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Abstract Cities are increasingly acknowledged as crucial when facing climate change—and

the environmental crisis more in general—, offering challenges and opportunities in terms of both
mitigation and adaptation. Climate change-sensitive urban governance requires proactive, integrated,

and contextualized approaches, making room for the complex, multilayered, multiscalar, and dynamic
processes constituting a city. The notion of “resilience” has been acquiring growing recognition as a
flexible and powerful concept to respond to these challenges. Resilience itself, however, is also a polysemic
notion, often treated as little more than a catchword or a wishful aim or superimposed with other climate-
related terms, such as risk, vulnerability, or adaptation. To promote a stronger integration among different
problem-settings and epistemic communities, this paper advances six analytical distinctions aiming to
provide structure and articulation to existing definitions of the concept of “resilience.” Likewise, it offers
an integrated analytical framework and methodological pipeline to streamline resilience analysis in the
context of urban climate risk assessment. The framework is specially defined to link up with the definition
of climate risk provided by the Intergovernmental Panel on Climate Change (IPCC) latest Assessment
Reports and is illustrated through examples derived from the recent experience of the Chilean Climate
Risk Atlas.

Plain Language Summary This paper offers an integrated terminology, analytical
framework, and procedure to measure and predict a city's resilience in the face of climate threats. Based
on a thorough review and discussion of the literature on the topic, the proposal is designed to articulate
existing approaches, usages, and interpretations of the concept. It aims to guide scholars, practitioners,
and policymakers to employ resilience as a tool for urban planning and governance.

1. Introduction

Roughly 55% of the world’s population resides in urban areas (United Nations, 2019a), a number expected
to rise steadily during the next decades (Ritchie & Roser, 2018). Not only do cities generate a significant
source of the world’s Greenhouse Gas (GHG) emissions (Moran et al., 2018), but they also influence and
mediate the effects of climate change on society (McCarthy et al., 2010). This fact urges to develop an inte-
grated approach to design climate-sensitive urban governance, i.e., able to enact mitigative, adaptive, and
transformative efforts in the face of a changing planet (Bai, 2018; Brondizio et al., 2016; Grimm et al., 2008).
However, up to this point, urban governance remains a strongly fragmented field targeted by a variety of
epistemic communities encompassing urban planning, disaster management, and climate vulnerability, to
quote just a few (Wolfram et al., 2017).

The Intergovernmental Panel on Climate Change (IPCC) has taken important steps toward integrating
these research communities by providing a general framework to understand climate risk unifying previ-
ously heterogeneous definitions. Particularly, the 2019 Special Report on the Ocean and Cryosphere in a
Changing Climate (SROCC) understands climate risk as to the interplay within a given territory, among a
climate hazard—i.e., the expected incidence of a climate event or condition—, with the exposure and sensi-
tivity of individuals and communities as well as goods, infrastructures, processes, and services they value in

URQUIZA ET AL.

1 of 26


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0001-6901-0846
https://orcid.org/0000-0002-7069-1324
https://orcid.org/0000-0003-3161-6468
https://orcid.org/0000-0003-1424-4746
https://orcid.org/0000-0001-7605-3721
https://orcid.org/0000-0002-8097-2883
https://orcid.org/0000-0002-5985-1905
https://doi.org/10.1029/2020EF001508
https://doi.org/10.1029/2020EF001508
https://doi.org/10.1029/2020EF001508
https://doi.org/10.1029/2020EF001508
https://doi.org/10.1029/2020EF001508
http://crossmark.crossref.org/dialog/?doi=10.1029%2F2020EF001508&domain=pdf&date_stamp=2021-09-02

. Yeldd
ra\* 1 V)
ADVANCING EARTH
AND SPACE SCIENCE

Earth’s Future 10.1029/2020EF001508

Validation: L. Gallardo, C. I. Neira,

M. Rojas

Visualization: C. Amigo

Writing - original draft: M. Billi
Writing - review & editing: A.
Urquiza, R. Calvo, L. Gallardo, M. Rojas

the face of this hazard (Abram et al., 2019). Furthermore, the SROCC also explicitly addresses the notion of
“resilience” in the context of climate risk assessment. Thereby, it provides an important step toward a more
“holistic” understanding of climate risk and a deeper appreciation of how different kinds of hazards and
vulnerabilities may combine in generating system-wide risks and impacts.

IPCC’s move toward resilience mirrors the growing attention that the concept has drawn lately within the
context of urban governance. This, in turn, has inspired the quest for a new paradigm in city planning pur-
suing sustainability and climate mitigation while also fostering adaptation of cities to climate and environ-
mental transformations (Desouza & Flanery, 2013; Eraydin & Tasan-Kok, 2013; Fu & Zhang, 2017; Meerow
et al., 2016). Gradually, the notion of “urban resilience” has gained ground both as a way to problematize
the application of the concept of resilience to city planning (Pizzo, 2015; Vale, 2014) and to organize var-
iables and indicators to operationalize these notions in concrete applications (Desouza & Flanery, 2013;
Ouyang et al., 2012). Likewise, urban resilience has become one of the leading pillars of action for a variety
of initiatives advanced by various bodies including supranational institutions such as United Nations Hu-
man Settlements Programme (UN-Habitat), the International Strategy for Disaster Reduction (UNISDR),
and the Global Facility for Disaster Reduction and Recovery, international financial entities such as The
World Bank and the Interamerican Development Bank, “networks of cities” such as International Council
for Local Environmental Initiative (ICLEI, now Local Governments for Sustainability), C40 Cities Climate
Leadership Group and Cities Alliance and private nonprofit organizations such as the Rockefeller Foun-
dation. Aligning efforts to support sustainable and resilient cities is the explicit goal guiding the combined
efforts of the Medellin Collaboration formed at the World Urban Forum 2014 and reaffirmed later during
the Quito conference.

The growing interest granted to the concept of resilience is partly due to the ability to act as a “boundary
object” cutting across research fields and perspectives while fostering coherence and collaboration at the
same time among them (Baggio et al., 2015; Brand & Jax, 2007) and thus, potentially grounding an inte-
grated and holistic perspective on urban governance. However, precisely because of this semantic hetero-
geneity, the concept entails various definitions and approaches, hampering comparability across studies
and approaches (Hosseini et al., 2016; Linkov & Trump, 2019). The literature on resilience today spans
multiple disciplines, including Material Sciences, Psychology, and Economics, Disaster Management, Ecol-
ogy. Each has developed its specific concept understandings and usage (Olsson et al., 2015; Schiappacasse
& Miiller, 2018; Thoren, 2014; Xue et al., 2018). Likewise, with a few recent exception (Abram et al., 2019;
Galaitsi et al., 2020; Linkov et al., 2018) literature tends to lack clarity on how resilience connects, in prac-
tice, with other climate-related concepts such as risk, vulnerability, adaptation, planning, and sustainability
(Elmgqvist et al., 2019; Leichenko, 2011). In the absence of a reasonably shared understanding of these
relationships, resilience may end up doing little more than adding yet another layer of complexity to urban
governance.

The challenge is to construct a conceptual framework broad enough to do justice to the various interpre-
tations to open the concept to an inclusive and plural interdisciplinary debate while recognizing their
differences and providing means to articulate these differences. A particularly daunting task is to make
the concept accessible and attractive to social science scholars. Social scientists' contribution to the under-
standing and management of climate risks is increasingly recognized (Billi et al., 2019). However, social
science scholars have traditionally been less prone to enter this field and have particularly shown suspicion
concerning the notion of “resilience,” precisely for its inability to dialogue with standing ideas within the
disciplinary field. Along these lines, concerns have been raised, for instance, in Olsson et al. (2015), about
simply “imposing” those concepts within social sciences instead of offering a translation or reinterpreta-
tion—which is what we are attempting to do.

In the awareness of these considerations, this paper endeavors to illustrate and discuss a system-based
analytical framework and methodological pipeline aiming at streamlining resilience in the context of ur-
ban climate risk assessment. More specifically, we aim at (a) specifying and organizing different meanings
resilience adopts in the specialized literature when applied to cities; (b) clarifying the relationships between
resilience, risk, and vulnerability; and (c) proposing a guide for climate risk and resilience assessment in
cities, for climate-sensitive urban governance. We hope that our framework and pipeline can serve as an
interface between multiple disciplines (engineering, social sciences, and Earth sciences) as well as between
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science and policy, and also as a way to increase collective Futures Literacy in the face of global risks and
climate change (UNESCO, 2019).

