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ABSTRACT: The concept of Social Vulnerability (SV) is characterized by its multidimensionality. In 
the present study, Social Vulnerability was analyzed and evaluated according to the methodology devel-
oped by the Center for Social Studies of the University of Coimbra, which presents as innovative feature 
the incorporation of the Criticality and Support Capability components. Social Vulnerability was calcu-
lated for the 278 municipalities of mainland Portugal using factor analysis. The evaluation and calcula-
tion of the Criticality was carried out using 22 variables, selected from an initial number of 90, and the 
calculation of Support Capability was performed using 12 variables, from an initial number of 145 vari-
ables. The obtained outputs should be a working basis for the managers and stakeholders, authorities at 
different levels, and all the community with the objective of adopting adaptation and mitigation measures 
to natural and technological risks.

that consists in a multiplicity of  components 
related with historical, political, economic, envi-
ronmental and demographic factors, which pro-
duce inequalities, dynamic pressures such as rapid 
urbanization and social pressures and unsafe liv-
ing conditions that originates unequal exposure 
to risk.

There are multiple and distinct methods of 
measuring vulnerability (Birkmann, 2006; Fuchs 
et  al., 2012; Birkmann, 2013; Birkmann et  al., 
2013;). In the present work, Social Vulnerability 
to natural and technological risks was analyzed 
and evaluated according to the methodology 
developed by the Center for Social Studies of 
the University of  Coimbra (CES) and its Risk 
Observatory (OSIRIS) (Mendes et  al., 2011). 
According to Mendes et al. (2011) the concept of 
SV is associated with the degree of  exposure to 
natural and technological hazards and extreme 
events, depending closely on the resilience of  indi-
viduals and communities.

Social Vulnerability must be a planning tool, 
supporting the implementation of a territorial 
model in which decision-making on risk manage-
ment would be more efficiently applied.

The study is divided into 5 sections: a) Presenta-
tion of the area of study; b) methodology for the 
calculation of Social Vulnerability and its compo-
nents; c) results at municipal level; d) discussion of 
the results; e) conclusions of study.

1 INTRODUCTION

The concept of Social Vulnerability (SV) is charac-
terized by its multidimensionality, adding not only 
the social characteristics of the individual, but also 
their social and economic relations, as well as the 
physical and social environment where the indi-
vidual is inserted (Tapsell et al., 2010). The differ-
entiating characteristics of SV make it imperative 
not only in the characterization and understanding 
of the degree of exposure of the communities, but 
also in their capacity for resisting and recovering in 
face of hazardous events.

Historically, the concept of Social Vulnerability 
has emerged as an explicit critique of the dominant 
and conventional paradigms of analysis of disas-
ters, with Hewitt (1983). The Sendai Framework 
for Disaster Risk Reduction resumes the concept 
of vulnerability as the conditions determined by 
the physical, social, economic and environmen-
tal factors or processes that increase the suscep-
tibility of a community to the impact of hazards 
(UNISDR, 2015). Thus, the scientific community 
as recognized the need of considering social vulner-
ability as a particular dimension of vulnerability, 
developing distinct approaches for its measure-
ment (e.g., Angeon and Bates, 2015; Rufat et al., 
2015; Fatemi et al., 2017).

As noted by Wisner et  al. (2004) the vulner-
ability to hazards is a multidimensional process 
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2 STUDY AREA

The present study was based on the calculation of 
SV for the 278 municipalities of mainland Portugal, 
with a total area of 89,089 Km2 and a resident pop-
ulation of 10,044,484 inhabitants according to the 
2011 Census (INE, 2012). In administrative terms 
Portugal is divided into three NUTS (Nomencla-
ture of Territorial Units for Statistics) which is 
subdivided into three levels, defined according to 
population, administrative and geographical crite-
ria and in two LAU (Local Administrative Unit), 
in accordance with Decree-Law 244/2002, changed 
in 2015 by regulation nº868 / 2014. The work pre-
sented here supports its analysis at the level of 
NUT III, which is composed of 23 territorial units 
and LAU I, which is composed of 278 municipali-
ties (Figure 1b).

