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Abstract

The 2005 UN Hyogo Declaration introduced the concept of resilience in the field of disaster risk reduction (DRR) unifying
environmental sustainability and civil protection concepts. Crucial in this new approach is the development of a new quantitative
adaptive strategy, which starting from the risk analysis of a territory, aims at strengthening a symbiotic and adaptive relationship
between human communities and their surrounds. This paradigmatic shift needs new analytical and measuring tools in order to
describe, evaluate and develop sustainable DRR strategies. Traditional cartographic tools, such as hazard, vulnerability, or risk
maps, cannot appropriately represent the overall resilience of a territory (inclusive of its social and environmental dimensions).
This article proposes a methodological approach to map such community resilience by assessing energy and resource
consumption to maintain the stability of the social-ecological system. Starting from the identification of the complex relations
between socioeconomic processes and disasters, this method computes a resilience score or index, integrating hazard and
vulnerability factors with emergency management actions (e.g. community planning, mitigation and disaster response
capabilities). Such index will enable, inter-alia, the drawing of maps of resilience, necessary to planners and policy makers to
assess the effects and sustainability of different DRR strategies and policies.
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1. Introduction

Since the early 1970s extreme events have been growing both in frequency and intensity [1, 2]. The increase of
destructive and disruptive extreme events has thus driven the attention of the international scientific community
toward a more holistic understanding and study of disasters [3]. The links between traditionally distinct disciplines,
such as geology, ecology, economy and sociology, and the field disaster management have been increasingly
investigated [4], and an important literature and various schools of thoughts on disasters and emergency
management was developed [5-8]. In spite of the different visions and approaches, scientists seem to agree that
disasters are the direct consequence of technical failures depending on social, organizational and institutional factors.

1.1. UN International Decade for Natural Disaster Reduction (IDNDR)

In 1989, the UN Resolution 44/236 started a global program aimed at saving human life and reducing the
impact of disasters [9]. Such resolution defined the International Decade for Natural Disaster Reduction (IDNDR)
program with the aim of reducing the loss of lives, property damage, social and economic disruption caused by
natural disasters and other calamities of natural origin (UN, 1989) thanks to a coordinated international action. In
1992 the UN Department of Humanitarian Affairs was established and included in the General Assembly
resolution 46/182 [10]. Within this new UN body a novel integrated approach for the management of all the
aspects related to disasters was adopted, emphasizing the importance of prevention and preparedness, and thus
starting an important process of development of a global culture of prevention mostly focused on vulnerable
countries [11]. The first World Conference on Natural Disaster Reduction, held in Yokohama (Japan) in 1994,
produced the document: Yokohama Strategy and Plan of Action for a Safer World - Guidelines for Natural
Disaster Prevention, Preparedness and Mitigation [12]. The document highlights that environmental protection
and poverty reduction became key for the prevention and mitigation of natural disasters. Moreover, the
introduction of prevention, mitigation, preparedness and recovery actions, replaced the previous approach mainly
based only on disaster response. The World Conference introduced several innovations, such as looking toward
the field of anthropic disasters and the introduction of the concept of technical Resilience in the field of DRR.
Eventually, the Yokohama declaration became the background for the International Strategy for Disaster
Reduction (ISDR), established in 2001 through document 65/195 as a permanent program to continue the work
initiated with the IDNDR [12].

1.2. UN International Strategy for Disaster Reduction (ISDR) and the Hyogo Framework for Action (HFA)

The UN Millennium Declaration in the year 2000 [12] clarified that the starting point of every DRR action
must be a sustainable process that tries to minimize the environmental impact and revert the current unsustainable
models of production and consumption. The objective is to protect nature for future generations. The UN
reaffirmed its commitment to intensify cooperation and synergies among countries in order to reduce numbers
and consequences of natural and manmade disasters [12]. The key concepts of the Millennium document became
the basis for the International Strategy for Disaster Reduction (ISDR). In 2005 during the 2" World disaster
conference, held in Hyogo (Japan), the Hyogo Framework for Action (HFA 2005-2015) [13] was presented, the
main goal of which was to shift from hazard planning and risk reduction to building disaster resilient
communities. Since then the concept of disaster resilience has gained momentum, particularly in the field of
emergency management and civil protection. Nevertheless, in the HFA document it was not clearly defined how
resilience should be assessed, measured or mapped [14]. This indetermination was carried over to the third UN
World Conference on Disaster Risk Reduction (DRR), held in Japan in March 2015, which defined a new set of
action for the period 2015-2030. Nevertheless, the close link between extreme events, climate change,
consumption of environment, community vulnerability and resilience remains pivotal for the implementation of
effective national DRR programs.
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2. Resilience in disaster risk reduction

