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Abstract. Evaluating socio-economic losses due to natural disasters is a challenging task because of the com-
bined complexity of the social and ecological systems affected. However, also under pressure from the expected
effects of climate change, evaluating the socio-economic costs of natural catastrophes has become a vital need for
policy makers, urban planners, and private agents (such as insurance companies and banks). This paper suggests
a general framework encompassing all the important concepts which should be taken into account by the above
agents in the assessment of natural disasters. In particular, we propose a simple and consistent set of relationships
among vulnerability, resilience, hazard, risk, damage, and loss which can guide socio-economic assessment.

1 Introduction

It is commonly accepted evidence that the number of natural
disasters, of related overall losses as well as insured losses,
and the number of fatalities has been increasing in the last 30
years (Munich Re, 2013). This has led policy makers, urban
planners, and private agents, such as insurance companies (or
even banks), to put greater effort into evaluating (potential)
socio-economic losses due to natural disasters, from both
an ex ante perspective (i.e. risk reduction, risk assessment)
and an ex post perspective (i.e. risk management, assessment
of damage, reconstruction policies). However, measuring the
socio-economic impact and costs of natural disasters, both
ex ante and ex post, is an arduous task, due to the unpre-
dictability of natural events (Hallegatte and Przylusky, 2010)
and extreme difficulties in obtaining exhaustive information
about their impact on complex social systems.

For these reasons, public and private agents should keep
in mind what can be thought of as a sequence of (re)actions
which occur when a given area is affected by extreme events
(Pelling, 2003). Indeed, public policies aim to manage and/or
reduce the impact of natural disasters on a specific territory.

Private agents aim to assess the damage caused by extreme
events.

As suggested by the literature on socio-ecological sys-
tems, any human action and any institution are integral to
nature; therefore, the integration between these two domains
ought to be considered (Adger, 2006). Consequently, any dis-
aster sequence might be thought of as a sequence in which
both the natural system and the “human” system are interre-
lated. According to Pelling (2003), the disaster cycle is seen
as a sequential phenomenon with a pre-event situation (sta-
tus quo and/or event preparedness) followed by the disaster
and finally a post-event situation (emergency phase and re-
covery).

Given these features of dynamic complexity, when consid-
ering the impact of disasters on the socio-economic system,
six concepts stemming from the literature on disasters appear
to be particularly relevant. These concepts, listed according
to a logical sequence of events (pre-event, disaster and post-
event situation), are vulnerability, resilience (pre-event), haz-
ard, risk (disaster), damage, and loss (post-event). The defi-
nitions of these concepts and the relationships among them
are the core of this paper, the aim of which is to propose a
simple, logical framework for the assessment of economic
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losses due to extreme events, thus providing a useful tool for
natural disaster policy.

The paper is organized as follows: the next section illus-
trates the general framework, Sect. 3 examines individual as-
pects of the framework, and Sect. 4 concludes the analysis.

2 A socio-ecological framework for natural disasters

Vulnerability, resilience, hazard, risk, damage, and loss are
the key concepts referred to in the literature on natural disas-
ters. The relationships among these elements are often taken
into account in the same literature: Sarewitz et al. (2003)
identify a distinction between vulnerability and risk, Adger
(2006) suggests a potential convergence between vulnera-
bility and resilience, while Baritto (2008) argues that there
is a correlation between vulnerability and economic losses.
However, a general framework encompassing all the aspects
of these relationships is still missing in the literature. Policy
makers (as well as private agents, such as insurers and banks)
dealing with extreme events have to consider all the variables
and characteristics of the systems under analysis. As noted
by Sarewitz et al. (2003), limiting “risk management” poli-
cies to just one or few of the aspects mentioned above might
lead to wrong implications and, as a consequence, increase
exposure to disaster losses. Sarewitz et al. (2003) identify
three main weaknesses of partial approaches (for the sake
of completeness, they only explore the relationship between
risk and vulnerability, identifying six weakness. We exclude
three weaknesses which are not directly related to the matter
of this paper and we also include considerations on resilience
and outcome loss). Firstly, some approaches aim to cover the
costs of disasters based only on risk assessment. These ap-
proaches do not rely for their success on reducing the level
of vulnerability or on increasing the level of resilience of a
given area. However, reduction in vulnerability and improve-
ment of resilience may limit output losses. For these reasons,
it would be advisable to include both aspects in the evalu-
ation of the losses produced by a natural disaster and their
impact on the economy.