3 METHODOLOGY

The principal objective of this work is to evaluate 
the Social Vulnerability at municipal level in main-
land Portugal. This evaluation will be assessed using 
principal component analysis (PCA), a technic also 
used by different authors like Cutter et  al. (2003), 
Schmidtlein et  al. (2008), Mendes (2009), Barros 
et al. (2015), with adaptations according to regional 
and local specificities, expressed in the type of vari-
ables and unit of analysis to be selected. For PCA 
was used the software SPSS®, version 23. The data 
that supports this evaluation were obtained using 
information from the Census 2011 (INE, 2012) and 
PORDATA database (PORDATA, 2017). In this 
study the conceptual understating of Social Vulner-
ability defined by Mendes et al. (2011) was adopted, 

where SV is composed by two components: Critical-
ity and Support Capability. The evaluation of Social 
Vulnerability was based on PCA where redundant 
variables are eliminated and the remaining are nor-
malized and grouped into factors. The PCA was car-
ried out based on a set of premises where it stands 
out: a) the calculation of the Pearson correlation 
matrix analysis; b) the variance rate parameters 
(should be greater than 60%) and the Kaiser-Meyer-
Olkin (KMO) sample measurement (should be 
greater than 0.6) with the purpose of eliminating 
redundant data (Comrey et al., 2009) and select the 
more PCA-robust dataset; c) the use of Varimax 
rotation to better identify the principal components. 
This process is done for both Criticality and Support 
Capability. After obtaining the respective scores in 
each municipality, Social Vulnerability is calculated 
by combining the two components mentioned above 
using the following equation:

Social Vulnerability  =  Criticality × (1-Support 
Capability) (1)

The results obtained are grouped into differ-
ent classes that vary from very low to very high in 
accordance with the standard deviation (SD) and 
the following categories: “very low,” <1 SD; “low,” 
[-1, -0.5 SD]; “moderate,” [-0.5, +0.5 SD]; “high,” 
[0.5, 1 SD]; “very high,” ≥ 1 SD (Cutter et al. 2003).

3.1 Criticality

The calculation of Criticality for all municipalities 
of mainland Portugal was carried out using 22 var-
iables grouped into seven groups (Table  1). PCA 
identified 6 factors (FAC) based in the 22 explica-
tive variables. These factors present a variance rate 
of 73% for the 278 municipalities under study, with 
a KMO of 0.726 and all communalities above 0.6.

3.2 Support capability

The Support Capability was performed using 
12 variables grouped into four groups (Table  2). 

Figure 1. Location of the studied area: a) Continental 
Portugal (NUT I); b) Territorial organization in NUT II 
and LAU I (municipalities).

Table 1. Groups of variables used in the calculation of 
municipal criticality.

Groups Number of variables

Social support 3
Housing conditions 2
Demography 2
Economy 9
Education 2
Housing 3
Health 1
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Based on the variables presented in Tables 2, 3 
FAC’s were retained, presenting a variance rate of 
65% for the 278 municipalities under study, with a 
KMO of 0.705 and all communalities above 0.6.

4 RESULTS

4.1 Factors of criticality

As mentioned above the Criticality assessment 
identified 6 factors with different percentages in 
the explained variance (Table 3).

4.1.1 Factor 1 – Risk groups
The factor named “Risk Groups” explains 30% 
of the model variance where the proportion of 
the population under 5 years old is the dominant 
variable. This factor describes the most vulnerable 
population through the variable mentioned above 
and this FAC is also explained by the following var-
iables: proportion of population with difficulties; 
proportion of students by secondary educational 
establishment and students by pre-school educa-
tional establishments. The FAC 1 is also composed 
by variables that are related with housing, namely: 
the proportion of rented accommodation and the 
proportion of seasonal housing. These character-
istics are important because according with Cut-
ter et al. (2003) and Mendes et al. (2011) the type 
of accommodation in which an individual resides 
reflects, in most cases, their personal, social and 
economic characteristics. The last variable in this 
factor is the average value of social security pen-
sions which allows identifying economically and 
financially fragilized populations.

4.1.2 Factor 2 – Economic conditions
The factor 2 explains 13% of the variance where 
the proportion of employees on behalf  of others is 
the dominant variant. This FAC is also constituted 
by the following variables: proportion of self-
employed workers as an isolated employer; propor-
tion of self-employed workers; persons employed 
in the primary sector; average value of social pro-
tection pensions; proportion of seasonal house-
holds. In this FAC it is considered that the better 
the economic condition, the greater the capacity to 
face and recover from hazardous events.

4.1.3 Factor 3 – Disadvantaged population
Factor 3 is related with the disadvantaged people 
and contributes with 12% of the model variance. 
The variable dominant is beneficiaries of the Social 
Integration Income (RSI) and Minimum Guaran-
teed Income (RMG). The proportion of housing 
units with renting below 100 euros, the proportion 
of buildings built before 1919 and the proportion 
of employed population in the primary sector are 
the other variables present in this FAC. This FAC 
represent, in the most cases, the population with 
low-income, low socio-professional and highly eco-
nomic and social dependent on institutional aid.

4.1.4 Factor 4 – Level of income
Factor 4 explains 7% of the variance and is com-
posed by the following variables: customer depos-
its in banks, savings banks and mutual agricultural 
credit, which is the dominant variable, and pur-
chasing power ratio. This factor is related with the 
economic capacity of the population.