The first documented use of the word resilience in the field of disaster studies dates back to 1854 after the
Shimoda earthquake in Japan describing the recovery actions of Shimoda’s citizens as resilient. However, only at
the beginning of year 2000 the concept of resilience becomes systematically adopted in the field of DRR, also
thanks to the above discussed UNISDR and HFA programs. David Alexander, in his etymological analysis of the
word resilience [15], highlights three main semantic concepts associated to word resilience: an intrinsic
characteristic of materials to survive the application of a force by resisting it with strength (rigidity) and absorbing it
with deformation (ductility), from mechanics; the capacity of a social-ecological system to survive disturbance,
preserving its integrity and functions, from ecological perspective proposed by Holling [16]; the ability of an
individual to adapt and react to abrupt shocks, from psychology [14, 17-19].
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Fig. 1. Meaning of resilience in DRR [19].

According to Alexander the concept of resilience in the field of DRR links back to the definitions developed on
the field of ecology and psychology (see Fig. 1). Holling provided an important connection between resilience and
DRR, when in 1995 refined his definition of ecological resilience: “A buffer capacity or the ability of a system to
absorb perturbation, or the magnitude of the disturbance that can be absorbed before a system changes its structure
by changing the variables” [16]. The introduction of magnitude, namely the energy released by a disturbance or
extreme event, provided a direct link of the concept of ecological resilience to the field of DRR. Meanwhile, in the
field of social science, human geographer Adger [18] first used the term “resilient communities” to describe social
systems capable to absorb and recover from extreme events. Since then, various characterizations of resilience had
been developed for DRR according to the specific contingencies analyzed. Reported examples include: the ability of
a nation, a group of people, a community or a society to face disasters and quickly recover an equilibrium after the
impact. This ability of action/reaction is called Community Disaster Resilience; the ability of a system to develop a
self-regulatory and reorganization process in case of disturbance. Resilience facilitates and contributes to the
community’s recovery process [19]; the ability of a system to quickly react to an external stress, and the long term
capacity to build a new equilibrium. In this case, resilience is linked both to the timing and to the capacity to
reinforce a community after an event; the ability of a system to adapt to changing conditions while preserving its
basic structure. From this point of view, the relationship between disasters resilience and sustainable use of natural
resources play a major role [20].

Indeed, the multitude of interpretations and usages to which the term resilience has been subjected has led to
confusion. Help came once again from the UNISDR, which in 2009 provided a definition of resilience that has
become widely accepted in the field of DRR. Such definition reads as follow: "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
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and efficient manner, including through the preservation and restoration of its essential basic structures and
functions" [16].

3. Need for resilience metrics

Researchers and practitioners, governments and NGOs as well as UN organizations, have undertaken the quest
for a shared method to measure resilience, and various metrics focusing on different aspects of resilience have been
developed. However, resilience analysis is still in its infancy, and no single method has yet received the authority of
consensus approval. One organization, the Resilience Alliance, has developed guidelines for applying resilience
analysis to socio-ecological systems [Resilience Alliance, Assessing resilience in social-ecological systems:
Workbook for practitioners. Version 2.0, 2010, Resilience Alliance], but the socio-ecological systems framework
cannot be applied to every context. From a qualitative point of view, the key indicators of system resilience can be
defined using system dynamics modelling; the thresholds of certain characteristics/variables before a system
stability is disrupted define the systems’ resilience. Examples of such indicators are listed in Table 1.

Table 1. Characteristics of system resilience.

Characteristic Description

Diversity Existence of multiple resources and behaviors within the system.
Adaptability Capacity of a system to change in response to new pressures.

Cohesion Strength of unifying forces, linkages, or feedback loops.

Latitude Maximum amount of change a system can absorb while still functioning.
Resistance Capacity of a system to maintain its state in the face of disruptions.

Certainly, once we find the right indicators and the right calculations, we will have major progress in enhancing
and quantifying resilience. The purpose of this article is to foster discussion on the following aspects of resilience:
How far are we in the process of making resilience principles less theoretical and more contextual? How to
overcome information sharing barriers to circulate and test good practices of resilience metrics? What is the status of
measuring resilience in the specific field of emergency planning? How to create maps of resilience and how can they
be linked to maps of risk? Can maps of territorial resilience encourage the development of adaptive human systems,
and increase preparedness for unknown future extreme events? And finally which type of holistic methodology can
be applied.

3.1. Classifying adverse events

In this paper the word “event” means every phenomena that affect the dynamic equilibrium of a system, causing
loss of life, injuries, health, economy and environmental damages. An event can be classified according to: Source
of disturbance (hazard); Energy released (magnitude); type of impact (slow or fast onset, localized or diffuse, etc.);
type of consequence/damage; Methodology to cope with, respond and recover from an event.