Secondly, approaches aiming to prepare for extreme events
based only on risk need sophisticated and rigorous proba-
bilistic models. Yet, in some cases, a precise assessment of
risk is impossible (i.e. earthquake prediction), and practices
and policies based on these approaches might lead to harmful
effects. An example of this is the definition of the so-called
“red zone”, the urbanized area surrounding Mount Vesuvius,
the famous volcano in Italy. According to the Italian Civil
Protection Department, the “red zone” is the area most ex-
posed to pyroclastic flows in case of an eruption and munic-
ipalities in the “red zone” are included in the national evacu-
ation plan. However, the “red zone” was enlarged in 2014
to include nine additional municipalities because of more
precise studies. Hence, an eruption before 2014 would have
resulted in an evacuation plan designed for a lower num-
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ber of people than those actually involved. This might have
led to deficient crisis management, with higher probability
of casualties both in the municipalities already in the “red
zone” and in those included in the “red zone” after 2014.
Since the disaster would have involved a number of people
greater than that expected, the institutions would not have
been sufficiently prepared to deal with this, weakening the
organizational crisis system. Moreover, this might have led
to poorer prevention measures and preparedness of people.
Thirdly, assessments of resilience and vulnerability do not
include evaluation of disaster risk. Yet, “vulnerability [and
resilience are] not divorced from probability but the vulnera-
bility [and resilience] management do not depend on precise
predictive quantifications of specific future events” (Sarewitz
et al., 2003, p. 807).

This section reviews all the aspects mentioned above in or-
der to take a few steps forward in building a socio-ecological
framework for natural disasters. For each of the aspects there
are several definitions, interpretations, and facets. However,
we will report only the interpretations which we consider im-
portant in the definition of a general framework to evaluate
economic losses due to extreme events, and we will refer to
other authors for their complete discussion.

The rationale for the choice of the definitions reported be-
low is based on the work by Cutter et al. (2008). Indeed, they
claim that the relationships among most of the concepts anal-
ysed here are not well defined (especially among vulnerabil-
ity, resilience, and damage). Some researchers believe these
notions to be part of the same concept, while other authors
claim that each is the outcome of another or that they are sep-
arate but linked concepts. We will consider the aspects below
as separate notions, preferring the definitions that are closer
to this view. In the following paragraphs, we will provide ex-
planations of six important concepts whose interrelationships
are illustrated in Fig. 1.

Vulnerability can be used “to describe inherent character-
istics of a system that create the potential for harm but are
independent of the probabilistic risk of occurrence of any
particular hazard or extreme event” (Sarewitz et al., 2003,
p. 805). For a complete review of vulnerability, readers may
refer to Adger (2006) and Cutter et al. (2008).

Resilience refers to (i) the ability of a system to recover
after a shock (Pimm, 1984); (ii) the amount of shock that a
system is able to absorb (Holling, 1973); and (iii) the abil-
ity of a system to adapt so as to minimize the extent of dis-
turbances affecting the system (Martin, 2012). It should be
noted here that the third definition of resilience is not yet
well-established knowledge in the literature, and some au-
thors — for instance, Rose and Krausmann (2013) — treat
adaptive resilience as a characteristic of resilience and not
just as another definition in itself. Readers can refer to Fos-
ter (2007), Martin (2012), and Modica and Reggiani (2015).

Hazard “refers to the natural events that may affect dif-
ferent places singly or in combination (coastlines, hillsides,
earthquake faults, savannahs, rainforests, etc.) at different
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Vulnerability, resilience, hazard, risk, damage, loss: relationship
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Figure 1. The socio-ecological framework for the evaluation of
economic losses due to extreme events.

times (season of the year, time of day, over return periods
of different duration)” (Wisner et al., 2004, p. 45).

Risk ought to be thought of as “a product of three major
elements: exposure to hazards (e.g. that which is affected by
natural disasters), the frequency or severity of the hazard and
the vulnerability” (Birkmann, 2007, p. 21). More precisely,
it is the likely level of loss from a given magnitude of hazard
combined with the potential for harm (Alexander, 2000).

Damage attempts to measure, in economic terms, the de-
gree of harm which structures or other physical assets have
suffered due to a catastrophic event.

Loss is “the change in wealth caused by damage to struc-
tures or other physical assets” (Kliesen, 1994, p. 1), and it can
be split into either direct or indirect losses; market vs. non-
market effects; redistribution and wealth (see ECLAC, 2003;
FEMA, 1992; and Pelling et al., 2002, for more details).

3 Critical explanation of the framework

As mentioned in Sect. 1, in the analysis of the economic
losses caused by natural disasters in a given area, a key point
to be kept in mind is that the socio-economic system is in-
tegral to nature. Therefore, human activity is contingent on
the natural system and, at the same time, the natural system
is affected by human activity.