4.1.5 Factor 5 – Employment
This factor explains 6% of total variance and is 
composed by two variables: the proportion of 
employed population in the tertiary sector (domi-
nant variable) and proportion of population 
employed in the secondary sector.

4.1.6 Factor 6 – Employment
Factor 6 explains 5% of the variance and is com-
posed only by the variable proportion of social 
housing supported by social and supported income, 
being directly related with economic power of the 
population.

4.2 Criticality factors’ cartography

The analysis of the factor 1 (Figure 2) shows that the 
highest values related with risk groups are located 
mainly in the municipalities of the central and inland 
areas of Portugal. This fact is directly related, in the 
most cases, with the areas where high percentages 
of elderly population and low percentages of young 
population are observed. In factor 2, a clear distinc-

Table 2. Groups of variables used in the calculation of 
municipal support capability.

Groups Number of variables

Economy 4
Civil protection resources 4
Building characteristics 2
Health facilities 2

Table 3. Criticality components.

FAC Name
Explained  
variance (%)

1 Risk groups 30
2 Economic conditions 13
3 Disadvantaged population 12
4 Level of income  7
5 Employment  6
6 Dependent population  5
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tion is observed between the north and south areas 
(highest values) with the center region. These high-
est values of criticality related with low economic 
conditions are located, essentially, in the municipali-
ties belonging to NUT III of Alto Tâmega, Terras 
de Trás-os-Montes and Douro (in the north) and 
in the Baixo Alentejo, Alentejo Litoral and Algarve 
southern areas, where the primary sector still plays a 
very important role in the regional economy.

There are also areas where there is an important 
proportion of self-employed workers as an isolated 
employer and the proportion of self-employed 
workers, mostly related with the primary sector. 
Factor 3 is related with disadvantaged popula-
tion, and we can observe in the Figure 2 that the 
highest values of this factor emerge along the val-

ley of Douro river and south of the Tagus river in 
municipalities with high percentages of population 
beneficiary of the RSI and RMG, living in low-
rent housing and old buildings and work in the 
primary sector.

The analysis of cartography of factor 4, named 
level of income, allows concluding that a great ter-
ritorial homogeneity exists in the different variables 
that compose this factor. In factor 5, related with 
employment, namely the population employed in 
secondary and tertiary sector. In this analysis we 
considered that employment in the secondary sec-
tor are more vulnerable. This fact is related with 
the predomination of small and medium enter-
prises, with value added (VAB) lower than tertiary 
sector and with greater fluctuation in productivity 
and employment in time of crises. The cartography 
identifies the highest values in the coastal northern 
zone of Tagus river highlighting NUT III Região 
de Leiria, Região de Aveiro, Área Metropolitana 
do Porto, Tâmega e Sousa, Cávado e Ave, which 
stand out as areas with strong industrial and com-
mercial dynamism. The factor dependent popula-
tion (factor 6) presents highest values north of the 
Tagus river, and mainly those municipalities on the 
right margin of the Douro river.

4.3 Factors of support capability

The Support Capability assessment identifies 3 
factors that resulted from PCA with different per-
centages in the explained variance (Table 4).

4.3.1 Factor 1 – Civil protection resources
The factor 1 explains 30% of the total variance 
and is related with the municipal civil protection 
capability. The dominant variable is the number 
of fire-fighter corporations per 1000  inhabitants. 
The other variables of the model are: firefighters 
per 1000  inhabitants, average number of inhabit-
ants per covered spaces (which represents shelter 
facilities), pharmacies per 10 000 inhabitants and 
density of road network.

4.3.2 Factor 2 – Economic an environmental 
dynamic

This factor explains 22% of the variance and is 
composed by the following variables: urban waste 

Figure  2. Cartography of the three factors that com-
pose the criticality.

Table 4. Support capability components.

FAC Name
Explained  
variance (%)

1 Civil protection resources 30
2 Economic and environmental  

dynamic
22

3 Logistics and services capacity 12
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collected, in kg per inhabitant, proportion of col-
lective households, ATMs per 1000/inhabitants 
and accommodation capacity in hotel establish-
ments per 1000 inhabitants, which is the dominant 
variable.

4.3.3 Factor 3 – Logistics and services capability
This factor is related with the economic dynamism 
and explains 12% of the variance. The dominant 
variable is ATMs per 1000 inhabitants. The other 
variables that compose the factor 3 are hospitals 
per 1000  inhabitants and insurance agencies per 
1000 inhabitants.

4.4 Support capability factors cartography

Figure 3 shows the cartographic representation of 
each FAC expressing Support Capability.

