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Abstract

Resilience and vulnerability represent two core-concepts in the disaster field, widely invoked as basic means

for supporting risk mitigation strategies. Vulnerability has been in-depth investigated since the Seventies;

resilience has been largely widespread in the disaster field over the last two decades, although a shared

theoretical and operative approach to this concept is still missing and the relationships between vulnerability

and resilience are still a nebulous matter. This paper, based on a research work developed within the 7°FP

Ensure Project, has been addressed to:

— in-depth investigate the concept of Resilience, in order to provide a conceptual model of its main
components by integrating different disciplinary perspectives;

— explore, grounding on both scientific literature and the proposed conceptual model of resilience, the
relationships between vulnerability and resilience, and highlight common aspects and peculiarities, in
order to better understand their respective roles in achieving risk reduction goals.

Introduction

The concept of vulnerability has been largely widened over time, according to different disciplinary
perspectives: from the Seventies, when it was generally used as a synonymous of damage (AA.VV., 1979),
up to the more recent definitions, focused on “the characteristics and circumstances of a community, system
or asset that make it susceptible to the damaging effects of a hazard” (ISDR, 2009). Currently, grounding on
the shared interpretation of vulnerability as “an internal side of risk” and “an intrinsic characteristics of a
system or element at risk” (Birkmann, 2006), the concept has been characterized as a multifaceted one. It
includes, indeed, not only physical features of buildings and infrastructures which make them susceptible to

be damaged (which is usually the core of the engineering perspective to vulnerability analysis), but also other
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aspects, as well as social, economic or institutional features affecting the capacity of a community to
withstand, copy with and adapt to a hazardous event. The inclusion of other concepts as coping and adaptive
capacity within the vulnerability one has driven toward a growing mess referring to the differences and the
relationships between vulnerability and resilience, which is going to be more and more widespread in the
disaster field.

According to Villagran de Leon (2006), “literature review regarding vulnerability reveals that the term has
been used in many different contexts by many different authors, demonstrating the fact that the field is still
unsettled”. Similarly, Rose (2007) states that, also due to the heterogeneity of approaches and to the different
disciplinary perspectives, the concepts of resilience “is in danger of becoming a vacuous buzzword from
overuse and ambiguity”’.

Up to now, no further steps toward a deep understanding of meanings of and relationships between the two
mentioned concepts have been made, although such understanding seems to be crucial for defining the
potential roles of vulnerability and resilience in the reduction of the overall risk of communities dealing with
natural, technological and na-tech hazards.

On the other side, in face of the growing rates of natural and technological disasters all over the world, the
need for practical approaches to risk reduction has been more and more emphasized by the several actors in
charge of risk prevention and mitigation at different levels (international agencies, national, regional and
local governments, etc.), pushing toward a simplification of the scientific debate on vulnerability and
resilience in favor of operational tools and effective guidelines to resilience and/or vulnerability assessment,
as key-tools for developing risk mitigation strategies.

Therefore, this contribution focuses on the resilience concept and is addressed to provide a conceptual model
of its main dimensions, as starting point for better understanding both the relationships between resilience
and vulnerability and their roles in reducing the overall risk in face of different hazards.

In the last decades, indeed, a nourished scientific literature has been developed according to the idea that
reducing vulnerability in face of a given hazard should have surely led to enhance resilience and reduce the
overall risk. Nevertheless, the meanings of, and the relationships between, the two concepts are still nebulous
and past disasters analysis clearly reveals that mitigation measures addressed to reduce vulnerability do not
necessarily result in an enhancing of resilience and vice-versa.

In detail, this paper briefly presents the evolutionary path of the resilience concept, the reasons leading to its
spreading into the disaster field and the most common interpretations of the debated relationship between
vulnerability and resilience. Then, by integrating different disciplinary perspectives, the main components of
resilience and their mutual influences have been singled out; then, in respect to the main phases of the
disaster cycle, they have been arranged into a ring-shaped framework. This conceptual model of resilience
underlines its dynamic features, provides a systematization of its main components and highlights that these

components come on stage in different phases of the disaster cycle and most of them are largely time-related.
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Starting from this conceptual model of resilience, the relationships between resilience and vulnerability have
been unraveled, highlighting peculiarities and common aspects between the two concepts and, above all, the

different roles they may play in risk mitigation strategies.

