,
change, and innovation (Fuenfschilling et al. 2019; Karvonen et al. 2013).
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proportion of green spaces. In the sample quarter Erfurter Oststadt almost 12,000
people live on an area of about 140 hectares, distributed among the Hanseatic
quarter, the inner and outer Oststadt. The inhabitants of the Hanseatic Quarter
predominantly belong to the older population group, while the inner Oststadt is
a demographically young district due to a comparatively high proportion of stu-
dents. The Hanseatic Quarter is characterized by the social housing of the 1920s
and 1930s, while the inner Oststadt is characterized by large Wilhelminian-style
apartment buildings (so-called ‘Gründerzeitgebäude’), which were built between
1880 and 1960. The ownership structure is very heterogeneous compared to Dres-
den Gorbitz. There are many individual owners of apartments within the buildings.
Erfurt’s Oststadt has a high degree of sealing and densification and few public
open spaces.

The HeatResilientCity project aimed to develop and implement innovative,
socially equitable, and user-acceptable adaptation measures that support the reduc-
tion of summer heat stress on people in buildings and open spaces. Selected
measures were physically implemented in the sample neighborhoods and are now
benefiting inhabitants. A quantitative and qualitative assessment of effectiveness
forms the basis for the selection of suitable adaptation measures. The evalua-
tion of measures was carried out using effectiveness analysis methods based on
indicators that are suitable for measuring heat stress, in combination with user sur-
veys on their perception. The assessment methodology differs somewhat between
the efficacy analysis for adaptation measures on buildings and for the provision
analysis in open spaces. The general methodology of the efficacy analysis is to
compare potential changes in the indicators in scenarios with respect to a star-
ting situation (current base case), which serves as a reference value. Measures
in open space were derived from a provisioning analysis for heat stress relevant
ecosystem services by means of matching demand and supply potential. In both
cases, the physical effectiveness analyses were complemented by examination of
the economic and social feasibility using stakeholder and citizen2 participation

2The term stakeholder means the actors who have decision-making power because they are,
for example, property owners, homeowners or landlords, and/or members of municipalities
and which ultimately implement and finance the adaptation measures. In the case of the
measures presented here, for example, these are representatives of the housing cooperative or
the state capitals. Citizens means the individual persons who are either directly affected by
the measures, for example as users of a rented apartment that is being renovated, but who do
not actually have any decision-making control themselves (in Germany, rental apartments are
the standard case) and who are using urban neighbourhoods for crossing through or staying.
Ultimately, both types of actors—stakeholders and citizens—should benefit from the selected
adaptation measures.
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and social science analysis methods such as surveys and mental maps of inha-
bitants and passers-by as well as citizen participation workshops to arrive at an
integrative overall assessment (Baldin and Sinning 2019a, b, c). The integration
of knowledge of the involved actors from different scientific disciplines and from
practice is an indispensable basis for the decision-making on the selection of
the implementation measures described here. The individual measures should be
transferable to other cities, and therefore representative building types and open
spaces were selected. This chapter therefore focuses on the types of measures
rather than the sample quarters.

The chapter follows the logic of the receptors affected by heat, starting from
the residents, to their apartments in the building, and finally to the open spaces
in the neighborhood which are occupied by these residents. It is structured as
follows: Following the introduction here, we clarify the understanding of resili-
ence in this chapter in relation to different understandings of resilience commonly
used in the literature and place it in the context of heat adaptation of urban neigh-
borhoods. Sections 6.3 and 6.4 form the core of the chapter and focus on the
adaptation measures implemented in the sample quarters. Section 6.3 is dedica-
ted to adaptation measures on different representative building types and then
addresses issues that the project team faced during planning and implementation.
Section 6.4 describes the assessment of ecosystem services as a basis for plan-
ning and prioritization of adaptation measures in green spaces and a collection
of implemented measures in open space. The chapter concludes with an outlook
on opportunities with regard to future implementation of measures for resilience
building in urban neighborhoods that result from the learning process here.

6.2 Multi-level Understanding of Resilience

Readers of this chapter will agree that the term resilience can be understood
in a wide variety of ways, depending on the discipline and scientific context in
which it is used. The contribution of this chapter relates to an interdisciplinary
and transdisciplinary context. We therefore first want to clarify the understanding
of resilience for this chapter and contextualize it within the scope of concepts that
are well known in the literature.
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6.2.1 Meanings of Resilience

Different definitions of resilience exist in the literature, which often result from
the different understanding of several disciplines and the problems to be consi-
dered. Folke (2006), for example, approaches the topic from the perspective of
the dynamics of social-ecological systems and essentially distinguishes between
three concepts of resilience: (1) Engineering resilience, (2) Ecological/ecosystem
resilience and 3) Social–ecological resilience. While the first implies a very strict
conservative understanding in terms of recovery towards a constant system, the
ecological understanding focuses more on persistence and robustness in terms of
withstanding shocks and maintaining function. The social-ecological perspective
focuses on adaptive capacity and transformability in the context of cross-scale
dynamic interactions which includes characteristics such as reorganization and
developing.

Similar to Folke’s ecological/ecosystem resilience understanding, Pelling
(2011, p. 51) formulates resilience as “functional persistence in a changing envi-
ronment” with reference to climate change adaptation. A focus on developing and
supporting adaptive structures and systems that can maintain their function even
when individual elements are impaired unites many applications, including in the
area of disaster risk reduction and urban development (Tappeser et al. 2017, p. 23).
This approach is also pretty much at the heart of the present chapter, because buil-
ding heat-resilient neighborhoods aims to preserve the function of neighborhoods
for the inhabitants living there in the future, despite climate change. This implies
the need for the implementation of adaptation measures to compensate for the
negative effects of the changed hazard “heat” on the receptors human, building
and open space.

Davoudi (2018) provides a somewhat different framework and terminology
with regard to the concept of resilience, which is also relevant to the differen-
tiation of the understanding of resilience in this chapter. Thus the meanings of
resilience are clustered in (1) resilience as (functional) persistence where the
main criterion here is a temporal component, i.e. the focus is on the return speed,
(2) resilience as adaptation, whereby here the focus is mainly on an intensity
component, i.e. on the extend of the tolerable disturbance, and (3) resilience as
transformation, but here the capacity for transformative change is in the fore-
ground, meaning that the focus is on process dynamics. The latter will not be
the subject of this chapter. However, the first two play an essential role in the
selection of adaptation measures because they are important for defining the cha-
racteristics of the target systems after implementation of the adaptation measures.
To put it more precisely, with reference to sub-systems on the different scale
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levels considered in the urban district, a distinction must be made between the
different types of understanding of resilience. This applies to the buildings and
the building services therein as well as the open spaces and the plants growing on
them, and finally to the people living in in the neighborhood as users of all these
things. So, we are dealing here with a multi-level understanding of resilience.

6.2.2 Resilience of Individual Persons

Ensuring human well-being, capability and healthiness provides the framework
for the development of measures to adapt to climate change to build resilience
both at the neighborhood level and at the smaller scale levels. For the indivi-
dual human being, the preservation of bodily functions under heat stress is of
primary importance, i.e. the ability to absorb this stress due to its buffer capa-
city or robustness, which enables it to persist. Thus, for the receptor “human”,
a social-ecological understanding of resilience as adaptation is most likely to be
applicable. However, the physiological adaptability of humans or their robustness
is limited.

In light of these physiological limitations, we consider resilience of individual
persons in a larger context that opens up more effective opportunities for action
e.g., in terms of relaxed staying and moving in buildings and neighborhoods. This
means that we consider the person in a unit with his living environment in which
it lives. Heat adaptation measures on buildings, for example, primarily serve to
increase the resilience of the individual as a receptor for heat stress, rather than
the building itself, which is practically unaffected by heat in its building structure,
as will be explained in more detail below.

6.2.3 Resilience of Buildings

The receptor building, including its flats, components and technical installations
as well as its physical properties, forms a technical system. In this respect, the
term engineering resilience comes to mind first. This narrow understanding of
resilience does not go far enough in the context of heat resilience. The individual
technical subsystems such as components or exhaust systems must meet the requi-
rements for resistance to disturbances and return to the old path, but the building
itself as a receptor is not affected by the heat. The building would therefore not be
damaged by the heat, but the function that enables the well-being of the residents
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may be temporarily reduced during a heat wave. In this respect, not only the cur-
rent state of climate conditions must be considered, but also future developments
— in other words, according to Pelling’s definition of resilience, functionality
must be ensured even in a changing environment caused by climate change. The
above-mentioned temporary functional disorder can be quantified in terms of both
time and severity which refers to the first two meanings of resilience after Davoudi
(2018). The combined indicator overheating degree hours in the German standard
DIN 4108-2:2013-02 (see Sect. 6.3.2) is an example of this. Using the example
of an attic apartment, resilience as persistence and adaptation can be explained
more vividly. Heat exposure during the day heats up the apartment, so the tem-
peratures put a stress on the residents. The system “attic apartment” can bounce
back to equilibrium “normal temperatures” overnight if the return speed through
ventilation during the cool night time is sufficient. In this case we have daytime
wave-like fluctuations in temperature stress but no accumulation, i.e. no loss of
system stability over a longer period of several days (resilience as persistence).
However, this ability also depends essentially on the magnitude of the disturbance,
i.e. how much the attic has heated up during the day. If the heat input is greater
than the possible compensation from cool night temperatures, the system can no
longer absorb this disturbance over a longer period of time. Only as long as the
heat input is not greater than the possible compensation by cool night tempera-
tures, the system can absorb this disturbance during a heat wave lasting several
days (resilience as adaptation). This adaptation capacity and thus the resilience of
these systems can be increased by appropriate measures, which are described in
the following in this chapter.

6.2.4 Resilience of Open Spaces

In terms of open spaces, this chapter focuses on urban ecosystems such as green
spaces. The essential functions of these areas are valuable ecosystem services that
are important for human well-being. The maintaining of these functions can best
be described with Folke’s ecological ecosystem resilience understanding (Folke
2006). Resilience in this ecological understanding is different from what is known
as “technical” resilience as discussed above, which is a measure of the rate at
which a system approaches a certain state of equilibrium after a disturbance (Folke
et al. 2004). Nevertheless, these ecological sub-systems may be in different condi-
tions with respect to the degree or state of disturbance or with respect to possible
changes in vulnerability in the future. As an extreme example, an ecosystem that
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has been converted into a sealed area is, from a temporal perspective, in a per-
manently disturbed state. The degree of disturbance is so severe that the system
has already changed its state from green to grey. The resilience of this distur-
bed ecosystem is low. It needs to be removed—in this case, sealing—in order
to regenerate and re-establish its ecosystem (service) function. For green spaces
as an ecosystem with different subsystems such as trees and shrubs, resilience
as adaptation is the most important aspect with respect to the intensity of the
disturbance. Plants form a resilient ecosystem when their buffer capacity is high
enough to survive the shock in the form of a heat wave, both in terms of dura-
tion and intensity. Some functions, i.e. certain ecosystem services can—just like
in technical systems—be temporarily restricted or come to a standstill during the
shock event (e.g. climate regulation through evaporation). The decisive factor for
ecosystem resilience, however, is that they maintain their function over the long
term.

6.2.5 Multi-level Understanding of Neighborhood’s Resilience

When we approach the topic of building heat-resilient neighborhoods on its dif-
ferent scale levels, we have to take into account the specific boundary conditions
of the individual subsystems. These cannot be described with a uniform under-
standing of resilience. We consider social-ecological resilience as an overarching
perspective, although individual subsystems—especially the technical ones—must
also be viewed from the perspective of engineering resilience. This means that we
use a multi-level understanding of resilience.

Of course, in the sense of the multi-level understanding, different actors from
the sectors of government (municipalities, politicians, etc.), economy (homeow-
ners, housing industry, etc.) and civil society (associations, initiatives, etc.) must
also be considered. That is because they contribute at different levels to the
accomplishment of tasks (multi-actor and multi-level governance e.g. Greiving
and Fleischhauer 2008; Ritter 2007; Benz 2007; Ostrom 2010; and in the context
of HeatResilientCity Baldin and Sinning 2021). So, for example, actor networks
for resilient cities have proven as a meaningful future strategy (e.g. in Melbourne;
Sinning 2018). However, this aspect will not be discussed further in this chapter.

Since the various green and gray subsystems are related to the individuals
living in the neighborhood, the implementation of adaptation measures on these
subsystems directly influences the resilience building of the individuals, focu-
sed on in these considerations as receptors for heat stress, especially if their
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neighborhood is an urban heat island with hot spots. In this sense, it is a multi-
level understanding of resilience because interventions at one scale level, such
as tree planting in open space, affect other adjacent scale levels—for example,
neighborhood (local climate), building (shading), individual person (heat stress
reduction).

6.3 Structural andTechnical Adaptation Solutions
for Heat-resilient Buildings

The following section addresses the question of which structural and technical
adaptation concepts are physically effective while meeting the criteria of citizen
participation and acceptance. This is an essential prerequisite for successful imple-
mentation in practice. The type of building, including the ownership structure, also
provides strict boundary conditions for the feasibility of measures. To make this
clear, planned and implemented adaptation measures are presented here for two
different existing building types and for a new building. Using the examples of the
existing buildings, we show in detail how to quantify the physical effectiveness
of adaptation measures based on sound engineering effectiveness analysis. From
the experience gained during the planning and implementation of the described
adaptation measures, an attempt is made to identify factors that enable and inhibit
implementation.

6.3.1 Adaptation Concepts for Buildings and the Criteria
of Citizens Involvement and Acceptance

When developing adaptation concepts to optimize the summer thermal insula-
tion of existing buildings, a wide range of boundary conditions must generally be
taken into account. For example, it is a priority to meet the requirements of winter
thermal insulation, e.g. according to the currently valid energy saving regulations,
such as “Gebäudeenergiegesetz” (GEG 2020), and the previous versions “Ener-
gieeinsparverordnung” (EnEV 2016) and “Erneuerbare-Energien-Wärmegesetz”
(EEWärmeG 2015). In addition to climate adaptation, climate protection must
also be taken into account in the adaptation concepts.

It should be noted that individual measures can have different effects on the
desired objectives. Some measures improve both summer and winter thermal insu-
lation. Other measures, on the other hand, improve thermal insulation in summer
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but have negative effects on thermal insulation in winter or vice versa. Accor-
dingly, it is necessary to investigate in detail the positive and negative effects
of building-related measures as well as their interactions in order to be able to
evaluate the sustainable effect on or in the building.

Furthermore, the structural conditions on site must also be taken into account
when planning measures. For existing buildings, it is therefore necessary to carry
out a detailed inventory in order to obtain information on the building history,
geometry and construction.

For the development of concrete heat adaptation measures, four strategies were
defined in a first step:

1. Reduction of heat input,
2. Optimization of the heat storage capacity,
3. Optimization of the air exchange and
4. Cooling.

The adaptation strategies must always be dealt with in the listed order, since they
take into account the mechanisms of interior heating-up or cooling-down from
heat input to heat output. In order to prioritize, it is necessary to first plan mea-
sures in the first strategy that reduce or minimize the heat gains into the building.
Both external and internal heat gains must be taken into account. Subsequently,
the second strategy involves the development of measures for the targeted inter-
mediate storage of thermal energy. During prolonged hot weather periods, this
delays the heating-up of rooms, and when outside temperatures drop, the stored
heat is dissipated again, e.g. by ventilation. A ventilation system also makes it
possible to ensure sufficient air exchange for cooling the building at night, even
during periods of high outdoor temperatures during the day. If the measures of
strategies 1, 2 and 3 cannot be implemented or are only partially effective, air
conditioning systems must be used for active cooling in a fourth strategy. Against
the background of climate protection, such installations should be given the last
priority due to the high energy demand during operation. In this context, it should
be noted that due to the diverse boundary conditions and requirements, no indi-
vidual measures can normally achieve the desired effects on and in the building,
but only suitable combinations of measures.

According to the current state of the art, a variety of measures can be imple-
mented to optimize summer thermal insulation in both existing and new buildings.
Table 6.1 shows a selection of structural and technical adaptation concepts that
are assigned to the four strategies. It should also be noted that measures that are
effective from a technical point of view can only achieve their full effects if the
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Table 6.1 Strategies as well as exemplary structural and technical adaptation measures to
reduce thermal stress in buildings (Ortlepp and Schiela 2019)

Strategy Adaptation measures

1. Reduction of heat input Shading, insulation of exterior components,
building greenery

2. Optimization of the heat storage capacity Increase of storage mass, phase change
materials (PCM)

3. Optimization of the air exchange Natural air exchange, mechanical support of
the air exchange

4. Cooling Centralized/decentralized mechanical air
conditioning

user applies them correctly. If the user does not use a measure such as an external
shading system or an automated ventilation system for certain reasons, or if he
applies the measure incorrectly, it will usually not have sufficient effect.

In order to involve the residents and to consider the citizens acceptance of
building-related adaptation measures, the Institute for Urban Research, Planning
and Communication of the Erfurt University of Applied Sciences (ISP) conduc-
ted participation workshops, activating user consultation and citizens surveys in
the summer period 2018 in Dresden Gorbitz and in Erfurt (Baldin and Sinning
2019a, b). An important part of the survey was, among other things, which mea-
sures on and in residential buildings the residents considered to be reasonable.
The surveys showed that approx. 75–80% of those questioned in Dresden and
Erfurt considered external sun protection to be a reasonable measure for redu-
cing summer heat in residential buildings. The citizen survey in Erfurt showed
a similarly high approval rate of around 75% with regard to roof and facade
insulation and for interior sun protection such as curtains, etc. In Dresden, the
approval for these latter types of measures was significantly lower in percentage
terms (40–60%), but they were also far ahead in terms of the ranking of measures
considered effective. The comparison of expert opinions and citizens’ estima-
tes has confirmed that the recommended measures are mostly in agreement. An
accompanying advisory board of the HeatResilientCity project discussed both per-
spectives—from citizens as well as from experts from science and practice—and
supported the prioritization of measures by integrating findings from simulations
and citizen surveys.

Implementation measures on existing buildings usually require more effort
than on new buildings. The reason for this is that, on the one hand, the basic
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conditions for existing buildings are already specified with regard to existing geo-
metry, window orientation, materials and load bearing capacity and, on the other
hand, each retrofitting measure requires extra construction site equipment, which
leads to extra costs. This problem arose with the selected pilot building in Erfurt
Oststadt, where, for example, an extra scaffold would have been required for
certain roof measures (cf. Sect. 6.3.3). The retrofit measure can be implemented
without additional costs if construction measures are planned anyway and the heat
adaptation can then be carried out at the same time. This advantage could be used
for the adaptation measures of the pilot buildings of the EWG in Dresden Gorbitz
(cf. Sect. 6.3.2). With new buildings there is the advantage that the heat-resilient
construction method can be taken into account right from the start when planning
the geometric shape and dimensions of a building and its individual components
as well as their statics, for example with regard to the load-bearing capacity of
the roof construction for a green roof (cf. Sect. 6.3.4).

6.3.2 Implementation of Measures in Existing Large Panel
Construction Buildings

In the sample quarter of Dresden Gorbitz, two residential buildings from the 1980s
were selected from the EWG stock and analyzed with regard to their summer
thermal insulation. Specifically, these are residential buildings erected in 1984 and
classified in the housing construction series “WohnungsBauSerie WBS 70/14.40”,
a large panel construction of the post-war period. The designation “14.40” corre-
sponds to the building width in meters. During the project period, comprehensive
renovations were planned for these buildings anyway, such as a thermal insula-
tion upgrade of the facades, the installation of elevators, a change of floor plans
in some areas, and the creation of barrier-free flats. The selected buildings are
typical examples of multi-family residential buildings, which were built in large
numbers in industrial prefabricated concrete slab construction on the territory of
the former GDR (IEMB 1997, p. 4). The results of the present investigations can
thus be transferred to other cities with similar building types.

A systematic series production of uniform building elements in stationary
panel factories was characteristic for this type of construction. In addition, the
designs were optimized with regard to the static design in order to make the load
transfer as effective as possible. This procedure reduced the amount of basic mate-
rials, such as concrete and reinforcing steel, which, however, has the disadvantage
that subsequent adaptation measures may hardly add any additional weight. On
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Fig. 6.1 Post-war large-panel construction building in the sample quarter Dresden Gorbitz.
a) Eastern view, b) vertical section with air flow, c) detail with adaptation concepts for the
pilot building (Source based on Ortlepp and Schiela 2019)

the basis of the results, adaptation measures were developed which were imple-
mented in connection with EWG’s existing renovation concepts on and in the
buildings in the years 2019 and 2020 on a pilot basis.

One of these buildings was selected for the analysis of summer thermal insu-
lation, where a high thermal load within the building was expected during hot
weather periods due to the orientation of the building and the proportion of win-
dow areas (Fig. 6.1a). The building was modeled as a 3d object in its entirety. The
results are transferable to the rest of the WBS 70/14.40 building stock, taking into
account some boundary conditions. The essential structural design characteristics
of the building are summarized in Table 6.2.

In order to make existing buildings heat-resilient for their residents, it is first
necessary to identify thermal weak points and then derive technically feasible
adaptation measures for these points including efficacy testing.

Because, as described above, winter thermal insulation in Germany is strictly
regulated, it must always be considered in context when planning summer ther-
mal insulation. To do this in accordance with the Energy Saving Ordinance (EnEV
2016) and the thermal protection and energy economy in buildings standard (DIN
4108-2:2013-02), the components of the building envelope are particularly import-
ant. Accordingly, the building’s facades with integrated windows and the flat roof
must be examined for thermal weak points. The building components must be
designed in such a way that both transmission heat losses in winter and solar
heat input in summer are reduced. In addition, the issue of ventilation must be



6 Building Heat-Resilient Neighborhoods—Testing the Implementation… 127

Table 6.2 Selected key
data of the post-war
large-panel construction
building in the sample
quarter Dresden Gorbitz

Component Characteristics

External walls Upper floors: sandwich
panel elements, thickness
26 cm
Basement: reinforced
concrete elements, thickness
15 cm

Internal walls (load-bearing) Reinforced concrete
elements, thickness 15 cm

Floor slabs Pre-stressed concrete
elements, thickness 14 cm

Windows Wooden frame windows
with a 2-pane insulating
glazing
No external or internal
shading

taken into account for summer thermal insulation. In particular, the possibilities
for daytime and/or post-ventilation must be assessed.

For the development of concrete technically feasible adaptation measures, the
focus was placed on strategies for reducing heat input, optimizing storage capa-
city and optimizing air exchange (strategies 1–3). The strategy of cooling (4) was
abandoned since the use of energy-intensive air conditioning systems is not in the
sense of climate protection and it was assumed that in the considered building
type sufficient cooling effects can be achieved by implementing the strategies one
to three. Furthermore, a comprehensive renovation was already planned for the
selected pilot building when the summer heat adaptation measures were deve-
loped, so some boundary conditions had to be met (see detailed discussion on
strategies below). Based on these facts, the measures shown in Fig. 6.1c were
identified for an in-depth effectiveness analysis.

In the course of the project, the participating project partners were regularly
consulted on a variety of adaptation options for the buildings. At this point it
must be mentioned that the concepts for the optimization of summer thermal
insulation, which are described below, were developed under consideration of the
existing renovation concepts of the EWG. Due to this fact, some potential adap-
tation measures on the buildings were only partially or not realizable under the
time restrictions of the project duration. Other measures would only be possible
with considerable additional costs. In the following, a selection of the discussed
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measures is used to show which difficulties or which new requirements can arise
with some of the measures.

1. Strategy Reduction of heat input: In order to reduce the heat input into the
buildings during hot summer periods, the first step was to discuss internal and
external shading systems. The external systems are always to be preferred, as
they have the greatest effect. Exterior systems radiate their stored heat back to
the outside environment, while interior systems additionally heat the interior
by emitting heat. The external shading system should also meet the following
requirements: (i) high wind resistance, (ii) manual control and (iii) low main-
tenance. External roller shutters are best suited for this. When installing them
on existing buildings, further boundary conditions must be taken into account.
For example, the roller shutter boxes can decrease the window height, which
reduces the amount of daylight entering the rooms behind. Such constraints
further limit the choice of technologies. Enlarging the window openings requi-
res extensive cutting work and additional static strengthening measures, which
would cause considerable additional costs. With regard to reflective compo-
nent surfaces, a fundamental discussion took place on the use of an exterior
coating with a high degree of reflection. However, the planned design concept
already provides for an exterior painting with a light colour; also, the arrange-
ment of a facade greening is not possible due to this concept. The realization
of a subsequent green roof has only a very small effect on the indoor cli-
mate of the reference buildings, since the roof surface and the uppermost floor
are thermally decoupled from each other. Furthermore, in this case the roof
construction might have to be statically strengthened due to insufficient load
bearing capacity.

2. Strategy Optimization of the heat storage capacity: In order to optimize the
heat storage capacity, the area above the heat-loaded top floor ceiling was
considered in particular. Different variants are possible in principle, such as (i)
mineral insulation panels, (ii) insulation boards made of perlite, (iii) cellulose
fiber insulation material, or (iv) screed board and mineral wool insulation,
whereby the load-bearing capacity of the floor limits the maximum of the
additional storage mass that can be applied. In addition, possible changes to
the wall cross-sections were discussed. A thickening of the walls towards the
inside is not possible, because too much living space would be lost for the
barrier-free conversion. Also, the variant of a ventilated curtain wall is not
feasible for structural and cost reasons.

3. Strategy Optimization of the air exchange: For the reasons described above,
the windows of the buildings cannot be enlarged to optimize the air exchange.



6 Building Heat-Resilient Neighborhoods—Testing the Implementation… 129

Therefore, the project investigated the possibility of increasing the exhaust air
volume with a mechanical ventilation system. This adaptation measure was
implemented as a pilot in one of the buildings.

4. Strategy Cooling: The involved actors have started to think about the use of
district cooling. However, this would require considerable procurement and
maintenance costs for the machines, which is not economically feasible. In
addition, the possibility of constructing an underground gravel storage for pas-
sive air cooling was considered. Here, however, there is the difficulty of how
the cooled air is fed into the rooms. The building services infrastructure or the
installation room, which would be necessary for this, is missing in the buil-
dings. To install them would require a disproportionate effort for the existing
buildings.

Specifically, the following combinations of heat-adaptation measures were finally
implemented in the pilot buildings:

1. Strategy: Reduction of heat input by external shadows on selected windows by
means of installation of roller shutters

2. Strategy: Optimization of the heat storage capacity in the roof area by means
of installation of materials that have a high heat storage capacity and a high
insulation effect at the same time

3. Strategy Optimization of the air exchange by ventilation concept to improve
the possibility of night ventilation by means of installation of windows with
external air passage elements, which ensure the necessary infiltration and
user-independent air exchange, and in one building additionally by means of
increase of the exhaust air volume.

To measure the effectiveness of adaptation measures, an indicator is required that
provides information about the thermal stress on people inside buildings. The
German standard DIN 4108-2:2013-02 specifies limit values for the so-called
operative temperature in indoor rooms depending on summer climate regions. The
region classification takes into account the adaptability of humans to the prevai-
ling temperatures. In the Dresden Elbe Valley, people are accustomed to slightly
higher temperatures than in Erfurt, which means that the limit value for the opera-
tive temperature was set in the standard for this summer climate region at 27 °C,
one degree higher than for the Erfurt region (26 °C, see subsection 6.3.3). The
limit value forms the basis for the calculation of the exceedance as an indicator
of the thermal overload, the so-called ‘overheating degree hours’.
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Overheating degree hours form an indicator for the assessment of overheating
of indoor rooms of buildings. The indicator includes excessive temperature and
radiation loads that accumulate over the course of one year. It is calculated from
the annual sum of the hourly values of temperature exceedances in Kelvin above
the limit value of the operative temperature. If, for example, an operative tempera-
ture of 29 °C is reached for 3 h in Dresden, this corresponds to a three-hour excess
of 2 K, i.e. 6 Kh (Kelvin hours) of overheating degree hours. Both extreme values
and long-lasting summer periods are reflected in this indicator via the multipli-
cation of the exceedance height (degree temperature) and duration (hours). For
residential buildings, the standard specifies a limit value of 1200 Kh/a (Kelvin
hours per year), which must not be exceeded. For rooms that exceed this limit
value, there is therefore a need for action with regard to adaptation measures that
are suitable for reducing the thermal load of the room below this limit value. As
the state of the art in civil engineering, this value of overheating degree hours is
also used here as an indicator for assessing the effect of measures.

