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ARTICLE INFO ABSTRACT

Political decision-makers need to consider the various challenges and opportunities that climate change can
bring, and they must take decisions under high uncertainty to achieve resilient cities. Here, we synthesise the
push and pull approaches reported in the literature and employed in practice to achieve sustainable and resilient
cities.

First, we present a literature review which identified the major research fields on transition theories, fra-
meworks and methods that underpin this concept. We analyse the conditions for change, identify enablers or
triggers for change at governance level for transitioning a city towards sustainability and resilience. We discuss
the theories, frameworks and methods which can be used to address the urban climate change challenge at city
level.

Second, we present an empirical approach based on stakeholder participation that we conducted to detect the
conditions for change. We report on the design and implementation of stakeholder exercises that helped us
detecting the conditions for changes.

Third, we combine the information obtained from these stakeholder exercises with that extracted from the
literature in order to provide a fuller picture on how stimulate the transition and transformation to achieve
sustainable and resilient cities. Based on our literature review and empirical approach, we formulate an in-
tegrated conceptual model for transition that enables the design of adaptation (and mitigation) strategies that
consider the triggers of change. Uniquely we identified 8 triggers of change, including authority and political
leadership, learning from disasters, co-responsibility, increased public-private interface, social participation and
the living lab approach to innovation. The proposed model can be applied to the whole city or to a certain sector
of the city (e.g. energy). We demonstrate that triggers of change help to overcome planning and implementation
barriers and move the socio-ecological and socio-technical systems of any city towards those of a resilient city.
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1. Introduction

More than half of the world's population lives in cities and faces the
challenges of climate change [1-3] and urban development. This si-
tuation necessitates a change in present governance in order to acquire
the capacity to generate long-term, flexible and sustainable policy in-
struments to address problems. However, such change should involve
the coordination of pre-existing authorities, organised interests and
knowledge [4]. Heidrich et al. [5] investigated the relationship between
climate change strategies at urban level and EU and national climate
policies. Of the 200 cities surveyed, they found that only 56 cities (23%)
had adaptation strategies. This highlights the need to strengthen the

capacity of local authorities and develop tools and resources that enable
them to plan and respond to their specific climate change problems.

Generally speaking climate change has two areas mitigation i.e. to
reduce the causes of climate change via for example renewable or
sustainable energy systems, and climate change adaptation i.e. to re-
duce the negative impacts that climate change may bring for example
energy, heat island, flooding or vulnerability [6]. Besides, the policy
response should integrate both areas [7]. A clear example of this is the
new merged Covenant of Mayors for Climate and Energy which in-
tegrates mitigation and adaptation issues to achieve the EU energy and
climate targets [8].

Therefore, the cities challenge lies on designing workable
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governance instruments to support low carbon energy transition [9]
and stimulate urban transition and transformation to achieve sustain-
able and resilient cities [10,11]. Energy consumption model and
greenhouse gases reduction is highly dependent on the urban char-
acteristics (e.g. urban form) [12,13]. In turn, cities should take action to
both reduce the greenhouse gas emissions and adapt the system to re-
duce the negative impacts of climate change [12].

A few studies have focused on urban energy resilience [14] this
paper would like to highlight the importance of transitioning the whole
city but also discusses specific sectors like energy at the same time as
they both have common planning and design criteria (e.g. land use,
urban geometry and morphology, governance, socio-demographic as-
pects). Therefore, it is hoped that the review and the transition model
presented here can help in the adaptation and mitigation to climate
change of the whole city, that is applicable in various sectors like en-
ergy, water and transport.

Several approaches (e.g. incremental, transformative or reformist
adaptation) and conceptual models (e.g. Adaptation Action Cycles,
Transition Handbook) to study climate change mitigation and adapta-
tion have been presented to determine how to transition towards sus-
tainable urban development can achieve more resilient and sustainable
cities [10,15,16]. Two research communities have emerged that ad-
dress the transition and transformation of the cities: climate adaptation
and transition communities. The climate adaptation community ad-
dresses problems related to climate change, which has improved the
analysis and quantification of climate change impacts (consequences of
climate hazards), developed vulnerability assessment methods, pro-
vided strategies for adaptation and identified opportunities but also
barriers to adaptation [10,17]. Meanwhile, there is another community
- the transition community - that has been focused on the transition of
urban governance tools to achieve e.g. sustainability, low carbon en-
ergy systems and resilience [14,18,19]. In this latter community, sus-
tainable transitions have entered the academic debate [20-22] about
the governance, methods and tools necessary to help cities attain sus-
tainable living, cleaner energy and resilience.

Effective governance of transitions requires the capacity to deal
with complexity and uncertainty, manage big data and conduct in-
depth analysis. It must also involve a broad range of stakeholders in
these processes. In this respect, several scientific communities have
addressed the governance of urban transition. In one hand, the transi-
tion community has developed the transition management (TM) ap-
proach [15,23-27], a governance model focused on society and tech-
nology. Urban transition management is a variation of transition
management which focuses on city-specific challenges and employs the
same principles as transition management [28]. Meanwhile, in the
other hand, the climate adaptation community has proposed the
adaptive governance approach, which consists of creating adaptability
and transformability in socio-ecological systems. Although initially
formulated as an adaptive management approach [4,25,29-31], it dif-
fers in considering broader social contexts [30]. Whereas adaptive
management focuses on the interaction between social and natural
dynamics [32-36], adaptive governance is a broader concept adopted
by the climate adaptation community that uses adaptation to increase
the resilience of socio-ecological systems [34].

Despite their different approaches, both these scientific commu-
nities (transition and climate adaptation communities) address the
urban system with the same aim: to increase resilience and sustain-
ability and prepare for the global challenges ahead, i.e. cleaner energy
or flood protection as responses to the threats and opportunities of
climate change [11]. Resilience provides the capacity to absorb dis-
turbances while maintaining function [32], endowing the system with
the capacity to reorganise itself after a disturbance [37], and to adapt
and learn [25,38,39]. Sustainability is a multidimensional systemic
concept that embraces the environment, society and the economy and
adopts a long-term vision for energy generation and consumption
[38,40,41].
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Therefore, specific governance models are required to enhance re-
silience and sustainability in this uncertain world. Wise et al. [31] have
argued that the analytical focus in climate adaptation science is chan-
ging from a problem-orientated (provide evidence-based advice for
decision-makers) to a decision-orientated approach (which aims em-
phasising the need for robust decision making under deep uncertainty).
This change has been prompted by the need to assist decision-makers in
adaptation planning, in which policy options must be assessed and
implemented within highly uncertain, dynamic and complex socio-
ecological systems. Moreover, city systems require dynamic adaptive
plans rather than static robust plans.

Last but not least, in order to develop effective governance for
transitioning, the barriers and drivers must be considered. In this con-
text, barriers are “social factors and conditions [that] hamper our
ability to adapt proactively to future environmental changes” [42].
Elsewhere, barriers have been defined as “obstacles that can be over-
come with concerted effort, creative management, change of thinking,
prioritisation, and related shifts in resources, land uses, institutions”
[43], or with sufficient political will, social support, resources and ef-
fort [17,44]

There is a danger that using the terms “barriers” and “drivers” in the
context of climate change policies may suggest a clear-cut causality
between human activities, processes and patterns impacting on adap-
tation efforts [17]. We acknowledge that neither barriers nor drivers
imply monocausality, i.e. no one specific driver or barrier causes or
prevents a specific impact or behaviour.

The aim of this paper is to synthesise the push and pull approaches
described or employed to achieve resilient cities. To this end, we es-
tablished the following objectives:

® Collect published peer-reviewed and grey literature

e Review and analyse push and pull approaches

e Categorise methodological differences between these approaches

® Design and conduct empirical exercises to identify the city condi-
tions for change

e Advance the understanding and applicability of the different ap-
proaches by providing a theoretical/conceptual framework

e Discuss the findings in terms of resilience, adaptation and energy

We identified major research fields in transitioning, detecting the
theories, frameworks, approaches, methods and tools to determine
which can be used to address the urban climate change challenges.