Roots and evolution of the Resilience concept

The term resilience, although initially adopted in physics to describe the resistance of a material to shocks,
found wide room in Ecology in the first Seventies. In this field, Resilience was defined as a “measure of the
persistence of systems and their ability to absorb changes and disturbance and still maintain the same
relationships between populations or state variables” and it was clearly distinguished from the concept of
stability, defined as “the ability of a system to return to an equilibrium state after a temporary disturbance”
(Holling, 1973).

About twenty years later, Holling refined his theory by distinguishing two typologies of resilience: the
engineering and the ecological one. In detail, he defined the ability to return to a stable steady-state following
a perturbation as engineering resilience, which “emphasizes conditions far from any equilibrium steady state,
where instabilities can flip a system into another regime of behavior” (Holling, 1996). Therefore, whereas
the engineering resilience focuses on aspects such as efficiency, constancy and predictability, the ecological
resilience focuses on aspects as persistence (maintaining the existence of functions) and robustness
(preservation of the structure of the system in face of perturbations).

According to these definitions, engineering resilience can be measured “by a return time, the amount of time
taken for the displacement to decay to some specified fraction of its initial value” (Pimm, 1991), whereas
ecological resilience can be expressed by the magnitude of disturbance that can be absorbed before the
system changes its structure by modifying variables and processes that control its behavior (Ludwig et al.,
1996; Gunderson and Holling, 2001).

The aspects related to resistance and absorption of disturbance were more properly included in the
“stability” concept by Berkes and Folke (1998), underlining that resilience is mainly referred to the
opportunity for the recombination of modified structures and processes after a disturbance. The latter aspects
became preeminent when discussion on resilience moved from the ecological to the socio-ecological field.
Resilience has been officially introduced in the disaster field in 1994, within a UN document, namely the
guidelines for the World Conference on Natural Disaster reduction. This document emphasized the need for
strengthening “resilience and self-confidence of local communities to cope with natural disasters through
recognition and propagation of their traditional knowledge, practices and values as a part of development
activities”. A lot of documents published under the umbrella of relevant international institutions and NGOs
followed the 1994 UN one. Starting from the Nineties and according to different disciplinary perspectives, a
large variety of resilience definitions has been provided and the main properties, attributes or capacities able

to make a system resilient in face of adverse circumstances have been identified. For example, Bruneau et al.
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(2003) defined the community seismic resilience as the ability of social units (e.g. organizations,
communities) to mitigate earthquakes, to contain the effects of disasters when they occur and to carry out
recovery activities in ways that minimize social disruptions and mitigate the effects of future events.
Moreover, they provided a framework for analyzing and measuring community seismic resilience, which has
been considered a benchmark for numerous scholars and practitioners.

In 2004, resilience was introduced into the ISDR glossary on Disaster Risk Reduction and defined as “the
capacity of a system, community or society potentially exposed to hazards to adapt, by resisting or changing
in order to reach and maintain an acceptable level of functioning and structure” (ISDR, 2004). One year
later, the Hyogo Framework for Action 2005-2015 (UN/ISDR, 2005) identified the goal of building
resilience of nations and communities to disaster as the overarching one for achieving a substantive reduction
of disaster losses by 2015.

In the last updating of the ISDR glossary on Disaster Risk Reduction the definition of resilience was refined
as follows: “The ability of a system, community or society exposed to hazards to resist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient manner, including through
the preservation and restoration of its essential basic structures and functions” (ISDR, 2009). In such a way,
the definition embodies both the ecological resilience meaning, by “the preservation and restoration of
structures and functions”, and the engineering one, through the introduction of efficiency and time as key-
variables to be taken into account in assessing resilience.

Thus, both institutional documents and the most recent approaches developed by scholars from different
disciplinary fields seem to converge towards an interpretation of resilience as a set of interrelated adaptive
capacities enabling systems to deal with both expected and unexpected changes (Norris et al, 2007; Paton
and Johnston, 2008; Chapin et al. 2009).