The UN identifies three main categories of primary hazards [18]: natural hazards (originating from natural
phenomena - i.e. earthquakes, landslides, volcanoes, etc.); technological hazards (originating from technological or
industrial processes — i.e. accidents, dangerous procedures, infrastructure failures or specific human activities);
socio-natural hazards, originating from the interaction of natural hazards with overexploited or degraded land and
environmental resources. The term highlights circumstances where human activity is increasing the occurrence of
certain hazards beyond their natural probabilities.

Quarantelli classified four different levels of events: accidents, major incident, disaster, catastrophe [21]. If we
adopt this classification, we can describe every event in terms of disruptive energy release unmanageable and
uncontrollable from the societal systems. The disruptive event in terms of energy released depends from the
magnitude, intensity, the period, and the velocity of propagation of the affected area [22].
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3.2 Methodologies for assessing and measuring community resilience

There is a common understanding that resilient systems are less vulnerable to hazards and threats than places
with lower level of resilience. Nevertheless the way how resilience is quantified (covering assessments,
determinations, measurements, enhancements) is still a matter of question. Specifically, it is not obvious what drives
to a higher level of resilience within interconnected systems (e.g. human, environment and technological) and thus
what are most consistent and robust variables or indicators that should be used within the measurement process.

Already a large number of studies have tried to described the overall aspects of resilience like Berkes et al. [23]
and Plummer and Armitage [24], but due to its multi-disciplinary nature a holistic model of resilience has not yet
been tested and approved. The study of Duijnhoven and Neef [25] highlights how there is not a large number of
frameworks and studies aiming to build conceptual and theoretical models of community and societal resilience
based on the theory of adaptive and thus complex systems. The same concept is also highlighted in the work of
Cutter [25] and Jordan Javernick-Will [26].

Within the study of Schneiderbauer and Ehrlich [27] is described the importance of assessing resilience in terms
of indicators instead of absolute resilience quantification. The proper and consistent selection of a set of indicators
would offer the possibility of quantification among different places and over time [28] even if in this aspect the
dynamic and non-linear perspective is still missing.

The study proposed by CSS [29] identifies the resilience evaluation methods through quantitative approaches
(mostly associated to an index based evaluation), qualitative approaches (based on a descriptive evaluation), and
mixed-methods. The mixed methodology is suitable and related to community resilience specifically focused on the
evaluation of social links among communities, their environment and the structural aspects on which they are based
and rely on.

In the study proposed by Cutter et al. [25] is stressed the link of resilience with the concept of adaptive capacity
as well as the interconnections among resilience, adaptive capacity and the concept of vulnerability. The author
defines resilience as a system’s capacity to absorb disturbance and re-organize into a fully functioning system. As
mentioned in the study of Klein et al. [19] the framework on how determine, measure, enhanced, and maintain a
resilient community is essential in order to decrease its vulnerability to hazards and disasters.

Based on this assumption and how previously described general frameworks have been proposed during the last
decade looking toward different key aspects (e.g. PEOPLES, CDRF, DROP).

PEOPLES [30] framework is based on the identification of seven dimensions (i.e. population, environmental,
governmental, physical infrastructural, community, economic, social). The method merges exposure to hazards
with the social dimensions that make the community vulnerable to a particular hazard. The purpose is to describe
the socio-economic status of the community. The method provides a frame to include metrics for measuring
economic resilience in term of loss estimation models (i.e. property loss and the effects of business disruption
after disasters). PEOPLES framework integrates current economic activity and dynamic growth of the economic
development.

CDRF (Community Disaster Resilience Framework) developed by Mayunga [31], is focused the main
management phases of an occurring disaster (i.e. mitigation, preparedness, response, and recovery on the one hand
and on the other involving community capital in terms of social, economic, physical, and human resources to be
implemented during the disaster management phase. CDRF is a consistent, robust and validated method merging the
community capitals with the disaster management phases based on a structured platform of indicators. This operates
more extensively at the national level, lacking in community resilience at smaller scales.

