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ABSTRACT

The province of Alicante (Spain), especially the southern part, is one of the regions with the highest
seismic risk in the peninsular territory. The interaction between the high seismic danger and the social
vulnerability that characterizes the coast of the province of Alicante implies a significant level of risk.
Based on this, this paper criticizes the lack of analytical depth in the field of seismology and seismic
risk planning to analyze and evaluate the seismic vulnerability that characterizes a population. In
particular, a total lack of social factor has been verified in the evaluation of the seismic vulnerability,
as well as an absesnce of a procedural perspective in the construction of the risk. However, an
excessively technical seismic risk management has been found, exclusively based on the analysis of the
architectural resistance of the buildings. This paper argues the need to rethink the concept of seismic
risk in depth, in order to understand it as a socially constructed process. In addition, a specific
methodological proposal is made to analyze and evaluate the seismic vulnerability of the municipalities
of the Alicante coast in an integrated way. This area is exposed to social and economic phenomena that
make them especially sensitive to the effects of seismic movements. In short, this paper claims the need
to dispute the hegemony of the technocratic paradigm that dominates the analysis and planning of
seismic risk in order to move towards a more integrated and multidisciplinary approach that allows to
increase the seismic-social resilience of society and territory.
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1 INTRODUCTION

Valencian Community, like other geographical points of the Mediterranean area, is one of
the Spanish regions with the highest exposure to natural hazards. It is a space of risk,
determined by two main factors: 1) climatic-meteorological and geophysical characteristics
of its territory, which favor the occasional production of extreme natural phenomena such as
droughts, floods, forest fires and earthquakes; and 2) an inadequate occupation and use of the
territory, more especially at the coast [1]. The risk has to be understood as an intersection
between conditions of high physical-natural danger and a vulnerable socio-demographic
structure. In the specific case of seismic risk, the Valencian Community presents significant
levels of dangerousness in the context of the Iberian Peninsula, with a high level in the
province of Alicante, a moderate level in Valencia and a low level in Castellon [2]. In some
points of Alicante have been calculated maximum expected intensities that exceed the IX
degree for a return period of 500 years, as is the case of the coastal municipality of Torrevieja.
This geophysical reality implies a threat to the southern half of the Valencian Community,
which is transformed into a potential risk by being conjugated with socioeconomic elements
that are significantly vulnerable.

Despite the high influence that social vulnerability exerts on the construction of risk, the
planning and scientific analysis of seismicity have not incorporated a social approach.
Traditional seismic risk studies consider the relevance of vulnerability in the seismic risk
formula, but the characterization of this concept excludes social elements and includes only
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technical components. This vision is known as a technocratic approach [3], and it is this that
dominates the field of seismicity in an unquestionable way [4]. This approach assumes the
exposure of human settlements to an uncontrollable nature that produces socio-natural
disasters without social causality. By not recognizing the social dimension of the seismic
disaster, this vision proposes technical solutions as the only way to face the effects of
earthquakes. Social vulnerability, therefore, is completely removed from the analysis while
the seismic resistance of the buildings is considered the only possible way to counteract
seismic movements. Thus, from the technocratic paradigm, seismic vulnerability is related
only to the resilience that material structures present to withstand the force of earthquakes
[5]-[7]. This is expressed, for example, in the seismic risk planning of the Valencian
Community: “seismic vulnerability is defined as the intrinsic predisposition of a structure,
group of structures or entire urban area to suffer damage in the event of a seismic movement
of a certain severity” [2]. Therefore, the elements of the socio-demographic structure are
isolated from the seismic risk planning. This implies the need to rethink seismic vulnerability
to approximate the concept towards a more integrated approach that incorporates a strong
social logic [8].

In this way, this paper claims the need to reconfigure the concept of seismic vulnerability
and modify the logic and meaning of the risk formula. Taking as reference the physical and
social characteristics of the littoral of the province of Alicante, we generate a new formulation
of seismic risk through the inclusion of the social factor in the conceptual structure of
vulnerability. For this, we elaborate a specific methodological proposal that allows to
evaluate in an integral way the physical and social vulnerability of the population groups that
are exposed to the seismic risk. From the point of view of risk planning, we consider it
absolutely necessary to strengthen the capacity to analyze the social dimension of seismic
risk in order to prevent the social impacts produced by earthquakes. In this way, we believe
that it is possible to adapt prevention and action measures to real management needs. To do
this, we must introduce a long-range vision in the risk analysis, which has a procedural
character and allows us to understand the disaster as a socially constructed process where the
social structure, at all levels (social class, gender, ethnicity, age, ideology), contributes to the
generation of risk status. Thus, applying this perspective of analysis and management, we
can achieve an increase in the seismic-social resilience in the province of Alicante, which
allows an adequate protection of its population and the social, economic and cultural assets
on which it is based.