Nevertheless, the overuse of the term resilience — probably related to its positive meaning in opposition to
the negative one attributed to vulnerability — highlights that resilience is currently referred to as a “panacea”
within the disaster field, even if some scholars stress on the fact that resilience should not be treated always
as a desirable attitude (Sapountzaky, 2007).

Relationships between Resilience and Vulnerability in scientific literature

Resilience and vulnerability are linked core-concepts in the disaster field, as well as in the climate change
one, although as mentioned above their relationships are still unclear. Thus, not surprisingly, in scientific
literature it is widely accepted the idea that the reduction of losses due to hazards, which represents a primary
goal for pursuing both risk mitigation and sustainable development, can be achieved through strategies aimed
at reducing vulnerability and enhancing, in the meanwhile, resilience. According to this perspective, the two
concepts seems to be two sides of the same coin even if this interpretation is only one among the different
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ones provided up to now. The review of studies and researches devoted to this issue highlights at least three
main schools of thought:

— resilience as the flip-side of vulnerability;

— resilience as a component of vulnerability;

— resilience and vulnerability as separate concepts.

For a deep understanding of the complexity of the issue, a brief snapshot of each mentioned approach is
provided below.

Resilience as the flip-side of vulnerability

In 1981, Timmermann defined vulnerability as the level “to which a system acts adversely to the occurrence
of a hazardous event. The degree and quality of the adverse reaction are conditioned by a system’s resilience,
meant as a measure of the system’s capacity to absorb and recover from the event”.

Fortune and Peters (1995) provided a conceptualization of the vulnerability of a system as “the obverse of its
ability to absorb disturbances, which in turn can be considered to be an indication of its resilience”.

Both examples, although referable to a flip-side approach, do not identify a clear direct and opposite relation
between the terms.

More explicit and highly simplified is the flip-side perspective provided by the EVI Research Project, aimed
at setting up an environmental vulnerability index, according to which resilience is defined as the “ability of
an entity to resist or recover from damage”, underlining that “vulnerability and resilience are two sides of the
same coin. Something is vulnerable to the extent that it is not resilient”. Moreover, the vulnerability concept
as flip-side of resilience “applies equally well to physical entities (people, ecosystems, coastlines) and to
abstract concepts (social systems, economic systems, countries)” (EVI Project, 1998).

The flip-side approach has widely spread in the socio-ecological field too. Folke et al. (2002) argue that
“vulnerability is the flip side of resilience: when a social or ecological system loses resilience, it becomes
vulnerable to change that previously could be absorbed” and, furthermore, “the antonym of resilience is often
denoted vulnerability. Vulnerability refers to the propensity of social and ecological system to suffer harm
from exposure to external stresses and shocks”.

Moreover, as stressed above, the flip-side approach seems to be related to the “desire to emphasize the
positive side of things (enhancing resilience in opposition to reducing vulnerability)” (Klein et al., 2003).
According to Villagran (2006), the flip-side approach can be related to the definition of resilience as “an
intrinsic ability of a system, an element, or a community to resist the impact of a natural or a social event”.
Resilience and vulnerability can be interpreted as “the two ends of a spectrum. High levels of vulnerability
imply a low resilience, and vice-versa” (Cannon, 2008).

According to the flip-side approach, risk mitigation strategies, by decreasing vulnerability, would directly

contribute to improve resilience in a given system.
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Resilience as a component of vulnerability

Many authors refer to an “inclusive” relationship between the two terms, defining resilience as a component

of the vulnerability concept. For example, McEntire (2001) identified the four variables which determine

vulnerability as follows:

— risk, proximity or exposure to hazards, which affects the probability of adverse impact;

— susceptibility, proneness of individuals to adverse impacts of disasters, based on social, economic,
political and cultural variables;

— resistance, the ability of physical systems to withstand the stress produced by hazards;

— resilience, the coping capacity and ability to recover quickly from impacts of disasters.

Moreover, in order to manage the relationships among these concepts and achieve a comprehensive risk

reduction, he proposed a proactive holistic approach called “invulnerable development”, which involved

“decisions and activities that are intentionally designed and implemented to reduce risk and susceptibility,

and also raise resistance and resilience to disaster” (McEntire, 2001).