The paper is organized into four sections. Section 2 offers a brief but systematic review of the academic
scholarship linking resilience to cities so as to identify the specific challenges associated with an integrated
perspective on urban resilience. Section 3 advances six analytical distinctions aiming to answer these chal-
lenges and providing structure to resilience analysis. Each is illustrated through a discussion of the rele-
vant literature. Section 4 places these distinctions together in an analytical framework and methodological
pipeline integrating resilience within urban climate risk assessment. To illustrate our proposal, we provide
examples from the Chilean Climate Risk Atlas case: the analytical framework and methodological pipeline
we present here were developed for and tested around this case. This is the first paper illustrating them in
an integrated manner. Section 5 presents brief conclusions and policy implications.

2. Urban Resilience: A Brief Literature Review and Key Challenges for an
Integrated Framework

As anticipated in Section 1, the concept of resilience—from the Latin resilio or “bounce back”—has been
gaining growing popularity since the second half of the XX century (Meerow & Newell, 2015) in a variety of
scientific domains, each developing its specific understanding and usage of the concept (Olsson et al., 2015;
Xue et al., 2018; Thoren, 2014). Although cities are just one of the fields to which the concept has been
applied, the attempt to build resilient cities has drawn much attention lately. Early literature on urban re-
silience goes back to the late 1970s, the literature starts gaining a foothold in the mid-2000s and has been
steadily growing ever since, reaching almost 900 yearly publications by 2018. It is also quite a diverse litera-
ture with more than 1,000 journals and 12,000 authors involved (averaging almost three authors per paper),
coming from more than 3,500 organizations from different countries. Particularly prolific countries include
the US, India, Australia, China, and Canada. All leading journals are strongly interdisciplinary, including
Sustainability, the International Journal of Risk Reduction, Natural Hazards, and Cities. Likewise, leading
research areas are also interdisciplinary, including Environmental Sciences and Environmental Studies,
followed by Water Resources, Urban Studies, and Geography.

This literature's sheer size and heterogeneity make a comprehensive review of all existing contributions
quite a daunting task. The literature has faced this challenge by making increasing use of computer-assisted
analysis to substitute or complement traditional systematic review methodologies, with the double benefit
of allowing to embrace larger number and variety of publications and help to avoid subjective biases and to
achieve rigorous, timely processing, and examination of key contents (Billi et al., 2021; D'Amato et al., 2017;
Schober et al., 2018).

Topic models, in particular, are computer-based statistical tools that perform better than other forms of
automated text analysis (Wiedemann, 2013) in their ability to account for the multiple possible meanings
of words by calculating latent contexts of linguistic symbols (Jelodar et al., 2017; Steyvers & Griffiths, 2007).
Latent Dirichlet Allocation or LDA (Blei, 2012) is the most widespread algorithm offering rich text analysis
and relatively straightforward interpretations. In this paper, we generated an LDA topic model of the urban
resilience literature, which allowed us to identify and map key topics and approaches tackled in this litera-
ture, as well as single out particularly relevant publications that went through a deeper qualitative screening
process (for an in-depth description of the methodology used, please check Text S1). A detailed description
of the topic model results can be found in Text S3, together with a list of key papers identified in association
with each topic.

Through this method, we found that the literature on urban resilience encompasses (References provided
in relation to these topics are for illustrative purposes, and refers to some of the most cited papers covering
each of the topics. For a more detailed description, please see Supporting Information).

1. A wide variety of threats to which cities may be exposed. Urban resilience encompasses the ability
of cities to cope and adapt to a variety of specific hazards, such as heat waves (Bobb et al., 2014), flooding
(Djordjevic et al., 2011), sea-level rise (Neumann et al., 2015), fires (Fernandes, 2013) or earthquakes
(Ainuddin & Routray, 2012), as well as transversal menaces such as climate change and their impacts on
cities (Hunt & Watkiss, 2011). Noticeably, while some of these hazards arise from factors and processes
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exogenous to the city, others are rather the result of the pathway of development and daily operations
characterizing cities.

2. Several kinds of (urban) systems and services exposed to these threats. These include, on the one
side, impacts on “natural” endowments including availability, quality, and accessibility of water resourc-
es (Astaraie-Imani et al., 2012; Ferguson et al., 2013), as well as biodiversity and ecosystem services to
urban dwellers (Gomez-Baggethun & Barton, 2013), including urban vegetation (Cook-Patton & Bau-
erle, 2012); on the other side, human-made artifacts, including energy distribution networks (Kammen
& Sunter, 2016), transport systems (Ganin et al., 2017), and various kinds of infrastructures as well as
food systems (Barthel et al., 2015). A further segment of the papers refers to urban socio-demographical
processes, including human lifestyles, cultures, health care, land-use changes, and migration (Eakin
et al., 2010; Wong & Song, 2008).

3. Multiple pathways driving resilience. A variety of different variables and strategies are connected
to urban resilience, including, on the one hand, physical-technical attributes such as research and em-
ployment of advanced materials and robust engineering and architecture to uphold disturbances (Kour-
oussis et al., 2014; Weerheijm et al., 2009), planning aspects such as resilient network design, smart
technologies, or urban design (Karrholmm et al., 2014; Novak & Sullivan, 2014; Ouyang et al., 2012) and
on the other, socio-cultural characteristics, such as the importance of social capital, culture, solidarity
and shared learning, determinants of resilient economic behavior, and so on (Horowitz, 2013; Jakes &
Langer, 2012; Wolf et al., 2010).

4. Different analytical-methodological perspectives on resilience. Some papers explicitly strive to
measure resilience (Cutter et al., 2010), while others include resilience as one factor amongst others
within a wider effort to assess risk and vulnerability in cities (Balica et al., 2012). Similarly, some adopt
resilience as a principle in city design or governance (Ahern, 2011; Wardekker et al., 2010) or disaster
management (Berke & Campanella, 2006). Others use it to explain how ecosystems, businesses, house-
holds, and other relevant entities and processes within cities can persist despite disturbances which may
affect them (Jabeen et al., 2010; Martin & Sunley, 2015; Pickett et al., 2004).

The wide variety of threats, systems, factors, and approaches that the literature associates to the concept
of urban resilience supports our proposal since it highlights the need for a high-level analytical framework
that may help articulate and compare different studies on resilience and inform the construction of integral,
complex, and self-adaptive indicators of urban resilience for present and future threats.

Moreover, an in-depth review of the key papers included in each of the relevant topics identified by the
model led us to conclude that an integrated framework on climate-sensitive urban resilience should strive
to tackle at least six key challenges (see Table 1). We may say that these challenges offer boundary condi-
tions for the integrated framework on urban risk and resilience that we aim to develop in this paper. The
table summarizes how our proposal tackles each challenge.