In addition to the status quo, the three adaptation measures were each modeled
individually and as a combination in the thermal building simulation to evaluate
the effectiveness of the adaptation measures on the future indoor temperatures.
All boundary conditions of use were assumed to be identical in all variants inves-
tigated in order to ensure comparability of the results. For the roller shutters in
particular, use is assumed to depend on the outdoor temperature and that the resi-
dents close the shutters only for three fourths of the way in order to still get
sufficient daylight.

Table 6.3 shows the overheating degree hours determined from the simulation
results for the bedroom and adjacent children’s room on the fifth floor and for the
identical rooms on the sixth floor. In the status quo, the limit value of 1200 Kh/a
of overheating degree hours is exceeded in all four rooms. The sixth floor, and
there especially the bedroom, is most affected by heat stress. The three different
adaptation measures individually show different effects. Compared to the other
adaptation measures described (1 and 3), measure (2) on the top floor ceiling has
the smallest effect on reducing the thermal load. The external shading devices (1)
show the greatest single effect in the simulation carried out here. that the residents,
as in the present model, actually close all the roller shutters when the outdoor
temperature exceeds 23 °C on the previous day, this measure alone is sufficient
to comply with the limit value of overheating degree hours in the children’s room
on the fifth floor. However, it should also be noted that the limit value is only just
complied with there. By combining the measures of external shading devices,
additional storage mass and increased night ventilation, the overheating degree
hours in all rooms are significantly reduced. The thermal load in the children’s
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Table 6.3 Overheating degree hours for two different rooms on the upper two floors, com-
pared for the current state (reference) and four scenarios: the three aforementioned adaptation
strategies and a variant containing the combination of all three thermal adaptation strategies
from the thermal building simulation

States: Reference Scenarios including adaption measures

Strategy: (1) (2) (3) (1–3)

External
roller
shutters

Additional
layer over
top ceiling

Increased
night
ventilation

Combination
of the three
measures

Story Room

6th
floor

Bedroom 3.868 Kh/a 2.081 Kh/a 3.175 Kh/a 2.712 Kh/a 1.333 Kh/a

children’s
room

3.071 Kh/a 1.292 Kh/a 2.405 Kh/a 2.195 Kh/a 865 Kh/a

5th
floor

Bedroom 3.410 Kh/a 1.751 Kh/a 2.946 Kh/a 2.388 Kh/a 1.162 Kh/a

children’s
room

2.701 Kh/a 1.081 Kh/a 2.238 Kh/a 1.947 Kh/a 747 Kh/a

rooms can thus be reduced by up to 72%. Within the reference building, the
selected bedroom on the sixth floor is the only one in which the permissible limit
of excess temperature degree hours is still just exceeded by 133 Kh/a. These
results of the efficiency testing clearly indicate that the implemented measures
lead to a considerable reduction of the thermal stress and enable a comfortable
and pleasant indoor climate in the pilot buildings during the summers in the future.

6.3.3 Planned implementation for Measures in Existing
“Wilhelminian-style”Buildings

The building selected in the sample quarter Erfurt Oststadt is a Wilhelminian-style
apartment building—in German “Gründerzeitgebäude” (GZG)—, which was built
in 1912 and has a total of eight flats. In Fig. 6.2 the eastern and western view
illustrates the characteristic stucco-facade for this type of building. Representative
features are also thick brick exterior walls and the wooden beamed ceilings. The
building was extensively modernized and retrofitted in 2002 and 2003. In this
context the attic floor was developed by insulating the roof, creating the flats
structure in drywall construction and insulating the gable walls and jamb walls
from the interior. For the other stories the structure of the flats remain the same
and the external walls were not insulated. Only the windows are replaced by
double glazing windows. In addition, balconies on the western facade (backyard
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Fig. 6.2 Eastern view (left) and western view (right) of the GZG building in the sample
quarter Erfurt Oststadt. (Source D. Schiela, IOER)

side) were installed leading to a good shading situation of the large window doors
(see Fig. 6.2).

The detailed building physics and other necessary information were collected
by an intense archive research in the building files of the city of Erfurt and by
on-site inspections. Implementing all the available data into a 3D thermal buil-
ding simulation model the GZG exhibit several characteristics concerning heat
resilience in its present state:

1. The overheating risk in the full stories is considerably low. This is caused by
the thick internal and external brick walls including a high heat energy storage
capacity and the effective shading of the large windows at the western side by
the balconies. Only small rooms on the east facade side with large windows
show considerable overheating if the room doors remain closed.

2. In contrast, a high degree of overheating was achieved for the attic flats.
Several reasons are responsible for this. High solar heat gains caused by the
large western oriented windows which are not shaded by a balcony in addition
to the unshaded roof window (like all other windows of the attic) are a main
reason for high summer temperatures. Together with the very low heat storage
capacity of the attic by the drywall construction this leads to a strong room
temperature increase during a solar radiation intense summer day.
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These results show that heat adaptation measures are only needed for the attic of
the building while the full stories can remain without extra measures. Compared to
the large panel construction building in Dresden Gorbitz no energetic renovation
is planned for the GZG building and heat resilience measures are only necessary
in the attic flat. In addition, the ownership structure in the GZG building, which is
a condominium owners’ association, is very different from that of the large panel
construction building, which is a housing cooperative. This more complicated
ownership structure of the GZG building led to several renovation concepts. All
the renovation concepts only suggested changes for the attic flats.

The initial renovation concept intended exterior roller shutters on the western
balcony windows and roof windows together with vertical awnings on the street
side (eastern facade) for the attic. The latter one is chosen for aesthetic reasons
to keep the visible impact of the shading system minimal for the street facade. In
addition to these sun protection measure, the installation of an exhaust ventilation
in the bathroom of the attic flats was suggested to enhance the passive night-time
cooling. When indoor room temperature is above 24 °C in summertime and out-
door air temperature below room temperature, the air is exhausted in the bathroom
by a high volume flow of more than 250 m3/h to ensure cold outdoor air supply
by open windows. The combination of both measures resulted in a strong reduc-
tion of overheating, which is comparable to that of the first floor (Schünemann
et al. 2020a, b). The possibility of increasing the storage capacity of the attic
floor with massive constructions or phase changing materials was not considered
as this would lead to a considerable intervention in the building structure and to
attic flats that are temporarily uninhabitable.

However, the request of quotations shows that for the installation of the sun
protection system on the east facade (street side) a cost-intensive building scaf-
folding is required. Therefore, the concept was revised and the intended vertical
awning on the east facade was substituted by highly reflecting honeycomb plisse
mounted from the inside of the window. The increase in overheating intensity
remains low so that the revised package of measures consist of external shutter
of balcony windows (west facade) and roof windows in combination with inter-
nal shading on east facade and exhaust ventilation system in the bathrooms of
the attic flats. Table 6.4 demonstrates the high impact of the small adaptation
package and compares overheating degree hours of the actual state to the adapted
attic dwellings. It can clearly be seen that the high overheating risk of the top
floor dwellings is strongly reduced to values comparable for other full stories.

This concept could only be presented to the condominium owners’ association.
To decide on the implementation of the package of measures, a homeowners’ mee-
ting was convened. Unfortunately, not a single person of the eight flat owners was
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Table 6.4 Overheating degree hours for rooms at different stories oriented at the eastern
and western facade, compared for the current state (reference) and an adaptation scenario
that includes the package of heat adaptation measures in the attic (sun protection and exhaust
ventilation system) from thermal building simulation

Eastern oriented rooms Western oriented rooms

Story Reference Adaption scenario Reference Adaption scenario

Attic 1400 Kh/a 60 Kh/a 1200 Kh/a 210 Kh/a

4th 170 Kh/a 70 Kh/a 810 Kh/a 590 Kh/a

3rd 40 Kh/a 30 Kh/a 300 Kh/a 270 Kh/a

2nd 90 Kh/a 70 Kh/a 690 Kh/a 660 Kh/a

1st 0 Kh/a 0 Kh/a 590 Kh/a 570 Kh/a

present in this meeting leading to the fact that the heat adaption measures could
not be installed. This procedure and obstacles in this communication process is
discussed in detail in Sect. 6.3.5.

Summarizing the findings highlight that GZG buildings do exhibit a high heat
resilience. One exception are attic conversions carried out neglecting sun protec-
tions for windows and thermal storage capacities by massive constructions which
is a typical way of conversion. Attic conversions that take these basic principles
into account can lead to a low risk of overheating and thus contribute to a higher
overall heat-resistance of the residents in these attic apartments.

6.3.4 Implementation of Green Roofs on New Buildings

The municipal housing construction company “Wohnen in Dresden” (WiD) has
supplemented its planning for a new building in the northern part of Dresden Gor-
bitz with a green roof and facade, on the initiative of the HeatResilientCity project
team of the state capital Dresden. The implementation, i.e. the construction of a
four-story building with flat roof, began in late summer 2020. These apartments
are so-called occupancy-bound apartments for low income households.

The greening of buildings prevents their surfaces from heating up, and the
temperature fluctuations on the green roof or facade are reduced. Accordingly,
less heat is emitted into the urban space. The greening of buildings not only
contributes to an increase in heat efficiency, but also brings many other positive
ecological effects:
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• Rainwater retention (especially with green roofs)
• Creation and linking of habitats for flora and fauna and increase in biodiversity
• Improvement of air quality by binding dust and air pollutants
• Improvement of the quality of stay (especially for facade greening)

Economic advantages include the saving of rainwater fees through rainwater
retention on the green roof. In addition, the greening of the buildings can enhance
the visual appearance of the urban quarter and significantly increase the quality
of living for residents.

In comparison to the existing buildings described in Sect. 6.3.2, the additional
load from the green roof could be taken into account in the static calcula-
tion during the planning process. Thus, the load-bearing capacity of the new
construction is high enough right from the start to support a green roof.

6.3.5 Enabling and Inhibiting Factors in Planning
and Implementation

The implementation process for the buildings in Dresden Gorbitz initially functio-
ned quite smoothly due to the ownership structure of the EWG, which is a housing
cooperative whose representatives can make their own direct decisions about their
stock. Shortly after the start of the project, the selection of the buildings and a first
presentation of the planned renovation measures by EWG took place at the end of
2017. Immediately afterwards, the EWG provided the scientific partners with the
necessary planning documents, such as plans of the existing buildings and reno-
vation plans, so that they could start working out concrete concepts for measures.
As early as spring 2018, possible adaptation measures were coordinated with the
EWG and with the engineering office commissioned to plan the renovation mea-
sures. Already in the summer, the tender documents were published and tenders
were obtained from construction companies.

Shortly afterwards an unexpected restriction occurred. The EWG was informed
that one of the selected buildings had unexpectedly been classified as a single
monument by the local Monuments Preservation Office, even though the building
permit for the renovation measures was already in place. The reason for this was
that there is a special type of ceramic tile on the facade (so-called “Crinitzer
Baukeramik”), which was classified as worthy of preservation. In addition, the
exposed aggregate concrete facade parts were to be preserved, which made up
virtually the entire exterior wall.
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This was a big problem because it would have meant that the heat adaptation
measures could not have been implemented as planned. If the ceramic tiles and
the aggregate concrete facade parts had remained visible, the outer wall of the
building could not have been effectively thermally insulated. This would have
meant that, in spite of the additional costs, the complete planning would have had
to be re-done as well as the preparation of tender documents and the procurement
to the construction companies that were already waiting to start the renovation
work. This would have led to a large delay in the project and thus endangered the
subsequent efficiency measurement and assessment.

Fortunately, in this case, the transdisciplinary cooperation in the project wor-
ked very well to solve the problem together. With the support of the environmental
office of the state capital Dresden as a project partner and the professional exper-
tise from civil engineering science, which was also represented in the project
team, the problem could be solved by means of communication. In a discus-
sion between the local Monuments Preservation Office and EWG as builder a
compromise acceptable to all could be reached.

As a result, the facade was allowed to be insulated. The windows were also
allowed to be executed as planned, and thus also the roller shutters, which are so
important for heat protection. As a compromise, the appearance of the new heat-
insulated facade had to be based on a historical “WBS 70” facade. This concerns
the joint pattern and the colour scheme, but this is not crucial for the effectiven-
ess of the planned heat adaptation measures. In summary, the HeatResilientCity
project team has proven to be very resilient in dealing with this type of disruption
to the implementation on buildings in Dresden Gorbitz.

As mentioned in Sect. 6.3.3, the ownership structure in the exemplary GZG
building in Erfurt Oststadt leads to high challenges and obstacles in terms of
communication processes. Reasons were the small-scale condominium owners’
association because every flat was owned by another person. None of these owners
has lived in Erfurt or even lived in the city of Erfurt, but all of them are spread
all over Germany and use their apartments exclusively as investment objects. No
direct communication with the owners was possible, but only indirectly through
property management. The latter had little ability to establish the necessary com-
munication process from scientists to owners to inform and discuss the proposed
packages of heat adaptation measures. This disadvantageous initial set of com-
munication condition led to the fact that only a few owners were present at the
condominium owners’ meetings where the measures should be presented and dis-
cussed. Also, in a second and third round with significantly reduced costs for the
package of measures this kind of communication did not lead to any success,
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independently of the possibility of allocating the estimated costs of heat adap-
tation for the attic flats only to the owners of these attic flats or to the whole
condominium owners’ association. This obstructive communication is not unty-
pical for small-scale ownership structures that are rented and represent a very
serious problem in climate protection or adaptation measures.

These obstacles to communication for the GZG condominium owners’ asso-
ciation in Erfurt did not exist in the communication process of the housing
cooperative EWG, which is the owner of the large panel construction building in
Dresden Gorbitz. The reasons for this are that (i) the communication process bet-
ween scientists and the housing cooperative in direct exchange could be managed
without an intermediary property management company, (ii) the housing coopera-
tive was interested in strengthening the future attractiveness of its rental flats and
(iii) no coordination between many owners was necessary to decide on a package
of measures for heat adaptation. Concluding the observations done for Erfurt and
Dresden, housing cooperatives can be seen as potential drivers of implementing
adaption measures to enhance the heat resilience of buildings in short-term focus.
However, the emerging need for measures to adapt to climate change or to pro-
tect the climate cannot be neglected for the condominium owners’ association
either, since a high proportion of residential buildings in Germany belong to this
small-scale ownership structure. This process can be implemented by establishing
direct communication with the different owners, raising their awareness through
knowledge transfer and presenting the measures in a practical way. Compared to
the housing cooperative, such a process will take more time and is not possible
within one or two years. In other words, building heat resilience in buildings is
generally physically possible, but the duration of the process to build resilience
varies depending on the ownership structure.

6.4 Ecosystem-Based Adaptation Solutions of Green
Spaces for Heat-Resilient Neighborhoods

In the following, the question of how the requirements for adaptation in open
spaces can be identified from an ecological point of view and from the perspective
of citizens is explored. We present four adaptation measures that have already
been implemented during the HeatResilientCity project period as well as another
measure whose planning is already well advanced and about to be implemented.
Using the example of these concrete measures, special constellations of boundary
and underlying conditions are highlighted, among other things, which can have an
impeding effect on implementation. From the experience gained in planning and
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implementation, an attempt is made to identify more general factors that restrict
and inhibit implementation.

6.4.1 Identification of Adaptation Requirements in Open
Spaces

Ecosystem services to support heat resilience. Urban greenery plays a significant
role, especially with regard to the predicted climatic changes (IPCC 2013) and
is important for maintaining the quality of life of the existing or even growing
urban population (Bolund and Hunhammer 1999; UN 2019). Urban green, such
as parks, city forests, private and public gardens, orchard meadows as well as
individual trees and bushes, play a key role in local climate regulation in cities
(Bolund and Hunhammer 1999). In particular, trees but also various other vegeta-
tion forms can shade buildings, sidewalks and other artificial surfaces (Dimoudi
and Nikolopoulou 2003). They reduce heat by preventing solar radiation from
reaching surfaces that absorb heat and then transmit it to buildings and the sur-
rounding air. The evapotranspiration and the shadow effect, which is created by
e.g. tree leaves, have a cooling effect and thus minimize the thermal discomfort of
urban inhabitants (e.g. Armson et al. 2012; Streiling and Matzarakis 2003). Urban
greenery thus contributes significantly to the heat resilience of city quarters. The
preservation and protection of urban green spaces in the course of urbanization
and climate change is therefore essential and must be given strong consideration
in the context of sustainable and resilient urban development. In the following, the
supply and demand for the ecosystem service “local climate regulation” is ana-
lyzed and evaluated. The investigations are conducted in the two sample quarters
Dresden Gorbitz and Erfurt Oststadt. Based on the results, areas deficient in ES
supply and demand are identified and appropriate adaptation measures are derived
and implemented for these spots.

Among local climate regulation, urban green spaces provide a variety of
other services that have a positive effect on the well-being of urban inhabi-
tants and increase the quality of life in the city without any real consideration
or payment. Such services are called ecosystem services (ESS). For example,
urban green spaces provide ESS in the form of flood protection, air pollu-
tion control, groundwater purification, recreational effects or stress reduction for
people (Bolund and Hunhammer 1999). ESS are understood as direct and indi-
rect contributions of ecosystems to human well-being, i.e. services that bring
direct or indirect economic, material, health or psychological benefits to peo-
ple (Naturkapital Deutschland—TEEB DE 2016, p. 24). They are directly linked
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to the socio-ecological understanding of resilience. In terms of ensuring human
well-being, ESS are factors that increase human resilience. According to the Mill-
ennium Ecosystem Assessment (MEA 2005, p. 40) ESS can be divided into four
categories, whereby the so-called supporting services are regarded as the basis of
the other services:

• Provisioning Services, such as the provision of food, drinking water or wood,
• Regulating Services, such as flood protection, air pollution control or climate

regulation,
• Cultural Services, such as recreation, stress reduction, environmental education

and
• Supporting Services that ensure the necessary conditions for the existence of

all ecosystems, such as the nutrient cycle (Bastian et al. 2013, p. 48).

For the assessment of ESS, a distinction is made between the potential or actual
supply level of an ESS by an ecosystem, the so-called ESS supply, and the ESS
demand (Burkhard et al. 2014). The latter represents the need for an ESS of
people, whereas the ESS supply is determined by the condition of an ecosystem.
With regard to the ESS “local climate regulation”, the condition, volume and
structure of the vegetation play a decisive role in addition to the spatial location
of the ecosystem. The demand for this ESS within the neighborhood, on the other
hand, is determined by the spatial distribution, for example, of local population,
soil sealing density or building locations as well as spaces that are particularly
frequented by vulnerable population groups. The provision of this ESS is equated
here, in simplified terms, with the matching of supply and demand. In other words,
if the supply cannot meet the demand, there is a deficit in ESS. In a generalized
way, this can be seen as a lack of resilience, which must be compensated or
improved by adaptation measures.

ESS assessment to identify potential need for action. In the following, the poten-
tial need for action is derived from the identification of areas deficient in the ESS
“local climate regulation”. These areas are identified by an analysis and compa-
rison of supply and demand aspects. The results form the basis for the spatial
prioritization of adaptation measures that should be implemented to achieve heat
resilience in the sample quarter.

The supply in the quarter is described with the parameters:

S1: climate-relevant green spaces,
S2: climate-relevant water bodies, and
S3: green volume.
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The generation of cold air, which is very important for this ESS, is known to take
place mainly on large unsealed areas (S1). Water bodies (S2) generate evaporative
cooling and allow air movement. The air temperature also is reduced in particular
by a dense tree and woody stand with large leaf surfaces (S3) as well as the vege-
tative evaporation taking place. Compact areas with a minimum size of≥0.1 ha
are defined as “climate-relevant green spaces” (S1) (Salata and Yiannakou 2016).
Narrow green strips that are less than a minimum width of 10 m are not taken
into account, as they are assumed to have a low potential to generate cold air and
thus show a low cooling effect on the surrounding area. Areas directly adjacent to
climate-relevant green spaces benefit from the cold air generated on these spaces.
This positive contribution to the local climatic regulation effect was taken into
account in the analysis within a radius of 10 m. In the sample quarter Dresden
Gorbitz the supply of “climate-relevant water bodies” (S2) does not come from
water surfaces of larger water bodies, but mainly from not sealed riparian strips
in accordance to the regulations and definition of “ecologically functional areas”
in §38 WHG3 and §24 SächsWG.4 Following these laws, riparian strips of water
bodies have a legally defined width of 10 m and are of ecological relevance with
low anthropogenic intensity of use. The supply parameter (S3) “green volume”
is expressed as the sum of the above-ground volume of all vegetation objects in
relation to a defined area (e.g. 1 m×1 m grid cell). It plays an important role
in urban ecology such as dust binding, temperature reduction, wind attenuation
or groundwater recharge. Thus, each additional m3/m2 of specific green volume
lowers the temperature by approx. 0.3 °C (Tervooren 2015).

After combining the supply parameters (S1) to (S3), especially parts of a green
belt in the east and southeast of the sample quarter Dresden Gorbitz show a high
supply capacity for the ESS “local climate regulation” (Fig. 6.3). Larger parks and
green spaces with trees and shrubs in are also important for this ESS, whereas
the residential areas with their green spaces between the multi-story post-war
large-panel construction buildings are less apparent in the ESS supply.

The demand in the quarter is described with the parameters:

D1: density of facilities with vulnerable user groups,
D2: total sealed floor area within a radius of 20 m, and
D3: population density (100 m grid).

3Wasserhaushaltsgesetz (German water resources law).
4Sächsisches Wassergesetz (Saxon water law).
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Fig. 6.3 ESS “local climate regulation” by urban greenery in the sample quarters Dresden
Gorbitz and Erfurt Oststadt: Supply, demand (darker shades represent high supply and high
demand) and provision (Source calculations and map production IOER)

The demand for this ESS specifically takes into account the vulnerability of
people to summer heat and the associated vulnerability of certain groups of inha-
bitants (D1). Less resilient people with increased vulnerability to summer heat
are especially children, elderly people and people with previous physical stress
(Knopf and Maercker 2017). For example, children under the age of five have
not yet fully developed their ability to regulate body temperature (BBK 2013).
Furthermore, the potential for overheating and the identification of potentially
heat-affected areas play a key role (D2). Parameter (D3) is concerned with how
humans are affected by summer heat due to their housing location.

For the parameter (D1) the density of relevant facilities such as doctors’ sur-
geries, nursing homes, kindergartens and playgrounds, was calculated. Buildings
or areas, which are mainly frequented by vulnerable user groups during daytime,
were also considered in the calculations. This results in focal areas in which faci-
lities with vulnerable user groups are more frequent. Using the sum of the sealed
ground area within a radius of 20 m (D2), an overheating estimation of simi-
larly complex models of urban heat islands or overheated areas was performed.
High values stand for densely built-up and heavily sealed areas with little night-
time cooling, especially during heat waves with no wind. Here, the degree of soil
sealing is representative of an increased potential for overheating and heat stress
(see temperature effects found by Tervooren 2015). The population density (D3)
represents the aspect of potential demand for climate regulation or cold air during
hot summer periods. The demand is strong with a simultaneously high parameter
value of (D2). The here used population data is based on the 2011 census and
the derived spatial grid of 100 m×100 m. Compared to the data basis of the



142 R.Ortlepp et al.

other parameters, this is a low spatial resolution and therefore only allows rough
evaluations.

The combination of parameters (D1) to (D3) results in the highest demand of
the ESS “local climate regulation” in urban areas with high population concen-
tration and soil sealing as well as the presence of facilities that are assumed to
be visited by vulnerable people. In Dresden Gorbitz this is especially the case in
the southern and eastern area of this sample quarter (Fig. 6.3). The less densely
populated and built-up areas in the western part of the study area, on the contrast,
show lower values.

The provision of ESS results from the comparison and intersection of supply
and demand. The areas, where this combination show negative values, represent
areas deficient in the ESS “local climate regulation” and thus justify the potential
need for action. Figure 6.3 (bottom) shows the potential provision of the investi-
gated ESS local climate regulation in the form of an index. The provision of ESS
to inhabitants varies greatly within as well as between both sample quarters. Key
areas of potential demand for this ESS during summer heat are highlighted in red.
Areas shown in blue represent resilient areas with an ESS supply surplus. Areas
that already have a high to very high demand surplus show a reduced resilience
with regard to future changes in urban climatic heat stress. Therefore, these areas
were the focus of the implementation analyses for potential measures for climate
adaptation in the HeatResilientCity project.

In the Erfurt sample quarter, the closed building structure means that many
green spaces are located in inner courtyards that are not accessible to the public.
Opening these up or creating new recreational areas (e.g. a new park) would
make additional areas accessible and thus usable. In the Dresden sample quarter,
on the other hand, many open spaces are usable due to the high proportion of
green space and the loose, open development. A targeted redesign of the existing
green spaces, e.g. by planting different green structures and thus increasing the
structural diversity or unsealing areas, could lead to an increased supply of heat
regulating green spaces.

By balancing several relevant ESS, different levels of need for action can be
identified. The need for action varies significantly in terms of space. In Dres-
den Gorbitz, many open spaces can be used due to the high proportion of green
space and the open building structures. A targeted redesign of the existing green
spaces could increase the provision potential in many areas, e.g. by planting diffe-
rent green structures and thus increasing the structural diversity or also unsealing
areas. At hot spots (identified areas) with a particularly high need for action,
the local actors and practice partners from the state capital of Dresden and the
EWG derived potential adaptation measures. Certain measures have already been
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implemented on the identified areas (see Sect. 6.4.2). In Erfurt Oststadt, due to the
closed development structure, many green spaces are located in inner courtyards
that are not accessible to the public. Opening up these inner courtyards or crea-
ting new recreationally relevant areas (e.g. a new park) would make additional
areas accessible and thus usable. Furthermore, suitable adaptation measures were
planned and started to be implemented at open spaces that are already accessible
to the public.

Citizen surveys and mental maps to identify potential need for action. Both citi-
zen surveys and the mental map method complement the ESS assessment method,
and contribute to the identification of hot spots in order to derive needs for action
for inappropriate measures in the open space. To capture citizens’ perspectives
on heat adaptation in the two neighborhoods, passers-by were surveyed and men-
tal maps were created during the summer months of 2018 (Baldin and Sinning
2019a, b). Participants identified hot as well as cool places and paths on a map of
the neighborhood. The mental maps helped to survey subjectively perceived heat
hot spots (Baldin and Sinning 2019c). Especially the positioning of the hot spots
points out priorities of need for action from citizens’ perspective. The results of
the citizen surveys in Dresden and Erfurt reveal how citizens deal with the heat
in their daily routine, what kind of places in their neighborhood are relevant hot
spots and what kind of measures they prefer for protecting themselves against heat
stress. Subsequently, based on the surveys, scientists are able to identify measures
of priority from citizens’ point of view.

Combining the knowledge from the assessment methods described above, the
results show a great need for more green spaces, shading of paths and areas
where people spend time outdoors, for example by means of street trees, including
ensuring their irrigation during hot periods. On this basis, the adaptation measures
were prioritized for implementation in open spaces during and after the project
period.

6.4.2 Implementation of Measures in Green Spaces

During the HeatResilientCity project, some adaptation measures were implemen-
ted in open spaces, especially green spaces, in both sample quarters Dresden
Gorbitz and Erfurt Oststadt with the aim of improving social-ecological resilience.
All measures were developed mainly to adapt to summer heat, always taking into
account that water supply is essential for vegetation. This means that vegetation
must also be able to withstand prolonged periods of drought. The ESS climate
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Fig.6.4 Unused soccer ball playground in the sample quarter Dresden Gorbitz at two points
in time after unsealing: a) with fresh seeding and b) grown extensive greenery (HRC 2020).
Photographs: a) I. Fanghänel, Dresden Environmental Agency, 2019 and b) K. Brüggemann,
Dresden Environmental Agency, 2020. Graphics: R.Ortlepp, IOER

regulation effect was usually in the foreground, but at the same time, multi-
functionality was also aimed for, such as simultaneously increasing biodiversity
or recreational quality.