Similarly, Pelling (2003) recognized a priority role of vulnerability with respect to resilience and suggested

an interpretation of vulnerability as result of exposure, resistance, and resilience: “exposure is related to the

location of the system or element with respect to the hazard and the environmental surroundings; resistance

is related to the economical, psychological, and physical health of systems of maintenance, as well as the

capacity of individuals or communities to withstand the impact of the event and is related with livelihoods;

while resilience is defined as the ability to cope with or adapt to the hazard stress through preparedness and

spontaneous adaptations once the event has manifested itself”.

A key-element to better understand the “inclusive” approach is related to the different interpretations of the

relationships among the concepts of coping capacity, adaptive capacity and resilience. The widening of the

vulnerability concept implies, indeed, that coping and adaptive capacity are at present generally interpreted

as components of vulnerability. Therefore, some authors have represented the three mentioned concepts as

nested within the wider concept of vulnerability (Turner et al., 2003; Gallopin, 2006); others have stressed

that, since resilience is totally included in the adaptive capacity, it is also a component of vulnerability

(Adger, 2006; Birkmann, 2006; Folke, 2006; Cutter et al., 2008).

Villagran de Ledn (2006) emphasized the temporal relationship between coping capacity and resilience; in

detail, he defined the resistance as the “capacity of the system to remain unchanged for an interval of time

after the event manifested itself”; the resilience as “the capacity of the system to recover to its state prior to

the disaster” and the coping capacity as the combination of resistance and resilience.

Also according to this perspective, risk mitigation strategies, by decreasing vulnerability, would directly

contribute to improve resilience in a given system.
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Resilience and vulnerability as separate concepts

The “discrete or separate” approach has been supported by numerous scholars, who have proposed an
interpretation of vulnerability and resilience as distinct, although connected, concepts.

According to Manyena (2006), “we can possess characteristics that can make us vulnerable and that can
influence our capacity to adapt at the same time. Until it can be demonstrated the contrary, | think they
should be viewed as discrete” and, therefore, “the absence of vulnerability does not make one resilient”.
Some scholars have clearly stressed that resilience and vulnerability are independent processes which do not
necessarily lead to opposite outcomes even though sometimes one can clash with the other. For instance, in
poor communities characterized by a strong social structure, sometimes the low access to resources produces
a strong social cohesion and participation which, in turn, increases the community adaptive capacity. In such
a case, as noticed by Paton (2008), vulnerability features coexist with other characteristics that improve the
adaptive capacity. On the contrary, in disaster literature, it is often assumed that the higher is the resilience of
a community, the lower will be their vulnerability in face of hazards. Paton (2008) highlights that hazard
impacts cannot be reduced only to direct damage, but they have to be connected to the community features
which “increase susceptibility to experiencing loss from exposure to a hazard (i.e. increase vulnerability) and
those that facilitate the capacity to adapt or adjust (i.e. increase resilience)”. Thus, according to this
perspective, adaptive capacity is included in the resilience concept, but is not included in the vulnerability
one. Therefore, resilience and vulnerability are considered as independent factors, acting in different phases
after the event (preparedness, response and recovery) at individual, community and institutional level in
order to contribute respectively to improve adaptation and minimize disruptions (fig. 1).

On the opposite, within the wider interpretations of the vulnerability concept, “vulnerability and resilience

have common elements of interest: the shocks and stresses experienced by the social and ecological system,
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Figure 1: A Risk-Resilience-Vulnerability management model (Paton, 2008).
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the response of the system, and the capacity for adaptive action”; consequently, “the points of convergence
are more numerous and more fundamental than the points of divergence” (Adger, 2006).

Some scholars identify adaptability as the overlapping part between vulnerability and resilience (Chapin,
2009), highlighting that the two concepts can be interpreted neither as opposite nor as included one into the
other, but as separate ones, although partially overlapping (fig. 2).

In both the mentioned interpretations (resilience and vulnerability as separate or partially overlapping
concepts), it is clear that these concepts play a different role in risk mitigation processes and that strategies
aimed at reducing vulnerability do not necessarily contribute to improve resilience in a given system and

vice-versa.