3. Six Analytical Distinctions on Urban Resilience

To address the challenges introduced above, we provide six analytical distinctions, aiming at specifying dif-
ferent elements and processes integrating resilience analysis within climate risk assessment at a city level.
While each distinction can be grounded into a very wide corpus of literature (see Text S1), we only quote the
most relevant or illustrative scholarly works for each. Please refer to the previous section and the Text S1 for
a more in-depth review of existing research. We rely in a particularly extensive way on the socio-ecological
scholarship on resilience to build our framework (Biggs et al., 2015; Folke, 2016; Holling, 1973, 2001; Walker
& Salt, 2006), which provides a pioneering attempt to link up the concept of resilience with the terminology
used by risk and vulnerability assessments (Chapin et al., 2009), hence, offering a deep and sophisticated
account on the topic. We also look at parallel advancements that have occurred within other systemic ap-
proaches such as the socio-technical transitions perspective (Geels & Kemp, 2007; Geels & Schot, 2007;
Hodbod & Adger, 2014; Lawhon & Murphy, 2012) and social systems theory (Luhmann, 1995, 2007; Olsson
et al., 2015).
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Table 1

Challenges for an Integrated Framework on Urban Resilience, and our Proposed Solutions

Challenge Description of the challenge

How our framework tackles this challenge (Sections 3 and 4)

Heterogeneity Embrace multiple kinds of ecological, technical, and

socio-cultural entities and processes that make up a

city as well as their interactions

Multihazard analysis ~ Consider multiple threats, both endogenous and

exogenous to the system, acute, and chronic ones

Multiple timeframes  Distinguish multiple time frames, including climate

disturbances considering both short and long-term

impacts

Intentional steering Clarify the interaction between spontaneous,
undirected processes shaping up urban systems

and an ongoing attempt to direct and steer cities

intentionally

Controversiality Contrast multiple perspectives on goals and priorities
associated with cities and acknowledge potential
trade-offs to pursue such goals

Multiscalarity Encompass urban systems situated at multiple

scales and the corresponding cross-scale
interdependencies

We provide a general definition of a system and its resilience compatible
with a wide variety of urban functions, encompassing natural
endowments, technical artifacts, symbolical-semiotic constructs, as
well as their interactions (cf. 3.1)

We adopt a “systemic” definition of resilience, which makes room for a
variety of threats and allows them to compound on each other (cf. 3.2)

We differentiate two main “pathways” to resilience, respectively, linked
to the systems' ability to substitute or rearrange its components, or to
alter and evolve its structures (cf. 3.3)

We distinguish two kinds of structural evolution (and corresponding
pathways to resilience): spontaneous/emergent learning and
adaptability, and intentional adaptation (cf. 3.4)

We discriminate between positive and negative resilience, and we clarify
how the governance of a resilient system should also foster its ability to
self-transform and to overcome existing gaps and inequalities (cf. 3.5)

We articulate the resilience of constituting systems with the resilience of
the city as System-of-Systems (cf. 3.6)

Resiliencia, disturbios y servicios

__ Services e
or Performances “~ <

Resilience

'— Disturbances .7

3.1. Delimitation of Resilience: Disturbances and Services

Resilience is an emergent, latent property that cannot be observed directly. However, it can be inferred
based on how the system “behaves” in the face of disturbances (Martin-Breen & Anderies, 2011). Unfor-
tunately, the complexity of urban systems means that these tend to shun simple, generalized explanations,
and shift in behavior in most unpredictable ways (Midgley, 2003), often lacking stable and recognizable
“states or identities” hindering the specification of what is to be taken as a relevant system “behavior.”
Moreover, their boundaries are not always clear, so that distinguishing a system from its environment often
involves contingent or even arbitrary decisions (Olsson et al., 2015; Smith & Stirling, 2010; Vale, 2014).

To overcome these challenges, we adopt a broad definition of resilience as the structural ability of a com-
plex adaptive system—i.e., a system composed of a variety of elements coupled between one another with
emergent properties and at least with some degree of self-organization (Folke et al., 2005; Norberg & Cum-
ming, 2008; Urquiza & Cadenas, 2015)—to maintain a given level of performance or “service” despite the
disturbances affecting its key components (Figure 1).

Focusing resilience analysis on the maintenance of “services” helps to make resilience observable since
services can be often measured, either directly or by proxy. By the same token, focusing resilience on ser-
vices helps to define the boundaries of the analysis. While each system
may have an infinity of potential components, only components playing a
major role in the provision of the specified service will need to be tackled
in the analysis. How many and which ones will depend on the complexity
of the service and the degree of precision required by the analysis, sug-
gesting a multitiered approach to resilience analysis (Linkov et al., 2018).

>#» Structure

Our definition is compatible with a wide variety of systems and services
whose components may refer to natural endowments, technical artifacts,
or symbolical-semiotic constructs. Existing approaches to urban resil-
ience such as the ones advanced by the Rockefeller Foundations’ 100 Re-
silient Cities or by ONU-Habitat’s New Urban Agenda differentiate var-
ious possible “urban services,” but there is still a lack of a standardized

%, Components
s (entities and processes)

Figure 1. Definition of a system and its resilience expressing the
maintenance of service despite disturbances affecting its components.

classification of these services. We propose to distinguish:
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Figure 2. Types of urban services and their relationships.

* Ecological services explicitly linking with the literature on ecosystem services (Bennett & Garry, 2009;
Chapin et al., 2010; Gomez-Baggethun & Barton, 2013) and including the provision of essential elements
to support their health and lifestyle, the regulation of their environment (e.g., temperature or air quality)
and supporting services necessary for the expected functioning of other key urban systems

» Technical services that, as socio-ecological services, depend on interchanging matter and energy but are
governed by a combination of technological artifacts and socio-economic structures of innovation, trans-
formation, and coordination (Geels & Kemp, 2007). For instance, these include the provision of energy,
drinkable water, transport and telecommunication, education, health care, and others

* Social services, encompassing high-level symbolic and semantic structures ensuring the possibility for
meaningful communication and interchanging information and expectations, coordinating social action
within and about cities (Luhmann, 1997b; Urquiza & Cadenas, 2015). Examples of these services are:
legitimate political processes and institutions to assign power and make (or criticize) collectively binding
decisions; reliable scientific procedures to generate, review and spread evidence; functional markets and
currencies to ensure the financing, production, allocation, and distribution of scarce goods and services;
enforceable laws and juridical systems to uphold and guarantee societal norms and normative princi-
ples; shared cultural values and practices, to shape and select knowledge, behaviors, interactions, and
others of the like

Figure 2 summarizes these services, along with the relevant material, socio-ecological and socio-technical
interchanges linking one domain to the other.

3.2. Scope of Resilience: Specific Components and Generic Structures

An old debate dividing complex systems scholars is whether the analysis should focus on the system re-
sponse to individual threats and disturbances or rather on the whole array of possible and actual distur-
bances on which the system may incur. These two different approaches have been sometimes labeled as
“specific” versus “generic” resilience (Miller et al., 2010) or rather, “inherent” versus “adaptive” resilience
(Cutter et al., 2008) or even “local” or “global” resilience (Thoren, 2014). Researchers from different fields
have linked excessive stress on individual-threat resilience with a reduction in multithreat resilience: while
the former may allow the system a higher control in countering the effects of ordinary variations in the en-
vironment upon its behavior, it would also imply a decreased flexibility and response capability in the face
of unexpected disturbances overcoming the tolerance threshold of the system with potentially catastrophic
effects (Holling, 2001; Perrow, 1984; Pickett et al., 2013). Likewise, some have argued that what the resil-
ience approach brings to the table of risk assessment is precisely a systemic perspective concerning multiple
threats at once (Linkov & Trump, 2019). Nevertheless, both interpretations remain of current usage in dif-
ferent strands of literature on resilience in general and urban resilience particularly (Meerow et al., 2016).
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Disturbances > Components > Services
Component Generic Resilience
Sensitivity (Resilience proper)

Specific Resilience
(Non-Vulnerability)

Figure 3. Scope of resilience: sensitivity, generic resilience, and specific resilience (nonvulnerability).

Our framework strives to provide a coherent and fully systemic take on resilience by acknowledging the
need to distinguish generic and specific resilience while also retaining both as useful analytical dimensions
in the context of risk assessment. We decompose the observed impact of disturbances on the services pro-
vided by a system into two parts (Figure 3): on the one hand, the effect that the disturbance implies for the
system-specific components such as specific goods, processes, individuals, infrastructures, and the like;
on the other hand, the overall response of the system (and the service it provides) to affectations suffered
by some of its components. Drawing on IPCC’s framework on climate vulnerability (Abram et al., 2019;
IPCC, 2014), we may call the first factor “sensitivity” of a component to a given hazard. In our framework,
this measures the inherent propensity of a given component to be “disturbed” by the hazard. For instance,
the increase in extreme weather events could potentially affect both the demand and supply of a particular
urban service, such as electricity supply: power plants, transformers, electrical lines, appliances, or user
preferences, to name a few. Each of these infrastructures may be more or less “sensitive” to any given
hazard: a hydrological power plant will suffer more from drought than a coal-based one, and underground
electrical lines will not be so easily affected by a storm as surface ones.