2 CASE STUDY: SEISMIC-SOCIAL SITUATION AT THE COAST OF ALICANTE
The seismicity, despite not being the main natural danger of the last decades in terms of
damages provoked, has a high level of potential danger in the province of Alicante, as well
as a very significant historical-social transcendence. Therefore, to accurately verify the
importance of seismicity in the province of Alicante, it is necessary to contextualize and
analyze in an adjusted manner its potential danger, as well as the vulnerability experienced
by populations exposed to this natural danger.

2.1 Seismic hazard

From a geodynamic point of view, the province of Alicante is one of the most seismically
dangerous regions of the Iberian Peninsula. The tectonic dynamics caused by the contact of
the African and Eurasian plates around the littoral of the peninsular southeast is responsible
for causing an accumulation of geological tension that is released punctually through seismic
shocks.
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Figure 1:  Seismic events of intensity equal to or higher than V in the peninsular southeast
(1940-2017). (Source: Data from the National Geographic Institute (IGN). Own
elaboration.)

In general, the magnitude of these episodes presents a low or moderate profile, since the
activity model of seismic movements in this area has a high frequency and a low intensity
[9]. However, occasionally, larger earthquakes occur, which have sometimes produced
significant effects on the population. One of the most emblematic episodes of the seismic
history of the province of Alicante is the “Torrevieja earthquake” of March of the year 1829.
This earthquake had intensity of IX-X according to the European macroseismic scale (EMS-
98) and an estimated magnitude from 6.6. This seismic movement produced 389 dead
victims, 375 injured and caused material damage so significant that the municipalities of
Torrevieja and Guardamar del Segura had to be almost completely rebuilt. On the other hand,
in the instrumental period (from 1914), other earthquakes stand out, such as the event of San
Miguel de Salinas (Alicante) of 1919, of magnitude 5.2 (Richter scale) and intensity VII-
VIII, Onteniente (Valencia) of 1945, of magnitude 4.8 and intensity VII, or Lorca (Murcia)
of 2011, of magnitude of 5.1 and intensity VII. This last event produced 9 fatalities and
significant economic costs.

According to the Special Plan against Seismic Risk in the Valencia Community, 136 of
the 141 municipalities of the province of Alicante (96%) are exposed to an expected
maximum intensity equal to or higher than VII in a return period of 500 years. Some
municipalities of the south of Alicante (Vega Baja) are exposed to maximum expected
intensities of up to IX-X, as it is the case of Torrevieja, Elche, Guardamar del Segura,
Crevillente or Orihuela.

Thus, from the point of view of the maximum potential risk, seismicity is an absolutely
relevant natural hazard in the Valencian Community, especially in the south of the province
of Alicante, since it has been proven how throughout history seismic events of high intensity
have caused disastrous effects.
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Table 1: Main socio-territorial indicators of the province of Alicante (comparison with
other scales). (Source: Data from the National Institute of Statistics (INE), 2016.)

Alicante coast | Province | Community Country
Coast municipalities 19 13% 4% 0.2%
People counted 1,094,190 59% 22% 2.35%
Land area (km?) 1,637.6 km? 28% 7% 0.3%
Population density 668.17 hab./km? 334.23 215.20 91.95
Kilometers of coastline 244 km 100% 47% 3%
Foreign population 262,804 (24%) 71% 39% 6%
Secondary homes 34% 26% 21% 14%
Population in services sector 79% 7% 72.8% 76%
Unemployment rate 19% 20% 20% 19%
Annual number of visitors 3,550,000 4,065,000 8,200,000 99,840,000
Average household income 20,516 € 20,436 € 21,988 € 26,730 €

2.2 Seismic vulnerability

The coastline of the province of Alicante is a space of risk, due to its natural predisposition
to experience extreme phenomena and its socio-demographic vulnerability. The highest
vulnerability input at the coast of Alicante has been the socio-economic model implemented
since the 1960s [4]. Over time, this model has caused: 1) a high demographic concentration
(more than one million people); 2) the hegemony of the tourism-residential sector in the
economy; and 3) the socio-economic precariousness of the employed population.