Unsealing of a former soccer ball playground. In 2019, an unused, partially
sealed soccer ball playground was unsealed in the sample quarter Dresden Gor-
bitz. The project partner EWG deconstructed the soccer ball playground at the
edge of the “Kräutersiedlung” (herbs estate) and transformed it into a meadow
area (Fig. 6.4a). Thus, the disturbed (grey) state of the sealed area was remo-
ved, and the area was transformed into a new (green) initial state that enables it
to regenerate and restore its ESS function. The unsealed area is now used as an
extensively maintained green space, so-called long cut area (Fig. 6.4b).

Extensively maintained green areas are mowed a maximum of 2 times a year,
with the first mowing as late in the year as possible. As a rule, specific seed mixtu-
res are not used. Rather, the meadow is left to its own devices, so that site-adapted
species settle by themselves over time. Conversion should therefore be seen as a
process that takes place over several years. Contiguous, larger areas that are less
heavily used are suitable for extensive revegetation. laundry or playgrounds are
therefore rather unsuitable.

The former soccer ball playground is a larger contiguous area well suited for
extensive greening. Before the intervention, discussions took place between EWG,
the Dresden Office for Urban Greenery and Waste Management, and staff from
the HeatResilientCity project. Details of the seed mixture, sowing and mowing
were discussed in order to promote a biodiverse meadow as rich in species as
possible.
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Extensification of green spaces. On extensively maintained meadows in the
city, plants and animals that are displaced from more or less monotonous landsca-
pes find valuable retreats. These extensive green spaces or long-cut meadows are
also not fertilized or treated with pesticides. Flowering plants and herbs can deve-
lop, providing food for many insects such as bees and butterflies. This increases
biodiversity in cities such as Dresden.

On the initiative of the HRC project team, some intensively maintained green
areas of the state capital Dresden and the EWG were also converted to extensive
mowing. This is intended to promote the biodiversity of plants and animals in
the example neighborhood of Dresden Gorbitz, thereby providing a greater food
supply for insects and bees in particular. The preferences of the inhabitants of
the sample district were taken into account when deciding which areas should be
extensified as a matter of priority. The selection of the areas is based, among other
things, on the comments of citizens, which were collected during the surveys. On
this basis, for example, the EWG is currently planning to create another flowering
meadow in the “Stadtblickpark”.

The long grasses of the extensive green spaces develop a positive micro-
climatic effect. They delay the soil from drying out quickly. Thus, short dry
periods can be better survived, and the positive effect of plant greenery on human
well-being is maintained. Finally, the residential environment is to be upgraded
by transforming monotonous lawns into flowering meadows. The people of the
sample quarter Dresden Gorbitz can now experience the diversity and changeda-
bility of nature right on their doorstep. In this way we increase the resilience not
only of the green areas but also of the people living in the neighborhood.

6.4.3 Planned Implementation of Heat Resilient Tram and Bus
Stops

Another planned intervention explicitly targets human resilience by reducing heat
stress at streetcar and bus stops. The need for action to reduce heat stress at public
transport stops became clear in opinion surveys and temperature measurements.
As early as 2017, 89% of Dresden citizens stated in the survey (LHD 2017) on
climate change that they would like to see more shading at streetcar and bus stops.
In July and August 2018, a survey of passers-by in Dresden Gorbitz revealed a
similar picture: almost 80% of respondents rated the shading of streetcar and bus
stops as a meaningful measure to reduce heat stress on hot days, and 50% were of
the opinion that there should be more green and shaded shelters. Measurements
of air temperature in August 2018 at several bus stops in Dresden Gorbitz showed
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that the air temperature under glazed shelters was mostly above the temperature
measured outside in direct sunlight, while shaded areas outside the shelters were
up to about four degrees cooler.

Based on the need for action identified, the pilot project “Heat-adapted public
transport stop” was launched. As part of the first planning phase, a planning eva-
luation of heat adaptation measures was carried out taking into account various
boundary conditions for five stops located in the project area. Various possible
planning approaches and ideas were developed for the selected stops, integra-
ting the existing structure and taking local conditions into account. In July 2019,
the solutions developed were presented to the DVB and authorities involved. The
“Julius-Vahlteich-Straße” stop was then selected as the implementation site for the
pilot project with Dresden’s public transport operator DVB AG. As part of the
pilot project, various modules such as green roofs, pergolas, green railings and
tree plantings are to be installed and evaluated in terms of effect, maintenance
requirements and people’s involvement and acceptance. The greening measures
are intended to create shaded areas and thus improve the quality of stay in hot
weather.

In the course of further planning and implementation, citizen participation took
place from May to June 2020 in the form of an online survey on the participation
portal Saxony. Respondents particularly favor planting trees, shrubs or hedges,
and green roof shelters. Questions from people that arose during the online par-
ticipation process were answered by project participants and compiled in the
document “Hotter, hotter, stop? – Questions & Answers” (Großmann et al. 2020a,
b). The response to the online survey with regard to the planning status to date
was very positive (ca. 1200 participants overall), so that all project participants
feel that their work has been essentially confirmed. About 85% of the partici-
pators feel very much or much affected of heat stress at tram and bus stops. A
report of results was written specifically for the citizens, providing them with a
comprehensive understanding of the results (Großmann et al. 2020a, b).

Concluding, the overall concept of the greened stop must have sufficient tech-
nical and ecological resilience to have a long-term and thus sustainable heat stress
reducing effect for users. For this reason, it is imperative that an appropriate
choice of species be made for the planting. It should also be possible to store
rainwater on site and use it for irrigation. In addition to the ecological boundary
conditions, other important aspects must be taken into account, some of which
may lead to trade-offs with heat adaptation. These are, for example, aspects of
crime prevention such as social control and visibility, which should be taken into
account in the greening of rear and side walls. Handicapped-accessible design, the
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guarantee of bird protection as well as accessibility for cleaning work are further
preconditions.

6.4.4 Implementation of City Tree Planting

Under the leadership of the Erfurt Environment and Nature Conservation Office
as a partner in the HeatResilientCity project, the opportunity is being taken in
synergy with the “Erfurt Urban Greening Concept in Climate Change” to improve
conditions and initiate more tree planting in Erfurt Oststadt. 38 trees of climate-
adapted tree species and numerous medium–high shrubs will be planted. The
partners from the Environmental and Nature Conservation Office are coordinating
these plantings with other adaptation measures in open spaces in the city of Erfurt.
The existing tree population is suffering due to poor site conditions and high use
pressure. Many trees have had to be felled in the past due to dieback and disease
or pest infestation. Nevertheless, replanting has often been rejected due to the line
stock and minimum distances to be maintained.

The technical infrastructure with its above-ground and underground media
means considerable impacts on and restrictions of the crown and root space for
urban trees. Due to the large number of different lines, the underground con-
struction space is densely occupied. However, having sufficient above and below
ground habitat available to anchor and provide water, air and nutrients is import-
ant for the survival of urban trees. With the changing climate conditions due to
increasing heat and drought stress in particular, the already difficult habitat con-
ditions of urban trees are further deteriorating. Thus, the planted trees and shrubs
should be adapted to the future climatic requirements such as prolonged heat and
drought stress or cold stress as well as to the conditions caused by the techni-
cal infrastructures such as drinking water and sewer pipelines or electrical and
telecommunication lines.

Numerous internal consultations, inspections for stocktaking and on-site mee-
tings with the utilities were carried out in order to find solutions and compromises.
Furthermore, new framework agreements were drawn up between the city admi-
nistration and the pipeline operators in order to allow replacement plantings to be
increased again. The Office of Civil Engineering and Transportation performed
this coordinative task.

The new plantings and replacement plantings in Erfurt Oststadt began in the
fall of 2020 and are currently ongoing. Since the underground construction space
is limited, the root pits have to adapt to the local conditions and were individually
adapted for each location. The underground root space extensions extend as root
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Fig. 6.5 Newly planted tree on Schlachthofstraße in Erfurt Oststadt. Photograph: G. Spohr,
UNA Erfurt, 2020. Graphics: R. Ortlepp, IOER

trenches and are supplied with oxygen by aeration rods. Above ground, the open
soil area around the tree and the aeration openings remain visible. The soil around
the tree is covered with mineral mulch, which protects this area from compaction
and silting (Fig. 6.5, right). At some locations, tree planting was not possible
despite compromises due to the existing pipeline. Thus, large shrubs are used to
green these areas instead.

The plantings identified here are part of the measures to contain overheating
within the urban area. In the selection of tree species, emphasis was placed on
species diversity and adapted climate trees, always taking into account the existing
tree population (Fig. 6.5, left).

6.4.5 Implementation of CivicWatering Initiative for City Trees

Hot summers like those in recent years and long dry periods without sufficient
rainfall take their toll on the approximately 90,000 trees in Erfurt. The city of
Erfurt currently waters around 2,000 of these trees, 300 of which—especially the
young ones—receive their elixir of life by means of irrigation bags. In addition to
the birch trees, the maples, lime trees and hackberry trees in Erfurt’s Oststadt are
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now also showing signs of deterioration due to the constant heat and drought of
recent years. To counteract the situation, for years committed citizens have volun-
tarily cared for the well-being of trees by watering them during prolonged periods
of drought. Forced by the activities of the HeatResilientCity research team, more
voluntary maintenance contracts for urban trees have been taken over by citi-
zens in Erfurt’s Oststadt. A majority of 99% of 750 interviewees agreed to plant
additional trees, more than half of the interviewees had interest in taking over
maintenance contracts including maintenance of a tree and its tree pit on the one
hand and for watering on the other hand (Großmann and Sinning 2020a, b, pp. 7,
20).

In order to further strengthen civic engagement for the city’s trees, the HeatRe-
silientCity partner Lagune e. V. came up with the idea of getting Erfurt schools
involved in a tree watering project. The Thomas Mann School in Erfurt’s Oststadt
was the first to participate in the watering project. The irrigation bags are usually
placed in pairs around the tree in spring. They are filled through a small slit, allo-
wing water to percolate into the bale for 5 to 8 h. In the eastern part of the city,
pupils from the Thomas Mann School will take on watering partnerships for the
trees in their school environment. In the meantime, the pupils get support from
the inhabitants of the neighborhood.

Resilience of urban greenery such as trees and shrubs can therefore not only be
generated by selecting adapted species when planting new trees. It is possible to
build resilience by adding human action, that is, targeted care and maintenance. In
combination with civic engagement, it becomes possible to increase the ecological
resilience of the originally low resilient, heat and drought susceptible trees.

6.4.6 Restricting and Inhibiting Factors of Planning
and Implementing Climate AdaptationMeasures

As described, there are several inhibiting factors for fostering heat adaptation for
green spaces. The example of planting trees in streets has shown the far-reaching
costs of doing so, as old tree roots have to be removed and existing infrastructure
lines have to be managed underground. The main obstacles to green infrastruc-
ture are often land use conflicts with housing and mobility infrastructures, which
restrict the availability of land that can be used for cooling the city. Urban deve-
lopment visions such as density or redensification are still seen as competing with
green and cool cities, even though the concept of “Doppelte Innenentwicklung”,
that is providing residential density and green qualities in a synergetic approach,
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offers an integrative solution. Furthermore, there is a lack of political steering for
heat-resistant cities, housing and land use.

Other inhibiting factors for climate adaptation that limit the implementation of
concepts and measures in open spaces are an inadequate knowledge base or sen-
sitivity for the issue, deficits in cross-departmental cooperation, lack of incentives
for private landlords or renters, lack of personnel or financial resources in munici-
pal budgets for climate adaptation and subsequently for the maintenance of green
infrastructure. However, there are substantial differences between stakeholders in
the extent to which maintenance costs for urban green space are justified or asses-
sed as high or low respectively, often depending on the value they ascribe to urban
green. Furthermore, implicit and explicit incentives, e.g. public funding and chal-
lenges for measures such as green roofs and facades, are still hardly developed in
many cities to motivate stakeholders and citizens.

Another restricting aspect is the lack of control and monitoring in the imple-
mentation of measures that are mandatory and regulated in local zoning and
statutes. This is due to a lack of financial and personnel resources of the local
planning administration and municipal budgets as a whole (Baldin and Sinning
2021).

6.5 Conclusions

In this chapter, resilience building in relation to summer heat was demonstra-
ted at different levels using concrete examples of implementation. Based on the
knowledge integration in the inter- and transdisciplinary joint project HeatResi-
lientCity, needs for action for the adaptation of buildings and open spaces were
derived and adaptation measures to summer heat were implemented as practical
examples. Local stakeholders, who were involved as partners in the project, ena-
bled the implementation of the adaptation measures during the project period.
For example, the housing cooperative EWG physically implemented a number of
adaptation measures recommended by the HeatResilientCity project in its buil-
ding stock, and the state capital of Erfurt facilitated implementation measures in
open spaces, for example in the form of new and replacement plantings of trees
and shrubs.

Ensuring human well-being plays a central role in the development of climate
change adaptation measures, both at the neighborhood level and at smaller scales
such as green spaces, buildings and building services. The various measures are
aimed in part at different types of resilience, although the socio-ecological aspect
is in the foreground from an overarching perspective. For citizens as inhabitants
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of the sample quarters in Dresden Gorbitz and Erfurt Oststadt, resilience is built
by the interplay of resilience-building measures in individual subsystems of the
overall urban neighborhood system.

During the implementation of measures, besides many specific aspects to
individual technical measures, a number of general restrictions and obstacles
were identified that contribute to the broader discussion on climate adaptation
in cities. The case studies identified insufficiencies in the current political stan-
ding of climate adaptation and implementation strategies, their integration into
administrative tasks and routines, especially in relation to the cross-departmental,
collaborative approach of planning and implementing adaptation measures. Adhe-
rence to traditional urban planning principles was also identified as a major
obstacle, e.g. monument preservation in Dresden Gorbitz, which does not cor-
relate with climate adaptation to urban heat, furthermore high costs for climate
adaptation measures due to complex planning requirements, e.g. planting trees in
streets where the existing technical infrastructure causes expenses.

In the case of others, such as the “Gründerzeitgebäude” (Wilhelminian-style
apartment building) in Erfurt Oststadt, the hurdles were too high to be overcome
during the project period. The forces were then bundled into the implementation
of measures in Erfurt’s open spaces. It has been shown that the specific constella-
tion of actors, independent of the technical concept and effectiveness, has a very
large influence on the implementability of adaptation measures. This means that
a particular adaptation concept that fails in one place may well have a chance
of being implemented in another, if the actors involved have a corresponding
awareness of the problem.

As has become increasingly apparent in the course of implementation in coope-
ration with the partners of the state capitals, one of the main reasons for the overall
weak standing of climate adaptation is still the lack of a compulsory character and
the low level of commitment in the municipal decision-making process compared
to other sectors. Key recommendations derived from the HeatResilientCity rese-
arch are therefore to increase awareness and sensitivity for the relevance of the
issue in city administration and politics, e.g. by providing information and quali-
fication measures. Additional financial and personnel resources are also necessary
to manage the challenge and implement concepts and concrete measures. Further-
more, climate adaptation needs to be defined as a mandatory municipal task with
clear responsibilities in the administrative structure. Besides, existing planning
instruments (e.g. parking regulations, garden and greening statutes) that set bin-
ding framework conditions could be used more effectively to strengthen climate
adaptation.
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To strengthen climate adaptation in the political and administrative hierarchy,
engaged promoters at the top levels are necessary. The ambitions of those enablers
should be supported by consequent monitoring and controlling of the implemen-
tation of measures. Homeowners and the housing industry could be motivated
to overcome implementation barriers by offering financial incentives, information
and advice. Furthermore, multifunctional adaptation measures and so-called no-
regret measures, especially with regard to extreme events such as heat waves or
heavy rain events, represent intelligent strategies.

Finally, HeatResilientCity research has shown that knowledge integration
through citizen involvement is beneficial in prioritizing measures at the local
level, as citizen knowledge very often complements the experts’ perspectives.
This underlines the participatory approach of local climate adaptation, which has
been successfully demonstrated by the urban living lab experiences of the Hea-
tResilientCity research. Newly generated knowledge from the citizen surveys and
the participatory workshops has supported the implementation process and pro-
duced transformative knowledge that is beneficial for the local adaptation process
towards heat resilience. In summary, it can be stated that providing resilience
for buildings and open spaces, and by actively involving citizens and stake-
holders, creates resilience for the people living there and for the entire urban
neighborhood.
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7.1 Introduction

Southwest Germany is currently undergoing a general shift of its precipitation
regime towards more winter and less summer precipitation, combined with a rise
in summer days (> 25 °C) and heat days (> 30 °C) as well as increased storm-
water days (> 25 mm/day) (LUBW 2017). Climate change-associated effects
will become even more evident in the coming decades, highlighting the urgent
need to implement resilient climate adaptation measures that have a positive and
compensatory effect on the urban climate (Kuttler et al. 2017).

The droughts of 2018 and 2019 in Germany shed light on future challenges
that will have to be overcome. Climate change has not only led to higher gene-
ral temperatures, significantly higher drinking water demand in summer (Minke
2014) and a greater number of stormwater events, which vary locally, but also to
drier air and soils (Meinert et al. 2019; Niehues 2020). This causes a problem for
maintaining existing green spaces as well as for renaturing urban areas and the
greening of buildings due to the required irrigation demand. At the same time, it
poses a threat to greening concepts as major adaptation measures in urban areas
(EEA 2020). With regard to climate change, not only do adaptation measures
themselves have to be questioned, but their boundary conditions as well when it
comes to resilient and sustainable urban development. That leads to the following
questions:

Where does the water for irrigating cooling parks, shading trees and verti-
cal greening come from? What are resilient and sustainable alternative water
resources that can decrease and relieve the demand of drinking water? Where
can alternative water resources be stored and how should they be treated?

The research and development (R&D) project INTERESS-I (Integrated Strate-
gies for Strengthening Urban Blue-Green Infrastructures), funded by the German
Ministry for Education and Research (BMBF), develops solutions to these ques-
tions. It focuses on integrated blue-green infrastructures and investigates them on
multiple scales, from citywide analyses to implemented projects. One of such is
the Impulse Project Stuttgart, which is located in the urban development area in
the Rosenstein district. It is a compact implementation measure that was develo-
ped, designed and constructed with the goal of demonstrating how integrated blue
and green infrastructures can sufficiently interact with each other while achieving
synergistic effects. It highlights the interaction of alternative water resources and
their nature-based treatment, flood protection in case of stormwater events, sto-
rage and provision as irrigation water for urban green areas and vertical greening
and serves as a model for building resilience. The Impulse Project was comple-
ted in July 2020. Here we provide an overview of the conceptual framework, the
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planning and implementation, and the underlying research questions that will be
answered as the R&D project progresses (www.interess-i.net).

7.2 Conceptual Framework

7.2.1 Conceptualizing and Designing Blue-green
Infrastructure

In Southwest Germany, like in many parts of the world, the major direct challen-
ges of climate change comprise heavy rainfall events, floods, local overheating,
as well as heat stress and water shortage (LUBW 2017). These climate impacts
are further intensified by the constant pressure of urbanization.

The present study argues that these challenges can be tackled with the realiza-
tion of integrated blue-green infrastructure, exemplified by the implementation of
the Impulse Project Stuttgart. In general, “blue-green infrastructure” is a network
of natural and semi-natural areas, which provides important ecosystem services
and considers both “blue” (water-related) and “green” (vegetative) elements, from
the landscape to the building level (Brears 2018). Integrated blue-green infra-
structure reflects the fact that the microclimatic performance of urban greenery
and building green (green infrastructure) is enhanced when it is combined with
an effective resource-oriented water management, which includes rainwater and
further alternative water resources (blue infrastructure) and thus counteracts the
negative consequences of climate change. Integrated blue-green infrastructure the-
refore entails more than just finding a green solution for a blue problem (Well and
Ludwig 2020; Eisenberg et al. 2019), e.g. designing retention basins in parks for
flash floods; it provides climate resilience through the combination of synergistic
effects between blue and green infrastructures.

Moreover, urban green areas play an important role regarding the quality of
life of the urban residents. Opportunities for local recreation, closeness to nature
and quality of the residential environment are important indicators for it (Aehnelt
et al. 2006; Kuckartz 2006; Deffner et al. 2020).

7.2.2 Resilience of Buildings and Building Resilience

This study deals with building resilience in its two meanings as suggested by
Hutter et al. (2021). Primarily, resilience is understood as physical resilience of
the built environment and the building stock. It is not limited to the concept of

http://www.interess-i.net
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engineering resilience but also extends to ecosystem resilience (Folke 2006), thus
focusing on constancy as well as on persistence and robustness.

Based on the underlying concept of integrated blue-green infrastructure the
Impulse Project Stuttgart increases resilience in the sense that it adapts the built
environment and building stock, taking into account the complex relations bet-
ween the different elements of the buildings and infrastructure (Fuchs and Thaler
2018). In the case of the Impulse Project Stuttgart, the relation between the urban
water cycle, urban green, buildings and their users are considered.

Building resilience in its second meaning refers to a social process. The R&D
project INTERESS-I, with the Impulse Project Stuttgart as a practical component,
stimulates knowledge integration and learning and builds urban resilience in the
sense that it increases future resilience (Coaffee et al. 2018). This is achieved
by activities with various actors and groups and at several planning and design
levels: First, by addressing the challenge of water shortage and urban green in
discussions with local institutions; second, with the aid of conceptual designs for
urban areas such as the future Rosenstein district in which the Impulse Project
is situated; third, with its active promotion as a showcase, including guided tours
and presentations on site and online for schools, practitioners, interested public
and urban planners; finally, the concept and design process helps build resilience
through learning among the involved institutions.

7.3 Project Description

7.3.1 Location,Concept and Design Process

The Impulse Project is situated in Stuttgart’s largest urban development area, the
future Rosenstein district. In close proximity, there are temporary accommodati-
ons for workers of the railway project Stuttgart 21, an urban gardening project
(Stadtacker Wagenhallen e. V.) and the Container City, a self-organized working
environment for artists. The whole area is constantly being transformed due to
ongoing construction work for Stuttgart 21, which makes it a suitable environment
for an urban experiment like the Impulse Project.

In order to tackle the challenges of water shortage, flood protection and over-
heating, three key features were selected for the design: A water supply based
on alternative water resources, a combined storage and retention concept and
multifunctional green spaces and surfaces. In an iterative design process, the
key features were re-configured repeatedly for differing locations, which always
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resulted in different solutions with regard to main uses, design, technical imple-
mentation and costs (Well and Ludwig 2021). Ultimately, the integration of the
container-based workers’ accommodation, which in the early stages of the plan-
ning process had only been considered as a source of greywater and rainwater,
led to a truly integrated blue-green infrastructure that gave the Impulse Project the
character of a flagship project for urban resilience. The addition of a scaffolding
in front of the workers’ accommodation made it possible to install vertical gree-
ning in front of at least half of the facade, hence providing some direct benefits
to vital supporters.

The project team consists of the Technical University Munich (concept,
integrated planning process and stakeholder involvement), University of Kai-
serslautern (greywater treatment and analyses) with the support of Dr. Bruch
and Partner, University of Stuttgart (water storage, stormwater retention and
modelling) and Helix Pflanzen GmbH (vertical greening and irrigation). The
architectural design was conducted by the office of Daniel Schönle Architec-
ture and Urban Planning. The overall process also included the local stakeholders
ARGE Tunnel Cannstatt 21 (workers accommodation), Kunstverein Wagenhalle
e. V. and Stadtacker Wagenhallen e. V who have supported the idea and the
implementation of the Impulse Project from the beginning.

7.3.2 Configuration and Functionality

The nature of the Impulse Project as a time-limited intervention made it necessary
to find a temporary and mobile solution. Therefore, it consists of two standard
container frames: one of which contains water storage tanks and is covered by a
wooden deck, while the other comprises an integrated vertical-flow constructed
wetland (VFCW), as well as a laboratory and control room. In addition, an above-
ground cistern for storing rain water and stormwater retention, as well as three
vertical greening systems, temporarily fixed to scaffolding and wooden walkways,
complete the Impulse Project. The two containers technically and design-wise
represent the integrating component of the Impulse Project, where multifunctional
water treatment and water supply come together in a multifunctional open space
as depicted in Fig. 7.1.

As a continuous water source, water from bathrooms (showers, washing
basins), so called light greywater, is collected separately from the workers’ accom-
modation, treated in the container-based vertical-flow constructed wetland and
further disinfected in the storage tanks. Rainwater is stored as a discontinuous
resource in the above-ground retention cistern. The two alternative water resources
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Fig. 7.1 Birds eye view of the Impulse Project (Photo: B. Eisenberg)

can be mixed on demand in the irrigation tank and can be used for watering the
vertical greening modules, which partly cover the building. Fig. 7.1 displays the
site from a bird’s eye view: the workers accommodation, the vertical greening
elements, the reinforced concrete cistern—which also serves as an advertising
column for the project—as well as the two container modules. The changing
pattern of the vertical greening is due to divergent facade design.

7.3.3 Water Flow,Storage and Irrigation

The alternative water resources—rainwater and treated greywater—are used to
irrigate the vertical greening. The aim is to save valuable drinking water, while
providing a nearly continuous supply of high-quality irrigation water. In the case
of discontinuously produced water resources, such as rainwater, water storage is
essential to ensure that irrigation needs are also met during dry periods. However,
space is generally limited in densely populated areas, and rapidly changing preci-
pitation regimes further aggravate this problem. Greywater, on the other hand, is
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generated almost continuously, thus securing sufficient water supply by providing
a minimum water flow even during prolonged drought periods.

The storage units are central to the water concept. For rainwater from rooftop
catchments, the retention cistern with a storage volume of 7 m3 and a further
4 m3 retention volume was added for heavy rain events with throttled discharge.
The ratio between storage and retention volume was calculated based on the roof
size of 120 m2 and 10 year precipitation data. In the event of heavy rainfall,
the retention volume fills up completely, while the additional water is discharged
with a considerable delay, relieving the drainage and wastewater treatment infra-
structures and ultimately the waterbodies as well (Kim et al. 2015; Meyer et al.
2008).

The storage tanks for greywater and treated greywater are considerably smaller
(2 m3 each) and are situated within one of the two container frames, covered by
a wooden deck, as can be inferred from Fig. 7.1. The irrigation tank stores up to
1 m3 water, which lasts for approx. six days during summer and is located within
the control room.

The data gathered from the Impulse Project will be further used to validate
a calculation model for water collection, storage and supply (ESB-model) that
is being developed within the R&D project. The model aims to serve as a deci-
sion support tool for the implementation of integrated blue-green infrastructure.
It is intended to determine an optimized storage volume under given boundary
conditions (water availability, water demand, climate change effects etc.) in order
to secure the future water supply of green infrastructure. Furthermore, the ESB-
model aims to contribute to flood prevention, in particular by determining the
required retention volume for rainwater in addition to the storage volume, and at
the same time is expected to limit the discharge to the sewer system in the event
of heavy rainfall. It can be employed to upscale research findings and is at the
center of further research.

7.3.4 Greywater Treatment

For rainwater collected from the roof of the workers’ accommodation, no fur-
ther treatment is required. For the treatment of light greywater from showers and
washing basins, a vertical-flow constructed wetland with a total area of 5 m2 was
built and integrated into one of the containers, as can be seen in Fig. 7.2. Horizon-
tal or vertical-flow constructed wetlands are typically filled with sand and gravel
filter material and planted with reed plants (helophytes) (DWA-A 262 2017). In



164 B. Eisenberg et al.

Fig. 7.2 Constructed wetland at the beginning of infiltration with light greywater (left) and
after three months (right). (Photos: J. Rettig)

the Impulse Project, the constructed wetland system consists of two compart-
ments, which differ in the filter layer type: One compartment consists of 75 cm
Rhine sand (0–2 mm) and the second of 75 cm lava sand (0–4 mm). In each case,
a 25 cm deep layer of gravel (2–8 mm) was used as drainage. Both compartments
are planted with reed.

The greywater is collected directly from shower and washing basin outlets
in the workers’ accommodation and routed to the greywater storage tanks. A
sieve then removes coarse particles. Altogether approx. 400 L of greywater are
pumped per day into the two compartments in intervals of 4 h. After percolating
through the sand filter, the treated greywater is pumped into a second storage tank
where it is disinfected by UV immersion emitters. During operation, the pH value,
electrical conductivity and redox potential are continuously recorded in both raw
and treated greywater. Treatment efficiency of relevant wastewater and irrigation
water parameters—chemical oxygen demand (COD), Ntot, Ptot, NH4-N, NO3-N
PO4-P, salts, ions, surfactants etc.—is analysed on a regular basis. In addition,
micropollutants and hygiene parameters will be investigated in order to guarantee
high water quality.