However, the service’s overall vulnerability service is not limited to the sum of these sensitivities; rather, it
also encompasses the system’s overall predisposition to uphold disturbances in its components and self-or-
ganize itself despite—or even, in the face of—these disturbances (generic or “systemic” resilience). Differ-
ent from “sensitivity,” generic resilience is a genuinely structural feature of a system, not reducible to the
behavior of its specific components: this is another way to phrase the famous maxim that “a system is more
than the sum of its parts.” For instance, a monitoring and early warning system, able to encompass several
hazards at once that may affect the energy system, may be an example of generic resilience.

This proposal clarifies the relationship between vulnerability and resilience. While in early approaches (e.g.,
Holling, 2001), resilience was often understood as equivalent to the lack of vulnerability (an idea which
would imply the redundancy and thus analytical uselessness of either of the terms), more recent reflections
have pointed out that systems can often be both resilient and vulnerable or neither resilient nor vulnerable
(for a discussion see: Miller et al., 2010; Urquiza & Cadenas, 2015). Thus, a system can be resilient and vul-
nerable when all or most of its components are sensitive to the relevant climate threats they are exposed to
but, at the same time, the structure of the system is strongly able to compensate for such sensitivities. On the
contrary, a system should be considered nonvulnerable and nonresilient at the same time, when it features
avery low structural ability to undergo disturbances but—at least for the time being—is not sensitive to any
of the climate threats it may become exposed to.

As a plus, limiting the scope of resilience proper (generic resilience) to the structural dimension ensures
analytical comparability through time: as a structural-level property, resilience will not depend on specific
changes that may have incurred in particular components or on the configuration of such components.
Moreover, defining resilience at a structural level allows to take full advantage of adopting a system perspec-
tive in that structural attributes that have been shown to increase resilience within one given domain—or
at a given scale—can be employed to predict resilience within another domain—or scale (Holling, 2001).

Finally, this definition of resilience makes room for a wide variety of threats: what matters for resilience
analysis, in fact, is not the threat itself nor even the amount of the disturbance it causes on one or more of
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Figure 4. Resilience timeframes: flexibility (persistence) and adaptability.

the key components required for the provision of a given service but rather how much the system is able to
withstand such disturbance without significantly altering its level of service.

3.3. Timeframes of Resilience: Persistence Versus Evolution

The existing scholarship also offers two different interpretations about what is to be understood as a “resil-
ient” behavior for a system. A part of the literature reads it in terms of “bouncing back”—paralleling the
etymological root of the term-stressing that resilience implies the maintenance or recovering of some sort
of equilibrium upon a disturbance (Alexander, 2013). Other interpretations, however, link resilience to
the existence of multiple equilibria or “basins of attraction” and to the propensity of a system to shift from
one to the other when faced with a disturbance large enough to overcome its critical thresholds (Chapin
et al., 2009; Folke, 2016; Scheffer et al., 2002; Sietz & Feola, 2016). Since the second understanding was first
made popular within the ecological literature, it is sometimes dubbed as “ecological” resilience, in opposi-
tion to “engineering” resilience (Holling, 1996), or “persistence” versus “adaptability” (Walker et al., 2004),
or “adaptability” and “agility” versus “robustness” and “resistance” (Galaitsi et al., 2020). To be sure, this
distinction was already well known within second-order cybernetics (on which most systems-theoretical
approaches ground themselves), distinguishing between “trivial” systems, whose performance is a function
of the structure of the system and of inputs (in our case, the disturbance it suffers); and nontrivial, complex
systems, whose structures are constantly evolving as a result of their own operations (von Foerster, 1981).

Hence, there is a need to distinguish two kinds of resilience according to the timeframe adopted by the
analysis (Figure 4). When we focus on the short term, we are mostly interested in the ability of the system
to rearrange its components or substitute one component for another in order to maintain the given level of
service without significantly altering its structure. For instance, referring to the example introduced above,
the resilience of electrical supply may be higher when the system counts with significantly more installed
capacity than peak demand as well as with multiple and networked distribution pathways when it is able to
shift quickly and seamlessly from one source to the other or from one distribution pathway to another and
so on. This kind of short-term focus on resilience, hereafter dubbed “flexibility” (or “persistence”), can be
contrasted with a longer-term view, observing the ability of the system of maintaining the level of service
in the face of a changing environment by ways of evolving its structures, which we will subsequently call
“learning” (Desouza & Flanery, 2013; Urquiza & Billi, 2018; Walker et al., 2004). The latter is particularly
important in a context of uncertainty with respect to the possible nature and outcome of risks facing a
system, and particularly for proactive management of potential but unknown risks of the future (Linkov &
Trump, 2019).

Noticeably, while the concept of “flexibility” can apply to all kinds of systems, including both trivial or non-
complex systems (such as inanimate artifacts) and complex or nontrivial systems (such as social, technical,
and ecological systems), “learning” is only proper for complex, adaptive systems. When reaching a given
threshold, trivial systems simply “break down” when they overcome their resilience threshold, and when
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this happens, their functionality is irremediably lost or maimed. Conversely, when complex, nontrivial sys-
tems are pushed beyond their critical threshold, they shift to a new regime of stability, which, depending on
the case, may present a higher or lower level of service than the one they left (Folke, 2016; Holling, 2001;
Linkov & Trump, 2019). For instance, enduring exposure to a disturbance in electrical supply may push the
entry of newer and more reliable technologies, the building of additional power plants, or the adoption of
user practices aiming to limit the effect of the disturbance, e.g., buying power generators, storage systems,
or even appliances not relying on electricity (such as wood stoves for cooking and heating, for instance).

Lately, a third alternative has been introduced implying the complete absence of balance, thus, imbuing
resilience with a mainly metaphorical meaning as stressing the need to generate forms of planning and
governance apt for the ever-changing and constantly unstable nature of the modern world (Eraydin &
Tasan-Kok, 2013; Pickett et al., 2004). In our framework, this notion of resilience can only be understood
by moving on to an additional distinction encompassing the degree of “directionality” or “intentionality”
of resilience.

3.4. Intentionality of Resilience: Memory and Learning Versus Self-Transformation and
Governance

Adaptability has to do with the evolution of the structures of the system. Systems-theoretical approaches
mostly agree on the fact that the most frequent form of evolution takes the form of an undirected pro-
cess of “morphogenesis”: the evolutionary trajectory of a complex and nontrivial system is not correct-
ly described by thinking in linear terms as an ordered and gradual advancement toward a rational and
predictable telos. On the contrary, systemic structures are best seen as a highly unlikely and contingent
outcome, as the emergent product of the interaction between semirandom variations and structural se-
lection (Luhmann, 1984, 1995; Maturana & Varela, 1987), innovation and socio-technical regimes niches
(Vog et al., 2009) or creative renewal and system control (Gunderson & Holling, 2002). Were it not for the
prevalence of semirandom processes and the chances of experimentation and variety these bring forth, the
evolution of ecosystems, technologies, and societies would have been much slower than has been the case
(Luhmann, 1997b). We will label these emergent processes of systemic evolution as the “memory/learning”
dimension of resilience.

On the other hand, these considerations do not completely preclude the possibility that a system is inten-
tionally steered or “governed” toward a desirable outcome. One of the peculiar features of “social” systems
(as opposed to ecological or technical ones) is precisely their constant concern for “planning ahead,” i.e.,
attempting to put up mechanisms pursuing the permanence of the system and the services it delivers in
the face of known, foreseeable and even speculative disturbances that may be of interest in the future
(Linkov & Trump, 2019; Westley et al., 2002). We may call this dimension of resilience “governance” or
“self-transformation.”

The nonlinear self-organized dynamics of complex systems make such governance a particularly daunting
task, especially since any intervention in the trajectory of a complex system unavoidably becomes part of
the system it is trying to steer (Beck, 2006; Voss et al., 2009). The literature offers different ways to make
governance efforts more “reflexive,” e.g., to ensure they look at themselves as part of the change they aim to
enact imaginaries. Visions and semantics seem to play a major role in this sense: they allow to create a—mo-
mentary—distance between the planner and the system to be directed and single out aspects of the behavior
of the system which are to be controlled and monitored (Konrad, 2010; Luhmann, 1997a; Rip, 2012). The
same may be said for deliberative spaces and polycentric arrangements (Pahl-Wostl et al., 2012; Urquiza
et al., 2019¢; Willke, 2006), which by confronting different perspectives on a problem may help overcome
possible blind spots of each singular standpoint.