The literature that analyses barriers and drivers also explores the
reasons for the limited transfer of assessments, agendas and plans to
transition, as well as examining how barriers are transformed into en-
ablers. Therefore, both scientific communities (transition and climate
adaptation) identify the conditions for change in order to determine
those necessary to promote transition to achieve sustainable and re-
silient cities. In addition, we designed an empirical approach to detect
the conditions for changes and combined this information with that
reported in the literature.

The information obtained from our literature review and empirical
approach enabled us to define an integrated conceptual framework for
transition. The purpose of this framework is to serve as a basis for de-
veloping a systems-based approach that considers trade-offs and sy-
nergies and interlink ages between social and environmental issues,
combining top-down and bottom-up approaches.

2. Materials and methods

We conducted a systematic literature review to summarise the two
main communities’ approaches to the subject of transition by per-
forming a keyword search using search engines Google Scholar, Science
Direct and Web of Science (WOS). WOS and Science Direct were se-
lected as they are the most powerful, up-to-date, comprehensive and
widely wused search engines available for the analysis of
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interdisciplinary, peer-reviewed literature. Google Scholar was selected
as it includes most peer-reviewed online journals published by Europe
and America's largest academic publishers, as well as academic books
and other non-peer-reviewed journals.

In total, we found 105 papers, book sections, conference papers and
reports which contained the words “transition” and “adaptation”. Some
65 of the papers and documents included the word “transition”, while
89 of the studies included the word “adaptation”. Thus, some of the
papers and documents addressed both adaptation and transition. Our
review of the transition and climate adaptation literature served to
describe the transition concepts defined by the two respective scientific
communities and identify their best methods and tools for pushing ci-
ties towards resilience.

Based on our findings we designed and implemented an empirical
approach based on exercises aimed at encouraging diverse stakeholders
to work together in the framework of transition and adaptation to cli-
mate change [45] in order to detect the conditions for changes (en-
ablers or triggers for change). We complemented the information ob-
tained with that extracted from the literature in order to provide
additional data. Our approach consisted of a stakeholder dialogue (SD)
exercises held on the 11th of May 2015 in Copenhagen, which brought
together more than 20 participants from different European countries
(see Supplementary Material, Appendix A, Table 1). Participants in-
cluded city representatives and regional stakeholders, researchers and
consultants from the private sector. The topic addressed was “Detecting
triggers of change for transition in cities” [46].

Before holding the SD exercises, a desktop study was carried out to
generate city typologies for use during the SD exercises (encompassing
European climate change regions and vulnerability characterisation:
Mediterranean and southeast Europe) (see Supplementary Material,
Appendix A for more information). Participants were asked to detect
and describe vulnerabilities and after these have been identified for a
particular city typology, the next step consisted of converting the pre-
vious hotspots/challenges of the impact chain into positive statements
(combining elements inspired in the different generic visions). Then,
these were transformed into a vision.

Another desktop study was carried out in order to pre-identify
generic visions for the cities based on a literature review [47-51]
(Supplementary Material, Appendix B). These were presented during
the SD as a baseline from which to identify the factors that would en-
able the vision to be achieved. The backasting technique was followed
[52]. Each participant was asked to add triggers of change in a brown
paper. The importance of the pre-identified transition factors were then
evaluated (highly, medium and low importance). The output of the SD
exercise was a list of triggers of change. This information was compared
and positioned with the wider literature that we have found in order to
add richer information to the wider research communities of resilience,
sustainability and energy systems to the detected triggers of change.

Table 1
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3. Results
3.1. Systems theory

Systems theory has been applied by the two main communities
addressing transition studies in the urban context. The transition
community analyses socio-technical systems, while the climate change
adaptation community mainly focuses on socio-ecological systems. We
analyse each of these approaches below.

Through its analysis of socio-technical systems, the transition
community examines how societal and technical systems co-evolve over
time [53,54], focusing on transitions, which are defined as non-linear
long-term processes (lasting between 25 and 50 years) [18,55-57]. The
bases of transition are the structural changes in society's or a subsystem
of society's operability. Governance to establish transition is called
transition management or transition governance [25,26,53,58].

Transition management (TM) is based on governance, complex
systems and practical experiment [15,23,58]. Four different types of
governance activity (also called “spheres”) are identified in TM:
strategy (the transition arena), tactics (the transition agenda), opera-
tions (experiments), and reflection (monitoring and evaluation). The
TM approach has already been applied empirically at national and
sectoral level (e.g. energy, water, transport and construction). In the
last few years energy transition gained attention and has been ex-
tensively studied [59].

Furthermore, TM should be seen as a reflective governance ap-
proach primarily aimed at analysing, implementing and facilitating
sustainability transitions. In addition, TM takes into account the com-
plexity of the system and uncertainty [23]. TM has prompted increasing
research interest in sustainability transitions [18,22]. Last but not least,
the literature includes the concept of urban transition management, a
variation of the TM approach which employs TM principles and
guidelines but focuses on city-specific challenges [28].

In analysing the socio-ecological system, the climate adaptation
community explores social and ecological systems and their interac-
tions, and also considers the concept of resilience. This approach has
given rise to the concept of adaptive governance, which is aimed at
anticipating long-term change, responding to immediate shocks and
recovering from such events. Hence, it focuses on the capacity to
maintain system functions under changing conditions [25]. The
changes in socio-ecological systems are described through a series of
distinct phases, which comprise the adaptive cycle [15,32]. These
changes can be the result of natural responses (involving organisms or
species) or socio-economic or institutional responses (involving in-
dividual or collective, private or public agents, among others) [33,60].

Thus, adaptive governance is an approach aimed at improving the
adaptability and transformability of socio-ecological systems. This
concept arises from the combination of two areas [29]: natural resource
management, which is studied in line with ecological systems theory
(advocated by Buzz Holling and the Resilience Alliance) [37], and self-
governing institutions, which is led by Elinor Ostrom [61].

Meanwhile, the concept of adaptive management [32-36] is based
on a systems perspective (interaction between social and natural

The triggers of change proposed in the SD are summarised in the table, including the importance and the number of votes representing the number of times

participants made reference to a trigger or used certain words to certain trigger.

Triggers of change Importance Number of votes
Education and awareness: availability, accessibility and ability to use data High 7
The regulatory framework, including codes, accountability, pricing, taxation, penalties and incentives High 5
Learning from disasters, learning from narrative research High 4
Informed, inclusive and adaptive multi-level governance High 3
Authority and political leadership for disruptive innovations and change Low 2
Integrated and adaptive planning and management Medium 6
Co-responsibility, increased public-private interface, social participation Medium 4

412
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dynamics) and forges a link between ecological, social and economic
systems. It can be divided into two phases: the planning phase (or set-
up), which addresses essential elements, and an iterative phase, when
these elements are linked together in a sequential decision process.

Adaptive management is considered more analytical and substantial
than transition management (the latter has a strong process orientation
with a focus on sustainability) [62].

3.2. The socio-technical approaches and processes

3.2.1. A snapshot of socio-technical and socio-ecological system approaches

The socio-technical approach incorporates a process of successive
stages and activities. These can be summarised as: (i) a pre-develop-
ment stage, where experimentation occurs at the individual level (the
system dynamics do not change visibly); (ii) a take-off stage, where
innovation emerges, thus prompting structural change and destabili-
sation of the existing regime; (iii) an acceleration stage, where cumu-
lative socio-cultural, economic, ecological and institutional changes are
implemented, leading to structural transformation; and (iv) a stabili-
sation stage, where the system attains a new dynamic state of equili-
brium. Multi-level governance is crucial to this perspective
[15,25,58,63].