Regarding greywater treatment the main research questions are: How efficient
is the cleaning performance of the vertical-flow constructed wetland and how does
it vary with the substrate choice and the flow rate? Is an on-demand greywater
treatment feasible, in the sense that, if required, nutrients can be removed (winter)
or left to remain (summer) in the irrigation water?
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7.3.5 Urban Greening

Maintaining urban greenery and expanding vegetation cover in cities helps miti-
gate heat island effects and enhance the quality of stay in open spaces as well as
in buildings (BMUB, 2017). The design process of the Impulse Project led to the
integration of two types of urban greenery that are both able to tackle urgent chal-
lenges. In urban areas, planners face high competition regarding the best possible
use of an urban space; therefore, multiple uses play an important role. Figure 7.2
shows the constructed wetland during start-up with greywater and after being
in operation for three months. The reed rhizomes were planted in February of
the same year and were continuously watered with rainwater from March to June.
The transformation of the constructed wetland from a technical system to an urban
green element with a dense reed cover is evident in Fig. 7.2 and highlight the mul-
tifunctionality of nature-based treatment solutions: greywater treatment, aesthetic
value and intrinsic microclimate effects.

With regard to multifunctionality, the use building greening represents a com-
plementary option for greening measures. Green roofs and facade greening are
both suitable, yet the Impulse Project is only characterized by vertical green sur-
faces, as the statics of the building did not allow for the construction of green
roofs. Facade greening and other vertical greening systems present multiple bene-
fits for the urban microclimate. They change the level and intensity of radiation on
surfaces, while having a cooling effect through evapotranspiration and, depending
on the system, can insulate or shade facades, thereby generating positive effects
for the inhabitants (Schmauck, 2019).

Fig. 7.3 Vertical greening of the Impulse Project Stuttgart, instant effect, due to pre-
cultivation. (Photos: J. Rettig)
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The Impulse Project includes three different vertical greening systems with 12
elements in total (approx. 40 m2) in front of the building facade. Each element
is 1.2 m wide and 2.0 to 2.4 m high. For all systems, the vegetation cover was
pre-cultivated.

On the ground floor, there is a 40 cm deep, free-standing vertical greening
element planted with ivy, geranium and lavender. On the second floor, a system
consisting of a planter and a trellis was installed, which is covered with ivy and
clematis. On the 3rd floor, a living wall (vertical garden) was installed and fixed
to the rear part of the scaffolding. It hosts eight different plant species that are
rooted in a very thin layer of substrate. While the lower system usually serves as a
noise barrier and is placed on the ground, the two upper systems are intended for
building integration. After all technical components were set up and extensively
tested in 2020, in the course of 2021 the complete irrigation scheme will be exe-
cuted: three out of the four elements per system will be irrigated with alternative
water resources; for control reasons, the remaining elements will be irrigated with
drinking water.

The research questions linked to the greening measures are: Is the treated grey-
water suitable for irrigation? Does it provide the plants with sufficient nutrients in
adequate ratios? How much water do the three vertical greening systems require?
How do the three systems and the constructed wetland perform with regard to the
micro-climate of the environment and the facade cooling?

7.3.6 Control andMonitoring System

Four partner institutions work together to run the Impulse Project and conduct
research in the open lab at a high scientific level. This task is supported by a cen-
tral control unit1 that logs flow and level data as well as water and meteorological
parameters and controls all sensors and pumps including the feeding of the con-
structed wetland and the mixing of rainwater and greywater in the irrigation tank.
The irrigation of the green modules—including watering intervals—is fully auto-
matized. In addition, all sensors (pH value, electrical conductivity, redox potential)
are monitored continuously. A weather station captures the urban meteorological
situation by measuring air temperature, relative humidity, solar radiation, wind
direction and wind speed. Further sensors for relative humidity, air temperature
and surface temperature are used to document thermal properties of the vertical
greenery and the constructed wetland as well as the container facades. On one

1Control unit IRRInet Ace, software ICC Pro 5.0.
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hand, the data serves to evaluate the microclimatic effects, while on the other, the
results are used to validate the ESB-model.

7.4 Discussion andTransfer

7.4.1 The Impulse Project—a Showcase for Building
Resilience?

The evaluation and monitoring of the Impulse Project and its performance began
in 2020. Preliminary results indicate that high-quality irrigation water can be
obtained while exploiting synergistic effects between blue and green infrastructu-
res, yet more data and analyses are required to evaluate the water treatment and
to assess the impacts of water quality on vertical greenings. Nevertheless, some
preliminary conclusions can already be drawn.

Mobilizing alternative water resources and combining them can reduce the
risk of water shortage during dry and hot periods in summer. The nearly con-
tinuous production of greywater secures water supply for irrigation during dry
periods. In addition, the constructed wetland has the potential to treat greywater
on-demand, while microclimatic effects can be achieved during treatment due to
the nature-based character of the treatment. In addition to the quantitative aspect,
the water quality plays a significant role and affects the potential use and the
storage dimensioning as well. Rainwater and treated greywater have potentially
adequate qualities for irrigation purposes. Moreover, rainwater is well suited to
dilute further alternative water resources, e.g. groundwater drainages that are, for
instance, loaded with minerals to such an extent that they can be used for irri-
gation purposes. In particular, the use of alternative water resources reduces the
stress on the drinking water supply, especially during hot and dry periods, and
thus contributes to an increased resilience of urban areas.

Furthermore, there will be an increasing number of stormwater days, with short
and heavy rainfall, which will have to be managed safely away from urban areas.
By providing storage volumes as part of retention cisterns, peak runoff can be
captured, the sewer system relieved and flood protection strengthened.

The VFCW is a multifunctional system that treats greywater on-demand and
provides cooling through evapotranspiration already during treatment. Treated
greywater can then be used as a continuous complementary irrigation water source
for vertical greenery, thus further promoting positive microclimatic effects and
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enhancing urban resilience. Additionally, constructed wetlands can be incorpo-
rated into the urban landscape design and offer aesthetic value, which, to some
extent, may overcome the disputes concerning scarce urban space.

The implementation of vertical greening with pre-cultivated systems is a great
asset that creates a positive micro climatic impact just after implementation. First
analyses confirm that the vegetation cover has lower surface temperatures and less
thermal radiation than the uncovered facade. Introducing vertical green systems
as an option for urban greenery helps mitigate the problem of overheating, while
not further straining urban space requirements.

There are, however, limitations and potential constraints that require considera-
tion. Both water storing and treating facilities need space that is highly disputed in
urban settings. The proposed solutions of multifunctional uses are therefore only
suitable under consideration of specific boundary conditions. The COVID-19 pan-
demic also highlighted some vulnerabilities of the concept. Due to the lockdown
measures, less workers were on site and the regular flow of greywater was redu-
ced to some extent. However, it did not affect treatment efficiency negatively, as
bacteria and plants within the VFCW can cope with less water. Indeed, resting
periods are beneficial in the sense of regenerating the filter through autophagy,
yet this also implies less irrigation water, which could lead to short-term water
shortages. Thus, this has to be considered in the planning process heightening the
need for the mobilization of further alternative water resources.

Moreover, introducing vertical greening increases the vulnerability of urban
greenery, as it is very much dependent on continuous irrigation. Only if irriga-
tion with alternative water resources, adequate both in quality and quantity, can
be secured, will gains be achieved in both sustainability and resilience towards
climate change-associated effects.

Overall, the Impulse Project Stuttgart exemplifies how compact blue-green
infrastructure can be successfully implemented in densely populated urban spaces,
thus serving as a showcase for building resilience.

7.4.2 The Impulse Project—an Impulse for Building Resilience?

The ongoing Impulse Project will not yet present a final statement about the
impacts of building resilience for future developments.

Nevertheless, it addresses issues that citizens articulated in workshops about
urban green development in times of climate change, which were held within the
R&D project. They emphasized the need and importance of urban greenery, espe-
cially when looking at climate change and development pressure. At the same



7 The Impulse Project Stuttgart—Stimulating Resilient … 169

time, they were aware of the arising conflict of interests between increased gree-
nery and its higher demand for irrigation water—especially in times of heat and
drought (Deffner et al. 2020).

The Impulse Project Stuttgart is situated in the Rosenstein district, for which
a framework plan is currently developed by the city of Stuttgart. In joint work-
shops, the R&D project team together with urban and landscape planners discuss
the options for implementing integrated blue-green infrastructure in the urban
development area.

Presently, the R&D project team also discusses the transfer of the Impulse Pro-
ject to a new location after the funding ends. The discussions with potential users
show that not only can the implemented measure consisting of cistern, containers,
nature-based treatment and vertical greening be relocated, but also the whole con-
cept of stimulating debate about integrated blue-green infrastructure through a one
on one example can be implemented elsewhere.

The temporary nature of the Impulse Project as well as the experimental set-
ting has led to observations that may promote the discussion on building urban
resilience. The need to improvise, to create mobile and temporary design options
based on the specific boundary conditions found in the urban development area in
the Rosenstein district was initially considered to require a single-case approach.
However, transition areas, from plot size to city expansions, are not an exception
in the urban fabric. Two aspects of transition areas are worth considering when
talking about urban resilience. First, transition areas are well suited as test sites
for novel applications and measures. Second, perceiving temporality not only as
a limiting factor but as a constant property of the built environment opens up
new technical and design solutions, which help support the inclusion of the users’
and inhabitants’ needs. Moreover, modularity increases the transferability of con-
cepts, signifying that planners can react in a more flexible way to distinct specific
boundary conditions in the urban fabric.

With regard to building resilience as a social process, further research within
the R&D project will assess the conditions for knowledge integration and learning.
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8Participation for Building Urban
Climate Resilience? Results from Four
Cities in Germany

Torsten Grothmann and Theresa Anna Michel

8.1 Introduction

Participatory and inclusive approaches especially at the local level are encou-
raged by international organizations, strategies and networks for adaptation to
climate change (e.g., World Bank 2011; UN-HABITAT 2011), disaster risk reduc-
tion (DRR), natural hazards management and for building urban resilience (e.g.,
Rockefeller Foundation and Arup 2015; UNISDR 2017), although there seems to
be a shift away from valuing local community input and towards promoting tech-
nological advances in the Sendai Framework for Disaster Risk Reduction (SFDRR
2015–2030) compared to earlier international strategies for DRR (de la Poterie
and Baudoin 2015).

8.1.1 Expected Effects of Participation

High expectations regarding the usefulness and effectiveness of participatory
approaches exist also in the scientific literature. One effect claimed in several
publications on adaptation to climate change, natural hazards management and
resilience is building capacities by participation. Publications on climate change
adaptation mention participatory approaches as potentially effective for increasing
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adaptive capacities (e.g., Engle and Lemos 2010; Hobson and Niemeyer 2011;
Kirkby et al. 2018). Similarly, in natural hazards research there is an assumed
connection between participation and building social capacities for dealing with
natural hazards (e.g., de Voogt et al. 2019; Kuhlicke et al. 2011). In resilience rese-
arch, which most often defines resilience as a capacity, participatory approaches
are mentioned as effective in potentially improving community capital (McEwen
et al. 2018), community resilience (Hartz-Karp and Meister 2011), societal resi-
lience (Mees et al. 2016), urban disaster resilience (Zhang et al. 2020), urban
climate resilience (Tyler and Moench 2012) and resilience of social-ecological
systems (Leitch et al. 2015). Often the definition of these capacities includes
knowledge capacities (sometimes referred to as human capital) and network
capacities (sometimes called social capital), but several publications stress these
potential links between participation and knowledge or networks more explicitly.
These are presented in the following.

A potential effect of participation on learning and knowledge is mentioned
in several publications. In the literature on adaptation or resilience to climate
change several authors see a potential of participation for inducing social lear-
ning (e.g., Collins and Ison 2009; Lebel et al. 2010; Tyler and Moench 2012;
Uittenbroek et al. 2019), for harnessing local knowledge as well as for stimu-
lating knowledge integration and knowledge co-production (e.g., Armitage et al.
2011; Hegger et al. 2012; Tyler and Moench 2012; Uittenbroek et al. 2019), while
some authors also stress the difficulties for integrating knowledge of the partici-
pants (e.g., of practical and scientific knowledge, see Scherhaufer and Grüneis
2014). These knowledge gains can reduce informational uncertainties and by
incorporating value-based knowledge can also decrease normative uncertainties,
for example by drawing out different knowledge perspectives from different sta-
keholders (Tyler and Moench 2012) or by prioritising specific climate change
impacts and adaptation actions clarifying acceptable risks (Grothmann 2011). The
focus on knowledge and knowledge integration is especially prevalent in partici-
patory climate adaptation research for bottom-up assessments of climate risks
and adaptation options (e.g., Conway et al. 2019; Cvitanovic et al. 2019). Natu-
ral hazards research names potentials of participatory approaches for knowledge
gains and learning as well, for example for identifying those directly impacted
by the respective hazard (Mercer 2010), for knowledge sharing (de Voogt et al.
2019), enhancing knowledge and skills (Gaillard et al. 2019), or for social learning
supporting co-creation of knowledge and enhancing a collective understanding of
what action is needed (Murti and Mathez-Stiefel 2019).
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Closely related to the arguments of building capacities and knowledge by
participation is the assumed effect on empowerment of participants, particu-
larly of those that lack human or power resources. Especially publications on
community-based adaptation (e.g., Kirkby et al. 2018), but also other publicati-
ons on adaptation or resilience to climate change (e.g., Tyler and Moench 2012;
Ziervogel 2019) name participatory approaches as suitable for empowering and
emancipating vulnerable or marginalized groups. Authors from natural hazards
research stress the role of participatory approaches for empowerment of those
without power in a society even more (e.g., Kuhlicke et al. 2011; Pavey et al.
2007; Pelling 2007).

Whereas participatory approaches for empowerment focus on engaging speci-
fic population groups (e.g., most vulnerable or marginalized), public participation
approaches or stakeholder engagement procedures, which try to involve a broad
range of perspectives, are assumed to have an effect on generating legitimacy.
Legitimacy and its link to participation (e.g., by establishing acceptance of
and/or support for a decision) has been the subject of publications on climate
change adaptation (Few 2007; Paavola and Adger 2006; Uittenbroek et al. 2019)
and natural hazards management, particularly of flood risk governance research
(Alexander et al. 2018; Mees et al. 2017).

An effect of participation claimed rather rarely in the scientific literature on
climate change adaptation or natural hazards management is on behaviour and
behavioural motivations of the participants. Sometimes this link is suggested in
publications on adaptive capacities and empowerment, for example Engle and
Lemos (2010, p. 6) state that participation can empower participating stakeholders
“to respond effectively to climate change”. Moser and Pike (2015) mention that
individuals involved in public engagement processes can become behaviourally
involved. The German Strategy for Adaptation to Climate Change (DAS) expli-
citly names participatory approaches as a means “to mobilise individual initiative”
of participating actors (German Federal Cabinet 2008, p. 56). In natural hazards
research, Kuhlicke et al. (2011) mention a potential impact of dialogue-oriented
communication, which is an essential element of participatory approaches, on
behaviour and engagement. Murti and Mathez-Stiefel (2019) see social learning,
which is a participatory approach, as able to strengthen the willingness for joint
action.

But many publications from natural hazards research discuss the link between
participation and behaviour critically when participation is used by governmen-
tal agencies for the delegation of responsibility to the local (Begg 2018) and/or
individual level (Begg et al. 2018) because this responsibilisation is often accom-
panied neither by an increasing right to participate nor with enhanced resources
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(Kuhlicke et al. 2020). Mees et al. (2016) show that public authorities in several
European countries use participatory approaches in flood risk management to
redistribute responsibilities to its beneficiaries (see also Moon et al. 2017; Sco-
lobig et al. 2015). This links to ongoing discussions whether it is appropriate to
delegate responsibility to private actors in adaptation to climate change (Mees
2014) and in building urban resilience (Coaffee and Lee 2016; Tierney 2015).

8.1.2 Lack of Empirical Evaluations of Participatory
Approaches

Despite the many claims of positive effects of participatory approaches there is a
lack of empirical evaluations of these postulated effects, particularly in Germany.
Only few studies have addressed the link between participation and resilience
regarding natural hazards or climate change impacts empirically, detecting mainly
effects on building capacities, social networks, learning and knowledge, while
there are almost no studies on the behavioural effects of participatory approaches.
For example, Slinger et al. (2009) identify shifts in the preferences of citizens and
scientists to favour more redundancy in flood risk management measures due to
their participation in a transdisciplinary workshop on flood risk management in the
Netherlands. In the Netherlands as well, McEvoy et al. (2018) evaluated different
planning support tools in urban adaptation workshops and found effects on the
way workshops played out and the direct outcomes that were achieved (e.g., lear-
ning effects, development of a shared understanding, types of plans developed).
Due to participation, Hassenforder et al. (2015) detect an improved understanding
(e.g., of irrigation impacts on poverty or of available response options to sea-level
rise), capacity-building, influence on decisions and on collective action in five case
studies in the Mekong basin in Southeast Asia and in eastern Africa. Wood and
Glik (2013) report for a participatory disaster drill “ShakeOut” for earthquake
prevention in California that it has been successful in prompting individuals to
talk to others about the drill itself and about earthquake safety and preparedness.
McEwen et al. (2018) show that some form of ‘Learning for resilience’ actually
takes place in flood action groups in urban flood risk settings in the UK. In the
UK as well, Benson et al. (2016) identify that personal and group learning out-
comes were evident to varying degrees in a stakeholder participation process on
flood risk management, suggesting that stakeholder participation was relatively
successful. Orleans Reed et al. (2013, p. 393) claim that their “shared learning
approach in the Asian Cities Climate Change Resilience Network (ACCCRN)
has helped to create or strengthen networks, build appreciation for complexity and
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uncertainty among stakeholders, provide a space for deliberating concepts such
as vulnerability and resilience, and build knowledge and capacities for stakehol-
ders to engage and represent their own interests”. In Portugal, Luis et al. (2018)
show that a two-workshop intervention including issues on local and regional
adaptation, policies, and engagement was successful in increasing participating
stakeholders’ intention of engaging in processes of planning local adaptation. On
the other hand, Wamsler et al. (2020) report for five Swedish municipalities that
under current conditions citizen engagement often hampers sustainable outcomes
for nature-based approaches for urban climate change adaptation.

In Germany, although there have been hundreds of participatory and trans-
disciplinary projects and activities on flood risk management, climate change
adaptation and more recently also on urban resilience, there are almost no publis-
hed evaluation studies on their effects. Begg (2018) assesses local stakeholder
involvement in flood risk management in England, the Netherlands and also in
Germany from an environmental justice perspective and finds that participation
in practice generally focuses on transferring responsibility to the local level at
the expense of power. Körner and Lieberum (2014) evaluated interactive online
media of the KLIMZUG project nordwest2050 by means of user surveys, but
only ten respondents answered this survey limiting the significance of the results.
Gottschick and Ette (2014) interviewed eight members of existing participatory
networks in a sub-region of the KLIMZUG-NORD project, among other things
with regard to their assessments of how steadily the respective network can pro-
vide impulses for the development of the region. Based on document analyses
and interviews with persons responsible for steering the participation processes,
Grothmann (2020) analysed 22 participation processes at national, regional and
local levels in Germany regarding participation objectives, participants included,
methods used and potentials of the participation processes to motivate adaptation
action. He finds that most analysed processes aimed at the integration of know-
ledge and that participation gaps exist with regard to the involvement of political
decision-makers, municipalities (especially smaller communities), business (espe-
cially smaller companies), civil society actors and the general population (mainly
of people from lower income and educational levels, with migration backgrounds,
younger people and women)—potentially limiting resilience building in these
groups and the legitimacy of participation results. Nevertheless, due to the lack of
impact evaluations in the analysed participation processes effects of the processes
(e.g., on building capacities, learning and knowledge, empowerment, behaviour
or behavioural motivations of participants) could not be assessed by Grothmann
(2020).
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The lack of sound empirical evaluations of participation processes in natural
hazards management, climate change adaptation and resilience building is a rese-
arch gap that has been named by several authors (Burton and Mustelin, 2013;
Grothmann 2020; Hügel and Davies 2020; Marti et al. 2020; Moser and Pike
2015; Sarzynski 2015; Tyler and Moench 2012; Wamsler 2017; Whitmarsh et al.
2013). Hence, whether the many hopes and expectations regarding participatory
processes can actually be fulfilled is largely unclear from an empirical research
perspective.

8.1.3 Main Research Question and Chapter Overview

Against this background, the primary objective of this chapter is to clarify which
contributions participatory processes can make to building resilience. First, we
present a newly developed resilience concept aimed at categorizing more spe-
cifically potential contributions of participation to building climate resilience.
Second, we apply this concept to the evaluation of participatory processes on
adaptation to climate change, particularly to increasing heavy rain events, in four
cities in Germany. Here we focus on the impacts of participation on participants’
behaviour and its determinants (e.g., collective efficacy beliefs, perceptions of
responsibility for adaptation action) to answer the question whether the expec-
tations particularly by governmental actors on facilitating private self-protective
behaviour by participatory approaches are justified. In the final part of this chapter
we discuss what we can learn from our results for the use and design of participa-
tory approaches in building urban climate resilience and which research questions
need to be addressed by future research.

8.2 Resilience Concept for the Evaluation of Participation
Effects

Urban climate resilience has recently been defined by Feldmeyer et al. (2019,
p. 3): “The climate resilience of a city depends on the ability of its sub-systems
to anticipate the consequences of extreme weather and climate change, to resist
the negative consequences of these events and to recover essential functions after
disturbance quickly, as well as to learn from these events and to adapt to the
consequences of climate change in the short and medium term, and transform in
the long term” (Feldmeyer et al. 2019, p. 3). In comparison to the well-known
definition by Meerow et al. (2016) this definition also includes the ability to
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anticipate the consequences of extreme weather and climate change and to learn
from events and impairments. The definition by Feldmeyer et al. (2019) covers
all three meanings of resilience—resilience as persistence, as adaptation and as
transformation—differentiated by Davoudi (2018).

8.2.1 Resilience Knowledge,Action and Network

The definition by Feldmeyer et al. (2019) forms one important basis for our cli-
mate resilience concept that distinguishes three specific dimensions or criteria—
resilience knowledge, action and network—on which an effect of participation can
be expected. Therefore, we focus only on resilience dimensions for which a direct
effect of participatory approaches might be expected considering the publicati-
ons presented in the Introduction on potential effects of participatory approaches.
In addition to the definition by Feldmeyer et al. (2019) we base our climate
resilience concept on various concepts and results from research on resilience,
climate change adaptation research, natural hazards management and environ-
mental psychology. Of particular importance is the differentiation of knowledge
capacities, motivational capacities and network capacities in the heuristic model
of social capacity building for natural hazards by Kuhlicke et al. (2011; see also
de Voogt et al. 2019), which is very similar to the dimensions or criteria of climate
resilience in our concept:

1. Resilience knowledge: Risk knowledge on potential consequences of extreme
weather and climate change and action knowledge how to resist the negative
consequences, how to recover essential functions after disturbance quickly,
how to learn from consequences, how to adapt to consequences in the short
and medium term, and how to transform in the long term.

2. Resilience action and its psychological determinants: Actions to resist the nega-
tive consequences of extreme weather and climate change, to recover essential
functions after disturbance quickly, to learn from consequences, to adapt to
consequences in the short and medium term, and to transform in the long term.
Furthermore, this dimension also includes psychological determinants of these
actions such as action motivations, risk perceptions, self-efficacy beliefs, out-
come efficacy beliefs, collective efficacy beliefs, injunctive norms, descriptive
norms, and perceived self and governmental responsibilities.

3. Resilience network: trustful relationships and cooperation within one’s actor
group and with other actor groups, which can be used for building resilience
knowledge via social learning or for realizing resilience action. For example,



180 T.Grothmann and T.A.Michel

citizens that connect with citizens would build a resilience network within
an actor group, citizens that connect with representatives from governmental
agencies would build a resilience network with another actor group.

Knowledge is given great importance in the resilience literature. Feldmeyer et al.
(2019) list “Knowledge and risk competence” as an indicator of urban climate
resilience. Tyler and Moench (2012, p. 315) cite the following ability as an
important aspect of urban climate resilience: “ability to identify problems, anti-
cipate, plan and prepare for a disruptive event or organizational failure, and to
respond quickly in its aftermath”. Many elements of our definition of resili-
ence knowledge can be found in this description. The distinction between risk
knowledge and action knowledge as sub-criteria of resilience knowledge is based
primarily on the distinction between problem knowledge and action knowledge,
which is widely used in environmental psychology (cf. Steg et al. 2012) and can
also be found in the distinction of “Knowledge about the hazard and the risk” and
“Knowledge about how to prepare for, cope with and recover from the negative
impact of a hazard” in Kuhlicke et al. (2011, p. 806). The increase in resilience
knowledge can also be described as cognitive learning, which is the acquisition
of factual knowledge (Huitema et al. 2010).

Conceptualising action or behaviour as a dimension of resilience is rather the
exception and only few publications (e.g., Wilson et al. 2020) make this link bet-
ween action and resilience. Most authors (e.g., Feldmeyer et al. 2019; Meerow
et al. 2016; Tyler and Moench 2012) conceptualize resilience as an ability or a
capacity, which is potentially expressed in actions but these actions are not part
of the resilience ability. Following the logic of assessments of an ability in psy-
chological tests, which assess the level of the ability by measuring the quantity
and quality of the action that builds on this ability, we also include action already
implemented as a relevant dimension of our resilience concept. In their urban cli-
mate resilience concept Feldmeyer et al. (2019) include actions (e.g., citizens that
engage in honorary positions) as indicators of resilience, too. Similar to “Mo-
tivational capacities” in Kuhlicke et al. (2011, p. 806) motivations to resist, to
recover, to learn, to adapt, and to transform are also included in the action dimen-
sion of our resilience concept. Different from Kuhlicke et al. (2011, p. 806), who
only consider “a sense of responsibility for one’s own actions but also for those of
other actors” in “Motivation capacities”, we include further determinants of action
motivation. Comprehensive empirical research on self-protective behaviour regar-
ding natural hazards and climate change impacts (for a recent overview see van
Valkengoed and Steg 2019) show that other factors such as self-efficacy and out-
come efficacy beliefs (beliefs that one can do something to self-protect and that
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this action is effective) as well as injunctive and descriptive norms (perceptions
of an action’s social approval and of what the majority of people does) exert
greater influences on action motivation and actions than perceptions of responsi-
bilities. One might argue that also knowledge, which we consider as a separate
dimension in our concept, is a determining factor of action motivation and action.
But empirical psychological research indicates that knowledge often has only low
correlations with motivation and action: Based on their meta-analyses using data
from 106 empirical studies van Valkengoed and Steg (2019) find an average corre-
lation of only 0.14 between knowledge about climate change and climate-related
hazards and adaptation action. The insight that knowledge does not necessarily
lead to appropriate action is also gaining ground outside of psychology (e.g.,
Baird et al. 2016; Schultz and Lundholm 2010). Increase in resilience action is
connected to normative learning because injunctive and descriptive norms, which
are considered as determinants of resilience motivation in the resilience action
dimension, often need to change so that action is taken. Normative learning des-
cribes the process of moral developments, meaning the way individuals judge
about right and wrong (Lebel et al. 2010, see also McFadgen and Huitema 2016).