Flexibility and, to an extent, “memory/learning” is essentially a “reactive” mechanism responding to dis-
turbances if and when these come to occur. As such, it may be blind to the consequences that a present
response of a system may deliver on the emergence of future hazards affecting the very system or different
services within the city. For instance, technologies based on fossil fuel exploitation may be less prone to suf-
fer climate-related disturbances than cleaner sources such as solar and wind power. However, they may also
cause further strain on local social-ecological systems while increasing at the same time the future climate
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Figure 5. Intentionality of resilience: learning from Figure 5 is decomposed into “memory/learning” (unintentional/
undirected/spontaneous adaptability) and “self-transformation” (intentional/directed/governance-mediated
adaptation).

hazards the system will have to face. Similarly, when households switch to wood or petrol-based alterna-
tives for home heating and cooking, they may be making themselves more resilient in the face of erratic
electrical supply. Nonetheless, they are also decreasing their resilience in the face of resources dwindling
stocks while also possibly contributing to hamper other urban services such as clean air (due to indoor and
outdoor pollution caused by such technologies) or biodiversity (due to the potential incentives for forest
overexploitation).

On the contrary, “self-transformation” aims to take full charge of these secondary effects and the trade-offs
they may entail. Thus, it is a strongly intentional and directed mechanism contrasting the “unintentional”
and “emerging” character of reactive resilience (Figure 5). Continuing with the previous example, such
resilience will be achieved by promoting an integral and long-term energy transition balancing both short-
term impacts on electrical supply resilience and long-term consequences both on the energy sector and
other key urban services.

3.5. Normativity of Resilience: Adaptive Governance Versus Transformative Governance

While part of the literature depicts resilience as a constitutively positive and desirable property (Meerow
et al., 2016; Olsson et al., 2015), a growing number of scholars have noted that resilience implies trade-
offs between territories, scales, populations, or perspectives. What may mean resilience for some popu-
lations, territories, or systems can be a source of disturbance and risk for others (Hahn & Nykvist, 2017;
Hodge, 2013). Accordingly, many scholars have stressed the unavoidably political and ethically laden char-
acter of resilience analysis and practice (Barnes et al., 2017; Chaffin et al., 2014; DeCaro et al., 2017; Hahn
& Nykvist, 2017), demanding in turn for more participatory, distributed, and accountable forms of deci-
sion-making and social organization (Barnes et al., 2017; DeCaro et al., 2017), among other things, to define
what ought to be preserved and what ought to be changed.

Particularly, in a significant number of cases, “resilience” can be characterized as a “negative” (or unde-
sirable) attribute instead of a positive and desirable one. For instance, mitigating global GHG emissions
may require urban systems to engage in a full-scale energy transition, which could also serve as a way to
increase the availability of high-quality, reliable energy sources for all the population and to reduce indoor
and outdoor pollution within the city. However, when attempting to put in place such a transition, deci-
sion-makers are likely to find out that the existing system puts up a strong resistance to change: economic
expectations, socio-technical artifacts, and even socio-cultural norms have adapted to a certain structural
configuration and, in so doing, they are constantly maintaining and reproducing such configuration. More-
over, they might realize that some transition options are closed up altogether because they lack prerequisite
assets or conditions that past policies have been unable or unwilling to provide.
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These forces of “lock-in” and “path-dependency” (Geels, 2012) tend to limit the degree to which complex
systems can be steered away from their current pathways. They may therefore be considered a form of “re-
silience,” whereas the attempt to induce a sustainable transformation is processed by the very system as a
hazard rather than as an opportunity. When this is the case, resilience analysis can help to depict the factors
that are hindering the transformation of the system and devise ways to overcome it (Chaffin et al., 2016).

A similar argument can be made about poverty and inequality: a system may be perfectly resilient while
also stuck in a low-performing equilibrium (sometimes tagged as “poverty trap” in the literature). When
this happens, the services it offers are suboptimal, but the system’s inertia (or resilience) prevents it from
transitioning to a higher (and more collectively desirable) equilibrium (Carpenter & Brock, 2008).

The literature talks about adaptability—and transformability—oriented resilience research to capture this
distinction (Folke, 2016; Walker et al., 2004) and of adaptive and transformative approaches to resilience
governance (Chaffin & Gunderson, 2016; Chaffin et al., 2016): whereas the former stresses actions sustain-
ing current trajectories or pathways, the latter implies shifting pathways or creating new ones. This adds a
temporal trade-off to resilience where the system's current stability is opposed to its future sustainability,
thus linking resilience analysis to transformation and transition studies (Feola, 2015; O'Brien, 2012).

Our framework combines both adaptive and transformative approaches by separating (albeit, only analyt-
ically) resilience assessment focusing on system structures from the normative appraisal of its desirability,
which depends on the choice of the services used as a reference for the analysis. In other words, one thing
is to identify the determinants of resilience and assess how resilient is a system; another is judging whether
this resilience is “positive” or “negative” and thus, whether to engage in adaptive governance trying to foster
it or in transformative governance in an attempt to “overcome” it. This distinction makes the delimitation
and prioritization of urban services into a key step in the analysis: a step that cannot be performed aseptical-
ly but instead requires a deep engagement of the research team, the decision-makers, and the community.
Our framework encompasses both scenarios, aiming at being intelligible both for risk management com-
munities interested mainly in the adaptability dimension and to scholars and practitioners of sustainable
transitions and transformation who have been mostly concerned with the second scenario where the sys-
tem’s ability to resist change (its resilience in other words) is precisely what must be fought.

3.6. Scale of Resilience: Autonomy of Constitutive Systems and Coherence of the
System-of-Systems

While stressing the difference between adaptive and transformative governance of resilience, the litera-
ture also acknowledges that both approaches require a deep understanding of the trajectories and interde-
pendencies of systems at multiple scales and across scales (Gunderson et al., 2017; Linkov et al., 2018; Liu
et al., 2017).

This consideration becomes especially relevant in the case of a city. Cities are not simply a system but a
System-of-Systems or SoS (Ernstson et al., 2010): a system with emergent characteristics and dynamics
whose constitutive subsystems are, at least partly, independent one from the other so that the “normal” per-
formance of each of them can constantly become a cause of stress or disturbance for the others (Cavalcante
et al., 2016). While each constitutive system is semi-independent, they interact by sharing components or
services, thus generating reciprocal disturbances. These, in turn, constitute a constant threat for both sys-
tems but may simultaneously represent an opportunity for learning and evolving. We postulate that aside
from specific entities and processes—and to include this important facet within our framework—, compo-
nents may also be systems themselves: the latter in turn may be composed of further entities or processes
and feature their own resilience. In this fashion, the ability of a System-of-Systems to maintain a given level
of service will depend: (a) on the disturbances affecting components of constituting systems; (b) on the re-
silience of each constitutive systems in respect to the disturbances affecting them; and (c) on the resilience
of the System-of-Systems in respect to varying level of services on the part of the constitutive systems (acting
as components for the System-of-Systems).

As such, at the System-of-Systems level, resilience cannot be achieved simply through flexibility or emer-
gent learning. It rather always requires adequate governance able to balance two competing—and both
complementing-principles of coherence and autonomy (Cosens et al., 2018; Vaas et al., 2017; Willke, 2016):
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Figure 6. Resilience of a city as a System-of-Systems.

on the one hand, it must grant each of the constitutive systems the auton-
omy required to enjoy flexibility-based and learning-based resilience. On
the other hand, it must ensure that the System-of-Systems enjoys a high
enough level of coherence and coordination so that the efforts undertak-
en by one of its constitutive systems to foster its resilience do not turn
into an additional source of disturbance for other constitutive systems
(Figure 6).
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Socio-ecological systems literature shows that within sustainable ecosys-
tems, these opposing principles of autonomy and coherence are recon-
ciled by a “panarchical” arrangement where subsystems and constitutive
systems at different scales are organized in a hierarchical and nidified
fashion. Therefore, while each scale follows a highly autonomous cycle
of adaptation and self-renewal, emergent innovation and stabilization
processes can operate across scales (Allen et al., 2014; Gotts, 2007; Gun-
derson & Holling, 2002). While these insights were originally developed
for ecosystems and biological life forms, they have been gradually extend-
ed to consider systems originating from the coupling between social and
ecological dynamics (Garmestani et al., 2009).