The TM approach includes several successive steps [48,58]: 1)
analysing a system; 2) envisioning; 3) exploring pathways; 4) experi-
menting; 5) assessing; and 6) transferring.

The socio-ecological approach also incorporates a process of suc-
cessive stages and activities, but these are different from those of the
socio-technological one. These four stages are: i) growth or exploitation
(r); ii) conservation (K); iii) collapse or release (omega); and iv) re-
organisation (alpha) [64]. The arrows shown in Fig. 1 represent speed
of flow in the cycle. Short, closely spaced arrows indicate slow change
whereas long arrows indicate rapid change between stages.

Four steps have been defined by Park et al. [15] to describe adap-
tation in socio-ecological systems, known as the adaptation action
cycle, and have also been mentioned by other authors such as [43].
These steps have similarities with the steps proposed in TM: 1) problem
structuring and establishing the adaptation arena; 2) developing the
adaptation agenda, vision and pathway; 3) implementing adaptation
actions; and 4) evaluating, monitoring and learning.

3.2.2. From incremental adaptation to transition
Three types of adaptation have been defined in the climate adap-
tation community: adjustment or incremental adaptation, transforma-
tive adaptation and reformist adaptation or transition [31].
Adjustment [incremental] adaptation views climate impacts as the
major source of vulnerability [10,65,66], and focuses more on the ef-
fects of climate change rather than on the social causes of vulnerability.

<.‘o‘\sel'Vat,-oﬁ

potential —>

connectedness —

Fig. 1. Representation of the four ecosystem functions (r, K, Qf, a) [32]. From
Panarchy edited by Lance H. Gunderson and C.S. Holling. Copyright © 2002
Island Press. Reproduced by permission of Island Press, Washington, DC.
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In this case, the aim of adaptation is to adjust the system to the future
new conditions through climate risk management, attempting to “re-
turn” society to a desirable equilibrium state. To do so, the system's
integrity must be maintained [15]. In summary, adaptation solutions
stem from risk management.

Transformative adaptation is defined within resilience theory.
Transformation can be considered a process which results in a change in
the biophysical, social or economic dimensions of a system from one
form, function or location to another (the change can be reversible). In
transformative adaptation, it is very important to understand the causal
structure of vulnerability, as this will form the basis of adaptation
planning. The proposed solutions are related to a “political regime
shift” which changes the existing system altogether [15,65-67].

Reformist adaptation [transition] falls between the adjustment and
transformative adaptation approaches. Research on this type of adap-
tation focuses on the social and political dimensions of vulnerability,
and the aim of reformist adaptation is to reduce social vulnerability. In
this case, the proposed adaptation focuses on altering rules and deci-
sion-making processes within the limits of the existing system, without
significantly altering the norms and principles that governed such rules
[33,65,66].

3.3. Conditions for change

The participants from the SD identified the triggers of change that
would enable the vision to be achieved. Participants particularly dis-
cussed political drivers for the transition starting from the vision.

Table 1 summarizes the triggers of change proposed in the SD, in-
cluding the importance and the number of times participants made
reference to a trigger or used certain words to certain trigger.

Below, we include additional information to the triggers of change
detected in the SD in light of the literature reviewed.

3.3.1. Authority and political leadership for disruptive innovations and
change

This represents a long-term commitment [68]. It constitutes a
common barrier and can be critical in the initial stage of the adaptation
process [69]. Regardless of political affiliations, a leader with motiva-
tion, a clear vision and the capacity to guide is required to initiate the
process. The most important part of leadership is trust, and conse-
quently, a leader must have excellent communication, facilitation and
inspirational skills and capacities together with high standards of in-
tegrity [43]. As an example, many communities in British Columbia
have demonstrated leadership on climate change (Shaw et al., 2014).

3.3.2. The regulatory framework, including codes, accountability, pricing,
taxation, penalties and incentives

Accountability, legality and procedural feasibility are frequent
barriers throughout the stages of the managing phase (i.e. im-
plementing options and sub-processes). The existing policies, regula-
tions, laws, programmes and mandates are necessary instruments to
implement the adaptation option [43,70].

3.3.3. Learning from disasters, learning from narrative research

Society learns from past experiences, and therefore people look at
new problems and situations (which can be climate change effects)
from the perspective of knowledge gained in the past. Past experiences
represent part of personal development, in which the values, beliefs and
norms thus formed also contribute to perceptions, interpretations and
responses to new situations [43]. A narrative approach is of great im-
portance in this learning context. Combined with participatory
learning, it helps generate a better understanding not only of disasters
but also of the socio-ecological system. Narrative research provides
additional inputs to adaptive governance in the form of data on local
knowledge [71].
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Table 2
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Description of the transition concepts defined in two scientific communities (transition and climate adaptation).

Transition Climate adaptation
SYSTEM Socio-technical (society and technical system co-evolve) Socio-ecological (resilience)
GOVERNANCE Transition management (governance) Adaptive management (governance)
STAGES Pre-development, take-off, acceleration, stabilisation Reorganisation, growth, conservation and collapse (adaptive cycle)
STEPS Analyse a system, envisioning, exploring pathways, Structure the problem and establish the adaptation arena; create a vision, define an agenda and
experimenting, assessing, transferring develop a pathway; implement the pathway; evaluate, monitor and learn
APPROACH 1. Socio-technical transition theory 1. Adjustment [incremental] adaptation
2. Transformative adaptation
3. Reformist [transition] adaptation
METHODS/TOOLS 1. Multi-level perspective (niche-innovation, regimes and 1. Adaptive policy making (APM) (design dynamic, robust plans)
landscape) 2. Adaptation pathway (AP) (focus on decision-making processes)
2. Backcasting 3. Dynamic adaptive policy pathways (combination of APM and AP)
3. Urban transition labs (living lab)
4. Transition pathway (multi-level interaction)
a) b) 1 Describe current

. Exploring pathways
o

2.Envisioning

1. Analysing the system

pe
o

4. Experimenting

$

6. Translating

2,

5. Assessing

S

Acceleration

Pre-development Take-off Stabilisation

0

situation, objectives,

» | &uncertainties

.Y
10 Monitor 2 Analyze the problem,
vulnerabilities &
%9 opportunities using
S

transient scenarios

§
N
<

%,

Development of

9 Implement the . 3 Identify actions o
plan dynamic *
4 adaptive policy / \ \‘
: pathways \
8 Specify a dynamic 4a Assess efficacy, 4bReassess [}
adaptive plan sell-by date of vulnerabilities :
actions with & opportunities 4
transient scenarios :
’
A | d

.~
.

7 Determine contingency 5 Develop adaptation
actions and triggers pathways and map

\ 6 Select preferred /

pathway(s)

cae’

Fig. 2. The similarities in the steps covered by both approaches in red, a) the transition community's approach to sustainable development [58] and b) the dynamic
adaptive policy pathways approach of the climate adaptation community [81]. Reprinted from Nevens and Haasnoot.

3.3.4. Education and awareness: availability, accessibility and ability to use
data

These frequently represent barriers in the understanding and plan-
ning phases of the adaptation process (i.e. collecting information and
assessing options and sub-processes). Good, effective communication is
essential to improve understanding of climate change issues and
therefore increase awareness. It also has the added effect of engaging
stakeholders, decision-makers and society. Information barriers are
related to who delivers it, how it is communicated and who receives it.
Insufficient information presented unclearly and infrequently creates a
huge barrier [43,70]. In a study by [72], stakeholders and scientists
participated in collaborative scenario-building. The process helped
participants to develop a common understanding of the risks and im-
pacts of climate change in a specific region and provides a good ex-
ample of how shared understanding can help overcome this barrier.