While the action dimension has received little attention in the resilience litera-
ture, there are many references to our third dimension, resilience network. Tyler
and Moench (2012, p. 315) name access to “social assets such as family or clan
networks” as an important condition for the resilience of actors in cities. Romero-
Lankao et al. (2016, p. 11) list “actor networks” and “operating community
groups” as indicators of “urban population resilience” (similarly also McMillen
et al. 2016 and Ziervogel et al. 2016). Hutter and Lorenz (2018) focussing on
social resilience refer mainly to teams, organizations, and networks of organi-
zations. Elmqvist et al. (2019, p. 269) name the following properties of urban
systems that promote both resilience and sustainability: “Designed (intentional)
diversity, redundancy and connectivity, Cross-scale systems perspective, Polycen-
tric and collaborative governance”. Biggs et al. (2012) see shared values, trust and
relationships that support collective action between actors as important prerequi-
sites for resilience and Biggs et al. (2015, pp. VIII–X) named several principles
for promoting resilience by building trust and relationships between actors: “Ma-
nage connectivity”, “Broaden participation” and “Promote polycentric governance
systems”. The importance of networking between actors is also emphasized in
the literature on adaptation to climate change. For example, Baird et al. (2014,
p. 51) name “relational learning, referring to an improved understanding of others’
mindsets, enhanced trust and ability to cooperate” as important for climate change
adaptation. There is also large overlap between our understanding of a resilience
network and social capital approaches, which are often used to assess community
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resilience (Ntontis et al. 2019). Our differentiation of resilience networks within
one’s actor group and with other actor groups is derived mainly from arguments in
social capital research on the importance of horizontal and vertical social capital
(e.g., Adger 2003). Natural hazards research stresses the importance of networks
as well, for example Kuhlicke et al. (2011, p. 806) name “Network capacities”
with reference to social capital research as important for social capacity building
for natural hazards. Most authors stress the positive influence of social ties and
networks on resilience, climate change adaptation or natural hazards management.
Babcicky and Seebauer (2017) observe also negative effects: Strong social ties can
be effective during flood response and recovery but the expectation of social sup-
port can also reduce risk perception, resulting in a situation where self-protective
precautionary actions become less likely to be taken by households. The increase
in resilience networks can be seen as a case of relational learning, which refers
to trust building and the increase in the ability to cooperate (cf. McFadgen and
Huitema 2017).

The three resilience dimensions are not independent from each other. They
influence each other. For example, resilience knowledge and resilience networks
exert influence on resilience action. Collective resilience action can strengthen
resilience networks. Furthermore, the dimensions have some conceptual overlaps.
The first dimension, resilience knowledge, is one of the psychological determi-
nants of resilience action (although probably only with minor influence). There
is also an overlap between the concept of collective efficacy beliefs, consi-
dered as a psychological determinant in the action dimension, with resilience
networks. Nevertheless, the differentiation of the three dimensions or criteria pro-
vides a useful heuristic for assessing the resilience of actors and increases in their
resilience.

8.2.2 Focus on Actors and Dimensions Changeable
by Participation

There are several definitions of urban resilience in the scientific literature, most
of which understand resilience as an ability of urban systems. Our new cli-
mate resilience concept—differentiating resilience knowledge, resilience action
and resilience network—focuses on abilities of individual actors as representa-
tives from private households, governmental agencies, business or civil society
organizations. Actors (individuals and collective actors such as organizations) are
seen as crucial for building urban climate resilience. Tyler and Moench (2012,
p. 314) argue “The capacities of social agents therefore comprise an important
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part of any urban climate resilience framework” and reference literature on resi-
lience that emphasizes the close connection between resilience and the adaptive
capacity of individuals and organizations (Berkes 2007; Folke et al. 2002; Gallo-
pin 2006). Other authors go even further and put urban actors at “the heart” of
urban climate resilience (Bahadur and Tanner 2014, p. 200). There is good reason
for doing so because individual and collective actors do not only influence their
own resilience (e.g., by their knowledge how to behave during an extreme rain
event) but also—by their decisions and actions in their private and professional
contexts—the resilience of grey, green and blue urban infrastructures that are also
essential for urban resilience. Furthermore, they exert influence on other actors
by their networks.

The main reason for developing our resilience concept was to evaluate the
effects of participatory approaches on urban climate resilience. Therefore, we
focused on including resilience dimensions that can probably be influenced by
participation. Consequently, the concept focuses exclusively on social subsystems
or dimensions of urban systems. Other urban sub-systems and their resilience
such as grey, green and blue urban infrastructures are not considered in the resi-
lience concept. They are potentially influenced by the dimensions included in the
concept (e.g., by resilience knowledge of decision makers) but they cannot be
directly influenced by the participatory processes. This argumentation follows the
central idea of impact evaluations that only those criteria should be measured that
can be influenced by the intervention used (e.g., a participatory approach). Follo-
wing the same argument that only dimensions should be included for which an
effect of participation can be expected, we also did not include further individual
or social capacities that are relevant for actors’ resilience such as their “economic
capacities” (Kuhlicke et al. 2011, p. 806) or authority resources (Grothmann et al.
2013).

8.3 Evaluation of Participatory Processes on Adaptation
to Climate Change in Four Cities in Germany

The main research question addressed in this empirical part of the chapter is
whether participatory events on local adaptation to climate change (mainly on
avoiding damage from increasing heavy rain events) conducted in four cities
in Germany (Bremen, Worms, Lübeck and Kempten) had an impact on par-
ticipants’ resilience knowledge, action and network. Participants were mainly
citizens. Organizers, who invited to participate, were local governments in the
respective cities so that we present an evaluation of the effects of government-led
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public participation. Among the participants from the local government mostly
people from governmental administration (e.g., from the local water authority)
were present, the political level (e.g., the mayor or members of the city council)
was underrepresented at the participatory events.

Due to the focus on actions to resist the negative consequences of extreme
weather and climate change (e.g., how citizens can effectively flood proof their
homes) mainly changes in knowledge and actions related to this resistance to
negative consequences were evaluated. The other elements of resilience know-
ledge and action included in our resilience concept (recover essential functions
after disturbance quickly, learn from consequences, adapt to consequences in the
short and medium term, transform in the long term) were not aimed at in the eva-
luated participatory events and it was therefore also not assessed whether there
were increases in these knowledge and action areas.

Professional private contractors, who have a lot of experience in designing
and carrying out participation events, designed all evaluated participatory events
and moderated most events. Although the specific agendas of the different parti-
cipatory events varied, all events were personal (not online events), started with
presentations of potential climate change impacts in the respective city (mostly
regarding flooding from an increase in heavy rain events) and then presented and
discussed public and private precautionary options. All events—related to the fact
that the organizers were governmental actors—had as one goal to support and
to increase self-protective actions of the participating citizens. Hence, one focus
of the evaluation was the resilience action dimension. Furthermore, all participa-
tory processes aimed at increasing participants’ risk and action knowledge so that
also the resilience knowledge effects were assessed in all participatory processes.
The increase in the resilience network dimension was only the objective, but a
secondary one, of the participatory process in the city of Bremen so that data
on the participation effects on this dimension of the resilience concept were only
gathered here.

The evaluation of participatory events in the city of Bremen was part of
the project BREsilient funded by Germany’s Federal Ministry of Education
and Research (BMBF). In this project several participatory processes were
conducted—some of them only with local business actors, others only with repre-
sentatives from city administration—but here, for reasons of comparability, we
only evaluate the participatory process in Blumenthaler Aue, a small area of Bre-
men at risk of being flooded after heavy rain events. This participatory process
consisted of a systematic series of three four-hour workshops with 22 to 44 parti-
cipants owning or using buildings located in the area (see Table 8.1). These people
were citizens living in the area, but also representatives from organizations using
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buildings in the risk prone area (e.g., kindergarten, NGOs). The main aims for
the workshop series of the city governmental actors, who were also present in the
workshops, were to increase awareness for heavy rain induced flooding and to
co-design and prioritize precautionary actions for preventing flood damage in the
area.

The evaluation of participatory events in the cities of Worms, Lübeck and
Kempten, that lasted between three and six hours, was part of the project
rain//secure (Regen//Sicher) funded by the German Environment Agency (UBA).
Like the workshop series in Blumenthaler Aue in Bremen, the participatory events
in Worms and Lübeck focused on actions to prevent flood damage from heavy rain
events. Participants were mainly private homeowners because one of the main
objectives of the participatory processes in these cities was to support and incre-
ase self-protective behaviour from flood damage, for which homeowners have
much more opportunities than tenants since they are allowed to make structural
changes to their buildings. Due to recent flood events in Worms the first partici-
patory event in this city, a “heavy rain fair”, had a very large number of about
110 participants. The other evaluated participation events in Worms and Lübeck
were three city quarter workshops in different city quarters with less participants
(see Table 8.1). The “cooperation fair” in Kempten had the aim of initiating new
collaborations between different actors (e.g., of local businesses with local civil
society organizations or with the city administration) for realizing cooperative
actions for adaptation to climate change. Hence, in addition to a few participants
that took part as individual citizens most participants took part as representati-
ves of local businesses, civil society organisations or of the city administration.
Although the “cooperation fair” in Kempten did not focus on climate change and
heavy rain events as the participatory processes in the other cities it still repres-
ents an example of public participation regarding adaptation to climate change so
that we included it in our sample of events chosen to evaluate the effects of public
participation on resilience knowledge, action and network of the participants.

8.3.1 Methods:Questionnaires and Indicators of Resilience
Increases

Evaluation instruments were mainly standardised questionnaires filled in by the
participants at the end of the participatory events. These questionnaires (in Ger-
man) are available online for the rain//secure project (Born et al. 2021). Filling in
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the questionnaires took about five minutes. For most participatory events, ques-
tionnaire completion was included in the event programmes before the official
closing remarks to increase questionnaire return rates.

The questionnaires included indicators of effects on resilience knowledge (risk
and action knowledge), resilience action (also on resilience motivation and psy-
chological action determinants such as risk perceptions and self-efficacy beliefs)
and on resilience network (within and between actor groups; only in workshop
series in Bremen). The specific items used for measuring these effects on the
three resilience criteria are presented in the results section. The questionnaires
for the evaluation of the participatory events in the rain//secure project, which
focused on detecting changes on the resilience action dimension, also included
indicators of the participants’ current levels in psychological determinants (e.g.,
risk perceptions) and current levels of action motivation to check (by correlation
analyses) whether and to what degree the psychological determinants found in
previous psychological research (e.g., van Valkengoed and Steg 2019) also influ-
enced the action motivation of the participants of the evaluated events. In addition,
the questionnaires included process indicators for assessing the quality of the par-
ticipatory events (e.g., quality of the moderation, fairness of participation) and
on gathering sociodemographic data regarding the participants. Due to the focus
of this chapter on participation effects we only present results on the indicators
of increases on resilience knowledge, action and network. The response scales
for measuring the participation effects regarding the three resilience criteria were
Likert scales, either measuring levels of agreement for statements on personal
levels and personal increases in risk perception, self-efficacy belief, action moti-
vation etc. due to the participatory event (six levels from “totally agree” to “do
not agree at all”) or measuring levels of perceived changes in one’s own risk
perception, self-efficacy belief, action motivation etc. (five levels from “greatly
increased” to „greatly decreased”). Using these multi-level response scales allo-
wed the use of different quantitative methods in statistical data analysis, including
correlation analyses.1

In the evaluation, each of the various indicators of changes in a resilience
criterion (e.g., indicators of changes in risk knowledge and in action knowledge
for assessing changes in resilience knowledge) is considered individually in order
to be able to make specific statements about which resilience indicators could be

1Although results of correlation analyses between participants’ current levels in psychological
action determinants and action motivation have to be interpreted with care when applied to
small sample sizes as in the present study they provide reliable indicators of existing relations
between the correlated variables.
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increased by the respective participatory process. Hence, different indicator values
for a resilience criterion are not aggregated in one criterion value.

Questionnaire return rates were quite high for most events (see Table 8.1)
probably caused by the inclusion of a time slot for questionnaire completion in the
programmes before the official closing remarks in most participatory events. Only
the “heavy rain fair” in Worms and the first city quarter workshop in Lübeck had
return rates lower than 50%, which reduces the probability that the questionnaire
results for these events are representative. Due to the low number of only six
respondents for the first workshop in one city quarter of Lübeck and allowed by
the use of the same workshop design in a second workshop in another city quarter
of Lübeck the survey results for these two workshops in Lübeck were combined
into one data set in the evaluation.

8.3.2 Results: Changes in Resilience Knowledge,Action
and Network

To clarify, the following results present measurements of relative resilience chan-
ges due to participation. It was not the aim of the measurement to assess absolute
levels of resilience knowledge, action and network among the participants so
that the following results do not present an assessment of participants’ level of
resilience in the four respective cities.

First, we present our results on the effectiveness of the evaluated participatory
events on increasing resilience knowledge and resilience networks. Second, we
show the more comprehensive results on the resilience action dimension, which
was the focus of the events’ evaluation in the rain//secure project.

Increases in resilience knowledge due to participation. In all participatory events
in the rain//secure project the questionnaires included one question on perceived
personal changes in risk knowledge (e.g., on the risks of heavy rain events) regar-
ding the respective city. Furthermore, each questionnaire included one question on
perceived personal changes in action knowledge regarding knowledge about opti-
ons by which one’s own household or organization can adapt to climate change or
prevent flood damage. For both knowledge types we could detect average incre-
ases among the participants of all participatory events in the rain//secure project
(see Table 8.2). Average increases were between 0.36 and 1.07 and therefore
clearly below the maximum value of 2 (“greatly increased”). Increases were par-
ticularly high in Worms, which was recently affected by damaging heavy rain
events, affecting several city quarters for the first time, so that citizens had not
much experience and knowledge regarding such events and how to self-protect
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Table 8.2 Reported changes in risk and action knowledge due to participation

Reported changes
due to
participation in …

Cooperation fair
Kempten

Heavy rain fair
Worms

City quarter
workshop
Worms

City quarter
workshops
Lübeck

… risk knowledge
about climate
change
impacts/flood
risks due to heavy
rain events in the
city area

0.36 1.07 0.75 0.43

… action
knowledge about
options by which
one’s own
household or
organization can
adapt to climate
change/prevent
damage from
floods due to
heavy rain events

0.46 1.00 0.92 0.57

Mean values of changes expressed by the participants using the following answer scale: greatly
increased = 2; slightly increased = 1; not changed = 0; slightly decreased = −1; greatly
decreased = −2

from them. Therefore, they obviously learned more during the participatory events
than in Kempten and Lübeck. Knowledge increases in Kempten and Lübeck were
lower probably because in Kempten knowledge transfer was a secondary aim of
the event and in Lübeck participants were already quite knowledgeable regar-
ding flood risks and damage prevention measures before the workshops due to
centuries of experience with river flooding in the city.

To reconfirm the low correlation between knowledge and action found in pre-
vious psychological research we calculated correlations of action motivation (for
adaptation to climate change/ preventing damage from heavy rain events) with
risk knowledge and with action knowledge for the participants of the events in
the rain//secure project. Different from expected, we found relatively high corre-
lations: Correlations between action motivation and risk knowledge ranged from r
= 0.26 to r = 0.45. Correlations between action motivation and action knowledge
ranged from r = 0.45 to r = 0.75.
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In the BREsilient project, the evaluations of the three city quarter workshops in
Bremen (focusing on the area Blumenthaler Aue/Beckedorfer Beeke and aiming
at the same participants in all workshops) included the same indicators of per-
ceived changes in risk knowledge about the area and action knowledge about
personal options for action as in the rain//secure project, but were assessed using
a level of agreement response scale (from “totally agree” to “do not agree at all”).
Flood risks in the area caused by heavy rain events were presented and discussed
mainly in the first city quarter workshop in Bremen whereas the second work-
shop mainly included presentations and discussions on options for precautionary
action to avoid flood damage. Hence, increases in risk knowledge were only eva-
luated in the first workshop und increases in action knowledge only in the second
workshop.

In the first city quarter workshop in Bremen 74% of the participants agreed to
the following statement: “By participating in today’s workshop, I now understand
better the dangers and damage that threaten the Blumenthaler Aue / Beckedorfer
Beeke due to heavy rain and flooding.” 20% of the respondents expressed that
they had this knowledge already prior to the workshop. In the second workshop
50% of the participants agreed to the statement “By participating in today’s work-
shop, I now understand better what options I have / my organization has for heavy
rain and flood prevention at the Blumenthaler Aue / Beckedorfer Beeke.” There-
fore, also the workshops in Bremen were effective in increasing risk and action
knowledge, but the answers also show that several participants already possessed
risk knowledge prior to the workshop.

In addition to these two indicators already used in the rain//secure project
several further indicators of changes in risk and action knowledge were assessed.
In the first workshop, also risk knowledge increases regarding personal risks were
assessed. 55% of the participants agreed that “By participating in today’s work-
shop, I now understand better what dangers and damage my private household/my
organization is threatened by from heavy rain and flooding at the Blumenthaler
Aue / Beckedorfer Beeke”, but 33% reported that they already had this know-
ledge prior to the workshop. Furthermore, successful risk knowledge integration
was assessed and detected: 80% of the participants agreed that “At today’s work-
shop we managed to jointly develop new knowledge about the dangers of heavy
rain at the Blumenthaler Aue / Beckedorfer Beeke”.

At the second workshop, also indicators of increase in knowledge regarding
the actions of the city administration were evaluated because flood damage can
be avoided by governmental as well as by private action. 67% of the participants
agreed to the statement: “By participating in today’s workshop, I now understand
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better which strategies and measures for heavy rain and flood prevention the Bre-
men administration has already implemented”. 74% of the participants agreed that
“By participating in today’s workshop, I now understand better the possibilities
and limits of government measures for heavy rain and flood prevention at the
Blumenthaler Aue / Beckedorfer Beeke”. Particularly action knowledge integra-
tion could be realized at the second workshop: 89% of the participants agreed
that “At today’s workshop we managed to jointly develop new knowledge about
heavy rain precautions at the Blumenthaler Aue / Beckedorfer Beeke”.

Hence, in the BREsilient project participation proved to be effective to increase
risk and action knowledge in a broader sense. Particularly for knowledge integra-
tion the participatory workshops in Bremen were effective since agreement rates
for statements on successful integration of risk and action knowledge were the
highest among the various indicators of knowledge increases.

Increases in resilience network due to participation. Changes in networks
and social relations due to participation were only assessed in the city quarter
workshops series in Bremen. Only those participants that took part in all three
workshops were asked in the third workshop to answer the questions on network
improvements. Unfortunately, there were only six respondents that took part in
the whole workshop series so that the following answers are based on a very
small sample. All these participants agreed to some extent, but not fully, that “By
participating in the series of workshops, my trust in the state administration of
Bremen has increased” (measurement of increase in resilience network between
actor groups). Five respondents agreed to some extent, but also not fully to the
statement “Through my participation in the workshop series, my trust in other
users of the areas at the Blumenthaler Aue / Beckedorfer Beeke has increased”
(measurement of increase in resilience network within actor group).

Hence, there are some indications that also resilience networks (within and
between actor groups) can be improved by participatory events. Nevertheless, the
empirical basis for this statement is very small. Some further evidence on network
improvements due to participation give the results on improvements in collective
efficacy beliefs, which are determinants of action motivations, presented in the
following section.

Increases in resilience action due to participation. Measuring effects of partici-
pation on the resilience action dimension (including effects on action motivation
and psychological action determinants such as efficacy beliefs and perceptions of
responsibility) was the focus of the evaluations in the rain//secure project. Hence,
most results presented in the following refer to the participatory events in this
project.
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The first main result relates to the possibility whether a participatory event can
trigger behaviour. The analysis of the actions (on adaptation to climate change or
preventing damage from heavy rain events) taken by the participants prior to the
participation events showed that often a high proportion of the participants (bet-
ween 37 and 82%, see first row of Table 8.3) had already taken action before the
events and was therefore already motivated to take action. Hence, for these par-
ticipants the events could not trigger adaptation or prevention behaviour because
their behaviour had already been triggered before the events.

Nevertheless, the events were effective to increase action motivation of parti-
cipants but mostly only among less than half of the participants (see Table 8.3).
Between 27 and 83% of the participants reported that their motivation to take
action for adaptation to climate change or for preventing damage from heavy rain
events had increased due to their participation in the respective events. Among
these people that reported increases in motivation were also people that had taken
adaptation or prevention action before the events. Hence, their motivation could

Table 8.3 Actions already taken by participants prior to the events and increases in action
motivation among participants

Percentage of
respondents, who
reported …

Cooperation
fair Kempten

Heavy
rain fair
Worms

City quarter
workshop
Worms

City quarter
workshops
Lübeck

City quarter
workshop 1
Bremena

… action for
adaptation to
climate
change/preventing
damage from heavy
rain events before
participation

82%b 48% 46% 65% 37%

… that their action
motivation
increased due to
participation

27% 83% 39% 47% Not
evaluated

aOnly the answers from the first workshop in Bremen are reported here because the workshop
was the first of a workshop series including partly the same participants. Hence, only the
answers of the first workshop on prevention action already taken are valid indicators of action
before participation. bThe very high percentage of participants reporting action before the
cooperation fair is probably partly due to a misunderstanding of the word “adaptation to
climate change” in the questionnaire because several answers to the open question which
adaptation actions participants had already taken included climate change mitigation actions
for reducing greenhouse gas emissions
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be further increased by the events. The very high proportion of 83% of the par-
ticipants, who reported motivation increases, in the heavy rain fair in Worms can
probably be explained by the combination of recent damaging heavy rain events
in the city (so that people felt the urge to do something about it) and the ability of
the participatory event to increase their action knowledge (see Table 8.2) as well
as their self-efficacy beliefs and perceived self-responsibility to prevent private
damage from heavy rain (see Table 8.4).

Table 8.4 Reported changes in psychological determinants of action motivation due to
participation

Reported changes due to
participation in …

Cooperation fair
Kempten

Heavy rain
fair Worms

City quarter
workshop
Worms

City quarter
workshops
Lübeck

… risk perceptions of
being affected by climate
change impacts/heavy
rain events in the city
area in the coming years

0.31 0.77 0.67 0.43

… self-efficacy belief
that one’s
household/organization
can conduct effective
actions for adaptation to
climate
change/preventing
damage from heavy rain
events

0.36 0.88 0.42 0.50

… collective efficacy
belief that by the
cooperation of
governmental actors
(e.g., local
administration) and
private actors (e.g.,
citizens) effective
actions for adaptation to
climate
change/preventing
damage from heavy rain
events are possible

0.57 1.12 0.67 0.17

(continued)
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Table 8.4 (continued)

Reported changes due to
participation in …

Cooperation fair
Kempten

Heavy rain
fair Worms

City quarter
workshop
Worms

City quarter
workshops
Lübeck

… perceived
self-responsibility of
one’s
household/organization
to realize actions for
adaptation to climate
change/preventing
damage from heavy rain
events

0.54 0.93 0.45 0.71

… perceived
governmental
responsibility to realize
actions for adaptation to
climate
change/preventing
damage from heavy rain
events

0.69 0.75 0.50 −0.64

Mean values of changes expressed by the participants using the following answer scale:
greatly increased = 2; slightly increased = 1; not changed = 0; slightly decreased = -1;
greatly decreased = −2; bold: two largest increases per workshop

The participatory events were also effective in causing changes in the various
measured psychological determinants of motivation and action for climate change
adaptation and prevention of damage from heavy rain events, which have been
evaluated only in the participatory events in the rain//secure project (see Table
8.4). Average increases were between 0.17 and 1.12. Therefore, the increases
were—like the increases in resilience knowledge—very much below the maxi-
mum value of 2 (“greatly increased”). Regarding changes in these psychological
determinants especially two results are of particular importance: First, the partici-
patory events often caused the highest increases in collective efficacy beliefs that
by the cooperation of governmental actors (e.g., local administration) and private
actors (e.g., citizens) effective actions for adaptation to climate change or preven-
ting damage from heavy rain events are possible. For the events in Kempten and
Worms the increases in these government-citizens efficacy beliefs were among the
two highest increases in psychological action determinants per participatory event
(see Table 8.4). These increases can also be interpreted as indicating an increase
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in resilience networks between actor groups because obviously trust of the parti-
cipants (mainly citizens, but also representatives from local business and NGOs)
in governmental actors was built during the events. Correlation analyses showed
that these collective efficacy beliefs positively influenced mainly the motivation
for collective behaviour: In the cooperation fair in Kempten, which focused on
planning cooperative action for adaptation to climate change, the positive cor-
relation between participants’ action motivation and their government-citizens
efficacy belief was very high (r = 0.64). Furthermore, the collective efficacy
beliefs had some, but not statistically significant influence (correlations from r
= 0.1 to r = 0.28) on the motivation of individual action, which was one focus of
the participatory events in Worms and Lübeck that tried to support homeowners
in taking self-protective action to prevent damage from heavy rain events.

The second result that seems to be of particular importance is that most eva-
luated participatory events increased participants’ perceived self-responsibility as
well as perceived governmental responsibility for taking action (see Table 8.4). All
events increased the perceived self-responsibility to realize actions for adaptation
to climate change or for preventing damage from heavy rain events. Obviously,
the responsibilisation of private actors, which the governmental organizers of the
events were partly aiming at, had worked. Not planned by the governmental orga-
nizers, the events also increased the perceived governmental responsibility for
taking action among the participants in most events. Only in Lübeck percepti-
ons of governmental responsibility decreased. Nevertheless, correlation analyses
showed that—different than we expected—the responsibilisation of governmen-
tal actors for taking action reduced the motivation of the participating citizens
to take actions themselves only in Kempten (r = −0.64) and in Lübeck (r = −
0.54) while in Worms the responsibilisation of governmental actors had basically
no impact on participants’ motivation to take action themselves (heavy rain fair:
r = −0.05; city quarter workshop: r = 0.01). One probable explanation for this
result is that the local governmental representatives at the participatory events in
Worms explicitly stressed “the joint responsibility of the local government and the
citizens” in preventing damage from heavy rain events. At the events in Kempten
and in Lübeck such a “joint responsibility” was not addressed so explicitly.

8.4 Discussion

The resilience concept and the empirical way of operationalising it via stan-
dardised questionnaires proved useful, not only to assess whether the evaluated
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participatory events were influential for amplifying participants’ resilience know-
ledge, resilience action and resilience network but also as a useful means for
monitoring progress in the participatory process and for identifying where further
efforts in building resilience among the participating actors are needed.

As a result of the questionnaire-based evaluation of the increases in parti-
cipating individuals’ knowledge, action and networks due to participation, our
operationalisation of the resilience concept was a personal measurement of cli-
mate resilience increases. In this respect, the operationalisation is measuring
climate resilience and climate resilience increases in individuals.

By considering individuals as representatives of certain groups of actors
(general population, government, business etc.) and differentiating between these
groups of actors in the survey-based evaluation (preferably by different ques-
tionnaires for these different groups to take into account different contexts and
options for action in these groups), the use of the resilience concept in future
research would also allow statements on group differences regarding climate resi-
lience or resilience increases. If applied to urban resilience, this group-based
analysis could also be used to make statements about three of the five dimen-
sions of urban resilience differentiated by Feldmeyer et al. (2019). Analyses of
resilience knowledge, action and networks in the general population would pro-
vide one indication—but not a comprehensive assessment—of resilience in urban
society, analyses of government representatives provide one indication of resili-
ence in governance, and analyses of business representatives would relate to the
resilience of the urban economy. Even partial statements regarding the resilience
of urban infrastructures and the urban environment appear possible if decision
makers and managers responsible for urban infrastructures and the urban envi-
ronment are questioned. Nevertheless, making these statements would require
questioning representative samples of members of these actor groups, which is
a costly assessment procedure.

Although we have used the resilience concept for analysing the effects of parti-
cipation on participants’ resilience, the concept is also applicable and transferrable
to assessing the effects of other formats such as information, education, com-
munication or consulting formats (e.g., websites, trainings, flyers, consultation
meetings) that aim to increase climate resilience. Since the concept was deve-
loped as part of the BREsilient project related to the city of Bremen, it was
developed with a focus on urban climate resilience. Nevertheless, its applica-
tion is not limited to urban contexts since the dimensions it includes—resilience
knowledge, action and network—probably play a role for building resilience at
regional, national or even international levels.
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Nevertheless, there are some conceptual challenges of our resilience concept.
The correlations we found between action motivation and risk knowledge (cor-
relations from r = 0.26 to r = 0.45) and action knowledge (r = 0.45 to r =
0.75) were much higher than found by van Valkengoed and Steg (2019) in their
meta-analyses using data from 106 empirical studies. They found an average cor-
relation of only 0.14 between adaptation action and knowledge about climate
change and/or climate-related hazards. Knowledge indices in previous psycholo-
gical research mostly related to general, sometimes even global knowledge on
climate change and natural hazards. In our questionnaires we measured more
specific, personally relevant knowledge: risk knowledge about climate change
impacts or flood risks due to heavy rain events in the area of the city the respon-
dents are living in; action knowledge about options by which one’s own household
or organization can adapt to climate change or prevent damage from floods due
to heavy rain events. As our results indicate—but only based on the small sample
sizes of the participants in our participatory events—the more specific and per-
sonally relevant type of knowledge we measured, particularly action knowledge,
might have a stronger effect on action motivation than one might expect based
on previous psychological research. Hence, such specific and personally relevant
resilience knowledge might play an important role as a determinant of action
motivation so that the separation of resilience knowledge as a different dimension
than resilience action in our resilience concept might be questionable. Further
research is needed to better understand which types of knowledge have greater
and which types have smaller influence on action motivation and actual action.