The conceptual ring-shaped model of Resilience

Beside the different interpretations of the relationships between vulnerability and resilience, the
multidimensional character of resilience makes even more unclear which features of a system effectively
induce resilience or which variables have to be taken into account to assess it (Cumming et al., 2005).

Hence, it is also difficult to understand if actions aimed at reducing some aspects of vulnerability may
contribute to enhancing resilience or on which variables it is possible to act in order to increase resilience
and reduce, in the meanwhile, vulnerability.

As mentioned above, currently resilience is widely recognized as a set of interrelated capacities and
numerous conceptual models have been carried out according to different disciplinary perspectives (Norris,
2008; Gibson and Tarrant, 2010).
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Figure 2: Vulnerability, adaptability and resilience (Chapin, 2009).
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Nevertheless, these capacities/attributes/resources making a territory or a community resilient are still
blurred and unshared.

To fill this gap, a careful review of current scientific literature has been carried out in order to better
understand the concept of resilience and its key-components, as the starting point for defining the
relationships between resilience and vulnerability and the roles that each of them might play in pursuing risk
mitigation goals. In detail, the main studies developed in different scientific fields and focused on resilience
have been analyzed and the main capacities or properties, which may influence the resilience of a given
system, have been collected.

As shown in the table 1 — in which the main features stemming from scientific literature have been collected
according to different typologies of systems — the ecological field and its extension into the socio-ecological
domain offer fundamental remarks for singling out such characteristics (Folke et al., 2002; Walker et al.,
2004). Fiksel’s contribution (2003) grounds on a clear system perspective and couples the aspects of
resilience with those referring to sustainable development. Godshalk’s researches (2003), based on a
planning perspective, provide some principles characterizing a resilient response of cities in face of natural
hazards and terrorism.

In the same line, Chuvarajan et al. (2006) investigate how the improvement of resilience can be a strategy to
reach sustainability and provide implementable measures to achieve resilience and sustainability goals.
Maguire and Hagan (2007) recognize resistance, recovery and resilience itself as the main properties of a
resilient community. In fact, in an ongoing process, a resilient community predicts and anticipates disasters,
absorbs, responds and recovers from the shock and improvises and innovates in response to disasters.
According to an economic perspective, the concept of redundancy in terms of “ability to respond to a
disruption” has been introduced with a clear reference to the resilience concept (Van der Veen and
Logtmeijer, 2005) and the properties of efficiency, rapidity and flexibility have been singled out as core
elements for economic resilience (Briguglio et al., 2008).

The Multidisciplinary Center for Earthquake Engineering Research (MCEER) has provided a relevant
contribution on resilience too, by developing the R4 model (robustness, rapidity, redundancy,
resourcefulness) related to the resilience of social system in face of earthquakes (Bruneau et al., 2003).
Chang and Shinozuka (2004) refined the Bruneau’s approach by reframing the measure in a probabilistic
context. Davis (2005) explored the concept of resilience before, during and after disaster impact and
presented numerous case studies to highlight how resilience operates or fails.

Tierney and Bruneau (2007) reaffirmed the validity of the R4 framework in order to provide a range of
strategies to enhance resilience, including mitigation-based ones, such as the development of a robust
organizational and community capacity to respond to disasters, and the improvement of the coping
capabilities of households and businesses.
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AUTHORS CAPACITIES/PROPERTIES SYSTEMS

Diversity, redundancy, adaptability, self-organization, Complex Adaptive

Felheetal. () ¢ tr%sfor&abilit))// ’ pSystemsp
memory, experience and knowledge, innovation, learning
capacity
Fiksel (2003) Diversity, adaptability, cohesion, efficiency Systems
Diversity, redundancy, strenghts (resistance), .