DROP (Disaster Resilience of Place) [25] describes the relationship among vulnerability and resilience in a
framework open to empirical testing. Within DROP the time frame within the evaluation of communities’
resilience is focused in two main components: i) an antecedent condition to the disaster (i.e. inherent resilience) -
defined as the link (space and multiscale dependant) among natural systems, built environment, and social
systems; ii) a post-disaster condition focused on the ability to cope and respond during and after the disaster (i.e.
adaptive resilience). Within this structure is integrated the social vulnerability index proposed by Cutter [32—34].
The DROP model is frequently referred to as an evaluation approach, the main concern is its lacking
experimental tests (i.e. more theoretical frame), the several assumptions made and the focus on the social
resilience of places.
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A common aspect for all the previous mentioned frameworks is the concept to define the community resilience to
disaster under two main important components: the disaster management phase activities and the overall community
capitals. Moreover, the quantitative evaluation of the community resilience to disaster is referred to the use
composite indicators [25] as a quantitative tool. This foresees the following systematic steps: general platform for
the definition of the indicators, selection of the relevant indicators, and comparability of the indicator though
standardization and weighting, final evaluation of the consistency and robustness of the set of indicators selected
through an overall validation and testing. Thus one of the main research directions is oriented toward the need to
identify consistent metrics to evaluate (and support) policy action in order to develop a set of holistic metrics
applicable to hazards in different infrastructural, economic, geographic, social and cultural dimensions. The next
section of this paper will thus propose a community resilience evaluation framework integrating several aspects of
the previously mentioned approaches.

4. Novel resilience community assessment framework

The framework for the assessment of the community resilience proposed in this study is based on an holistic
approach of the resilience able to provide a comprehensive measure involving all phases of disaster’s cycle within
the different overall community systems (i.e. social, economic, infrastructural/physical, environmental/ecological,
institutional).

The method is implementing the classification of Quarantelli to identify benchmarking to better evaluate how the
resilience is estimated with reference to the coping capacities thresholds of community. The overall framework, here
called the Holistic Community Resilience Assessment Method, is proposed in Fig. 2.
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No
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Fig. 2. Holistic community resilience assessment method.
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The processes related to the definition of a final evaluation score takes into account the implementation of a
composite indicator approach. This approach includes: data transformation into comparable scales, exclusion of
correlated indicators, a further weighting and a final validation and testing. Within this approach a set of composite
indicators which are representative, relevant and robust must be guaranteed. With this approach it would be possible
to investigate how the effect of potential measure enhancing resilience on different dimensions will provide an
overall increase within the score. The potential implementation of supporting actions to define scenarios aiming to
enhance resilience will be implemented trough the based concept of 4R developed by Bruneau [35] and Cimellaro
[36]. According to the scheme of Fig. 2 this aspect will be beneficial to evaluate in a second round the community
resilience based on a composite indicators platform to evaluate the overall benefit looking toward a final aim of a
resilient community.

The proposed methodological approach would like to integrate the effects related to changes of resilience due to
scale, cascade effects and interconnectivity within the community resilience composite indicator evaluation. For
example the link among the physical dimension (i.e. physical infrastructures) and the social dimension is a key issue
within the scientific arena, Jackson [37] recognized that “Regarding the resilience of technological systems, the
point is usually made that the people and infrastructures surrounding the technological systems also are involved in
ensuring resilience”.

Nevertheless, the interpretation of indices can bring misleading conclusions. Thus the implementation of a
system dynamic modelling methodology [38—40] would represent an integration to be considered to evaluate the
non-linearity of the interaction among the dimensions considered. In this way the interaction between and among
physical activities, information flows and policy measures can be identify thus revealing the dynamical nature of the
variables.

5. Conclusion

This paper provides a preliminary attempt to develop a methodological approach for measuring and monitoring
the disaster resilience of community defined as Holistic Community Resilience Assessment Method. The proposed
approach provides the baseline to correctly implement quantitative metrics of resilience that can be well understood
as thus implemented in policy and decision making processes looking toward enhancing resilience of communities.
This paper is thus moving toward the DRR management beyond the concept of risk and proposed a quantitative
assessment framework of responding capacity of a territorial system and thus its resilience. Within the proposed
framework the concept of Quarantelli related to the classification of an event from accident to disaster is considered
in order to identify territorial threshold benchmarking and thus capacity to cope the impact of an extreme event. The
framework integrates the DROP and CDRF framework, the concept expressed by Bruneau within the definition of
resilience under the 4R view (Rapidity, Robustness, Redundancy, Resourcefulness) and the use of composite
indicators within the definition of a resilience index. The proposed methodological approach is in fact providing the
opportunity to map community resilience by assessing energy and resource consumption to maintain the stability of
a socio-ecological system. The final results from the proposed approach should look toward the drawing of maps of
resilience, necessary to planners and policy makers to assess the effects and sustainability of different DRR
strategies and policies. The methodology can be generalized and expanded to emerging hazards rather than only
natural disasters. Still the overall framework needs a refining aimed to define the effects of interaction, cascading
effects and scale effects among and within the dimensions of the community resilience. Moreover, real application
and test on a case study must be explored.
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