Similar results can be achieved in terms of governance by adopting arrangements such as the polycen-
tric one proposed by Nobel-prize Elinor Ostrom (Ostrom, 1990, 2009). This model fosters acknowledging
high degrees of operational autonomy to each distinct scale of a political system allowing for independ-
ent decision-making, knowledge creation, and experimentation coupled with continuous feedback sys-
tems across scales. Accordingly, negative results would be prevented from cascading while positive ones
may be efficiently transferred among scales generating more efficient learning, flexibility, and resilience
to changes for the whole system. Moreover, it promotes self-organization, coordination, trust, and shared
learning at multiple scales (Prieto Barboza, 2013). By this token, the model lays the foundation for a form
of adaptive environmental governance able to combine efficient exploitation of the system potentials (in
terms of critical functionality) with a continuous exploration of alternative structural configurations (Duit
& Galaz, 2008). This feature is extremely relevant, especially in systems facing a high degree of uncertainty
and approaching a potential threshold or regime shift (Cosens et al., 2018; Poteete et al., 2010; Urquiza
et al., 2019a, 2019b; Vaas et al., 2017).

4. An Analytical Framework and Methodological Pipeline to Integrate
Resilience in Urban Risk Assessment

Based on the insights discussed in Section 3, we provide an integrated analytical framework clarifying how
the six analytical distinctions illustrated above link up with different determinants of climate-related urban
risk and with the three resilience dimensions we identified (Figure 7).

The framework is explicitly designed to maximize integration within existing approaches and particularly
to articulate with IPCC’s climate risk and vulnerability framework (top part of Figure 7), with the relevant
difference that we explicitly restrict the analysis to the maintenance of a user-defined set of “services” acting
as empirical (and normative) reference for risk assessment. Following IPCC, we understand risk as being
made up of a combination of hazard (defined as an event or process external to the system potentially trig-
gering disturbances into the latter), exposure (identified as the presence within the system of components
potentially affected by said hazard) and vulnerability, i.e., the predisposition of the system to see its services
affected by hazards to which its components are exposed (1). As in IPCC, we decompose vulnerability into
sensitivity operating at the level of individual components and resilience proper acting at a more systemic/
structural level (2). Resilience itself encompasses both reactive Coping Capacity and proactive Adaptive
Capacity, thus, linking up with the terminology used by the climate adaptation community (4). However,
as specified by our proposal, Coping Capacity requires both Flexibility, focused on the short-term ability of
the system to maintain the service despite the disturbances affecting its components, and memory/learning,
manifested in the degree to which the system has learned from past impacts (3). Memory and learning are
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Figure 7. Reading from the bottom upwards: analytical distinctions discussed in the previous section (bottom),
determinants of risk derived from said distinctions (lower middle), key dimensions of resilience making up our
proposal (upper middle), and analytical axes of Intergovernmental Panel on Climate Change (IPCC)’s framework (top).
The analytical distinctions are numbered accordingly to the order in which they appear in Section 3.

also essential to Adaptive Capacity. However, this also requires the ability of the system to self-transform,
i.e., governance. The latter can, in turn, be decomposed in Adaptive and Transformative Governance ac-
cording to whether it is oriented to stabilize or change the existing configuration of the system and the
degree and distribution of the services it provides. This depends on whether resilience is judged as a positive
or a negative attribute in the case at hand (5). Finally, all this is inscribed within a nidified understanding
of the city as a System-of-Systems (6).

Building on this framework, we further advance a methodological pipeline to streamline the application of
urban resilience in the context of climate risk assessment (Figure 8). The aim is to line up a workflow that
may guide researchers and practitioners in describing the overall risk sustained by a city in the face of mul-
tiple climate-related threats at once by explicitly considering: (i) the disturbances potentially sustained by
the individual components of each system constituting the city; (ii) the resilience of each of these systems
against such disturbances; and (iii) the city resilience as a whole. In turn, this can serve to inform deci-
sion-makers about the best approach to minimize climate risk either by acting on individual components or
by governing resilience. Notice that the steps described in the workflow can be tackled with different tech-
niques and varying levels of depth and complexity depending on the purposes of the analysis. This parallels
the idea that risk assessment is a multitiered challenge, requiring increasingly sophisticated techniques and
approaches the more uncertainty and saliency of the possible impacts and management decisions to me
made (Linkov et al., 2018).

To illustrate the usefulness and application of our proposal, we will briefly exemplify its application as
part of the work involved in creating the Chilean Climate Risk Atlas (for more information, please refer
to the website https://arclim.mma.gob.cl/). The project, which was sponsored by the Chilean Ministry of
Environment and involved interdisciplinary research teams from multiple Chilean Universities and led
by the Center for Climate and Resilience Research and the Center on Global Change, pursued the over-
arching goal to create an integrated platform to assess and compare climate change-related risks affecting
different economic sectors, territories, and population across Chile. To that aim, the project adopted IPCC’s
latest definition—plus the methodological guidelines set up by the Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (GIZ, 2016, 2017) to create “impact chains” describing how specific threats can turn into
impacts when encountering preexisting conditions of exposure and vulnerability. Our team focused on
advancing a characterization of how the specific conditions of each territory, population, and local institu-
tions, may increase or decrease human settlements’ vulnerability and their dwellers to several such hazards.
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Figure 8. Methodological pipeline to streamline urban resilience within climate risk assessment.

We thus included both key factors increasing sensitivity to each threat and cross-cutting drivers of the abil-
ity of each territory and its population to cope or adapt to such hazards, in other words, of their resilience.
Moreover, we were chiefly interested to understand how multiple risks interact within a given settlement
and how these interactions could increase or decrease risks. For this, we took the study case of the Viiia del
Mar/Valparaiso conurbation, one of the major urban settlements situated in the country's central coastline.

As displayed in Figure 8, the pipeline is composed of three main phases.

Phase 1 starts by defining services acting as a reference for the analysis (1a): as explained above, services
illustrate what is at stake. They represent that which endures a risk and that which must be made resilient.
In our case study, these services encompassed water, energy and food security, road and telecommunication
connectivity, economic production and livelihoods, and physical and mental health.
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Once the services have been defined, the analysis will need to perform a baseline measurement of the level
of each of these services so that it may serve as a contrast to observe changes brought about by a disturbance
(1b). Depending on the analysis' time horizon, this baseline may refer to predisturbance service level (in
case the analysis focuses on a past event) or that which is expected to exist when the disturbance occurs.

This step is also useful to determine whether this level (or distribution) of service is to be considered optimal
(and thus, desirable) or suboptimal: in the latter case it may be that the system is stuck in a low equilibrium,
making resilience in a negative/undesirable property, instead of a positive one: the goal of the subsequent
analysis, in this case, would be expected to focus on transformability more than on adaptability, i.e., it
should not only assess pathways to keep the level of service but also to actively improve it (cf. Section 3.5).

Noticeably, suboptimality may be defined in several ways related to the “average” level of service or how it is
distributed in different segments of the population. For instance, a city displaying a very high average ener-
gy supply for the rich, together with enduring sacks of energy poverty, may be considered suboptimal. Thus,
it would present a “gap” in terms of service security, even in the absence of any relevant risk. This situation
was often evident in our case study: while Chile is usually considered a “developed” country (UNDP, 2019),
it features significant gaps and inequalities in terms of environmental quality, life expectancy, housing qual-
ity, and access to infrastructure and essential services, to name a few (Cabieses et al., 2015; Ferndndez &
Wu, 2016; OECD, 2016; RedPE, 2019; Tejada, 2016), which tend to be difficult to change since they are
deeply embedded in the socio-economic and political-economic configuration of the country (Huneeus
et al., 2018).