Godshalk (2003) g adaptabil?{y/flexi%ilit)f ) Cities

collaboration, interdependence, autonomy, efficiency
Bruneau et al. (2003) Redundancy, robustness, resourcefulness, rapidity Communities
Chang et al. (2004) "
Davis (2005) "
Tierney & Bruneau (2007) "
Adger et al. (2005) Diversity, redundancy, spatial pattern Ecosystems
Van der Veen et al. (2005) Redundancy (including substituability and transferability) Economic systems
Chuvarajan (2006) Diversity, redundancy, self-organization, memory, networks Communities

innovation, individual capacity, spatial scale interaction

temporal scale interaction, self-reliance, feedback
Maguire and Hagan (2007) Resistance, recovery, creativity Social systems
Socio-ecological and

UNESCAP (2008) Redundancy, robustness, resourcefulness economic sgystems
Briguglio et al. (2008) Efficiency, rapidity, flexibility Economic systems
McDaniels et al. (2008) Robustness, rapidity Infrastructures

Table 1: The “Capacities/Properties” of Resilient Systems

Based on the MCEER’s framework, the United Nations Economic and Social Commission for Asia and the
Pacific took into account only robustness, redundancy and resourcefulness as key-factors, coupled with
resource efficiency, for strengthening efforts aimed at improving economic growth sustainability
(UNESCAP, 2008). They excluded rapidity due to the fact that it largely depends on the degree of shock
experienced. Finally, McDaniels et al. (2008), focusing on the infrastructural systems, developed a
conceptual framework for understanding both the factors that influence resilience and the type of decisions
that can be pursued to foster them.

The mentioned capacities and properties are clearly not exhaustive and other researches providing similar
components in respect to different systems could be mentioned (Norris, 2008; Gibson and Tarrant 2010;
Bahadur et al., 2010). Nevertheless, the main question to be faced here seems to be which role each capacity
or property might play in enhancing systems’ resilience and how they are linked together. To answer these
questions, the mentioned capacities have been in-depth analyzed (ENSURE Project, del. 2.2): some of them
— being very similar to, or included in others — have been left out; others have been synthesized in one
concept; then, the selected ones have been sorted into a ring-shaped model, articulated in three concentric
rings, following the main phases of the disaster cycle (preparedness-impact-response-recovery).

Resilience has been placed in the core of the ring-shaped model, since it represents the final aim of the

process addressed to enhance capacities, properties and resources that make a given system resilient.
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Thus, in order to drive and support strategies and actions for enhancing resilience, the selected capacities and
properties have been placed into the three rings according to a hierarchical structure — widely applied in
planning — which links goals, objectives and strategies or actions. In other words, starting from the inner
ring, capacities and properties placed in each ring represent a specification of the ones placed in the previous
ring (fig. 3).

The inner ring includes robustness, adaptability and transformability: they represent, in our view, the main
components of resilience, mirroring the end point of the evolutionary path of the concept itself. These
components, related to different phases of the disaster cycle, can be also viewed as the main goals to pursue
for enhancing the resilience of a system.

The intermediate ring includes capacities related to one or more of the three main components: these
capacities can be interpreted as objectives to be achieved for enhancing the resilience components.

Finally, the outer ring includes properties or capacities which can be interpreted as strategies to be

implemented for achieving the different objectives and enhancing resilience.
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Figure 3: The ring-shaped model of resilience
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The inner ring

The meaning of resilience has evolved, as mentioned above, from an interpretation fairly close to the ability
of a systems to withstand a given level of stress without suffering losses or failures (robustness), toward the
capacity of a system to adapt in face of the consequences (in terms of losses or failures) of a

hazardous event (adaptability), up to the possibility to turn a disaster into an opportunity, by creating new
conditions, different and sometimes more desirable in respect to the pre-impact ones (transformability).

Thus, the three mentioned components — which are not linked together since they can be considered as three
distinct sides of the resilience concept, gaining relevance in different stages of the disaster cycle — represent
the main golas to be pursued for making a system resilient in relation to a wide variety of external stresses.

In detail robustness — which according to Gallopin (2006) can be interpreted as the flip-side of vulnerability
— is particularly relevant at the impact “time”: a system can resist to the impact without showing any mark of
weakening or suffering, at most, a temporary gap from its ordinary structural or functioning conditions.
Adaptability gains prominence in the short-medium term after the impact (response phase): according to its
different levels of adaptability, a system can bounce back to the previous state or shift toward new ones.
Finally, in the long term and namely during the recovery phase, there is room for change and innovation:

hence, transformability comes on stage.