Furthermore, we included motives of people (perceived norms, perceived
responsibilities, preferences, attitudes, interests, goals etc.) as psychological deter-
minants in the resilience action dimension making the number of indicators that
could be considered within this dimension much bigger than in the knowledge
and network dimension. One might argue that the importance of people’s moti-
ves for resilience would require an additional resilience dimension in the concept.
This would also improve the possibilities to consider the effects of participatory
approaches on generating legitimacy (e.g., by establishing acceptance of and/or
support for a decision), because generating legitimacy is often related to chan-
ges in motives so that a person moves from non-acceptance to acceptance of a
decision. In our study of participation effects on resilience we have not analy-
sed effects on legitimacy but the link between participation and legitimacy has
been the subject of several publications on climate change adaptation (Few 2007;
Paavola and Adger 2006; Uittenbroek et al. 2019).

In addition to these conceptual challenges several methodological limitations in
using our resilience concept for the evaluation of participation effects on resilience
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need to be mentioned. The standardised questionnaires we have used for asses-
sing resilience increases is a time efficient data gathering instrument but answers
ticked by the participants might be influenced by inattention, social desirability
bias or answer styles (e.g., preference for using only answers in the middle of
the response scale). Most indicators of resilience increases (e.g., indicators for
increases in risk knowledge, collective efficacy belief or network between actor
groups) were assessed by only one question per indicator (potentially limiting
the reliability of measurement) and these indicators were participants’ subjec-
tive self-assessments of changes (e.g., in their knowledge) that were caused by
taking part in the participatory events (potentially limiting the validity of mea-
surement). The small numbers of participants and respondents per participatory
event and assessments of effects of participatory events in only four cities in Ger-
many restricts the derivation of robust and generalizable insights. Furthermore,
effects of the evaluated participatory events on resilience knowledge, action and
network of the participants might be overestimated because in no event there was
a 100% questionnaire return rate and perhaps mainly the participants, who liked
and subjectively profited from the events, took part in the surveys. Because indi-
cators for resilience network increases were only assessed in one city and with a
particularly small sample of only six respondents especially the results for parti-
cipation effects on resilience network are very questionable. Finally, by focusing
on government-led public participation and on actions to resist the negative con-
sequences of extreme weather and climate change our empirical results only say
something about this specific type of participation and this particular element of
the resilience concept. The other elements of resilience knowledge and actions
included in our resilience concept (recover essential functions after disturbance
quickly, learn from consequences, adapt to consequences in the short and medium
term, transform in the long term) were not aimed at in the evaluated participatory
events and it was therefore also not assessed whether there were increases in these
knowledge and action areas.

8.5 Conclusions

With due caution in view of the methodological limitations mentioned, the detec-
ted increases in resilience knowledge, resilience action and resilience networks
among the participants of the analysed participatory events indicate that the contri-
bution of participation for building (urban) resilience assumed by various authors
(e.g., Leitch et al. 2015; Orleans Reed et al. 2013; Tyler and Moench 2012) and
for supporting learning and knowledge, behaviour and behavioural motivations
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as well as networks and social capital claimed in climate change adaptation and
natural hazards research (see Introduction) could actually be achieved. In other
words, participation seems to be effective in stimulating learning in knowledge
(mainly cognitive learning, cf. Huitema et al. 2010), in action (including nor-
mative learning, cf. Lebel et al. 2010) and in networks (which has strong links
to relational learning, cf. McFadgen and Huitema 2017). Nevertheless, increases
were only moderate for all resilience dimensions and could not be achieved for
all participants although all participatory events were designed by professionals.
Hence, the impact of participation on resilience knowledge, action and networks
should not be overestimated and expectations regarding the effects of participatory
approaches on resilience should stay realistic.

Increases for resilience knowledge could be detected for both, risk knowledge
and action knowledge, in all participatory events. Increases in resilience know-
ledge were particularly high in Worms, which was recently affected by damaging
heavy rain events, affecting several city quarters for the first time. Probably these
damages motivated people to attend the participatory events (the first event was
visited by about 110 people) and to learn how damage in the future could be avoi-
ded. Hence, the chances for building resilience knowledge by a participatory event
are always dependent on the existing knowledge and the learning motivation of
the participants. One particular strength of participatory approaches with regard
to knowledge appears to be the support of knowledge integration and social lear-
ning, as shown in the Bremen case: Agreements rates for statements on successful
integration of risk and action knowledge were the highest among the various
indicators of knowledge increases.

Often around half of the participants had already taken resilience action (for
adaptation to climate change or for preventing damage from heavy rain) before
the events. This confirms the argument by Kaiser et al. (2011) that participatory
events mainly reach motivated people because the costs for participation (time
and sometimes money if costs for travel to the event location are necessary) are
outweighed by the intrinsic motivation of the participants. To also reach not yet
motivated people by participatory events the costs for participation need to be
lowered, for example by paying expense allowances, reducing the time frame of
the event or by choosing event locations close to the people that shall be involved.
Also, online participatory events reduce participation costs but do often not reach
specific groups (e.g., the elderly) and are probably not as suited for discourse and
deliberation as personal forms of participation. Nevertheless, other instruments
(e.g., information campaigns) are probably better suited for motivating people to
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become interested in urban resilience so that strategies, which combine participa-
tion with other instruments, seem to be a promising option for future attempts to
build urban resilience.

On the other hand, the detected increases in motivation due to participa-
tion—but mostly only among less than half of the participants—confirm the
categorization of participation by Mosler and Tobias (2007) as an instrument for
the further support of behaviour, less for triggering or mobilising behaviour, as
it is assumed in the German Strategy for Adaptation to Climate Change (DAS)
that names participatory approaches in order “to mobilise individual initiative” of
participating actors (German Federal Cabinet, 2008, p. 56). Since around half of
the participants had already taken action before the events their behaviour had
already been triggered or mobilised in the past.

The result that the effect of participation on increasing action and action moti-
vation among the participants was limited can also be interpreted as a reassurance
of the main democratic purpose of citizen participation, which is sharing power
and allowing co-determination: “It is the strategy by which the have-nots join in
determining how information is shared, goals and policies are set, tax resources
are allocated, programs are operated, and benefits like contracts and patronage are
parceled out” (Arnstein 1969, p. 216). Designing a “participatory event” only as a
means to change participating citizens’ behaviour (e.g., to conduct self-protective
action against climate change impacts) would qualify as “manipulation” and the-
refore as “non-participation” in Arnstein’s famous ladder of citizen participation
(Arnstein 1969, p. 217).

The detected increases due to participation particularly in collective efficacy
beliefs relating to collective actions of governmental actors together with citizens
have important consequences for urban resilience governance. As yet, collective
efficacy beliefs have mainly been analysed and detected within an actor group,
e.g., between citizens engaging in a local sustainability initiative (van Zomeren
et al. 2008). In our analyses we could detect collective efficacy beliefs bet-
ween different actor groups (the group of citizens together with the group of
governmental actors) and that these government-citizens efficacy beliefs could
be strengthened by participatory events. This result opens up the possibility of a
co-management of urban resilience between local governments and citizens and
thereby specifies ideas of “modern administration” and “open government” for
the urban resilience domain.

Connected to these ideas of co-management for building urban resilience is the
result of increases during the participatory events in the perceived responsibility
of local governmental actors as well as in perceived individual responsibilities for
taking actions. Apparently participatory events in which climate change risks and
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adaptation options are discussed create a perceived “responsibility gap” which is
filled by ascribing responsibility to governmental actors and/or to oneself. The
result that in Worms the responsibilisation of governmental actors for adaptation
action was not negatively related to the motivation of taking actions oneself was
probably caused by the communication of the local governmental representatives
at the participatory events in Worms, who spoke of a “joint responsibility of the
local government and the citizens” in preventing damage from heavy rain events.
This indicates that an open communication about responsibilities of the gover-
nment and of the citizens can help avoiding one-sided responsibilisations. If it
is possible to convincingly communicate a joint government-citizens responsibi-
lity for building urban climate resilience demotivating effects of high perceived
governmental responsibility will probably be eliminated. However, there is a need
for further research in order to better understand how perceived personal respon-
sibility and perceived governmental responsibility change and in which cases the
attribution of responsibility to governmental actors has a negative effect on private
action.

Increases in resilience network due to participation were directly measured
only in Bremen, where some increases could be detected. The increases in
government-citizens efficacy beliefs, measured in the participatory events of the
rain//secure project, can also be interpreted as an indication of an effect of parti-
cipation on building trust and relations between governmental actors and citizens,
which could also be interpreted as a sign of an increase in vertical social capital
(cf. Adger 2003). Nevertheless, our data on network effects of participation are
very limited and further research is needed when and how such effects appear.

Further research could also address (i) whether changes in resilience know-
ledge, resilience actions and resilience networks among the participants can lead
to larger diffusion effects in which also other actors’ knowledge, actions and
networks are changed and (ii) whether these changes in urban social systems
can lead to changes in urban infrastructural and natural systems, for example by
influencing decisions on urban grey, green and blue infrastructure.

Finally, future research is also needed regarding the questions who can be
realistically reached by participatory events on urban resilience, how this relates
to the legitimacy of the participation results and how participation of groups and
actors that are unwilling to participate can be increased. This does not only refer to
groups such as immigrants with language difficulties or people with low levels of
education that often hesitate to visit public participation events. Among the local
governmental representatives at the evaluated participatory events in our study
mostly people from governmental administration were present, the political level
(e.g., the mayor or elected members of the city council) was underrepresented.
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The detected absence of political decision makers in the analysed participatory
events is an experience also of many other participatory processes on adaptation
to climate change. Innovative participatory formats are needed to better include
these important actors in the future so that participatory processes, perhaps as part
of a larger strategy for co-management of urban resilience, can build legitimacy by
including democratically elected actors and have a more direct impact on political
decision making.
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9Building Resilience in the Context
of Multi-Level Governance—Insights
from a Living Lab in the Ruhr

Karsten Zimmermann and Dahae Lee

9.1 Resilience and Its Critics

Without a doubt the concept of resilience has almost reached the status of a
new paradigm in the realm of regional planning and urban development. Resi-
lience is an appealing idea for planning practitioners as well as for academics
as the concept facilitates the re-articulation of many powerful notions such as
regional sustainable development, strategic planning or transformative governance.
Practical implications stretch from interventions in environmental planning, risk
management to integrated regional development and territorial cohesion policies.
In terms of theory, the concept of resilience borrows ideas from many fields such
as complexity theory, ecology, adaptive management and social innovation and
this conceptual plurality seems to be an attraction for many scholars (Folke 2006;
Holling and Gunderson 2002; Hutter and Lorenz 2018).

At the same time the term resilience is used in an inflationary and sometimes
ambivalent way and, as a result, recent publications discuss resilience critically
(Bohland et al. 2018). This criticism is justified as resilience is running the
risk of becoming a political buzzword with weak explanatory power and a lack
of conceptual clarity (Jore 2020). Sceptical remarks refer to an emerging new
technocracy and value-neutral functionalism in planning, machine-politics, soft
sustainable development, depoliticized decision-making, and shadow neolibera-
lism (Davoudi et al.2018; see also Pelling 2010, p. 84). Critics further add the
neglect of the social and political dimension of resilience (Duit 2016; Hutter and
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Lorenz 2018). Other issues that need discussion are the definitions of system
boundaries as well as the de facto normative standards of stability and state of
equilibrium: are these desired states and if so, desired by whom? This provokes
references to systems theory in the social sciences (from David Easton’s systems
approach to the idea of autopoiesis in Niklas Luhmanns work; see Duit et al.
2010). In addition, implicit functionalist assumptions about agency, rational lear-
ning and transformative change call for a closer examination of the relationship
between the social sciences and resilience studies as the latter still display their
origin in natural sciences. A certain functionalism prevails in many contributi-
ons to the debate which is an unexpected result as, following Hutter, resilience is
about “managing the unexpected” or even “surprise” (Hutter 2017).

In this chapter, we argue that through a stronger recognition of the social
science literature on governance the concept of resilience would have more expla-
natory value as well as predictive quality. Still, the criticism needs to be taken into
account. Peter Rogers expressed this ambivalence very well:

“Resilience is a concept which, if used well, may help deliver a paradigm change in
how an urbanization is governed in the 21st century, yet the term remains a focus of
scepticism and critique for many who encounter it.” (Rogers 2018, p. 125).

In fact, the concept oscillates between arguments for stability and change, per-
sistence and transformation, path-dependence and path-breaking. In our view, it
is necessary to disaggregate resilience into components in order to get a better
understanding of what needs to be done when implementing it. Moreover, the
normative desirability of some of the goals closely linked to the concept can be
better discussed. Do we want a system (i.e. city, region or community) just to
cope and adapt, or to transform and change (Hutter and Lorenz 2018, p. 197; Pel-
ling 2010)? Disaggregation may also help with regard to a better understanding
of the conceptual basis of resilience thinking. In many publications, the concept
of resilience is understood in a holistic way as a capacity of a social-spatial entity.
However, due to systems differentiation, a number of dimensions of resilience are
accentuated in more recent contributions (Fuchs and Thaler 2018). These include
social resilience (Hutter and Lorenz 2018), economic resilience in deindustria-
lizing regions (Cowell 2015) or institutional and organizational resilience (Duit
2016; cf. Pelling 2010, p. 91). Breaking down resilience into these dimensions
would help to understand better what determines the capacity of a city or region
to react and cope with unexpected events.

Among different dimensions of resilience, the institutional and policy dimen-
sion is a relevant category for analysis. The concept of resilience seems to be
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based on assumptions of reflexive and collaborative governance for the adaptive
management as well as transformation of socio-ecological systems (Feindt and
Weiland 2018; Folke 2006; Pelling 2010; Voß and Bornemann 2011). Following
this path, we argue that a stronger recognition of policy analysis and governance
studies is desirable, offering a change in perspective for the analysis and design
of resilience policies (Duit 2016). In our view, this is not least necessary against
the background of recent contributions on Over-reaction and under-reaction in
climate policy (Peters et al. 2017). Resilience is often seen as an abstract capa-
city of a socio-ecological system. But who implements resilience? Who adapts
to what for which reason and what is an appropriate institutional response to an
external challenge (Pelling 2010; Peters et al. 2017)? The following quote taken
from Anderies et al. (2004, p. 1) expresses our concern quite well:

“More recent developments in resilience theory emphasize adaptive capacity and cou-
pled cycles of change that interact across several scales (…). These ideas are useful in
a descriptive sense, but are less useful for studying designed systems. How does one
design for adaptive capacity? What is the cost of adaptive capacity?”

Resilience is implemented by actors with manifest interests and action frames who
act in organizational hierarchies and inter-organizational constellations (such as
networks or multi-level governance arrangements). These elements constitute the
complex institutional environment in which actors act and respond to external and
internal impulses (Hoppe 2011). Hence, in this chapter we seek to identify some
of the implications of resilience-policies for bureaucracies, network governance,
policies and instruments, public management, and in particular multi-level gover-
nance. We discuss it against the background of the governance of city-regions
(Scott 2019; Zimmermann 2020).

This is not an empirical paper. However, all the ideas and arguments presen-
ted are the results of a regional living lab that was implemented in the context
of the ZUKUR project over a period of three years (2017–2020). The living
lab “Future of the City-Region Ruhr” (Zukunft-Stadt-Region-Ruhr, ZUKUR),1

sought to explore options for the implementation of resilience in the multi–level
and multi-actor context of a polycentric post-industrial city-region. The principal
question was: which kind of governance mechanisms and instruments are needed
in order to improve the ability of a system to govern socio-ecological problems?
The methods applied were interviews with stakeholders on the local and regional
level of policy-making, group discussions, and workshops to include the wider

1Financed by German Federal Ministry of Education and research/BMBF, grant number
01LR1721A.
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public as well as the analysis of documents. Being part of this living lab made
the critical discussion of some of the core assumptions made in the literature on
resilient cities possible.

The chapter is structured as follows. The first section gives a brief overview
of the political science literature on resilience and reflexive governance. Based
on the literature, we suggest four generic principles of resilience that need to be
taken into account when designing a multi-level governance arrangement in city-
regions that face the challenge of climate adaptation. These include redundancy,
diversity, robustness, and connectivity. We then discuss these design principles
against the background of what happened in the living lab. The conclusion takes
up some of the issues raised in this introduction.

9.2 Adaptive Governance and Resilience

The lack of governance and policy implementation theory is a weak spot in the
resilience literature. This is surprising as the notion of resilience is well known
in political science. Policy-analysis and administrative science started using the
notion of resilience in the late 1980s (Duit 2016). In principle, scholars were
interested in the ability of political-administrative systems to react in situations of
change and non-linear dynamics. Among this body of work is Aaron Wildawsky’s
book Searching for Safety (1988) and Christopher Hood’s seminal article A public
Management for all seasons (1991). In Germany, there is Carl Böhret’s Book
Folgen. Entwurf für eine aktive Politik gegen schleichende Katastrophen (1990)
(Consequences. Suggestion for an active policy against creeping disasters, own
translation).

Aaron Wildawsky’s book (1988) is a contribution to the debate on natural
disasters and technology risks. By referring to the unexpected consequences and
unwanted side effects of technological innovations he questioned the capability
to plan societal development. He contrasted the two notions of “anticipation” and
“resilience” and, thereby, demonstrates the weaknesses of a governance model
based on anticipation. This implies linear dynamics, clear causalities, and top-
down governance with stable and reliable expectations. Resilience, in contrast,
describes adaptive patterns of governance in situations with low stability of expec-
tations and disruptive changes. One may also reconsider what Ulrich Beck wrote
in his book Risk Society in 1986 (1992). Beck identified an emerging pattern of
reflexive politics and governance in post-industrial societies (Beck 1994). Secon-
dary effects, in his words, have become the main drivers for decision-making in
politics, in particular in environmental politics. This sounds all too familiar when
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going through the resilience literature. As we are not able to actively steer climate
change, all that remains to be done is to master secondary effects, at least if we
have knowledge about them (Lung et al. 2013).

In organization science, one can also find inspirational thoughts for the imple-
mentation of adaptive governance for resilience. In their seminal book Managing
the unexpected. Sustained performance in a complex world, Weick and Sutcliffe
(2001) coined the notion of “mindfulness”. Mindfulness is the capacity of high
performance groups to identify even small mistakes in order to adapt to changes
in complex environments. From a different angle, Christopher Hood, when wri-
ting about public management in the 1990s, mentioned resilience as one of the
three core values of public administration (1991):

1. Sigma type values: Keep it lean and purposeful (effectivenes and efficiency)
2. Theta type values: Keep it honest and fair (legitimacy and good governance)
3. Lambda type values: Keep it robust and resilient (coping with extra-ordinary

situations and capacity to learn)

It is obvious that the lambda type values are the relevant one for this chapter
although the other values should not be neglected. In the early 1990s, Christopher
Hood was unable to consider climate change and adaptation in the way we do
today, nor did he define this value more precisely. Lambda type values would
refer to qualities such as power of endurance, robustness, adaptivity, but also
mindfulness and avoidance of competence traps (Duit 2016; Duit et al. 2010;
Hutter and Lorenz 2018; Levitt and March 1988).2 As the government is expected
to function even in extreme and extraordinary situations, the sustained capacity
to act even in extreme and disadvantageous situations is the core value (see the
reaction to Hurricane Sandy in New York in 2012; Nevarez 2018).

Governance for resilience also evokes overlaps with reflexive governance, a
long-standing theme in the literature on environmental policies and planning
(Feindt and Weiland 2018; Voß and Bornemann 2011). Reflexive governance
has a double meaning: first, reflexivity refers to the constant evaluation of the
success and failure of existing governance arrangements. Hence, adaptation of
rules, avoidance of competence traps (Levitt and March 1988, FN 2) as well

2Levitt and March (1988) define competence traps as the unjustified belief that behavior, that
has led to success in the past, will necessarily lead to success in the future. In times of complex
and dynamic systems this assumption is probably absurd.
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as the avoidance of what Ostrom called panacea traps3 are common themes in
this discourse. Second, and worth considering when thinking about governance
of resilience, is the capacity of “participants to gain a reflexive stance toward the
construction of governance objects through operational schemes of observation
and feedback mechanisms, thereby moving toward reflexivity” (Feindt and Wei-
land 2018, p. 665). In other words, reflexive governance also refers to the capacity
to define and redefine what is governed.

Summing up this short review of the political science literature on resilience
and reflexive governance, the standards for success and failure of governance of
resilience are learning and reliability on the one side, paralysis, non-learning and
disruption on the other. These values may be facilitated through measures that
follow some generic design principles that we have taken from the literature on
resilience, reflexive governance and institutional thought. These are:

• Redundancy: Redundancy is generated by the keeping of overcapacities and
fallback positions as these enrich the options to react and offer alternatives in
a situation formerly unknown (Folke et al. 2005, p. 453). Often, this is also
referred to as “requisite variety” (with reference to Ashby 1956; Duit et al.
2010, pp. 365–366). Keeping and storing more ideas than needed when taking
an action is also an element of redundancy. With regard to inter-organizational
governance we may also think of “overlapping functions across organizational
levels” (Folke et al. 2005, p. 53).

• Diversity: In order to avoid group think (Janis 1972), the autonomy of smal-
ler working units should be maintained. It generates deviating positions and
assessments, if necessary, and thus arrives at a multi-perspective evalua-
tion (Folke et al. 2005). Again, this is also known in complexity theories
as the requisite variety of institutional responses in complex and dynamic
environments (Duit et al. 2010, pp. 365–366).

• Robustness: Robustness is a very technical term, often used in computer
science and engineering. In principle, robustness describes the capacity of a
system to keep more resources available than necessary to compensate for
failures. Robustness is the ability to cope with errors during execution, kee-
ping the basic functionality of a system even when the breakdown of some of
its components occur. Defining robustness in institutional terms is, however,

3Ostrom defines panacea traps as the widely shared belief that simple and universal solutions
work across time and in different places; a blueprint for a single type of governance solutions
that work in different contexts (Ostrom 2007).
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much more difficult (Anderies et al. 2004). We follow the approach of a rese-
arch group of Elinor Ostrom (Anderies et al. 2004). Among others, this group
suggests the monitoring of user behaviour and the state of the socio-ecological
system, the possibility of graduated sanctions, existence of conflict-resolution
mechanisms and a sufficient leeway to self-organize a decentralized gover-
nance arrangement (i.e. a degree of autonomy vis a vis higher governmental
layers) as being the relevant elements (Anderies et al. 2004, p. 8).

• Connectivity: Another important factor in particular when considering the
multi-level governance of a city-region is connectivity (Hutter and Lorenz
2018; Piattoni 2010, pp. 20–21). Connectivity can refer both to the type and
quality of coupling between levels in the sense of multi-level governance (insti-
tutional and actor-related) or to connections of an organization with the outside
world. Two dimensions seem to be relevant:
Stability of connectivity: this describes the degree of integration of a deci-
sion and information system. Stability in terms of resilience must, according
to Orton and Weick, “combine the contradictory concepts of connection and
autonomy” (Orton and Weick 1990, p. 216). A minimum of integration must
be given, but too close links in turn restrict the collective capacity to adapt.
Diversity of connectivity: this not only refers to the degree of openness for
new actors and knowledge, but also includes a culture of information sharing,
i.e. willingness to pass on knowledge and information.

Our understanding of resilience is based on these four generic principles and we
seek to discuss them in the context of organizational environments and inter-
organizational fields.

9.3 Institutional Environment: City Regions
andMulti-level Governance

Although much of the literature on resilience is about cities, it is obvious that cli-
mate change adaptation does not stop at the borders of municipalities but requires
the coordination of a range of actors in a city-region in order to avoid parti-
cularism and fragmentation (Rosan 2016). However, outlooks at the success of
city-region governance are, at best, sceptical due to unsolved issues of distribu-
tion of resources and collective governance (Jonas 2012; Zimmermann 2020). As
highlighted by Scott (2019, p. 16), at least in the majority of city-regions, urban
governments have “At the best of times, (…) limited tools and resources at their
disposal for confronting internal problems and failures, but in the case of complex,
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overgrown city regions, weaknesses of overall social management are especially
severe. This challenge is exacerbated by the persistent tendency to balkanization
of municipal government in probably the vast majority of city-regions, not only
as a legacy problem, but also as an effect of the oftenhaphazard lateral expansion
of the urban periphery where adjacent municipalities are simply absorbed into the
widening geographic orbit of the city-region.”

Problems of metropolitan development can be tackled in various institutio-
nal environments. Many public tasks can be organized in different ways such as
single purpose associations, inter-municipal cooperation, interventions of upper
tier governments, contracts, or multi-purpose organizations and in some cases
these governance forms may even overlap. Even the more successful metropo-
litan governance arrangements such as Stuttgart or Portland can’t serve as role
models with regard to general design principles (Rosan 2016; Sager 2006). Scott
highlights that “an approximate template is occasionally detectable in the more
successful efforts that have pushed in this direction, namely—and in sharp con-
tradistinction to any unitary arrangement—a conglomerate structure made up of
loose hierarchical relationships complemented by assorted cross-cutting organiza-
tions wherever these can significantly enhance operational effectiveness. There is
no compelling reason, moreover, why a well-designed structure of this type could
not also enhance the democratic assets of the city-region.” (Scott 2019, p. 17).

While this is often discussed against the background of administrative solu-
tions such as amalgamations or collaborative inter-municipal governance, the
generic principles of resilience discussed above call for solutions that reach
beyond the sphere of public administration. Especially against the background
of cross-organizational learning and social innovation, the mobilization of social
commitment and socially embedded knowledge seems to be of utmost import-
ance. Hence, resilience seems to require a decentralized approach. Since the issue
is one of eventual affectedness, those groups potentially affected in the cities and
districts are called to assert their claims.

At the same time, the capacity to react, adapt and transform depends on admi-
nistrative capacities and competences that are shared between different levels and
units of government. Although a decentralized approach with a focus on the capa-
cities and interests of local communities is a charming idea, protagonists of local
self-governance tend to ignore that cities (and city-regions) are embedded into
inter-governmental fiscal and functional relationships. In terms of political and
administrative decentralization, the degree of autonomy of a city may have a
positive effect on the resilience of a community but, at the same time, we need to
consider that towns and municipalities—not only in the case of Germany—rely
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heavily on fiscal and functional inter-governmental relationships—not least in the
field of regional and environmental planning (Zimmermann and Heinelt 2016).

The concept of multi-level governance, which originates from European inte-
gration research, is an equally analytical and heuristically suitable concept for
addressing these questions of collective capacities to act while still keeping the
autonomy of units. Units of a multi-level system constantly oscillate between los-
ses of autonomy and jointly exercised competencies and can also compete with
each other, even if they are actually interlinked. Multi-level governance, being a
generic concept for policy-making and decision-making in a context characteri-
zed by shared and overlapping competences and decision-making spaces, gives us
some indications for the design of city-regional governance. However, the discus-
sion on multi-level governance has also developed in many different directions.
If one chooses Schmitter’s definition of multi-level governance, for example, the
core contents, such as the absence of exclusive policy competence, become clear:

“Multi-level governance can be defined as an arrangement for making binding decisi-
ons that engages a multiplicity of politically independent but otherwise interdependent
actors—private and public—at different levels of territorial aggregation inmore-or-less
continuous negotiation/deliberation/implementation, and that does not assign exclu-
sive policy competence or assert a stable hierarchy of political authority to any of these
levels” (Schmitter 2004, p. 49).

Piattoni, on the other hand, notes that this definition is not sufficiently concrete,
especially for empirically oriented studies (Piattoni 2010). She therefore suggests
to go beyond the definition of multi-level governance as decision-making and
coordination and to see multi-level governance through the lenses of different
dimensions. One of these dimensions is political mobilization and this refers to
new forms of policy-making which explicitly no longer use the formal channels
of parties or political-administrative interest mediation, but apply unconventio-
nal methods of political articulation and mobilization in order to make claims in
the sphere of politics (Piattoni 2010, p. 18). In the context of city-regions and
local self-government, this means that the potential for social and political mobi-
lization in cities and even neighbourhoods must be included in conventional and
unconventional ways of policy-making.