A third step (1c) requires decomposing the service into the individual components key for its provision and
consumption. Noticeably, different services provided by the same system (for instance, different kinds of
energy, different kinds of water use, different road infrastructures) as well as services provided by different
systems (e.g., between water, energy, and food systems, between road and communication infrastructure
etc.) can share some components: when this occurs, the services and systems can be said to be interdepend-
ent in the sense that disturbances affecting one of them will also affect the others. These interdependencies
imply a variety of consequences that should be taken into consideration in risk assessment. For example,
there may be cascading effects—when the disturbance upon one service potentially affects key components
of another service (GIZ, 2018) or competency among multiple services upon key components or inputs
(Meza et al., 2015). Likewise, mal-adaptations can occur when an attempt to increase the resilience of one
service in the face of a threat results in a loss of resilience in the face of other treats or on the part of other
services (Mahmood et al., 2017; Salmond et al., 2016; Z6lch et al., 2016). The literature sometimes refers to
these kinds of interdependences as “urban nexus” (United Nations, 2019b). In our case study, we reviewed
the relevant literature to create a map of the “urban nexus” in the Vifia del Mar/Valparaiso conurbation.
This map linked up multiple hazards (flooding, sea rise, droughts, heatwaves, earthquakes, and tsunamis)
and impacts on services (such as food and water insecurity, economic crises, mortality, and morbidity),
together with corresponding factors driving exposure, vulnerability, or resilience, while also clarifying how
these reinforce or interact with each other.

The three steps detailed above can be defined as postnormal problems implying epistemic and value uncer-
tainty (Dankel et al., 2017; Funtowicz & Ravetz, 2003). Therefore, they require a process of knowledge co-
construction encompassing different kinds of technical-scientific, political-administrative, and stakeholder
perspectives. Transdisciplinary methodologies, such as metalogues (Urquiza et al., 2018) can promote a
reflexive and participatory coconstruction of one shared understanding of urban services and components,
which may later foster collaboration around its governance, as well as increase collective Futures Literacy in
terms of sustainability, resilience, and adaptation (UNESCO, 2019). Our case study engaged relevant stake-
holders from the upstart by performing more than 50 interviews with experts from different institutions and
sectors. Moreover, we set up a dialogical process with the Planning Department (SECPLA) of the two mu-
nicipalities, as well as with the Regional Council on Climate Change (CORECC), to jointly define the ser-
vices we would tackle, the state of these services in both cities, their key components and interdependences.

Phase 2 includes tasks usually associated with urban risk assessment: modeling and forecasting potential
climate hazards and mapping exposures and sensitivities to these hazards within the city. Usual methodo-
logical pipelines may be used (e.g., GIZ, 2017). The only significant difference introduced by our framework
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is that exposure and sensitivity do not apply directly to individuals or communities but the key system com-
ponents identified in Step 1. Therefore, the analysis will need to assess to which degree the key components
required for providing a given service are potentially exposed to a threat and how likely it is that they will
become “disturbed” by hazards to which they are exposed. In practice, this step involved creating “impact
chains” for each combination among the services identified in Step 1 and the relevant threats that may
impact these services, identifying key elements influencing each service's exposure and sensitivity to these
threats across both cities. Again, these impact chains were built considering both the relevant literature and
local experts and practitioners, engaged through interviews and focus groups.

Phase 3 constitutes the actual resilience analysis, which can be performed from two different perspectives:
“expressive” and “predictive” (Urquiza & Billi, 2018). In the former case, the analysis focuses on the system’s
proven ability to maintain its degree of service during past situations. In the second, the assessment aims
to forecast—with a given degree of confidence—the future ability of the system to withstand disturbances
either known, likely, or hypothesized. Eventually, the latter may serve to guide interventions to increase
such ability. Expressive and predictive analyses are meant to feedback each other: resilience predictions
will be made based on past evidence from both the target systems and other domains and will be later tested
through expressive analysis of upcoming impacts. Noticeably, because of the time frame at our disposal and
the lack of robust and easily accessible information on past impacts, in our case study, we limited ourselves
to the “predictive” component of the analysis, although it will be important to check the robustness of the
predictive hypothesis in future phases of the study.

Both analyses are articulated along the three resilience dimensions: flexibility (persistence), memory and
learning, and self-transformation (governance). However, it may be preferable that these three dimensions
are tackled in a different order depending on the perspective. Predictive analysis (3a) is most easily per-
formed by starting from flexibility and then moving up to learning and governance measures. On the con-
trary, expressive analysis (3b) may be best served by progressive exclusion. The analyst may start assessing
to what degree the service's maintenance despite past disturbance can be explained by the anticipation and
self-transformation capability of the system. It may then move on to assessing the effect of spontaneous ad-
aptations taken up by the system through time. After ruling out the first two alternatives, the specific impact
of flexibility on overall system resilience can be identified.

Figure 8 provides specific questions to guide the expressive and predictive analysis of each dimension. No-
ticeably, these questions can also help identify and categorize some of the key attributes that the literature
has associated with resilience. Hopefully, this can also aid in reducing existing terminological heterogeneity.

Based on this same approach, we classified some of the most recurrent attributes that have been associated
with resilience in the literature (Table 2). We provide a list of attributes for each dimension, each associated
to a brief justification and examples of variables and indicators together with relevant literature supporting
them (for information about the methodology employed in bulding such table, see Text S2). In the Chilean
case, we were able to map many of these attributes to publicly available variables, including socio-economic
and socio-demographic indicators, socio-ecological diversity and degradation, coverage and accessibility of
infrastructure and services, institutional and decision-making processes, or the existence of contingency
plans. In other attributes, we identified gaps in knowledge that may be supplemented in the future through
ad hoc surveys or other studies.

Finally, Phase 4 requires combining these results into an analysis of the overall risk faced by the Sys-
tem-of-Systems. As explained above, in this level of analysis, each of the city's constitutive systems may
be read as a “component” for the city’s overall ability to provide services for the well-being of residents. It
is necessary to consider the impact of several hazards on multiple services (and systems) to do this simul-
taneously. For example, let us consider an imaginary city with three systems, each providing two services.
The surrounding ecosystem provides clean water and supplies power for hydropower. The electrical system
provides energy for domestic usage and local industries. The industrial market sustains livelihoods but also
provides resources to govern ecosystems and maintain/improve electrical supply. Assessing the overall cli-
mate risk faced by this city would require to:

1. Determine the hazard expected impact on each of the six urban services identified. This can be achieved
by iteratively applying Steps 2 and 3 to each service separately
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Table 2

Resilience Indicators, by Dimension: Flexibility, Learning, and Governance

Resilience dimension Resilience attributes

Justification

Examples of variables and indicators

Persistence/Flexibility Ecosystem services and biodiversity

Infrastructural diversity and
redundancy

Livelihoods and financial resources

Connectivity

Available knowledge

Memory/learning

Risk planning and information

management

Reflexive mindset

Technology and innovation systems

Conservation of ecosystems and
biodiversity and the diversity of
green/blue infrastructure offer
more flexibility in the face of
threats

Adequate diversity, flexibility, and
redundancy in infrastructure
open up additional pathways
when the main ones fail

Access, distribution, and control of
financial resources are essential
to improve decision-making
capability, mitigate damages,
and facilitate response. Diversity,
flexibility, and redundancy in
livelihoods deliver more options
in the face of threats

Connectivity (mobility capacity
and social networks) and
communication networks allow
greater collaboration, interchange
of information, resources, and
support in case of distress

The availability and integration of
multiple types of knowledge
(formal, experiential, and
ancestral ones) promote an
enhanced preparation in the face
of present and future threats

Recording, assessment, and
knowledge of past risks, as well
as planning of future ones, allows
for quicker and more effective
responses and adaptations

Socio-cultural values, perceptions,
and attitudes facing climate
change-related risks mediate
between the availability of
coping/adaptation options and
their effective deployment

Technological investments, as well as
research and innovation systems,
open new pathways of response
or adaptation

Diversity and resilience of ecosystem
services, and persistence of biodiversity
(Lukasiewicz et al., 2016); green
infrastructure (Carter et al., 2018;
Derkzen et al., 2017); blue
infrastructure (Pettinotti et al., 2018)