3.3.5. Co-responsibility,
participation [68,70]
These constitute frequent barriers throughout the managing phase
(implementing options and sub-processes) [43]. Behavioural barriers
are particularly critical as regards local action. However, with the ap-
propriate facilitation, some forces can create policy changes and can
also alter the behaviour of societal sectors. Such forces include societal
pressure, financial and market stimuli, voluntary agreements and
coercion. The key to addressing present inertia is to create opportu-
nities for collaboration between municipal stakeholders or decision-
makers and climate change experts. This highlights the need to consider

increased public-private interface, social
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a broader range of actors and institutions through a participatory pro-
cess [70,73]. In addition, an uncoordinated effort between public and
private sectors can be a barrier for identifying the most suitable op-
portunities to overcome climate related problems and success in the
transition [59]

3.3.6. Living lab approach to innovation

The lack of availability of technology as a social tool and to increase
the adaptive capacity of cities can be a common barrier [74]. However,
successful pilot experiments involving living labs could be scaled up
and replicated in other places. Living labs have the capacity to support
transition towards sustainable urban transformation [75], while also
going beyond the urban context. In 2014, the University of British
Columbia approved a 20 year sustainability strategy, which covered a
wide spectrum of university activities and entailed a renewed focus on
university operations and infrastructure through the lens of a living lab
[76].

3.3.7. Informed, inclusive and adaptive multi-level governance

The implementation of adaptation options can be influenced by
governance and social context. On the one hand, municipalities are not
sufficiently empowered to implement some adaptation options or the
entire adaptation strategy, and therefore these actions must be im-
plemented at a higher level of government or specific legislation must
be created [73]. On the other hand, adaptation options can exert an
effect on the actor's perception and therefore this can considered a
barrier [43].
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Fig. 3. Proposed transition model.

3.3.8. Integrated and adaptive planning and management [68]

Successful adaptation appears to depend on the degree of con-
sistency with other programmes designed to address non-climatic pro-
blems. Therefore, misaligned adaptation plans are unlikely to be im-
plemented successfully. The key issue is to avoid dependence on
personalities or politics, which can ultimately render the plan fragile
[73]. A sustainability approach may provide a level of integration with
existing policies, plans and priorities [20,77]. Moreover, the existence
of a monitoring plan is a frequent barrier in the managing phase
(monitoring outcomes and environment sub-processes). To guarantee
effective implementation of the adaptation plan, a monitoring and
evaluation system must be defined. Some of the barriers linked to this
step include lack of data, methods and expertise [43]. Cities such as
Surrey, Vancouver and Victoria provide examples of monitoring and
evaluation systems [68].

3.4. Synthesis of the approaches for transition

There are several approaches related to transition in the literature,
some of which have emerged from the transition community and others
from the adaptation community. These communities define approaches
using specific concepts, methods and tools.

The results we obtained from our synthesis of the approaches in
both communities (transition and climate adaptation) are summarised
in Table 2. Both communities provide methods and tools that can be
useful for city transitions.

[78] compared the socio-ecological and socio-technical systems,
and found that while social-ecological system recognised technology as
a key component influencing resilience, the dynamic of this component
was rarely detailed. In contrast, the socio-technical system considered
technology dynamics in detail. Nevertheless, both systems consider the
same elements, differing only in the elements highlighted. In addition,
the two approaches overlap in other ways related to actor intervention
and functions (e.g. the same actor articulates pressure, the condition for
change, in niche-regimes while at the same time coordinating resources
for adaptation) [79].

The core issue when moving a city towards a sustainable and re-
silient stage is the adaptation approach selected: incremental, trans-
formative or transition. The latter represents an intermediate option
between the other two opposing options [15]. Proactive preparation for
the future will require adaptations that continually alternate between
incremental and transformative actions [15], to ensure effective tran-
sition.

Regarding top-down and bottom-up approaches, the literature
suggests a combination of both as the best option. Incremental adap-
tations tend to be top-down whereas transformative adaptations can
exhibit both approaches. However, the involvement of a wide spectrum
of stakeholders and close collaboration with researchers is highly im-
portant to successful adaptation [80]. Lastly, the debate is focused on
governance (transition management or adaptive governance) and the
methods and tools selected to help cities attain sustainability and re-
silience.

4. Discussion

During the SD exercise, the stakeholders detected the need for a
long-term vision as a crucial issue. In turn, this long-term vision would
need to be complemented by short-term plans for the cities. The key to
achieving this would be to add long-term commitments to the short-
term vision guiding the cities towards the defined long-term vision
transitioning in terms of both mitigation e.g. energy and adaptation e.g.
flooding. In addition, cities should establish partnerships with different
actors and initiatives across the different sectors with a long-term
perspective [20,74,81-83].

Transition is a very broad concept, rendering it difficult to define
precise triggers of change. As we saw in the SD, cities do not have a
single transition factor. What cities need to do is to push towards a
resilient and staged adaptation considering all the phases and sub-
processes involved (understanding, planning and managing). It is of
crucial importance to consider the obstacles that cities face regarding
adaptation. Although awareness in general (institutional, societal, etc.)
has increased in recent years, leading to a better understanding of the
effects of climate change, several institutional obstacles to adaptation
remain, of a structural, regulatory, contextual and cultural nature [73].
[43] have defined potential barriers in each phase of the adaptation
process (which are very much in line with those identified by [73]. The
triggers of change should be aligned with the obstacles detected for
each phase of the adaptation process in order to facilitate effective and
efficient actions and move the socio-ecological and socio-technical
systems towards an adapted and resilient stage.

In our SD, the exercises allowed us to collect the stakeholders’ first
impressions and opinions regarding the usefulness of these concepts.
Their responses led us to conclude that while models and science can
explain part of the reality of climate drivers and impacts, this in-
formation must be verified and validated with stakeholders. In our
study, the stakeholders considered the development of an impact chain
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to be a positive exercise, and felt that it was crucial to create a vision
that was aligned with both local governance and climate issues. They
also noted the importance of facilitating the implementation of adap-
tation actions and the need to push the adaptation process. Last but not
least, we also concluded that for triggers of change to be accurately
identified, enablers and barriers should be clearly defined.

Our literature review enabled us to define an integrated conceptual
framework for transition which adopts aspects from both communities.
Some of the steps are not common to both approaches, but must be
taken into account due to their importance: envisioning and detection
of the triggers of change (Fig. 2).

This model analyses how change can take place and which measures
can support the changes. Moreover, the present approach not only
captures “top-down” drivers of change but also provides the “bottom-
up” local context. The framework enables the design of adaptation
strategies and consists of (Fig. 3):

e A system map, in which the impacts on the urban system are ana-
lysed, the key problems are detected and normative scenarios are
created — also called desirable futures, visions or future visions. In
this phase, science meets policy in order to build a vision aligned
with local knowledge and governance;

Selecting adaptation options, where the pre-identified adaptation
options that act against the detected problems are characterised,
assessed and prioritised. This phase must be conducted using the
methods and tools proposed by experts and contrasted with local
stakeholders (selection of prioritisation method, selection of criteria,
weighting and scoring);

Planning and implementing, where the adaptation pathway ap-
proach is used to define “how”, “when” and “by whom?”, identify the
triggers of change for the transition identified and define the mon-
itoring. The pathway approach has emerged in both communities,
and represents a solid approach to delineate city transitions.

The transition model is aligned with the Urban Adaptation Support
Tool [84], linked to the Mayors Adapt initiative, which provides step-
by-step guidance for the adaptation planning and implementation cy-
cles.