With regard to policy-making, i.e. the implementation of political programs,
Piattoni highlights that in the context of multi-level systems, the policy-makers are
no longer separated from the policy-receivers (Piattoni 2010, p. 20). The impro-
vement of policies during the process of implementation does indeed require new
formats, the design of which we do not know much about in the context of urban
and regional resilience policy but it is likely that the conventional wisdom on
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network governance is instructive (McGuire and Agranoff 2011). Last not least
multi-level governance stands for the permanent adaptation of institutions and
regulations. Particularly under the influence of the two aforementioned changes
in the dimensions of politics and policy, polity-making remains open to institu-
tional changes (Piattoni 2010, p. 23). For the aspect of mobilizing potentials for
resilience-related as well as interactive policy-making, these changes may refer
to increased citizen participation or administrative, political or fiscal decentrali-
zation. At least hypothetically, the resilience of a city-region may increase with
the extent of fiscal and administrative decentralization as this increases the overall
capacity to react in a variety of ways.

9.4 City-regional Governance in the Ruhr—Prepared
for Resilience?

The following sections seek to describe the institutional pitfalls and issues as well
as solutions that emerged when the above-mentioned principles of resilience guide
the discussion of pathways for resilient city-region governance. We followed the
method of a living lab where a group of researchers and practitioners tried to
develop perspectives and solution for the implementation of resilience in a city-
regional context over period of 36 months. The living lab constitutes a new form
of experimentalist cooperation between practice and academia, allows to test and
experiment, trying to avoid the panacea trap (Ostrom 2007, FN 3), by strongly
referring to the local context. However, this method does not replace empirical
social research but constitutes a different method of knowledge generation.

While implementing our own living lab, we did an analysis of the institutional
context, stakeholder interviews, workshops, joined writing of academics and prac-
titioners, and group discussions in order to identify arenas and networks suitable
for collaboration on different levels of planning and politics (regional, city, neigh-
bourhood). We were looking for steering committees, working groups, working
units, coordination procedures and programmes that a) deal with climate resili-
ence at least marginally and/or b) demonstrate a responsibility or commitment
for regional cooperation. Part of the governance analysis was also an examination
of informal governance mechanisms. During the course of implementation of the
living lab, we distinguished an organizational and inter-organizational dimension
of resilience and preparedness—a perspective that is quite common in the litera-
ture on cross-organizational learning (Hutter and Lorenz 2018, p. 194). Without
organisational embedding and a corresponding shift in relevancies (in the sense
of framing and political priorities) at the level of the organizations being the
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constituent elements of multi-level governance, multi-level governance that pro-
motes resilience cannot function. Organizational aspects refer to internal measures
(teams, cross departmental steering groups, knowledge sharing but also aspects
of decision-making and accountability), while inter-organizational aspects refer
to networks, joined working groups or platforms.

The Ruhr region is situated in the west of Germany and covers an area of
4,400 km2 with roughly 5.1 Mio. inhabitants. Its settlement structure is polycent-
ric with major cities such as Duisburg, Essen, Bochum and Dortmund and a larger
group of medium-sized and smaller towns that are part of the counties (in total
53). The perimeter of this city-region, recently branded as a “city of cities”, is
the result of the common history of steel production and coal mining. Whether
this common history of steel and coal is still a source of cohesion or constitutes
a basis for joined post-industrial transformation is debatable. In any case, until
today, the experience of being a less favoured region facing the long and thorny
structural transformation of a post-industrial region is present in public debates
on all levels of policy-making. At least the density of settlements and transport
infrastructures may justify to still speak of a functional city-region, partly con-
firmed by commuter relationships and other functional interrelationships. At the
same time, the cities and towns that constitute the city-region present a growing
diversity of growth and shrinkage (Dembski et al. 2019). Increased polarization
is expected to be the eventual result of this ongoing transformation process.

With regard to the governance structures, the rules and regulations of German
local self-government apply (Zimmermann and Heinelt 2016). The Ruhr region
has not the status of a jurisdiction, i.e. it is not a county or province. Its major con-
stituent parts in terms of local self-government are the 11 county exempt cities and
the four counties. However, the city-region has a long and ongoing history of city-
regional collaboration with regional planning and watershed management being
the main functions that found institutional anchors. In 1899 the Prussian gover-
nment created the Emschergenossenschaft (hereinafter Emscher Association), an
association responsible for waste water treatment, the sewage system and flood
control. Members of this (until today existing) association were the waste water
producing actors: municipalities and the industry. The Emscher Association gai-
ned prominence from the late 1990s onwards as the association was responsible
for the construction of a new sewage system and, in parallel the regeneration
of the Emscher River, formally used for a period of more than 100 years as an
open sewer for large parts of the region. This new sewage system is one of the
biggest infrastructure investments currently under way in Germany. The Emscher
Association made investments of in total 5.4 billion Euro until 2020 and is also
involved in the management of the Emscher Landscape Park (together with the
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Regional Planning Authority). As the river Emscher crosses several cities in the
Ruhr, some urban and regional development projects are also part of the portfolio
of the association.

The precursor of the current Regional Planning Authority was founded in 1920
as a reaction to the rapid urbanization in the industrializing region. Main respon-
sibilities were the protection of green spaces for recreation and agricultural land
use, provincial streets and rough indications for settlement planning. In the 1960s,
during the post-war period, the association took over the responsibility for the sta-
tutory regional plan. However, in 1979, this competence was taken away and the
association was renamed to Kommunalverband Ruhr. Functions that remained in
the competence of the Kommunalverband were recreational facilities of regional
relevance (regional parks), marketing and voluntary master plans. In conjunction
with a political change of the state government in 2004, the planning association
was strengthened again and renamed to Regionalverband Ruhr (Regional Asso-
ciation Ruhr, hereinafter RVR). In 2009 the competence for statutory regional
planning was given back to the RVR that is now also the owner of a regional
development agency under private law. In 2015 the parliament of the state of
Northrhine-Westfalia passed a law that allows for sharing of competences bet-
ween the Regional Association and the counties and cities. As a result, the RVR
presents itself as multipurpose association that is active in collaboration with the
municipalities in fields such as tourism and industrial heritage, environmental and
regional planning and regional development. In addition, the direct election of the
regional assembly has been introduced with the local elections in 2020. Also the
state spatial plan for Northrhine-Westfalia clearly acknowledges the metropolitan
region “Ruhr”.

Still, metropolitan governance in the Ruhr area is complex and confusing. A
databank of the RVR mentions more than 300 inter-municipal cooperations. These
cooperations show different institutional formats and most of them do not cover
the whole Ruhr area but only parts. This makes it difficult to evaluate the overall
situation in terms of effectiveness. Without a doubt, the RVR is one of the domi-
nant players but there are other inter-municipal associations such as the Emscher
Association or the Ruhrverband (the latter being responsible for fresh water mana-
gement), creating a situation of multipolar governance. Regional governance in
the Ruhr is best described by the term “fragmegration” introduced by political
scientist James Rosenau (1997) to find a proper description for the emerging Glo-
bal Governance regime in the 1990s. Although a certain degree of integration and
coordinated action can be observed, political polycentrism is still considerable
(Schmidt 2013). There is more than one institution but there are many that stand
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next to each other with different actors, different purposes and different rules and
logics for cooperation.

9.5 Bringing Resilience In?

During the implementation of the living lab, we tried to identify possible access
points in the described governance arrangement that would allow to give hig-
her political relevance to resilience measures and strategies. The interviews and
analysis of documents clearly demonstrated that socio-ecological resilience is an
emerging topic in the network of environmental experts and planners of the city-
region Ruhr, though largely interpreted through the lens of climate change and
adaptation. Due to the low ground level elevation, which is a long-term effect of
intensive mining (land subsidence), the risk of floods in some parts of the Ruhr
region is high. Extreme weather events tend to happen, causing damage and dis-
ruption, in particular (but not only) for the public railway system in 2007 (winter
storm Kyrill) and 2014 (convective storm Ela). In fact, climate change and adap-
tation have been an issue for local governments in the Ruhr region for more than
a decade. The impacts of climate change were also a concern during the prepara-
tion of the statutory regional plan in 2019. The regional planning authority has a
dedicated unit working on climate related data that supports cross-municipal wor-
king groups of planners and environmental experts. This unit also fed in expertise
and data on climate change and eventual risks in the course of the plan pre-
paration process. Besides the formal plan approval procedure with many events
and participatory procedures, working groups of municipal planners supported
and moderated by the staff of the regional planning authority are a relevant buil-
ding bloc of regional governance in the Ruhr, though largely being an informal
instrument of exchange between experts.

In addition, the Emscher Association strengthened its role and identity as a
regional think tank in the field of flood prevention and watershed management
over the years. Besides its legal responsibilities and role as a technical service
provider for the member municipalities and firms, the association did much in
terms of raising awareness for climate change and invites municipal planners
for educational purposes and knowledge sharing. With regard to instruments and
mechanisms that contribute to the development of multi-level governance for cli-
mate resilience, the “Future Initiative: Water in the City of Tomorrow” should
be highlighted.4 This network, initiated, supported and organised by the Emscher

4https://www.wasser-in-der-stadt.de (last access 13.11.2020).

https://www.wasser-in-der-stadt.de
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Association brings the topic of water, including heavy rainfall events and climate
resilience, into plans and projects of the municipalities of the region. While on
the one hand it is located at the regional level and involves the heads of planning
departments of the municipalities, the initiative has created a basis with the help
of contracts for the contents discussed at regional level to become relevant for
action at municipal and district level as well. These contracts, to be signed by
the Emscher Association and the respective municipality, include agreements for
the achievement of a defined overall objective. While the municipalities commit
themselves to take measures and concretise this overall objective at local level,
the Emscher Association supports the municipalities financially and with exper-
tise. The Initiative “Water in the City of Tomorrow” is an ideal starting point
for the integration of climate-relevant aspects in the sense of a multi-level gover-
nance approach, preserving the autonomy of communities but still following a
cross-municipal approach. The commitment certainly is the result of incentives
and not of potential sanctions.

Potentially, many of the existing arenas and professional networks offer the
opportunity to bring the issue of climate change adaptation and institutional resi-
lience more strongly onto the political agenda. However, although the two regional
associations (Emscher Association and RVR) as well as many local governments
took their responsibilities in their respective spheres of competence, attempts
to discuss and create a resilience in multi-level governance structure met some
obstacles. We are referring to the generic principles mentioned above in Sect. 9.2.
Certainly, it cannot be said that the experts and political decision-makers in the
Ruhr region are not well connected. However, the quality in terms of redun-
dancy, diversity, robustness, connectivity and thus the resilience of the informal
relationships is questionable for the following reasons:

• The stability and diversity of connectivity is not given, which potentially limits
resilience. For one, the arenas for cooperation and knowledge exchange lar-
gely gather municipal planning officers and experts, resulting in closed expert
communities. Stability is sometimes hampered by change of personnel, not
least because of retirement. In principle, administrative actors consider pro-
fessional cooperation and exchange across municipalities to be better than
cooperation and exchange in the sphere of politics. There seems to be a sigin-
ficant knowledge gap between politics and administration which restricts the
creation of a shared relevance for action. The connectivity of professionals
(experts) and power promoters (politicians) has increased strongly at the inter-
municipal level, but communication is still uncontrolled. The coexistence of
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the networks of professionals and power promoters may also create disrupti-
ons and disparities in terms of priority setting (not least between smaller and
bigger municipalities).

• With regard to the organizational level, it also appears that the departmental
principle is reproduced in the informal arenas and thus minimizes diversity.
This means that in the various arenas and working groups, experts of similar
disciplinary background and of similar status meet. The workings groups of
environmental officers, round of deputy mayors, or planners reproduce the silo-
mentality of public administration and this hampers diversity.

• A further concern are unclarified role distributions, in particular within the
group of high level decision-makers. Who is expected to take the lead and
who would be considered as a competent leader in the regional arena? Is it
one of the two regional organisations (the regional planning authority and/or
the Emscher Association) or the biggest cities that in a way claim to be policy
leaders?

• The role of network management is rather weak. The fact that there are quite
a number of bodies, networks and arenas, which in part exist for several years
and to some extent overlap in terms of persons and content, could prove
disadvantageous. Interview partners praised the collegial exchange, but the
relevance of the individual networks can hardly be weighed against each other.
At least, there is a lack of strategic coordination and agreement on the overall
responsibility and the policy priorities. It is not clear at all which arena is the
appropriate one to discuss issues of resilience and climate change adaptation
in a more strategic way. Hence, the question is whether these informal arenas
are actually capable of inserting climate resilience as a new political and tech-
nical relevance or policy priority into existing structures of city-regional policy
and politics. Without a doubt some of the informal arenas can function as seed-
beds for innovation and sustained collaboration. However, there is no reference
from the past that could show that this has already been done in other fields
of action. Some municipalities showed more interest, also in conjunction with
federal funding programs, others are less interested.

• Among the reasons that seem to hinder the implementation of resilience were
budget problems and limited staff capacities, in particular in smaller munici-
palities. This is relevant for the criteria of redundancy and robustnes as these
cause costs. Keeping of overcapacities and fallback positions enrich the opti-
ons to react and offer alternatives when needed but in a situation of strained
budgets this is almost impossible. Many municipal planners hardly have time
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and resources to try new pathways next to their daily routines. Temporary fun-
ding programmes of upper-level government seem to be a pragmatic solution
for this problem, but there is a lack of continuity and stability.

• Robustness is not very strong. While there is an increasing amount of know-
ledge about the state of the socio-ecological system and the eventual risks
of climate change, the possibility of graduated sanctions and the existence of
conflict-resolution mechanisms is not given.

• In addition, the degree of autonomy of German municipalities vis a vis hig-
her governmetal layers is high but the mentioned budget problems prevent a
sufficient leeway to self-organize a decentralized governance arrangement.

The last point refers to multi-level governance and the aspect of mobilization and
joined policy-making in particular. The regional planning authority is not respon-
sible for detailed spatial specifications but flood events are considered local events.
Hence, the question of the appropriate level of intervention arises. In terms of
mobilization, climate resilience seems to be more of a local matter. The regional
living lab met difficulties to clarify that resilience is also in need of a regional
perspective and, as a consequence, inter-organizational structures of knowledge
sharing and decision-making. In terms of multi-level governance, this is less a
problem of mobilization but of making the regional relevance plausible. This calls
for intensified boundary-spanning and coupling of levels. A further obstacle was
the absence of an overall binding political goal for the subject area of interest
here. The absence of a quantitatively or qualitatively formulated political objec-
tive at state level gives little incentive for municipalities to become active and
start collaboration with the other actors in the region. The conditions of ambi-
guous policy goals and a mix of symbolic and experimental policy-making may
result in non-decisions—or radical change once a window of opportunity opens.

9.6 Conclusion

In this chapter, we argued that multi-level governance must, in the context of
polycentric city-regions, ensure the increase of the overall organizational capaci-
ties for resilience. Despite the detailed insights described in the previous section
we want to highlight some more general insights. The first one refers to episte-
mic stability in a situation of pluralistic network governance, the second one to
environmental justice.

Uncontrolled and multipolar communication creates redundancy, shared know-
ledge and a variety of options. This type of connectivity increases resilience in



9 Building Resilience in the Context … 225

the sense of exchange of knowledge and experience. But this can also result into
a situation of contingency, i.e. where everything is possible but nothing is manda-
tory, with the eventual risk of doing nothing. Rob Hoppe characterized this type of
networked governance as “open issue networks”. These networks are pluralistic,
unstable and they allow new actors to enter the network relatively easily and thus
to introduce new relevancies and knowledge claims. The more open and emer-
gent arrangements may also facilitate citizen participation as well as (competing)
scientific perspectives to be recognized. However, an alternative scenario would
be rapid topic and content changes as a consequence of macropolitical changes.
The result is a pluralistic knowledge order and an incremental mode of problem-
solving (“random-evolutionary processes”; Hoppe 2011, p. 135) that resembles
a garbage-can-like problem and goal finding (Cohen et al. 1972). What is more
likely, however, is the emergence of coalitions of convenience that take options
for opportunistic action whenever possible (Hoppe 2011, p. 135). Expert know-
ledge is predominantly used by the actors to underpin their own position, which
tends to harm the trustworthiness of the expertise. In normative terms, resilience
in such a context implies that a range of knowledge problems needs to be solved.
These problems result from:

• the uncertainty associated with climate change regarding the probability of
occurrence of extreme weather events or disruptions;

• the question of which people (in which area) will be affected most;
• and the contested assessments of the situation and the evaluation of possible

(or impossible) options for action (Lung et al. 2013).

The challenge is one of mobilizing expertise and resources and finding appro-
priate (inter-) organizational forms to share them. One suggestion that emerged in
the course of the living lab was the establishment of a competence centre or regio-
nal think tank for climate resilience, equipped with sufficient organizational and
financial autonomy and being responsible for data management, knowledge sha-
ring, awareness raising, or in more theoretical terms mindfulness, preparedness,
and network management. This solution may be implemented without deep insti-
tutional or organizational changes. Rather, the competence centre would bundle
and support existing initiatives and facilitate joined problem-solving.

On the other hand, resilience poses a quite different challenge for multi-level
governance: Climate resilience must consider that climate change adaptation will
raise the issue of socio-ecological inequality as climate related harms will be
distributed unevenly. Even when not investigated on household level (socio-spatial
polarization) it was rather obvious that there are powerful differences between
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smaller municipalities und bigger cities (the latter ones determining the agenda,
also in terms of non-decision-making), between those cities with higher risks and
the ones less exposed to climate related risk and between those cities with severe
budget problems and those in a better financial situation.

Hence, we see two essential requirements for multi-level governance, which
are completely different in character. The reduction of socio-ecological inequality
usually generates distribution conflicts that are the result of an unequal distri-
bution of risks, burdens as well as resources. This is in particular relevant in a
city-region with moderate economic resilience, still facing the structural change of
deindustrialization (Cowell 2015). We would argue that economic resilience and
social-ecological resilience constitute two different types of action frames with
partly competing or even contradictory goals and rationalities. If negotiations
and mediations take place, however, a well-functioning multi-level governance
can formulate the rules for compensations for unequal burdens and thus ensure
acceptance. The multi-level governance of the European Union provides a rich
illustrative material for such rules with positive as well as negative examples. The
second essential requirement is about finding and validating knowledge about the
temporal and spatial distribution of climate-related risks in an inter-organizational
environment. Here, the rich literature in policy analysis and organization science
has much to offer.
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10Project-Based Learning for Building
Urban Resilience—Reflecting on Project
Examples of Climate Change
Adaptation in the Dresden Region

Gérard Hutter and Alfred Olfert

10.1 Introduction

The significance and relevance of the term “resilience” steadily increased during
the last years of searching for strategies and measures of climate change adap-
tation at European, national, regional, and local level. For instance, “climate
resilience” seems to become the new “Leitbild” of the German strategy for climate
change adaptation (DAS) (Die Bundesregierung, 2020). Policy makers and ana-
lysts justify the reference to “resilience”—more or less explicitly—with regard
to the consideration of uncertainties of climate change, its consequences, and
effective strategies in the face of societal context conditions that are characterized
by crisis and conflicts. One important argument to use the “resilience-word” is
that the term connotes something positive, something to thrive for in the face of
an uncertain future, whereas the notion of risk reduction in the context of cli-
mate change sounds less appropriate to motivate people to actually take action
for climate change adaptation (e.g., Abeling et al. 2018).
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Somehow, it has become standard procedure to introduce the term “resilience”
with—metaphorically speaking—a disclaimer that there are many different and
partially incompatible definitions of the term in the diverse scientific literatures
and related policy fields. We will not comment on this conceptual pluralism in
detail (see Ansell, 2019). This chapter is based on the widely cited paper by
Meerow and colleagues (2016) that conceptualizes resilience as urban resilience
from a system (and also network) perspective. Urban systems are relatively per-
manent phenomena characterized by complex social, spatial, and temporal scales.
In contrast, a single project is characterized by its design as temporary collective
action. After the project duration and project goals are accomplished (or not), in a
formal sense, the project is meant to disappear. How then can projects contribute
to building urban resilience?

Relations between projects as temporary organizations on the one hand and
permanent systems on the other attract more and more attention (Braun & Sydow,
2019; Davies, 2017; Sydow & Windeler, 2020). The climate governance literature
increasingly addresses these relations between the temporary and the permanent
through asking how “experiments” influence institutionalized processes of cli-
mate change adaptation (Ansell & Bartenberger, 2016; Chu, 2016, Turnheim et al.
2018). We approach such relations from a learning perspective and seek to under-
stand how actors in research and practice learn how to build urban resilience over
time, even if projects as learning opportunities are limited in time, content focus,
and resources.

The chapter mainly follows a conceptual purpose. In Section 10.2, we pro-
vide the outline of a typology of project-based learning opportunities for building
resilience in the context of climate change adaptation in cities and regions. The
typology has two dimensions: (1) Project-based learning opportunities vary whe-
ther they refer to only some parts of an urban system or the whole urban system.
(2) Opportunities vary whether they focus on adaptive capacity only or also trans-
formative capacity. Transformations necessarily entail “deep” changes in social
structures and cultural conditions of urban systems. Types of learning opportu-
nities are consequential for how we understand learning from projects of climate
change adaptation. Section 10.3 illustrates the heuristic value of the typology
through our reflections on two projects in the Dresden region in which we were
and still are involved:1 the project REGKLAM that was accomplished in the years

1Below, sub-section 10.3.1 gives some more information on the methodological dimension
of this chapter. For instance, we label our contribution to the edited volume as “reflections”
on cases of climate change adaptation projects and not as case study evidence in a narrow
sense (Gerring 2017).
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from 2008 to 2013 and the project “HeatResilientCity (HRC)” that is accomplis-
hed in the years from 2017 to 2021. Section 10.4 concludes our argumentation
through suggesting some issues for future research.

10.2 Towards a Typology of Project-Based Learning
Opportunities for Building Urban Resilience

The following conceptualizes the relations between resilience, urban systems,
projects, and learning efforts. All these terms are words with “messy histories”
(Ansell, 2019, p. 3). Hence, it is important to clarify their meaning to some extent
and to show how they are related to each other. We do this in three steps. Sub-
sect. 10.2.1 introduces the concept of urban resilience (as proposed by Meerow
et al. 2016 and Meerow & Newell, 2016). Among others, this concept enhances
a systemic view on urban resilience and leads to the distinction between whole
and partial system change. This distinction is important, because urban systems
are highly complex and dynamic phenomena. It is very unlikely that any single
project may “produce” deliberate systemic change. It is much more likely that a
project or a series of projects are deliberately related to specific parts of an urban
system. Sub-sect. 10.2.2 distinguishes between learning to increase adaptive and
transformative capacity and Sub-sect. 10.2.3 introduces the outline of a typology
that differentiates four types of project-based learning opportunities for building
resilience in cities and regions.

10.2.1 Urban Resilience and Learning from Projects

There is an abundance of definitions of resilience (Coaffee & Lee, 2016). One can
get lost in this complexity of meanings and their conceptual relations. We do not
deal directly with this conceptual complexity, but adopt a specific understanding
of resilience as urban resilience. Meerow and Newell (2016, p. 7) define urban
resilience as follows: “Urban Resilience refers to the ability of an urban sys-
tem—and all its constituent socio-ecological and socio-technical networks across
temporal and spatial scales—to maintain or rapidly return to desired functions in
the face of a disturbance, to adapt to change, and to quickly transform systems
that limit current or future adaptive capacity.” This definition is a good starting
point to frame our argumentation:
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• Ability: We understand urban resilience as an ability (or capacity) to deal
with disturbance and change in external and internal context conditions. This
understanding is rather silent on using the resilience-word for ideological and
political purposes (e.g., Coaffee & Lee, 2016; Hutter & Lorenz, 2018; Kuhli-
cke, 2013). We do not doubt that, in the “real world”, some actors may use
the term “resilience” with ideological motives and/or for political tactics, but
our understanding of urban resilience does not emphasize these possibilities.
As said, we frame resilience as an ability of urban systems.

• Urban systems and their differentiation: Like resilience, the term “system” may
also be understood in different ways, for instance, with regard to a specific
system theory (e.g., theories of closed, open, or autopoietic systems). In this
chapter, system simply means that urban resilience emerges from complex pro-
cesses that relate to manifold ecological, social, and technical elements—more
or less directly coupled. Systems are in most cases differentiated in sub-units
(or social, socio-technical etc. sub-systems). Urban systems are phenomena of
very high complexity and levels of differentiation, for instance, with regard to
the scales of social action (e.g., vertically from the level of networks to single
nodes within networks and horizontally with regard to diverse societal spheres
like urban economy, politics, and administration).

• Spatial and temporal scales: Urban systems are characterized by a multitude
of spatial and temporal references. For instance, it is possible to differentiate
between different spatial levels and types of places as well as a multitude of
temporal references (e.g., the rhythms, tempi, and durations of events and acti-
vities in urbans systems). Urban systems have histories and futures (“shadows”
of the past and the future).

• Maintenance/coping, adaptation, transformation: Some scholars keep resili-
ence and transformation distinct. For instance, Pelling (2011, p. 51) defines
resilience in a general way as the “functional persistence in a changing envi-
ronment“. From his viewpoint, resilience is restricted to changes in technology
and organizational practices, whereas changes in social structures (e.g. econo-
mic and political regime changes) and cultural conditions are excluded from
the notion of resilience (e.g., change in the justification of social inequality).
The concept of Meerow and colleagues (2016, Meerow & Newell, 2016) is
a broader one. It includes the ability to maintain and cope, to adapt, and to
transform urban systems to increase adaptive capacity in the future.

To avoid misunderstandings, it is important to note (1) that the characterization
of urban systems as more or less resilient is a matter of degree and of whether
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a statement about degree refers to coping, adaptation, or transformation. (2) Fur-
thermore, the ability to cope, adapt, and transform urban systems needs to be
demonstrated empirically, if such empirical claims are made with regard to specific
cases of urban systems (Gerring, 2017). (3) It is also important to note that con-
sidering coping, adaptation, and transformation does not necessarily imply that
such efforts are in harmony with each other. For instance, research on “regio-
nal resilience” argues that efforts of actual adaptation in the present may be in
tension with efforts to ensure the adaptability of cities and regions in the future.
Efforts to ensure adaptability are (to some extent) similar to initiatives of trans-
formation (e.g., Boschma, 2015). (4) We also want to question that “to quickly
transform systems” (see the citation above) is highly likely in many cases of
urban systems. The notion of urban resilience (Meerow et al. 2016) is merely, as
mentioned, a starting point for conceptualizing “project-based learning for urban
resilience”—and now we turn to the learning part of this expression.

There are diverse definitions of learning (Easterby-Smith & Lyles, 2011).
Many scholars agree that learning is present, if actors experience reflection on
and deliberate change in knowledge on relations between the content, processes,
and context conditions of action (e.g., Carroll et al. 2003; Swan et al. 2010).
Different theories, models, and methods seek to differentiate between how this
happens, the degree of deliberateness of change, various types of knowledge, and
so forth. Learning can happen from experience in the past and anticipated “expe-
rience” in the future. Learning is a manifestation of “human agency” (Emirbayer
& Mische, 1998)—so is the development and implementation of a project.

Projects are combinations of “people and other resources brought together in a
temporary organization and process to achieve a specified goal. What distinguis-
hes projects from all other organizational activities–such as manufacturing and
services–is that a project is finite in duration, lasting from hours, days, or weeks
to years and in some cases decades…a project organization is temporary and dis-
posable by design. Each project brings together people and resources needed to
accomplish a goal and disappears when the work is completed.” (Davies, 2017,
p. 2).

Projects may vary in many features (size, uniqueness, complexity, uncertainty,
and ambiguity of the task, project team composition, and so forth). However, any
project is established with the institutionalized expectation that project goals are to
be accomplished, whether this actually happens in the end or not. Projects channel
attention of multiple actors on developing, establishing, specifying, implemen-
ting, and evaluating the accomplishment of the goals of organized action—within
a designed project duration. Project partners may appreciate that exactly this
“temporary nature” of joint action forces them to focus on the formulation and
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justification of goals as well as on effective, efficient, and appropriate ways how
to actually accomplish goals (Braun & Sydow, 2019).