Diversity and distribution in critical
infrastructure, e.g., energy, transport,
emergency, and social infrastructures
(Carter et al., 2015; Forzieri
et al., 2018)

Financial capital and resources
(Chirambo, 2017; Tinch et al., 2015);
insurance access (Stechemesser
et al., 2015); income levels and
distribution (Carter et al., 2015); access
to credit (Assan et al., 2018); economic
development/stability (Matarrita-
Cascante et al., 2017)

Access to public transport (Carter
et al., 2015); population mobility
(capacity to travel) (Freitas et al., 2019);
socio-ecological adaptation networks
(Barnes et al., 2017; Woodruff, 2018);
ITC’s use (Bojovic et al., 2015)

Information and knowledge sharing
instances (Karki et al., 2011);
integration of traditional and scientific
knowledge (Haque et al., 2014; Leon
et al., 2015); education approaches
(Cost, 2015)

Spatial planning regulations (Carter
et al., 2015; Romero-Lankao
et al., 2014); disaster preparedness
plans (Smit & Wandel, 2006);
evidence-based projections/scenarios
(Céceres-Arteaga et al., 2018); early
alert/response systems (Cartwright
et al., 2013)

Risk perception (Fuchs et al., 2017;
Liu et al., 2013); awareness of
climate change and its causes
(Akhtar et al., 2019); acceptance and
willingness to change; belief systems,
worldviews, and cultural values (Jolliet
et al., 2018; Parsons et al., 2018)

Research (Brown et al., 2016; Espada
et al., 2017); access and availability
of technological adaptations (Moser
et al., 2008; Pandey et al., 2016); % GDP
in R&D (Juhola & Kruse, 2015)
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Table 2
Continued

Resilience dimension

Resilience attributes

Justification

Examples of variables and indicators

Self-transformation/governance Envisioning

Collective action and
self-organization

Horizontal coordination

Vertical coordination

The ability to anticipate future

scenarios and build collective
goals and targets directing action
on the system’s components and
structure

Institutional self-organization

capacity, collective decision-
making, and diverse and effective
stakeholder participation are
fundamental for reflexive and
polycentric governance of the
system and its adaptations

Social networks; trust and solidarity;

mutuality; inclusivity and
equality; shared norms, values,
and goals, etc.) allow equitable
collaboration between different
stakeholders and incumbents,
promoting the coherence in
initiatives taken in different
domains/sectors

Number, scope, quality, and

connectivity in the relationships
with regional, national, and
supranational authorities,
businesses, scientific actors, and
the likes. Interscale mechanisms
for shared learning and
collaboration; common agendas
and indicators

Scenarios, participatory backcasting and

forecasting exercises, policy and white
papers, long-term strategies; visions
and pathways (Avelino & Grin, 2017;
Berkes et al., 2002; Folke et al., 2005;
Loorbach, 2010; Vog et al., 2009)

Self-organization and community

participation in decision-making (Bott
& Braun, 2019; Szlafsztein, 2014);
participatory vulnerability assessments
(Smit & Wandel, 2006); possession

of property rights over the resources
(Ostrom et al., 2002; Poteete

et al., 2010)

Social capital (access to social

networks, neighborhood safety, and
information about hazards) (Romero-
Lankao et al., 2014); presence of

a strong kinship network (Smit &
Wandel, 2006); firms (in)actions (Neise
et al., 2018); gender equality (Assan

et al., 2018; Hossain & Zaman, 2018);
decision support framework (Palutikof
et al., 2019; Thorne et al., 2015)

Cross-sectoral and scalar disaster

management and adaptation responses
(Carter et al., 2015; Cartwright

et al., 2013); multilevel governance
frameworks (Bauer & Steurer, 2014);
top-down and bottom-up scenario
building instances (Nilsson et al., 2017)

2. Determine additional sources of cross-disturbance between the services provided by each constitutive
system and between systems by taking into account their interdependencies. In our example, distur-
bances affecting the ecosystem would cascade on the electrical supply (and possibly, on the well-being
of the industrial market); simultaneously, a trade-off may exist between harnessing the ecosystem for

hydroelectricity and have it available as a source of potable water

3. Determine the overall resilience of the System-of-Systems depending on the overarching governance
structures of the city to balance the autonomy of the constitutive systems with coherence at the level of
the System-of-Systems, e.g., by effectively employing integrate, multiscalar and polycentric approaches
to governance, or by setting up intersectorial and interministerial coordination arrangements

The next step in our case study will involve participatory modeling techniques, and most particularly fuzzy
cognitive mapping (Gray et al., 2015), which will be fed with the impact chains and interdependency maps
cocreated with the local stakeholders to assess the possible impact of given threats, as well as of adaptation
measures, on several components and services of the SoS. This approach provides a complete understand-
ing of the relationships crossing through the city and affecting its resilience and vulnerability and generate
a relevant and sound source of information for evidence-based decision-making in urban planning and

adaptation.
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5. Final Remarks

As the concept of urban resilience draws increasing attention as a way to support city planning, governance,
and adaptation in the face of climate and environmental crises, there is a need for integrated frameworks
spanning and articulating multiple usages and disciplinary perspectives on the notion. On this background,
the present paper does not just aim to offer yet another set of indicators of urban resilience. It rather at-
tempts to summarize and systematize different resilience interpretations often found in the literature and
provide an integrated framework and methodological pipeline to streamline urban resilience in the context
of climate risk assessment at a city level. As anticipated in Table 1, this approach explicitly struggles to
embrace the diversity of services, threats, timeframes, processes, perspectives, and scales involved in urban
risk and resilience.

The six analytical distinctions illustrated in Section 3 contribute to the literature by clarifying and doing
justice to the different interpretations revolving across multiple disciplines and approaches concerning re-
silience. In particular, the specific reflection provided in Sections 3.4 and 3.5 about the “intentional” and
“normative” dimensions of resilience is a significant contribution that, in our perspective, had been previ-
ously diagnosed but not significantly clarified in the existing literature. In any case, our proposed contri-
bution is not simply to point the need to take into account the intentionality and normativity of resilience,
but also to include these aspects into a broader analytical framework, which may account in an integrated
way for different aspects and dimensions of resilience. Moreover, we also believe we are contributing to the
body of knowledge by, first, explicitly linking up our proposal (and thus, standing advancements in risk and
resilience assessments) with the conceptualization provided by IPCC, as well as disaster and risk manage-
ment approaches. Second, connecting with the emerging literature on urban resilience and clarifying how
a systemic and sociologically informed approach to risk and resilience assessment may be applied within
urban planning in particular. Third, providing an explicit methodological protocol to streamline this kind of
analysis within climate-related urban risk and resilience assessments, illustrated through specific examples
from the Chilean case.

Thanks to these innovations, we mean our proposal to offer at once: (a) an integrated platform to support
and articulate an interdisciplinary assessment of urban resilience and risk; (b) a coherent vantage point
from which to observe the existing literature and “translating” results between disciplines and theoretical
approaches; and (c) a reflexive perspective from which to guide and assess existing or proposed policies for
urban governance. These insights were confirmed by our experience in the Chilean Climate Risk Atlas,
briefly illustrated in the paper.

Noticeably, while our framework and methodological pipeline were specifically designed and tested in ur-
ban contexts and in the face of climate change-related threats, they could be generalized, with suitable
adaptation, to all kinds of human settlements (urban and rural). Likewise, they could be extended to other
kinds of nonclimate-related threats (e.g., earthquakes and other geological phenomena, or the impact of ep-
idemics such as the Sars-CoV-2 we are currently experiencing). In the future, we hope that this framework
may help inform evidence-based governance at multiple scales and in different contexts.

A corollary of our study refers to the challenges involved in the governance of resilient cities: in light of
the interscale interdependencies and normative trade-offs linking up the resilience of a city’s constitutive
systems at the level of the System-of-Systems. We particularly stress the need for such governance to adopt
distributed, participatory, and polycentric approaches able to balance the autonomy and coherence to en-
sure cities' overall resilience in the face of climate-related threats and hazards.
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