The innovative core element of the model is the adaptation pathway
approach. The aim of the adaptation pathway approach is to define an
iterative and adaptive governance process with the capacity to se-
quence and implement groups of actions [85]. The pathway provides a
flexible and iterative approach for decision-makers (it considers adap-
tation options to implement in the near future and leaves the possibility
of scaling up these options in the future) ([86]. It combines the concepts
of timing and effectiveness, where timing refers to when an adaptation
option must be activated and the duration of its effectiveness, and ef-
fectiveness refers to the extent to which the specific adaptation option
reduces the climate change impact. Moreover, the pathway considers
the interdependency between these two concepts [81].

The presented transition model aims gaining urban resilience and it
is scalable. It can be applied to city or sector level (e.g. energy).
Nevertheless, this paper highlights the importance of transitioning the
whole city integrating different sectors (e.g. energy, water, transport,
etc.) at the same time as they all have common planning and design
criteria. The transition model allows the city to change (e.g. in form or
function) and achieve a sustainable and resilient cities vision (including
energy resilience which should be aligned with the urban resilience).

5. Conclusions

The aim of transition management is to guide the transformation of
socio-political landscapes and socio-technical practices together with
“the structural character of society” from one equilibrium to another
[27]. This governance model focuses mainly on society and technology.
However, in practice, there have been limited opportunities to validate
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TM. Meanwhile, adaptive governance is the process of creating capacity
to adapt and transform socio-ecological systems [29]. Adaptive man-
agement focuses mainly on the interaction between social and natural
dynamics, but also on adaptation through learning which increases the
resilience of socio-ecological systems. It is considered more analytical
and substantial than transition management (which exhibits a strong
process orientation with a focus on sustainability) [34].

Regarding the methods used in studies of socio-ecological systems,
some approaches such as adaptive policymaking, adaptation pathways
and dynamic adaptive policy pathways produce dynamic, robust plans.
The latter has been developed by selecting the best aspects of the other
two approaches.

From the literature review, we conclude that both communities
have developed useful methods to improve present governance models
of the whole city (but also useful for specific sectors like energy or risk
management). Selecting the best methods from each (e.g. backcasting
techniques, pathway methodology, etc.) and considering different
components from each system (e.g. technical system, society, resilience
etc.) improves our understanding of the system's response to climate
change. Moreover, selecting the best experience from both governance
types (TM and adaptive management) helps advance the present gov-
ernance model.

Lastly, we would like to highlight the importance of triggers of
change in this framework that is applicable to both mitigation and
adaptation efforts. Triggers of change make it possible to overcome
barriers, ensure the success of the action implemented and help move
the socio-ecological and socio-technical systems towards a resilient and
adapted stage. However, even in transition it is difficult to define pre-
cise triggers of change. However the 8 identified triggers should be
considered by stakeholders in order to succeed in transition governance
and achieve sustainable cities that can reduce the cause of climate
change by providing low carbon energy systems and live with the
consequences of climate change such as flooding or heatwaves.

Acknowledgements

We thank the participants in the stakeholders’ dialogue, who have
played a crucial role in this research. They worked hard in the SD, for
which we are very grateful. We also thank the ICLEI for organising the
event so well and achieving high attendance. This work was supported
by the European Community's Seventh Framework Programme: Grant
Agreement No. 308497, Project RAMSES “Reconciling Adaptation,
Mitigation and Sustainable Development for Cities”, 2012-2017. In
addition, this study has received partial funding from the European
Union's Horizon 2020 research and innovation programme under grant
agreement no. 653522 (RESIN-—Climate Resilient Cities and
Infrastructures project).

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at http://dx.doi.org/10.1016/j.rser.2018.06.003.

References

[1] Rosenzweig C, Solecki WD, Hammer SA, Mehrotra S. Urban climate change in
context. In: Rosenzweig C, Solecki WD, Mehrotra SA Hammer, editors. Clim Change
Cities First Assess Rep Urban Clim Change Res Netw. Camb Univ Press; 2011. p.
3-11.

UN DESA. World Urbanization Prospects; 2014.

UNISDR. How To Make Cities More Resilient. A Handbook For Local Government
Leaders. Geneva; 2012.

Chaffin BC, Gosnell H, Cosens BA. A decade of adaptive governance scholarship:
synthesis and future directions. Ecol Soc 2014:19. http://dx.doi.org/10.5751/ES-
06824-190356.

Heidrich O, Reckien D, Olazabal M, Foley A, Salvia M, de Gregorio Hurtado S, et al.
National climate policies across Europe and their impacts on cities strategies. J
Environ Manag 2016;168:36-45. http://dx.doi.org/10.1016/j.jenvman.2015.11.
043.

[2]
[3]

[4

=

[5

[}


http://dx.doi.org/10.1016/j.rser.2018.06.003
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref1
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref1
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref1
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref1
http://dx.doi.org/10.5751/ES-06824-190356
http://dx.doi.org/10.5751/ES-06824-190356
http://dx.doi.org/10.1016/j.jenvman.2015.11.043
http://dx.doi.org/10.1016/j.jenvman.2015.11.043

M. Mendizabal et al.

[6]

[71

[8

=

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Lenk S, Rybski D, Heidrich O, Dawson RJ, Kropp JP. Costs of sea dikes — regressions
and uncertainty estimates. Nat Hazards Earth Syst Sci 2017;17:765-79. http://dx.
doi.org/10.5194/nhess-17-765-2017.

Pietrapertosa F, Khokhlov V, Salvia M, Cosmi C. Climate change adaptation policies
and plans: a survey in 11 South East European countries. Renew Sustain Energy Rev
2018;81:3041-50. http://dx.doi.org/10.1016/j.rser.2017.06.116.

Covenant of Mayors - Home n.d. <https://www.covenantofmayors.eu/en/)
[Accessed 2 May 2018].

Hoppe T, van Bueren E. Guest editorial: governing the challenges of climate change
and energy transition in cities. Energy Sustain Soc 2015:5. http://dx.doi.org/10.
1186/513705-015-0047-7.

Wise RM, Fazey I, Stafford Smith M, Park SE, Eakin HC, Archer Van Garderen ERM,
et al. Reconceptualising adaptation to climate change as part of pathways of change
and response. Glob Environ Change 2014;28:325-36. http://dx.doi.org/10.1016/j.
gloenvcha.2013.12.002.

Carter JG, Cavan G, Connelly A, Guy S, Handley J, Kazmierczak A. Climate change
and the city: building capacity for urban adaptation. Prog Plan 2014. http://dx.doi.
org/10.1016/j.progress.2013.08.001.

Masson V, Marchadier C, Adolphe L, Aguejdad R, Avner P, Bonhomme M, et al.
Adapting cities to climate change: a systemic modelling approach. Urban Clim
2014;10:407-29. http://dx.doi.org/10.1016/j.uclim.2014.03.004.

Cajot S, Peter M, Bahu J-M, Koch A, Maréchal F. Energy planning in the urban
context: challenges and perspectives. Energy Procedia 2015;78:3366-71. http://dx.
doi.org/10.1016/j.egypro.2015.11.752.

Sharifi A, Yamagata Y. Principles and criteria for assessing urban energy resilience:
a literature review. Renew Sustain Energy Rev 2016;60:1654-77. http://dx.doi.
org/10.1016/j.rser.2016.03.028.

Park SE, Marshall NA, Jakku E, Dowd AM, Howden SM, Mendham E, et al.
Informing adaptation responses to climate change through theories of transforma-
tion. Glob Environ Change 2012;22:115-26. http://dx.doi.org/10.1016/j.
gloenvcha.2011.10.003.

Mendizabal M. Transition Handbook. This project has received funding from the
European Union’s Horizon 2020 research and innovation programme under grant
agreement No 693729; 2017.