The intermediate ring

Some of the capacities included in this ring are related only to one of the components mentioned above,
others to more than one. In detail, closely related to robustness is resistance, which represents the capacity of
a system to withstand a given stress or pressure or, in other words, how much a system can be displaced (or
disturbed) by a given physical force. Resistance has been recognized as an important dimension of resilience
by different authors; nevertheless, although it surely represents a positive feature at the occurrence of a
hazard, it might also represent a negative feature during the response or recovery phases. For example, the
resistance of an institutional system to adapt or change in face of an un-expected large size event may largely
frustrate quick decisions and actions, as it happened during the emergency following the Kobe earthquake
(Menoni, 2001).

Flexibility is recognized as crucial both for enabling a system to bounce back after being adversely affected
by a shock (Briguglio et al., 2008) and for ensuring the adaptive capacity of a system (Godshalk, 2003).
Thus, it contributes to increase, on the one hand, the adaptability and, on the other hand, the robustness of a
system, by limiting the loss of functioning resulting from the impact. In this sense, it might include the
concept of reliability, intepreted as the capacity of system to maintain its key-functions after a disturbance,
which is clearly crucial for adaptation.

Resourcefulness has been identified as a key property for improving both adaptability, in the response phase,

and transformability, during the recovery one. Moreover, transformability has been also related to the
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innovation, which represents the ability of a system to reorganize itself in face of a disturbance. Innovation —
arising over a long time span after the impact of a hazardous event — mainly characterizes the recovery
phase. Finally, the capacity of learning from past events in order to foresee and cope with the future ones
(Folke et al., 2002) has been recognised as a key-capacity, in relation to the preparedness phase, for

increasing both robustness and adaptability.

The outer ring

Each of the above mentioned capacities has been specified through a set of properties and capacities included
in the outer ring. In detail, strength and individual capacity represent the main properties that might be
improved for enhancing resistance. The former refers to the strenghtening of the built environment in face of
hazards, the latter to the strengthening of individual actors within a system: from a social perspective, indeed,
if individuals are healthy and have good individual resources, they will better deal with hazardous
circumstances.

Flexibility can be enhanced through different properties or mechanisms aimed at overcoming dependency.
Among them, transferability and substitutability (Van der Veen et al., 2005), relevant mainly to economic
activities; spatial and organizational network patterns — designed or spontaneous — which can be singled out
as properties ensuring a higher flexibility in respect to the hierarchical or monocentric ones; cooperation
among the different actors within a system, especially by an institutional perspective; redundancy, relevant
mainly to strategic activities and infrastructures. It is worth noting that cooperation can be also interpreted as
a form of redundancy, in that it provides a multiplicity of opportunities that are very useful, especially in the
immediate aftermath of a disrupting event.

Reundancy is widely recognized as key-property not only for increasing flexibility and reliability of a system
but also for improving resourcefulness. Other key-properties to improve resourcefulness have been
recognized in rapidity, viewed from an organizational perspective; efficiency, aimed at optimizing the
available resources, making a rational use of them and self-reliance, which implies autonomy, satisfaction of
needs through local resource, lack of dependency linkages.

Diversity is another property to strenghten for enhancing resourcefulness; it supports the richness and the
variety of available resources. Diversity has been widely recognized as a crucial property of a system for
coping with uncertainty and surprise, facilitating redevelopment and innovation following a crisis (Folke et
al., 2002). Therefore, diversity has been also linked to the capacity for innovation. The latter depends also on
another intangible resource, the creativity, which gains prominence after the end of the emergency phase,
namely in the period generally defined as “window of opportunity” (Christoplos, 2006). Creativity plays an
important role in the preparedness phase too: it should favor, indeed, the design of anticipatory scenarios
taking into account events or synergies among them and among their impacts, characterized by a low

probability of occurrence.
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Memory and experience have been recognized as key properties for improving learning capacity; these
properties are relevant both for the re-organization of a system after a disaster and for preventing future
events, and largely contribute to increase knowledge (of events, damages, mitigation measure, best practices,
etc.) which is crucial for an effective learning process too. Finally, learning capacity is also influenced by the
level of cohesion existing within the community: in case of a good cohesion level, indeed, experience is

more easily communicated and memory more easily preserved.