Paradoxically, one of the most dangerous territories in Spain has stimulated the creation
of a socio-demographic structure especially vulnerable to natural phenomena experienced in
its own physical-geographical space. In relation to this, three basic phenomena inherent in
the relationship between Mediterranean coastal space and physical danger (seismicity) can
be highlighted.

2.2.1 “Litoralization of risk”

Around the coast (mainly the Mediterranean) there is a very high demographic concentration,
where at the same time a very high exposure to natural hazards such as floods, earthquakes,
droughts or sea storms is experienced [10]. The most attractive areas for population
settlements are those where there is precisely a higher physical hazard. This paradox is
fundamental to understand how coastal space, in general, presents a higher sensitivity to
natural hazards than non-coastal spaces. This difference is more evident in the case of the
Mediterranean coast, where the almost exclusive orientation towards the tourism sector
produces a differential demographic concentration.

2.2.2 “Touristification of risk”

Tourism mostly has an exogenous demand (non-native population). This sector experiences
an exposure to an additional risk: the volatility of its assets. Socio-natural disasters are
potential destabilizing of tourism assets, since tourists can recognize their exposure to risk
and make the decision to mobilize their interest towards other tourist destinations with similar
socio-geographical characteristics. This causes the touristification of the risk, which is based
on the additional vulnerability that the tourism model experiences for depending on the
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perception and response that its demand may have with natural hazards. The low frequency
of earthquakes of high intensity at the Alicante coast allows the invisibility of the seismic
risk. However, if an earthquake with a high intensity were produced at the coast of Alicante,
a flight of demand could be originated. This would damage the socio-economic structure of
the region, since almost 80% of the employees at the coast depend directly on the tourism
sector. Tourism, due to the interdependent relationships of its assets, is a sector with
additional exposure to risk.

2.2.3 “Residentialization of risk”

The Alicante coast, since the early nineties, has experienced an intense process of urban
residentialism. With this has been implemented a model of use of the territory and natural
resources visibly unsustainable and vulnerable to natural hazard [11]. Residential tourism has
not stimulated the tourist assets associated with the socio-environmental structure of the
Alicante coast, but, contrary, has used them as an attraction to enhance the exploitation of
the land and ensure the sale success of the homes built [12]. This model, more similar to the
real estate sector than the tourism sector, has led to the production of a socio-urban
environment composed of multiple elements that contribute to increasing the vulnerability of
municipalities, as is the case:

e Increase in foreign population, with linguistic and cultural barriers to achieve an adequate
adaptation to the local socio-territorial culture.

e Increase in the elderly population.

e Demographic instability and economic seasonality.

e High and unsustainable consumption of natural resources, basically land and water (lax
and extensive territorial model).

e Creation of a disorganized, accelerated and unplanned socio-urban model.

e Occupation of spaces of high landscape value, but isolated and with higher exposure to
extreme natural phenomena.

In short, the socio-economic model of the Alicante coast has been characterized by the
production of new patterns and elements of socio-natural vulnerability, based on the
inadequate use of the territory and the configuration of a fragile and unstable population
structure with a lot of socio-environmental externalities. All this, in combination with the
physical danger described, projects an extraordinary seismic risk at the Alicante coast.

3 TOWARDS AN INTEGRAL ASSESSMENT OF SEISMIC VULNERABILITY
3.1 Concept of social vulnerability (ontological aspects)

Vulnerability, despite presenting a long path within the scientific production associated with
socio-natural disasters, is not yet endowed with a uniform and solid theoretical-
methodological conceptualization [13]. Vulnerability is a polysemic concept [14], with a
great conceptual breadth and an extensive analytical space, which, due to its high scope, is
exposed to a heterogeneous conceptualization of its ontology [15]. In fact, there is no clear
boundary that separates vulnerability from other concepts, which are not completely
equidistant but may overlap in some conceptual dimensions. This is the case, for example, of
the concepts of poverty or marginality. Unlike these, vulnerability presents adaptive potential
[16], while the others denote a strong social disadvantage. Vulnerability allows introducing
the possibility of offering a response to environmental threats through assets and adaptive
strategies [17]. However, the vulnerability approach reveals the unequal distribution, access
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and occupation of resources associated with the social structure [18]. Its object of study,
therefore, is closely related to social inequality in socio-natural disasters [19].