Reckien D, Flacke J, Olazabal M, Heidrich O. The influence of drivers and barriers
on urban adaptation and mitigation plans—an empirical analysis of European cities.
PLoS One 2015;10:e0135597. http://dx.doi.org/10.1371/journal.pone.0135597.
Markard J, Raven R, Truffer B. Sustainability transitions: an emerging field of re-
search and its prospects. Res Policy 2012;41:955-67. http://dx.doi.org/10.1016/j.
respol.2012.02.013.

Mehmood A. Of resilient places: planning for urban resilience. Eur Plan Stud
2016;24:407-19. http://dx.doi.org/10.1080/09654313.2015.1082980.

Shaw A, Burch S, Kristensen F, Robinson J, Dale A. Accelerating the sustainability
transition: exploring synergies between adaptation and mitigation in British
Columbian communities. Glob Environ Change 2014;25:41-51. http://dx.doi.org/
10.1016/j.gloenvcha.2014.01.002.

Turnheim B, Berkhout F, Geels F, Hof A, McMeekin A, Nykvist B, et al. Evaluating
sustainability transitions pathways: bridging analytical approaches to address
governance challenges. Glob Environ Change 2015;35:239-53. http://dx.doi.org/
10.1016/j.gloenvcha.2015.08.010.

Moallemi EA, Ahamdi A, Afrazeh A, Bagheri Moghaddam N. Understanding sys-
temic analysis in the governance of sustainability transition in renewable energies:
the case of fuel cell technology in Iran. Renew Sustain Energy Rev 2014;33:305-15.
http://dx.doi.org/10.1016/j.rser.2014.02.006.

Loorbach D. Transition management for sustainable development: a prescriptive,
complexity-based governance framework. Governance 2010;23:161-83.

Nevens F, Frantzeskaki N, Gorissen L, Loorbach D. Urban transition labs: co-
creating transformative action for sustainable cities. J Clean Prod 2013;50:111-22.
http://dx.doi.org/10.1016/j.jclepro.2012.12.001.

Rijke J, Farrelly M, Brown R, Zevenbergen C. Configuring transformative govern-
ance to enhance resilient urban water systems. Environ Sci Policy 2013;25:62-72.
http://dx.doi.org/10.1016/j.envsci.2012.09.012.

Romero-Lankao P, Gnatz DM. Exploring urban transformations in Latin America.
Curr Opin Environ Sustain 2013;5:358-67.

Rotmans J, Kemp R, Van Asselt M. More evolution than revolution: transition
management in public policy. Foresight 2001;3:15-31.

Drift. Urban Transition Management Manual. ‘Navigator’ of the MUSIC project.
Dutch Research Institute for Transitions, Erasmus University Rotterdam; 2011.
Gunderson L, Light SS. Adaptive management and adaptive governance in the
everglades ecosystem. Policy Sci 2006;39:323-34. http://dx.doi.org/10.1007/
s11077-006-9027-2.

Karpouzoglou T, Dewulf A, Clark J. Advancing adaptive governance of social-eco-
logical systems through theoretical multiplicity. Environ Sci Policy 2016;57:1-9.
http://dx.doi.org/10.1016/j.envsci.2015.11.011.

Wise RM, Fazey I, Stafford Smith M, Park SE, Eakin HC, Archer Van Garderen ERM,
et al. Reconceptualising adaptation to climate change as part of pathways of change
and response. Glob Environ Change 2014;28:325-36. http://dx.doi.org/10.1016/j.
gloenvcha.2013.12.002.

Holling CS. Understanding the complexity of economic, ecological, and social sys-
tems. Ecosystems 2001;4:390-405.

Pelling M. Adaptation to climate change: from resilience to transformation. London:
Routledge; 2011.

Timmermans JS, Haasnoot M, Hermans LM, Kwakkel JH, Rutten MM, Thissen
WAH. Adaptive delta management: Roots and branches. In: E-Proceedings of the
36th IAHR World Congr. Hague Neth. 28 June-3 July 2015, IAHR; 2015.

Westley F. The devil in the dynamics: adaptive management on the front lines.

[36]
[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]

[57]

[58]

[59]

[60]
[61]
[62]

[63]

Renewable and Sustainable Energy Reviews 94 (2018) 410-418

Panarchy Underst. Transform. Hum. Nat. Syst. Washington, Covelo, London: Island
Press; 2002. p. 334-60.

Willows R, Connell RK. UK Climate Impacts Programme. Climate adaptation: risk,
uncertainty and decision-making. Oxford: UK Climate Impacts Programme; 2003.
Gunderson LH, Holling CS. Panarchy: understanding transformations in human and
natural systems. Island Press; 2002.

Folke C, Hahn T, Olsson P, Norberg J. Adaptive governance of social-ecological
systems. Annu Rev Environ Resour 2005;30:441-73.

Garmestani AS, Benson MH. A framework for resilience-based governance of social-
ecological systems. Ecol Soc 2013:18. http://dx.doi.org/10.5751/ES-05180-
180109.

Bloesch J, Von Hauff M, Mainzer K, Mohan SV, Renn O, Risse V, et al. Sustainable
development integrated in the concept of Resilence. Prob EKOROZWOJU-Prob
Sustain Dev 2015;10:7-14.

Vergragt PJ, Quist J. Backcasting for sustainability: introduction to the special
issue. Technol Forecast Soc Change 2011;78:747-55. http://dx.doi.org/10.1016/j.
techfore.2011.03.010.

Biesbroek GR, Klostermann JEM, Termeer CJAM, Kabat P. On the nature of barriers
to climate change adaptation. Reg Environ Change 2013;13:1119-29. http://dx.
doi.org/10.1007/s10113-013-0421-y.

Moser SC, Ekstrom JA. A framework to diagnose barriers to climate change adap-
tation. Proc Natl Acad Sci 2010;107:22026-31. http://dx.doi.org/10.1073/pnas.
1007887107.

Adger WN, Dessai S, Goulden M, Hulme M, Lorenzoni I, Nelson DR, et al. Are there
social limits to adaptation to climate change? Clim Change 2009;93:335-54. http://
dx.doi.org/10.1007/510584-008-9520-z.

Stringer LC, Dougill AJ, Fraser E, uHbacek K, Prell C, Reed MS. Unpacking “par-
ticipation” in the adaptive management of social-ecological systems: a critical re-
view. Ecol Soc 2006;11:39.

Terenzi A. RAMSES Stakeholder Dialogue «Drawing Pathways towards the Resilient
City: Identifying vulnerabilities, empowering decisionmaking, fostering change».
Workshop Report. The Work Leading to These Results Has Received Funding from
the European Community’s Seventh Framework Programme under Grant
Agreement No. 308497 (Project RAMSES); 2015.

Frantzeskaki N, Ferguson B, Skinner R, Brown R. Guidance Manual. Key steps for
implementing a strategic planning process for transformative change. Dutch
Research Institute For Transitions, Erasmus University Rotterdam, The Netherlands.
Melbourne, Australia: Monash Water for Liveability, Monash University; 2012.
Roorda C, Wittmayer J, Henneman P, Steenbergen F van, Frantzeskaki N, Loobarch
D. Transition management in the urban context: guidance manual. Rotterdam:
DRIFT, Erasmus University Rotterdam; 2014.

Roorda C, Frantzeskaki N, Loorbach D, Van Steenbergen F, Wittmayer J. Transition
Management in Urban Context. Guid Manualcollaborative Eval Version Rottordam;
2012.

Schépke N, Rauschmayer F. Foundations for a common approach. WP 2 —
Systematic Reflection and Theory Building Deliverable 2.1 — Protocol/ Handbook
on Common Approach; 2011.

Wittmayer J, van Steenbergen F, Quist J, Loorbach D, Hoogland C. The Community
Arena: A co-creation tool for sustainable behaviour by local communities
Methodological guidelines. WP 4 — Scenario and back-casting exercises by three
communities: pilot projects Deliverable 4.1 — Guidelines for the implementation of
pilot projects; 2011.