Conclusions

Based on numerous studies and researches on resilience, the set of capacities and properties that make a
system resilient in face of hazardous events and their mutual relationships have been identified and
systematized into a conceptual model, aimed at driving and supporting strategies and actions for enhancing
resilience. Such a model allows also to highlight common features and main differences between the two
concepts under investigation in this contribution: resilience and vulnerability. In detail, the conceptual model
of the main capacities and properties which determine the resilience of exposed systems allows to overcome
the widely shared interpretations of resilience as the flip-side or as a component of vulnerability, by
highlighting their overlapping and distinct aspects and the consequent relevance of both vulnerability and
resilience in the different phases of the disaster cycle.

Thus, even though the flip-side approach is currently the most widespread one, the in-depth analysis of
resilience interpreted as a set of interconnected capacities and properties lead us to conclude that resilience
concept, since it includes the opportunity for change and transformation after hazardous events, goes far
beyond the vulnerability concept. Therefore, elements and systems may be vulnerable to a given event and,
in the meanwhile, they can be resilient in that they can turn disasters into opportunities for future
developments.

In detail —as it clearly arises from the work carried out — some of the capacities and properties which make a
system resilient, namely the ones coming on stage in the first phases of the disaster cycle, partially overlap to
some aspects of vulnerability. These capacities refer to the potential of a system to withstand the impact of a
hazardous event, in terms of capacity both of preventing or mitigating damage (robustness) and of reducing
losses through an effective management of the emergency phase (coping capacity which is part of the wider
concept of adaptation). Hence, capacities and properties enabling a system to resist change can be
investigated in terms of vulnerability or, at the opposite, in terms of robustness.

Other capacities and properties, specifically related to the potential of a system to innovate itself after a
disaster and to learn from experience in order to be prepared in face of change, can be better investigated in
terms of resilience, since they are specifically related to the capacities or properties of systems allowing
them, even though hit and damaged by a hazardous event, to adapt or change according to new conditions,
modifying and sometimes improving their previous state. These capacities and properties are not directly
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related to the vulnerability of the system itself but to general features of systems — such as the available
territorial and social capital or the reliability of institutions, or the trust of communities in the institution
themselves — which make them more or less capable to rebuild themselves after a calamitous event and to
improve their capacity to withstand or cope with future events (Vale and Campanella, 2005). As stressed by
Lynch (1990), “a city is hard to kill, in part because of its strategic location and its persisting stock of
physical capital, and even more because of memories, motives and skills of its inhabitants”.

Transformability and the related capacities and properties come on stage, as mentioned above, in the
recovery phase. Nevertheless, according to the features of the disaster cycle, they can influence vulnerability
of a community to future hazardous events, in that reconstruction processes may facilitate the arising of new
vulnerabilities or also the transfer of vulnerability from one area to another or from one group to another
(Sapountzaki, 2007). Moreover, learning capacity — which represents a key feature of a resilient system,
mainly in respect to the pre-event phase (preparedness) — may influence both robustness and adaptability
and, consequently, all the aspects of vulnerability (from physical, to social and systemic ones).

Thus, resilience and vulnerability should be separately investigated over the different phases of the disaster

cycle, even though — due to the fact that vulnerability can be largely influenced by some aspects of resilience

— the influences that some capacities or properties of a resilient system might have on vulnerability facets
(physical, economic, institutional, etc.) should be taken into account.

The choice to analyze the overlapping aspects of resilience and vulnerability under the lens of vulnerability
is mainly due to the fact that relevant progress toward an effective assessment of the different facets of
vulnerability has been done - even though an integrated assessment of vulnerabilities is still matter of on-
going researches (e.g. Ensure Project) - whereas methods and tools for an effective resilience assessment are
still at an early stage. Nevertheless, the choice to widen the focus from vulnerabilites to resilience is in line
with the choice to shift policies “from an attempt to control change and create stability to managing the

capacity of a system to cope with, adapt to, shape change” (Bahadur et al. 2010).

Note:

This paper grounds on an unpublished research work developed by the Authors within the Ensure Project
(http://www.ensure project.eu/). The project is financed by the European Commission under the 7th Framework
Programme for Research and Technological Development, Area “Environment”, Activity 6.1 “Climate Change,
Pollution and Risks”. The paper reflects the author’s views. The European Commission is not liable for any use that
may be made of the information contained therein.
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