In this paper we have followed the definition of vulnerability proposed by Wisner et al.
These authors understand vulnerability as “the characteristics of a person or group in terms
of their capacity to anticipate, cope with, resist and recover from the impact of a natural
hazard” [20]. It is a neutral definition, which disables the exclusively negative meaning of
the concept and offers the possibility of a favorable adaptation to the threat. This definition
unites the negative and positive orientation of vulnerability, discarding the distinction
between vulnerability (negative sense) and resilience (positive sense) as two independent
concepts proposed by several authors [21]-[23].

Thus, from the neutral concept of vulnerability, in this paper we distinguish, first, the
category “resilience”, which describes a situation of positive vulnerability through which an
individual, group or society experiences the availability of adequate assets and strategies to
achieve a favorable adaptation. Its opposite pole is “desilience”, which reflects an opposite
situation. This refers to a situation of negative vulnerability through which an individual,
group or society does not have adequate assets and strategies to achieve a favorable
adaptation to environmental threats. The balance between weaknesses and strengths
(interaction between assets and strategies), in relation to the specific adaptive demands of a
specific threat, is precisely what determines the resilient or desilient sense of an entity.

In summary, the vulnerability approach represents the need to construct a complex
meaning of risk and to give a main role to the elements related to the social structure in which
a natural threat is manifested. Essentially, this vision recognizes that the social structure, as
a reflection of the unequal distribution, access and occupation of resources, processes a
differential production and distribution of risk.

3.2 Operationalization of seismic vulnerability

Generally, if we consider that vulnerability is related to the relationship of adequacy
established between the assets and strategies and the content and form of the impacts of a
threat, the seismic vulnerability would refer to the specific adjustment of resources to
counteract the impacts of the seismic movements.

Different studies of socio-natural risks indicate the need to divide the concept of
vulnerability into different dimensions or levels to carry out its operationalization [24]-[26].
A large number of dimensions can be distinguished, but all of them are usually associated
with three or four large dimensional blocks. Wilches-Chaux [27], for example, analyzes 9
dimensions: physical, environmental, economic, social, political, educational, institutional,
cultural and ideological. However, in order to simplify the operationalization of the concept
of vulnerability and facilitate its measurement, as well as the high level of homogeneity of
the components, we consider it appropriate to reduce the analysis to four dimensions.
Therefore, the dimensions that we use to evaluate seismic vulnerability in an integral way
are:

o Material dimension: physical aspects that give space and material support to human
settlements. We refer to the seismic resistance of the buildings, as well as to the adaptive
functionality and the harmfulness of the material infrastructure of a municipality.

¢ Organizational dimension: aspects related to the disposition and organizational quality
presented by the population, the institutions that have the power to make decisions and
the operational resources. We refer to the organizational assets that enable the articulation
of adequate prevention and action systems.
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¢ Individual dimension: physical and cognitive abilities that individuals have to act in an
appropriate manner at the time of occurrence of a seismic movement, as well as the level
of awareness that the population has about their exposure to risk.

e Structural dimension: aspects related to the social structure that influence the sizing of
the impacts produced by an earthquake. Elements with the ability to act in the subsequent
phase to the seismic movement, determining the quality of the long-term consequences.

Depending on the quality, access, availability and social distribution of these assets, as
well as on the interactive effectiveness that all of them present for the configuration of
adaptive strategies, the vulnerability will find its resilient or desilient meaning (see Section
3.1).

On the other hand, the optimal analysis unit that should be used in this methodology is the
municipality. The data that must be collected is at the municipal level. It is a level of work
that presents a sufficiently adequate level of information accessibility. In addition, this scale
allows to have a relevant level of homogeneity and analytical representation. Also, from the
point of view of seismic risk planning, it is convenient to work with this unit of analysis,
since the development of management plans is the responsibility of the municipal
administrations.