Ali G, Abbas S, Mueen Qamer F. How effectively low carbon society development
models contribute to climate change mitigation and adaptation action plans in Asia.
Renew Sustain Energy Rev 2013;26:632-8. http://dx.doi.org/10.1016/j.rser.2013.
05.042.

Shum KL. Renewable energy deployment policy: a transition management per-
spective. Renew Sustain Energy Rev 2017;73:1380-8. http://dx.doi.org/10.1016/j.
rser.2017.01.005.

Smith A, Stirling A. Social-ecological resilience and socio-technical transitions:
critical issues for sustainability governance; 2008.

Frantzeskaki N, de Haan H. Transitions: two steps from theory to policy. Futures
2009;41:593-606. http://dx.doi.org/10.1016/j.futures.2009.04.009.

Grin J, Rotmans J, Schot J. Transitions to sustainable development. New Directions
in the Study of Long term transformative change. New York/London: Routledge;
2010.

Quist JN, Wittmayer J, Van Steenbergen F, Loorbach D. Combining backcasting and
transition management in the community arena. in: Proceedings of the SCORAI Eur.
InContext Workshop Rotterdam Neth. 7-8 Oct. 2013 Sustain. Consum. Transit. Ser.
Issue 3; 2013.

Nevens F, Frantzeskaki N, Gorissen L, Loorbach D. Urban Transition Labs: co-
creating transformative action for sustainable cities. J Clean Prod 2013;50:111-22.
http://dx.doi.org/10.1016/j.jclepro.2012.12.001.

Yuan J, Xu Y, Hu Z, Yu Z, Liu J, Hu Z, et al. Managing electric power system
transition in China. Renew Sustain Energy Rev 2012;16:5660-77. http://dx.doi.
0rg/10.1016/j.rser.2012.05.046.

Bosello F, Carraro C, De Cian E. CLIMATE CHANGE, ADAPTATION. Market and
Policy Driven Adaptation to Climate Change. Copenaghen Consens 2012; 2012.
Ostrom E, Walker J, Gardner R. Covenants with and without a sword: self-gov-
ernance is possible. Am Polit Sci Rev 1992;86:404-17.

Williams BK, Brown ED. Adaptive Management. The U.S. Department of the
Interior. Applications Guide. Adaptive Management Working Group; 2012.
Jano-Ito MA, Crawford-Brown D. Socio-technical analysis of the electricity sector of
Mexico: its historical evolution and implications for a transition towards low-carbon
development. Renew Sustain Energy Rev 2016;55:567-90. http://dx.doi.org/10.
1016/j.rser.2015.10.153.


http://dx.doi.org/10.5194/nhess-17-765-2017
http://dx.doi.org/10.5194/nhess-17-765-2017
http://dx.doi.org/10.1016/j.rser.2017.06.116
https://www.covenantofmayors.eu/en/
http://dx.doi.org/10.1186/s13705-015-0047-7
http://dx.doi.org/10.1186/s13705-015-0047-7
http://dx.doi.org/10.1016/j.gloenvcha.2013.12.002
http://dx.doi.org/10.1016/j.gloenvcha.2013.12.002
http://dx.doi.org/10.1016/j.progress.2013.08.001
http://dx.doi.org/10.1016/j.progress.2013.08.001
http://dx.doi.org/10.1016/j.uclim.2014.03.004
http://dx.doi.org/10.1016/j.egypro.2015.11.752
http://dx.doi.org/10.1016/j.egypro.2015.11.752
http://dx.doi.org/10.1016/j.rser.2016.03.028
http://dx.doi.org/10.1016/j.rser.2016.03.028
http://dx.doi.org/10.1016/j.gloenvcha.2011.10.003
http://dx.doi.org/10.1016/j.gloenvcha.2011.10.003
http://dx.doi.org/10.1371/journal.pone.0135597
http://dx.doi.org/10.1016/j.respol.2012.02.013
http://dx.doi.org/10.1016/j.respol.2012.02.013
http://dx.doi.org/10.1080/09654313.2015.1082980
http://dx.doi.org/10.1016/j.gloenvcha.2014.01.002
http://dx.doi.org/10.1016/j.gloenvcha.2014.01.002
http://dx.doi.org/10.1016/j.gloenvcha.2015.08.010
http://dx.doi.org/10.1016/j.gloenvcha.2015.08.010
http://dx.doi.org/10.1016/j.rser.2014.02.006
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref19
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref19
http://dx.doi.org/10.1016/j.jclepro.2012.12.001
http://dx.doi.org/10.1016/j.envsci.2012.09.012
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref22
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref22
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref23
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref23
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref24
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref24
http://dx.doi.org/10.1007/s11077-006-9027-2
http://dx.doi.org/10.1007/s11077-006-9027-2
http://dx.doi.org/10.1016/j.envsci.2015.11.011
http://dx.doi.org/10.1016/j.gloenvcha.2013.12.002
http://dx.doi.org/10.1016/j.gloenvcha.2013.12.002
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref28
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref28
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref29
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref29
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref30
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref30
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref30
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref31
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref31
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref32
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref32
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref33
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref33
http://dx.doi.org/10.5751/ES-05180-180109
http://dx.doi.org/10.5751/ES-05180-180109
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref35
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref35
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref35
http://dx.doi.org/10.1016/j.techfore.2011.03.010
http://dx.doi.org/10.1016/j.techfore.2011.03.010
http://dx.doi.org/10.1007/s10113-013-0421-y
http://dx.doi.org/10.1007/s10113-013-0421-y
http://dx.doi.org/10.1073/pnas.1007887107
http://dx.doi.org/10.1073/pnas.1007887107
http://dx.doi.org/10.1007/s10584-008-9520-z
http://dx.doi.org/10.1007/s10584-008-9520-z
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref40
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref40
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref40
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref41
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref41
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref41
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref41
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref42
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref42
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref42
http://dx.doi.org/10.1016/j.rser.2013.05.042
http://dx.doi.org/10.1016/j.rser.2013.05.042
http://dx.doi.org/10.1016/j.rser.2017.01.005
http://dx.doi.org/10.1016/j.rser.2017.01.005
http://dx.doi.org/10.1016/j.futures.2009.04.009
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref46
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref46
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref46
http://dx.doi.org/10.1016/j.jclepro.2012.12.001
http://dx.doi.org/10.1016/j.rser.2012.05.046
http://dx.doi.org/10.1016/j.rser.2012.05.046
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref49
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref49
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref50
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref50
http://dx.doi.org/10.1016/j.rser.2015.10.153
http://dx.doi.org/10.1016/j.rser.2015.10.153

M. Mendizabal et al.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Fath BD, Dean CA, Katzmair H. Navigating the adaptive cycle: an approach to
managing the resilience of social systems. Ecol Soc 2015:20. http://dx.doi.org/10.
5751/ES-07467-200224.

Bassett TJ, Fogelman C. Déja vu or something new? The adaptation concept in the
climate change literature. Geoforum 2013;48:42-53. http://dx.doi.org/10.1016/j.
geoforum.2013.04.010.

Lorenz S, Berman R, Dixon J, Lebel S. Time for a systematic review: a response to
bassett and fogelman's “déja vu or something new? The adaptation concept in the
climate change literature. Geoforum 2014;51:252-5.

Kates RW, Travis WR, Wilbanks TJ. Transformational adaptation when incremental
adaptations to climate change are insufficient. PNAS 2012;109:7156-61.

Burch S, Shaw A, Dale A, Robinson J. Triggering transformative change: a devel-
opment path approach to climate change response in communities. Clim Policy
2014;14:467-87. http://dx.doi.org/10.1080/14693062.2014.876342.