In this chapter, it is especially important to distinguish between two forms of
project-based learning (Hartmann & Dorée, 2015; Swan et al. 2010):

• Projects are learning opportunities in the sense that actors involved in projects
learn how to develop and implement such collective action during the project
duration (“learning in projects”). We largely abstract from this type of learning.

• Learning also happens before and after the beginning and the end of a project.
We focus on learning after the formal completion of projects on climate change
adaptation (“Learning from projects”).

Learning agents may learn from only one project or multiple projects. Ansell and
Bartenberger (2016) show that this distinction is crucial to understand “varieties
of experimentalism” with regard to the provision of small contributions for sol-
ving complex problems like climate change adaptation in cities and regions, for
instance, through pilot projects.

Why are projects and project-based learning efforts relevant for urban resili-
ence? One obvious answer would be that projects are pervasive in many sectors of
society and related policy fields, not only in typical project-based industries and
sectors like the construction industry and advertising, but also in the “creative
industries”, urban development, and climate change adaptation—to name only a
few (Braun & Sydow, 2019, Turnheim et al. 2018). Urban systems are also charac-
terized by pools of projects in various sectors and urban areas. Projects need not
necessarily be explicitly designed for building resilience, but many do by influ-
encing structures, resources and capabilities of agents and institutions. Projects
directed towards specific goals other than resilience may be relevant contributions
for building resilience.

10.2.2 Learning from Projects to Increase Adaptive
andTransformative Capacity

Given that projects, even large ones (see below REGKLAM), are goal-driven
temporary collective actions of a set of project partners of limited scale and scope,
it is questionable that they intentionally and strongly influence urban systems.
However, project intentions may vary. To further understand the relations between
project-based learning on the one hand and urban resilience on the other, we
need to consider that project goals can be very different with regard to building
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resilience. The following mentions two options: Agents may seek to increase the
adaptive capacity of an urban system. They may also try to initiate and establish
more radical changes in urban systems:

• Learning from projects to increase the adaptive capacity of and in urban sys-
tems: Over time, urban systems are characterized by specific social structures
(e.g., network structures and “structural holes”, urban power relations), cultu-
res (e.g., values, norms, cognitive structures), and practices. Actors involved
in social-ecological and social-technical networks act to some extent—more
or less explicitly—in accordance with societal institutions that encompass
regulative, normative, and cognitive features (Scott, 2014). Adaptive capa-
city is the capacity of an urban system or sub-system to deal with current
and future disturbance and change without fundamentally questioning existing
social structures, cultures, and practices and without the intention of syste-
mic change. For instance, knowledge-intensive organizations (like universities)
may generate new knowledge on regional and local climate change, on cli-
mate change consequences, and options to deal with such changes. Within the
given structural and cultural conditions of an urban system, this new know-
ledge diffuses into the relevant socio-ecological and socio-technical networks.
The diffusion of new knowledge leads to a significant increase in adaptive
capacity of an urban system or some parts of it. But it does not necessarily
lead to a radical change of the system.

• Learning from projects to increase the transformative capacity of and in urban
systems: Efforts of building resilience as transformative capacity face the chal-
lenge of realizing systemic change (“deep” structural and cultural change).
This means, first and foremost, “deep” change of the whole urban system with
regard to its constituent socio-ecological and socio-technical networks across
temporal and spatial scales. This can also concern only parts of an urban sys-
tem (see below Sub-sect. 10.2.3). Systemic change may be conceptualized
differently with regard to the focal urban system and based on the chosen
concepts and theories to define the system elements and their relations (Tödt-
ling & Trippl, 2018; Wolfram, 2016). Furthermore, in the context of urban
resilience and climate change adaptation, it is important to note that transfor-
mative capacity refers to deliberate change for increasing adaptive capacity in
the future. Deliberate change encompasses efforts of overcoming limitations of
current adaptive capacity and establishing innovations in social structures, cul-
tures and practices. In contrast, researchers studying “regional resilience” are
more concerned about relations between resilience, adaptation, adaptability,
and regional economic growth (e.g., Boschma, 2015).
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At first sight, we could assume that learning for adaptive capacity focuses only on
parts of urban systems, whereas efforts of transformative capacity address issues
of “deep” change at the level of the whole urban system. These are possible
options. However, and at second thought, in the next sub-section we argue that
the dimension of urban resilience related to whole systems and sub-units on the
one hand and the dimension of efforts to increase adaptive and transformative
capacity on the other stand in an orthogonal relation to each other. Hence, we
can combine both dimensions to construct the typical 2×2-matrix for heuristic
application in studies on building resilience (Gerring & Christenson, 2017).

10.2.3 Outline of a Typology of Project-Based Learning
Opportunities

We summarize our conceptual statements through proposing the outline of a typo-
logy of project-based learning opportunities for building urban resilience. Two
dimensions characterize the typology. Firstly, learning opportunities may vary
with regard to whether learning agents consider interdependencies of a whole
urban system (similar to actors that make policies for “Regional Innovation Sys-
tems (RIS)”, Tödtling & Trippl, 2005, 2018) or whether they focus learning efforts
on a specific part of an urban system. Secondly, the purpose of project-based
learning for building urban resilience may vary. Learners may follow modest
ambitions to increase adaptive capacity directly without questioning social struc-
tures, cultures, and practices. If they are ambitious and willing to move out of
their “comfort zone”, they may deliberately face the “tough issues” of increa-
sing transformative capacity for more adaptive capacity in the mid- to long-term
future. Table 10.1 summarizes these conceptual possibilities.

Given highly complex urban systems, a single project will often only provide
a small contribution to solve big problems. Weick (1984) suggests that big pro-
blems require also small solutions (“small wins”), because appreciating such wins
facilitates focused collective action to actually change the world. He recommends
to think from big problems to small solutions. At present, in climate change adap-
tation research, it´s the other way round. Many pilot projects on climate change
governance provide small contributions to urban systems. Now, there is the ques-
tion how to move “beyond experiments” and how to establish intended “deep”
change of urban systems (Turnheim et al. 2018). We propose that the typology of
project-based learning opportunities considers both directions of thinking—from
big to small and the other way round. The following briefly describes each type
in turn:
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Table 10.1 Outline of a typology of project-based learning opportunities for building urban
resilience

Dimension 2: Purpose of learning

Learning for adaptive
capacity

Learning for
transformative capacity

Dimension 1: System
reference of learning

Urban
sub-system

Type 1
“Staying in the comfort
zone”

Type 3
“Strategic positioning
of change in
sub-systems”

Urban
system

Type 2
“Expanding the agenda
of climate change
adaptation”

Type 4
“Addressing tough
issues for system-wide
change”

• Type 1 “Staying in the comfort zone”: Learning is deliberate change in know-
ledge. Deliberation is easier to understand, to plan and to implement, if
learning agents remain in their comfort zone. Learning opportunities arise
out of establishing a focus on well- specified small contributions to big pro-
blems. Hence, also in the face of climate change adaptation and the challenges
of building resilience, learning agents should not be ashamed of focusing
on only parts of urban systems and adaptative capacity. Exploiting learning
opportunities of type 1 is necessary, but not sufficient for building urban
resilience.

• Type 2 “Expanding the agenda of climate change adaptation: Learning agents
are able to move out of their comfort zone without necessarily questioning
deep social structures, cultures, and practices. They may seek to expand the
agenda of learning to build adaptive capacity in the context of climate change
adaptation of whole urban systems. Below in Sect. 10.3, we encounter such
a project-based effort through considering the example of the project REG-
KLAM. Project partners (mainly from science as well as representatives from
state and local administrations and business organizations) tried to develop a
comprehensive agenda for climate change adaptation in the Dresden region.
They formulated an adaptation program (without intensive reference to the
notion of urban resilience). The example shows that project partners had diffi-
culties to establish a strategic focus to develop the adaptation program and that
the contribution of the program to actual change in the Dresden region is ques-
tionable. Hence, even if learning agents stay within existing social structures,
cultures, and practices, project outcomes may be uncertain.
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• Type 3 “Strategic positioning of change in sub-systems”: Van Buuren and Loor-
bach (2009) argue that project-based learning efforts in line with types 1 and
2 will be “conservative” and limited to delivering specific problem solutions
that can be directly exploited in existing social structures and cultures. As
regards the uncertainties of climate change and its consequences, especially
related to extreme events like low-probability floods and heat waves, such
“play within the rules of the game” (or such stay within the regime, to use
the terminology of “sustainable transitions research”, Köhler et al. 2019) may
be not enough. Learning agents that consider opportunities of type 3 seek
to establish transformation-oriented or transformative projects to increase the
odds of “deep” structural and cultural change in urban systems. However, they
do not attempt to change the whole system. They define a selective focus for
increasing transformative capacity. For instance, they may attempt to consider
what actions are possible and effective in case of anticipated low-probability
and high-impact events in the context of climate change (e.g., a heat wave
with extreme duration). Learning opportunities of type 3 combine the benefits
of specification through strategic positioning of change with the ambition to
move out of the comfort zone through initiating and establishing transformative
change.

• Type 4 “Addressing tough issues for system-wide change”: Learning agents
that attempt to establish transformative change of whole urban systems face
manifold tough issues. This is so for many reasons. For instance, systemic
change may lead to conflicts and power plays between established actors on
the one hand and “newcomers” that seek to change current practices of whole
urban systems on the other. Furthermore, deliberate systemic change may be
difficult to accomplish because of fragmentation between system elements in
cities and regions (e.g., “fragmented metropolitan regions”, Tödtling & Trippl,
2005, p. 1209; see also Zimmermann & Lee in this volume). On the level of
whole urban systems, we furthermore need to consider not only single projects,
sets of projects, and project networks, but whole “project ecologies” (Davies,
2017). If many organizations are involved in many projects, then the concept
of a “project ecology” applies (Grabher & Ibert, 2010). Hence, one single
project may indirectly contribute to building urban resilience through change
in project ecologies and this, of course, also holds for multiple projects (Ansell
& Bartenberger, 2016). Actors interested in learning of type 4 may work out
the implications of learning through referring to the so-called "Multi-Level
Perspective (MLP)" that addresses the relations between niche activities, socio-
technical regimes and socio-technical landscape developments (e.g., Köhler
et al. 2019).
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Proposing the outline of a typology makes sense, if types are analytically distinct
(Gerring & Christenson, 2017). However, this is only the conceptualization of the
chapter. In the “real world”, these analytically proposed typical learning oppor-
tunities are not necessarily mutually exclusive. We also do not argue that actors
involved in urban systems often face all learning opportunities in their daily practi-
ces. To consider the “healthy” difference between concept and “reality” (Weick &
Westley, 1996), the following reports on two projects examples of climate change
adaptation in the Dresden region. This will inform us about the heuristic value of
the typology of project-based learning opportunities for building urban resilience.

10.3 Projects on Climate Change Adaptation—Examples
in the Dresden region

10.3.1 Methodological Note

This chapter focuses on conceptual statements about project-based learning for
building urban resilience in the context of climate change adaptation. Statements
are justified primarily through referring to the relevant literatures on project mana-
gement and learning as well as urban resilience and climate change governance
(e.g., Braun & Sydow, 2019; Meerow & Newell, 2016, Turnheim et al. 2018). We
believe that perception without conception is blind and that conception without
perception is empty (Van de Ven, 2007). Therefore, this section reports our per-
ceptions of project examples of climate change adaptation in the urban region of
Dresden.

We were both intensively involved in project development and implementa-
tion from start to finish, which holds especially for the first example, the project
REGKLAM. Our involvement in the two project examples implies some research
opportunities and risks. The involvement enables us to reflect on project examp-
les that we know in detail (e.g., Hutter, 2014; Hutter & Bohnefeld, 2013; Hutter
& Otto, 2017; Olfert et al. 2014; Schünemann et al. 2020). However, reflecting
on our own project involvement, we may be inclined to “present things better
than they actually were”. We could be tempted to present success cases and to
downplay failures and shortcomings (Ansell & Bartenberger, 2016). Furthermore,
our suggestions about the examples may reflect some unconscious selection bias
that we are unable to articulate in this chapter. We hope that relating conceptual
arguments with the ex-post analysis of the project examples helps to avoid an
unjustified bias in this chapter. We label our suggestions on the examples as “re-
flections”, because the following cannot count as case study evidence in a narrow
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sense (Gerring, 2017). The analysis may count as retrospective “sensemaking”
(Weick, 1995) of our project involvement.

Some methodological considerations why the two project examples are worth
referring to in this chapter are in order (Gerring, 2017, p. 41):

• The first example mentions a completed project in the Dresden region that
was large in terms of people involved and resources used (based on funds of
federal government). One could expect that a large project on climate change
adaptation has a strong effect on urban systems. In contrast to this expec-
tation, our reflections suggest that project size and duration per se are not
decisive for deliberate change in urban systems and this should hold also for
building resilience in the face of climate change. Of course, size and duration
may matter with regard to other issues of urban systems. From the example
REGKLAM we learn that building urban resilience based on “project pools”
is more important than following a narrow focus on a single project.

• The second project example is deliberately related to the first example. Some
actors involved in REGKLAM developed with partners from another Ger-
man city, the city of Erfurt, the project “HeatResilientCity (HRC)”. One could
expect from such related project variety that, due to partial stability in the actor
constellation, partners were and still are engaged in inter-project learning. Our
reflections suggest that such inter-project learning actually happened.

Both examples point to the argument that project-based learning for building
urban resilience in the context of climate change adaptation becomes salient with
regard to the pool of projects in urban systems. Learning from and ex-post eva-
luations of single projects may still be beneficial, but they are less prominent in
our argumentation.

10.3.2 The Project REGKLAM:Do Large Projects Always have
Strong Effects?

REGKLAM2 was a large project of both scientists and practitioners on climate
change adaptation in the Dresden region with an overall budget over 10 Mio. EUR
and a project duration of five years (from the year 2008 to the year 2013). The
context conditions, processes, and contents of REGKLAM are complex and any

2“Regionales Klimaanpassungsprogramm für die Modellregion Dresden” can be translated
as “Regional climate change adaptation program for the model region Dresden”.
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single study cannot do this project “justice” in every respect. However, in what
follows, we want to suggest that this project example aptly illustrates two points
of our argumentation:

• The probability is in many cases low that any single project, even a large one,
leads to deliberate change of social structures and cultures in and of urban sys-
tems. In retrospection as well as in anticipation, especially learners interested
in learning from only one project have to demonstrate clearly the conditions for
deliberate change that actually happens with regard to deep structures, cultu-
res, and practices (Goertz & Mahoney, 2012). To address deliberate change as
building urban resilience in the context of climate change adaptation, it seems
plausible to argue that the focus should be on the “pool” of adaptation projects
related to an urban system (Ansell & Bartenberger, 2016). We therefore look at
two project examples while being fully aware of these two being but a choice
of a larger array of related projects and discourses in the region.

• Project partners of REGKLAM focused on planned (or programmed) climate
change adaptation to provide a contribution mainly to increase the adaptative
capacity of the Dresden region. Partners did not intend to question existing
social structures and cultures and actually did not do so during project duration.
They were occupied with accomplishing the project goals as laid out in the
initial proposal of REGKLAM. Obviously, starting conditions of the formal
project duration were of high importance for the whole project implementation.

The following briefly elaborates on these points with regard to project deve-
lopment and implementation: Formally, in the year 2008, federal government
established the German strategy for climate change adaptation (“Deutsche Anpas-
sungsstrategie an den Klimawandel (DAS)”) (Die Bundesregierung, 2008). In this
policy context, the Federal Ministry for Education and Research (BMBF) announ-
ced the strategy- and network-oriented funding program KLIMZUG on climate
change adaptation in regions and cities (already in the year 2007). Somehow “na-
turally”, scientists and practitioners already involved in climate change adaptation
with specific expertise and responsibility in the Dresden region developed a pro-
ject proposal called “Regionales Klimaanpassungsprogramm für die Modellregion
Dresden (REGKLAM)”.

The proposal mentions three main goals of the joint project of scientists and
practitioners (“Verbundvorhaben”): (1) developing and testing a so-called “Inte-
grated Regional Climate Change Adaptation Program”, (2) implementing strategic
projects in line with the program and (3) consolidating network relations between
partners in the Dresden region that are already involved in and/or important for
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climate change adaptation at local and regional level. The “Free State of Saxony /
Freistaat Sachsen” supported the project, for instance, through participation in
the project organization. Furthermore, some state agencies in Saxony and local
authorities were included, like the City of Dresden, as full project partners (with
a specific budget and project responsibility). Over the time span of five years,
REGKLAM included many important actors in science and practice in the Dres-
den region. However, citizens and politicians as well as organizations of the civil
society participated only at the margins, for instance, in the context of public
events organized by the project team of REGKLAM.

To ensure project activities in accordance with the REGKLAM proposal and
to generate the proposed outputs for goal accomplishment, REGKLAM was
implemented by a complex specific project organization and some flexible organi-
zational as well as resource allocation elements to consider contingencies during
the project duration of five years. For instance, ten percent of every project
partner´s budget was allocated to “open topics” that could arise during project
implementation due, for instance, to the articulation of issues important for the
practitioners of climate change adaptation in REGKLAM. We think it is fair to
say that project partners worked hard to accomplish the initial goal statements that
justified the project in the first place and that the REGKLAM team as a whole
succeeded in demonstrating this through the “production” of pre-defined outputs
(Olfert et al. 2014).

Very generally, one could argue that the project REGKLAM was a typical
strategy project of regional climate change adaptation in Germany characterized
by the context of the years from 2000 to 2013 approximately. Resilience is no
key word in the announcement of the funding program of the BMBF in the year
2007 and resilience is also no key word in the REGKLAM proposal. However,
the resilience word is used approximately twenty times in a key publication on the
climate change adaptation program at the end of the project (mainly with regard
to water and forestry issues, see REGKLAM-Konsortium, 2013). Hence, the resi-
lience word does not play a prominent role in REGKLAM. However, the issues
of regional climate change adaptation put forth by the REGKLAM team refer in
many regards to not only adapting to changes in means of climate variables and
their consequences, but also in regard to structural changes of extreme values of
these variables (e.g., heat waves).

A thorough document analysis in the year 2019 shows that REGKLAM project
partners refer only little in their own strategy documents to the output documents
of REGKLAM up to this year (Meyer, 2019). Especially the City of Dresden
refers to REGKLAM outputs. Up to now, specific activities to evaluate the impact
of REGKLAM on parallel processes in the Dresden region and in terms of impacts
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after project completion were not conducted. Unfortunately, we know only very
little about the implicit impact of REGKLAM on climate change adaptation at
the various spatial scales in the Dresden region (Turnheim et al. 2018, p. 227).

10.3.3 The Project HeatResilientCity (HRC): A Case
of Inter-Project Learning?

HRC is significantly smaller than REGKLAM, but still a medium-sized project
of both scientists and practitioners with a focus on the topic of urban heat in the
two cities Dresden and Erfurt. The overall budget is approximately 3 Mio. EUR.
The project HRC lasts from the year 2017 to January in the year 2021. Like
REGKLAM, the project HRC is funded by the BMBF. Funding will continue
after January 2021 through implementing the subsequent project HRC II. We
suggest that the projects REGKLAM and HRC jointly illustrate two points of our
conceptual argumentation:

• Selected REGKLAM partners developed in cooperation with partners from
science and practice in Erfurt the project proposal of HRC. We see this kind
of “follow up” of REGKLAM as a process of inter-project learning (at least
to some extent). REGKLAM was characterized by a very broad and complex
agenda of regional climate change adaptation topics. The agenda encompassed
issues of adapting urban open space and built structures, and economic relati-
ons as well as policies related to health, biodiversity, agriculture and forestry.
We hypothesize that the integration capabilities of the REGKLAM partners did
not match this broad agenda. This is particularly plausible as some of the
issues (such as public health) where brought up later in the process of project
implementation. As a consequence, REGKLAM partners formulated a climate
change adaptation program that somehow lacked a “strategic focus” (e.g., Hut-
ter, 2014; Hutter & Bohnefeld, 2013; Hutter & Otto, 2017). HRC is clearly
based on the knowledge produced and experiences made in REGKLAM and is
therefore much more focused right from the beginning. Discussions aiming at
joint follow up activities had started right after the completion of REGKLAM
and involved a core of partners now implementing HRC. Already at this early
point of time a joint focus on topics around urban heat where agreed upon.
Partners followed an inter- and transdisciplinary approach to develop effective
and acceptable measures for adapting to heat stress in urban areas and to inves-
tigate their effectiveness. We see this as inter-project learning, among other
important conditions and processes to explain project development (network
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and institutional conditions, typical processes of reacting to research funding
program announcements without significant change in knowledge, see Gerring
& Christenson, 2017, p. 65, for an overview over “causal frameworks”).

• The option of learning from multiple projects needs differentiation. Actors
interested in urban resilience may learn from related as well as unrelated pro-
ject variety. Ansell and Bartenberger (2016) argue that learning from unrelated
variety resembles a process of “Darwinian experimentation” which requires
that learning agents show, for instance, high tolerance of ambiguity and high
levels of learning also from failure as well as the ability of letting go a strong
interest in control of activities. In case of learning from related project variety,
there is the tendency to work out some specific lessons over the course of a
series of projects, for instance, to convincingly address implementation issues
“on the ground” of climate change adaptation. We contend that both unre-
lated and related project variety are important for building urban resilience
(Boschma, 2015, p. 738, proposes a similar argument for regional economic
resilience).

The following briefly elaborates on these points with regard to the development of
HRC (other authors in this volume report on project implementation and results in
more detail): The project durations of REGKLAM and HRC show that three years
passed between the two projects which is due to the two relevant BMBF program
conditions. After KLIMZUG and REGKLAM, it was clear from the outset (1) that
the program announcement relevant for HRC stressed the importance of “climate
resilience” for urban development and (2) that projects should be smaller than the
large KLIMZUG projects of the past. The (at the time potential) project partners
in Dresden and Erfurt agreed that this was an opportunity to focus on such issues
of climate change adaptation that were related to strong and relatively robust
climate change “signals” like rising mean temperatures, a higher frequency of hot
days and an increasing probability and duration of heat waves especially in urban
areas. As mentioned above, we interpret this focus of HRC partially as process
of inter-project learning. REGKLAM provided a robust knowledge basis which
allowed to focus on a particular topic of climate change adaptation and some
partners of REGKLAM had pre-selected heat as one focus topic for joint R&D
activities. A core group of REGKLAM-partners organized this project-oriented
agenda setting through conducting a series of planned follow-up meetings after
REGKLAM had ended.

The HRC project team focuses on the effectiveness of adaptation measures
to deliberately change the building stock and its usage as well as measures
with regard to related green, blue, and grey infrastructures. HRC especially pays
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attention to the relations between the scientific analysis of the effectiveness of
measures and how these measures are perceived and accepted by target groups
in the relevant urban areas in the cities of Dresden and Erfurt. To generalize
across the complexity of adaptation measures addressed in HRC, one could say
that the project focuses on building resilience to heat stress as adaptive capacity.
The agenda of HRC is not only focused with regard to the chosen climate change
parameters and their consequences, especially in terms of heat stress for the peo-
ple, but also with regard to intended incremental change in terms of considering
a complex set of measures that stay within the existing social structures and cul-
tures of the urban system (Westermann et al. 2021, under review). In contrast to
the focused and somehow quite narrow agenda of HRC, there is high complexity
of measures considered and also high complexity under which conditions these
measures are applied in different urban areas in Dresden and Erfurt.

The step to move from REGKLAM to HRC with a clear focus on one topic
(urban heat) and on the development of effective and acceptable measures was
and still is well justified. Even without a specific evaluation study to derive this
summary statement, there are several points that support this proposition:

• The background of knowledge, problem awareness, overall preparedness, the
existing social networks and trust relations among partners which had coopera-
ted in REGKLAM enabled the partners of HRC to use the project duration of
three years to develop practical adaptation measures and to partially implement
those measures in the “real world”.

• The focus on just one main topic (urban heat) and on issues of implementation
narrowed the scope of content complexity, partner relations, and of project
management procedures and allowed an effective implementation of project
goals. This finally resulted in the willingness and cooperation of all partners
(including local practitioners) to develop the follow up project HRC II. Even
an increased project complexity was brought in by including the public health
topic in HRC II.

• Based on experiences made in REGKLAM with including external public
health experts from another region (the university in Bielefeld), in HRC, a
more integrating process was taken by involving and convincing the heavily
overburdened local health authorities in Dresden to take part in HRC II and to
formulate their own thematic interest in the project. Project partners of HRC
still seem to be highly committed to the project and its follow-up activity of
HRC II.
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In sum, the two projects REGKLAM and HRC (as well as the follow-up activity
of HRC II) are examples that illustrate how learning agents seek to transcend
their comfort zones to address the issues of climate change adaptation in urban
systems: In REGKLAM, project partners formulated a climate change adaptation
program with a very broad agenda and less emphasis on implementing this agenda
in the “real world” of urban systems (for instance, through strategic projects). We
suggest that REGKLAM illustrates how actors in science and practice may exploit
learning opportunities of type 2 “Expanding the agenda of climate change adapta-
tion”. However, REGKLAM partners did not develop a selective focus on climate
change adaptation. This is perhaps not surprising, if learning agents involved in
large adaptation projects move out of their comfort zone to consider high com-
plexity of whole urban systems like the Dresden region (Healey, 2007). Based on
inter-project learning, some partners of REGKLAM and actors from outside the
Dresden region were subsequently able to develop a much more focused project
on dealing with rising temperatures and heat stress in urban areas (the project
HRC). How this relates to learning opportunities of type 1 “Staying in the com-
fort zone” and type 3 “Strategic positioning of change in sub-systems” needs to
be discussed further. In the meantime, we wonder how processes of evaluating
and learning from related projects like the two examples REGKLAM and HRC,
and also from unrelated project variety, could be enhanced through future studies
on building urban resilience in urban regions like Dresden and Erfurt.

10.4 Conclusion and Outlook

Similar to other policy fields and practices, climate change adaptation governance
is increasingly characterized by projects at various spatial and temporal scales.
We follow evolutionary thinking in expecting that projects are indispensable to
increase the variety of possible adaptation solutions as well as to generate and
diffuse new solutions that then become innovations for building urban resilience
in the context of climate change. To understand this project variety for urban
resilience and climate change adaptation, one needs to consider the literatures on
project management, learning, climate change governance, and urban resilience.
We tried to do so and summarized our conceptual argumentation through propo-
sing the typical 2×2-matrix that entails two dimensions: the dimension of whole
urban systems with very high complexity and sub-systems on the one hand and
the dimension of learning intentions with regard to adaptive and transformative
capacity on the other. We used this matrix to reflect on two project examples on
climate change adaptation (the projects REGKLAM and HRC over a time span
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from the year 2007/2008 to the year 2021). We conclude with proposing some
issues for further investigation:

• Future work on project-based learning for urban resilience may be seen as
part of ongoing processes in and of “learning regions”. More and more, there
is work on regional development that elaborates on the policy implications
of learning-oriented projects for supporting regions into desired directions of
sustainable development (e.g., Köhler et al. 2019 on sustainability transitions
and Tödtling & Trippl, 2018 with regard to regional innovation policies beyond
“neo-liberal and traditional systemic views”). We are hopeful that conceptual
and empirical work that seeks to integrate research on project management,
learning, urban resilience, climate change governance, and regional climate
change adaptation will lead to new policy recommendations that increase the
odds of desired change in adaptative and transformative capacity in the “real
world”.

• Future empirical work on project-based learning for urban resilience in the
context of climate change adaptation needs to take multiple levels of analysis
and the complexity of process patterns for scaling up, replicating, circulating,
and institutionalizing project outputs in urban systems into account (Wolfram,
2016, Turnheim et al. 2018, pp. 230–231). This will only happen if at least
medium-sized projects with strategic focus on evaluation and learning, with a
convincing case study design, and partners in research and practice that are
willing and able to learn from projects become possible in the “real world”
(Van de Ven, 2007; Gerring, 2017).

Any single project is only a small contribution to building urban resilience in
the context of climate change adaptation. Given the evolution of complex project
pools in urban systems, also with regard to projects on climate change adaptation
in urban regions like Dresden, researchers and practitioners need to trace how
project pools develop in the direction of intended change for building resilience.
Therefore, in the end, we call for the co-evolution of research and practice for
building urban resilience.
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