3.3 Assessment method

Once the scale of work and the dimensional characters of vulnerability have been identified,
we have generated a list of indicators to carry out the integral evaluation of seismic
vulnerability. These indicators, depending on their adaptive quality, determine the meaning
of the vulnerability of a specific municipality, as well as its specific degree. As can be seen
in Table 2, we have proposed, in addition to the general indicators, an approximate system
to carry out the measurement of seismic vulnerability. Therefore, we have created categories
that guide the evaluation of each of the proposed indicators in a specific way. It is a way to
homogenize the evaluation and achieve equidistance between the municipalities evaluated.
The measurement system is based on ordinal categories with a numerical equivalence. This
allows us to perform a quantitative assessment of seismic vulnerability.

The process of accessing information related to each of the indicators is basically
secondary. Most of the indicators proposed are data available in official databases. However,
some indicators require primary information. Therefore, it is necessary to carry out a
qualitative study about the social perception of seismic risk. In addition, this study can be
useful to complement and enrich the proposed methodology, which is fundamentally
quantitative. If we want to understand risk as a socially constructed process with deep causes
and latent inertias, it is absolutely necessary to incorporate qualitative analysis tools in the
structure of this methodology. A qualitative interpretation of vulnerability factors is an
analytical strategy that must accompany the final index.

The measurement system presents a remarkable methodological simplicity. The technique
consists of adding the scores obtained and dividing the result by the maximum possible result,
in this case 45. The numerical equivalence of the ordinal categories allows, precisely, to
obtain a final index. The scale of oscillation of the index covers a spectrum of meaning
ranging from 0, which would be equivalent to the maximum possible negative vulnerability
or desilience, up to 1, equivalent to the maximum possible resilience or positive vulnerability.

The formula to calculate the seismic vulnerability index is:

(1
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where I = seismic vulnerability index; S: scores; C: number of categories; V: number of
variables; and N: number of case studies.

Due to this logic, not all the ordinal categories (low, medium and high) associated with
the indicators present the same numerical translation. For example, in the case of population
density, the “low” category has the highest numerical score (3), since a low density implies
a lower population vulnerability in the face of a seismic movement. The opposite occurs with
household income, where the maximum numerical score corresponds to the “high” ordinal
category, which is the most appropriate level for a household to adapt successfully to the
effects of an earthquake.

On the other hand, with this proposal we do not want to discredit the importance of
architectural seismic resistance, but to increase the spectrum of variables including social
components. We believe that the seismic resistance of the buildings presents a vital
importance for the confrontation of the effects of an earthquake, mainly during the activity
of the event. The seismic resistance of buildings is a main variable to determine the number
of fatalities and injuries. Therefore, this variable has to be weighted so that it has a higher
influence than the others in the calculation process of the final seismic vulnerability index.
The weighting factors associated with each level of physical resistance of buildings are
shown in Table 3.

This index synthesizes the quantitative version of the reality of the study, and for this
reason is exposed to an irremediable level of imprecision. However, from the point of view
of planning, the quantitative representation of reality also presents strengths, since it involves
interpretative practicality and analytical parsimony. This allows the agility of the decision-
making process. However, this index should be complemented by a parallel qualitative
reading, which provides an explanatory diagnosis of the seismic vulnerability of a
municipality. In this way, if both measurement and analysis strategies are combined, the
decision makers will be able to identify more clearly the dimension of the problems, as well
as the specific solutions to combat them.

4 CONCLUSIONS

The analysis and evaluation of seismic vulnerability present a lack of social elements and a
procedural vision associated with the seismic risk construction process. The planning of this
risk is clearly dominated by the technocratic-quantitative paradigm. This approach does not
recognize the social dimension of natural disasters, so it proposes technical solutions to
mitigate the negative consequences of seismic movements. However, in this paper we have
shown an intersection between a high seismic hazard and a situation of highly negative
seismic vulnerability in the littoral of the province of Alicante, which must be addressed
through new instruments of analysis, evaluation and management.

Table 3: Weighting factors of the categories of seismic resistance.

Category of seismic resistance ~ Weighting factor
Type A 0.8
Type B 0.9
Type C 1 (not ponderate)
Type D 1.1
Type E 1.2
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The use of a social approach and the construction of a specific methodology that adapts
its epistemological logic to execute it is a necessary and useful strategy to change the
management paradigm of this natural danger. This paper proposes, therefore, to incorporate
the social factor in the concept of seismic vulnerability to achieve an integrated risk
assessment. The purpose of this methodology is to achieve the design of strategies and
mechanisms to increase the security of the population and the strength of the socio-economic
and cultural assets of society and territory.
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