Walker BJ, Adger WN, Russel D. Institutional barriers to climate change adaptation
in decentralised governance structures: transport planning in England. Urban Stud
2015;52:2250-66. http://dx.doi.org/10.1177/0042098014544759.

Kenny J, Kumar A, Desha C. others. Barriers, drivers and enablers for transitioning
towards innovation in the Australian water sector; 2014.

Paschen J-A, Ison R. Narrative research in climate change adaptation—Exploring a
complementary paradigm for research and governance. Res Policy
2014;43:1083-92. http://dx.doi.org/10.1016/j.respol.2013.12.006.

De Stefano L, Herndndez-Mora N, Iglesias A, Sdnchez B. Defining adaptation mea-
sures collaboratively: a participatory approach in the Donana socio-ecological
system, Spain. J Environ Manag 2016. http://dx.doi.org/10.1016/j.jenvman.2016.
10.042.

Burch S. Transforming barriers into enablers of action on climate change: insights
from three municipal case studies in British Columbia, Canada. Glob Environ
Change 2010;20:287-97. http://dx.doi.org/10.1016/j.gloenvcha.2009.11.009.
Villarroel Walker R, Beck MB, Hall JW, Dawson RJ, Heidrich O. Identifying key
technology and policy strategies for sustainable cities: a case study of London.
Environ Dev 2017;21:1-18. http://dx.doi.org/10.1016/j.envdev.2016.11.006.
Reimer MH, McCormick K, Nilsson E, Arsenault N. Advancing Sustainable Urban
Transformation through Living Labs: Looking to the Oresund Region. In:
Proceedings of the International Conference Sustain. Transit, 2012, p. 29-31.
Marcus J, Coops NC, Ellis S, Robinson J. Embedding sustainability learning path-
ways across the university. Curr Opin Environ Sustain 2015;16:7-13. http://dx.doi.
0rg/10.1016/j.cosust.2015.07.012.

Leck H, Simon D. Fostering multiscalar collaboration and co-operation for effective

418

[78]

[791]

[80]

[81]

[82]

[83]
[84]

[85]

[86]

Renewable and Sustainable Energy Reviews 94 (2018) 410-418

governance of climate change adaptation. Urban Stud 2013;50:1221-38. http://dx.
doi.org/10.1177,/0042098012461675.

Smith A, Stirling A. The politics of social-ecological resilience and sustainable socio-
technical transitions. Ecol Soc 2010;15. http://dx.doi.org/10.5751/ES-04565-
170208.

Smith A, Stirling A, Berkhout F. The governance of sustainable socio-technical
transitions. Res Policy 2005;34:1491-510. http://dx.doi.org/10.1016/j.respol.
2005.07.005.

Mimura N, Pulwarty RS, Duc DM, Elshinnawy I, Redsteer MH, Huang HQ. et al.
Adaptation Planning and Implementation. Clim. Change 2014 Impacts Adapt.
Vulnerability Part Glob. Sect. Asp. Contrib. Work. Group II Fifth Assess. Rep.
Intergovermmental Panel Clim. Change. [Field, C.B., V.R. Barros, J.J. Dokken, K.J.
Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C.
Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L.
White (eds.)], Cambridge United Kingdom and New York, NY, USA: Cambridge
University Press, 2014, p. 869-898.

Haasnoot M, Kwakkel JH, Walker WE, ter Maat J. Dynamic adaptive policy path-
ways: a method for crafting robust decisions for a deeply uncertain world. Glob
Environ Change 2013;23:485-98. http://dx.doi.org/10.1016/j.gloenvcha.2012.12.
006.

Klein RJ, Midgley GF, Preston BL, Alam M, Berkhout FGH, Dow K. et al. Adaptation
Opportunities, Constraints, and Limits. Clim. Change 2014 Impacts Adapt.
Vulnerability Part Glob. Sect. Asp. Contrib. Work. Group II Fifth Assess. Rep.
Intergov. PanelClim. Change Field CB VR Barros DJ Dokken KJ Mach MD
Mastrandrea TE Bilir M Chatterjee KL Ebi O Estrada RC Genova B Girma ES Kissel
Levy MacCracken PR Mastrandrea LL White Eds, Cambridge, United Kingdom and
New York, NY, USA, Pp. 2014. 899-943: Cambridge University Press, 2014, p.
899-943.

Smit B, Pilifosova O. Adaptation to climate change in the context of sustainable
development and equity. Sustain Dev 2003;8:9.

Urban AST step 0-0 — Climate-ADAPT n.d. <https://climate-adapt.eea.europa.eu/
knowledge/tools/urban-ast/step-0-0> [Accessed 2 May 2018].

Butler JRA, Suadnya W, Puspadi K, Sutaryono Y, Wise RM, Skewes TD, et al.
Framing the application of adaptation pathways for rural livelihoods and global
change in eastern Indonesian islands. Glob Environ Change 2014;28:368-82.
http://dx.doi.org/10.1016/j.gloenvcha.2013.12.004.

Reeder T, Ranger N. How do you adapt in an uncertain world? Lessons from the
Thames Estuary 2100 project. Expert Perspect. Ser. Writ. World Resour. Rep.
2010-2011, Washington DC.


http://dx.doi.org/10.5751/ES-07467-200224
http://dx.doi.org/10.5751/ES-07467-200224
http://dx.doi.org/10.1016/j.geoforum.2013.04.010
http://dx.doi.org/10.1016/j.geoforum.2013.04.010
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref54
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref54
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref54
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref55
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref55
http://dx.doi.org/10.1080/14693062.2014.876342
http://dx.doi.org/10.1177/0042098014544759
http://dx.doi.org/10.1016/j.respol.2013.12.006
http://dx.doi.org/10.1016/j.jenvman.2016.10.042
http://dx.doi.org/10.1016/j.jenvman.2016.10.042
http://dx.doi.org/10.1016/j.gloenvcha.2009.11.009
http://dx.doi.org/10.1016/j.envdev.2016.11.006
http://dx.doi.org/10.1016/j.cosust.2015.07.012
http://dx.doi.org/10.1016/j.cosust.2015.07.012
http://dx.doi.org/10.1177/0042098012461675
http://dx.doi.org/10.1177/0042098012461675
http://dx.doi.org/10.5751/ES-04565-170208
http://dx.doi.org/10.5751/ES-04565-170208
http://dx.doi.org/10.1016/j.respol.2005.07.005
http://dx.doi.org/10.1016/j.respol.2005.07.005
http://dx.doi.org/10.1016/j.gloenvcha.2012.12.006
http://dx.doi.org/10.1016/j.gloenvcha.2012.12.006
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref67
http://refhub.elsevier.com/S1364-0321(18)30439-8/sbref67
https://climate-adapt.eea.europa.eu/knowledge/tools/urban-ast/step-0-0
https://climate-adapt.eea.europa.eu/knowledge/tools/urban-ast/step-0-0
http://dx.doi.org/10.1016/j.gloenvcha.2013.12.004

	Stimulating urban transition and transformation to achieve sustainable and resilient cities
	Introduction
	Materials and methods
	Results
	Systems theory
	The socio-technical approaches and processes
	A snapshot of socio-technical and socio-ecological system approaches
	From incremental adaptation to transition

	Conditions for change
	Authority and political leadership for disruptive innovations and change
	The regulatory framework, including codes, accountability, pricing, taxation, penalties and incentives
	Learning from disasters, learning from narrative research
	Education and awareness: availability, accessibility and ability to use data
	Co-responsibility, increased public-private interface, social participation [68,70]
	Living lab approach to innovation
	Informed, inclusive and adaptive multi-level governance
	Integrated and adaptive planning and management [68]

	Synthesis of the approaches for transition

	Discussion
	Conclusions
	Acknowledgements
	Supporting information
	References