For the sake of clarity, we need to explain what we mean
by natural and socio-economic systems. A natural system
might be defined as all the factors which influence human
beings, spontaneously regulated by the course of nature,
namely everything that exists in nature (physical or bio-
logical materials) or that is created by the forces of na-
ture (including disasters, i.e. intertwined processes involv-
ing both physical and biological materials), in contrast to
human production. A socio-economic system is a system in
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which goods and services are produced and exchanged and
resources are allocated. The socio-economic system also in-
cludes individuals and institutions, as well as all the rela-
tionships among individuals (e.g. social) and between indi-
viduals and institutions (e.g. socio-economic). Consequently,
the natural system and the socio-economic system are inter-
related and they mutually influence the evolution of their
system components (consider, for instance, the effects of
global warming on human activity or the remark that in the
Alpine habitat “analogous geographical conditions always
entail analogous development”, Viazzo, 1989, p. 16).

Then, within the framework described in Sect. 2, the natu-
ral system is intrinsically related to hazard (since it is a prod-
uct of nature). Instead, the socio-economic system is only
indirectly related to hazard through the impact which it ex-
erts on the natural system (e.g. the intensity of a flood caused
by heavier rainfalls ascribable to global warming).

At the same time, the socio-economic system is intrinsi-
cally related to exposure because it depends on human activ-
ities (e.g. building a bridge is per se a form of exposure). Both
natural and socio-economic systems influence the vulnerabil-
ity and resilience of the area of interests. Indeed, suppose that
a given region has an endemic shortage of drinking water.
This area is more vulnerable to natural disasters than other
areas having a greater supply of water. Indeed, this condition
is an inherent characteristic enhancing the potential for harm
in case of a natural disaster (i.e. a natural disaster which fur-
ther reduces the “stock” of drinking water). Similarly, a lack
of drinking water might also reduce the ability of the area
to recover after a natural disaster strikes, thus reducing the
resilience of the territory.

Furthermore, the socio-economic system influences the
vulnerability and the resilience of the area of interest. A re-
gion with higher GDP per capita will be less vulnerable (i.e.
its population lives in structurally less vulnerable buildings)
and more resilient (i.e. its population has the financial re-
sources needed to recover quickly). However, the difference
between vulnerability and resilience, as mentioned above,
is rather subtle and, as noted by Cutter et al. (2008), it is
not clearly defined even at the research level. Still accord-
ing to Cutter et al. (2008), there are scholars who consider
resilience an outcome of vulnerability (i.e. lower vulnera-
bility leads to greater recovering capacity, Manyena, 2006).
Differently, resilience might be seen as a “stand-alone” con-
cept, only loosely related to vulnerability since it “is defined
more in terms of continual learning and taking responsibility
for making better decisions to improve the capacity to han-
dle hazard” (Cutter et al., 2008, p. 600). Finally, vulnerabil-
ity and resilience might be considered two different concepts
which nonetheless share common characteristics.

The latter is our view, as seen in the examples above,
where the same aspects shape the concepts of both vulnera-
bility and resilience (i.e. shortage of drinking water and GDP
per capita). Yet, there are other aspects which are related to
only one of the two concepts. For example, insurance against
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natural disasters cannot reduce the damage (i.e. the degree of
harm) caused by an extreme event but might reduce losses
due to a catastrophic event (i.e. change in wealth), since it
compensates the change in wealth caused by the damage
without reducing the level of vulnerability. Notice also that
insurance might also lead to perverse behaviours which in-
crease vulnerability (e.g. moral hazard). Hence, resilience
and vulnerability are two different aspects which are related
to loss and damage respectively.

Nevertheless, both damage and loss have an impact on
the socio-economic system because the cost of natural disas-
ters affecting a certain area might absorb financial resources
from other socio-economic sectors. This effect will definitely
change the socio-economic system and, consequently, it will
have effects on the natural system, as well as on vulnerability,
resilience, hazard, risk, damage, and loss — a situation which
might continue until the next extreme event.

4 Conclusions

This paper outlines a general framework to evaluate (poten-
tial) socio-economic losses due to natural disasters which can
be used by policy makers, urban planners, or private agents.
In particular, we address concepts such as vulnerability, re-
silience, hazard, risk, damage, and loss and we illustrate a
set of links among some of these concepts. The chain of
(re)actions emerging from the analysis can be useful to better
understand and assess the costs of extreme events.

This framework stresses important features, helping pub-
lic and private agents to focus on the characteristics which
might reduce the damage and losses caused by natural disas-
ters and improve the ability of affected areas to recover from
the shock or to implement adaptation strategies.
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