Factor 1 is related with civil protection resources 
and with the analysis of the Figure  3 we can 
observe that the lowest values are located in the 
metropolitan Lisboa and Porto areas, as well as 
in adjacent municipalities. This factor is directly 
related with population density where a relatively 

reduced number of resources serves a greater 
number of inhabitants, when compared with less 
urbanized areas. The factor economic an envi-
ronmental dynamic (factor 2) express mainly the 
urban character of the different municipalities. We 
can observe that the majority of the municipalities 
analyzed presents moderate values, with the low-
est values principally concentrated in the northern 
margin of the Tagus river.

4.5 Criticality at municipal level

Figure 4 presents the cartographic representation 
of Criticality for mainland Portugal.

We can observe that the lowest values or Criti-
cality are mainly concentrated in the coastal area, 
especially in the Algarve region, and in the main 
regional capitals of Lisboa, Leiria, Coimbra and 
Porto, and their neighboring municipalities. The 
highest values arise predominantly at northern 

Figure  3. Cartography of the three factors that com-
pose the suport capability. Figure 4. Criticality in mainland Portugal.
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municipalities, namely in Alto Tâmega, Trás-os-
Montes and along the Douro river valley. We also 
observe high Criticality values in the central region 
of Portugal, where stands out the surrounding 
municipalities of Viseu (located in NUTT III Viseu 
Dão Lafões), and along the border with Spain in 
the municipalities belonging to NUT III of Alto 
Alentejo, Alentejo Central and Baixo Alentejo.

4.6 Support capability at municipal level

Figure 5 shows the cartographic representation of 
each FAC belonging to Support Capability.

The analysis of Figure 5 allows observing that 
the metropolitan area of Lisboa (with the excep-
tion of the municipality of Lisboa and Oeiras) and 
Porto (with the exception of the municipality of 
Porto) presents very low and low values of Support 
Capability. This fact is also noted in the majority 

of municipalities and NUT III surrounding these 
areas. This fact permits to conclude that, in most 
cases, such low values are directly related with high 
population density. On the other hand, we observe 
that the highest values are predominantly located 
in the inland municipalities, especially in areas 
south of the Tagus river, in municipalities char-
acterized by the availability of the resources for a 
small number of inhabitants.

4.7 Social vulnerability at municipal level

The application of equation 1 that combines the 
Criticality and Support Capability results in the cal-
culation of Social Vulnerability for the 278 munici-
palities of mainland Portugal. The analysis allows 
observe that the highest values of Social Vulner-
ability are concentrated in the northern areas, 
namely in municipalities located along the Douro 
river valley, in the region of Tâmega and Sousa, 
Ave, southern area of the Porto metropolitan area, 
Alto Tâmega, Terras de Trás-os-Montes and Viseu 
Dão Lafões.

In terms of lowest values we can observe that 
they are concentrated in areas in southern part 
of the country where stands outs the region of 
Baixo Alentejo and Algarve where the majority of 
municipalities has values of Social Vulnerability 
ranging from low to very low.

5 DISCUSSION

The analysis and evaluation of Social Vulnerability 
allows to conclude that we can divide, in general 
terms, the mainland Portugal in two areas: the area 
at north and the area at south of the Tagus river 
where the high and very high values are mainly 
located in the northern part. The reasons for this 
spatial distribution depends on several factors.

In terms of Criticality the most important fac-
tors at the municipal level are those related with the 
risk groups, the economic conditions and the dis-
advantaged population. In the total of 278 munici-
palities we observe that 40% of them present 
moderate Criticality, 30% values that varies from 
very low to low and 30% varying from high to very 
high.

About the Support Capability we can observe 
a relation between the highest values and the high 
density of population. The most important fac-
tors are associated with variables related to the 
civil protection resources (factor 1) and variables 
related to economic and environmental dynamics 
(factor 2). We also conclude that 39% of analyzed 
municipalities presents moderate Support Capabil-
ity, 34% values that varies from very low to low and 
27% varying from high to very high.Figure 5. Support capability in mainland Portugal.
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In terms of Social Vulnerability it possible to 
conclude that the final values are strongly influ-
enced by factors related with the weak economic 
power of the resident population, the fragility of 
its economic fabric and the presence of signifi-
cant percentages of dependent and disadvantaged 
population.

The present methodology allows compare and 
differentiate regions and municipalities in terms 
of whose characteristics of criticality, capacity of 
support and social vulnerability would not be evi-
denced in another way. The spatialization of each 
component and associated variables are impor-
tant for the definition, application and promotion 
of measures related with social policies, housing, 
distribution and reinforcement of collective equip-
ment, the implementation of a model of economic 
development more balanced in terms of employ-
ment in the inland areas and urban planning poli-
cies. The implementation and the success of this 
measures are important to reduce asymmetries 
between regions and municipalities. For the suc-
cess of this measures are important promote and 
encourage the inter-municipal resource sharing in 
the sense of corresponding to the character mul-
tidimensional and multidisciplinary of Social Vul-
nerability and associated components.

6 CONCLUSIONS

The present work presents the calculation of Social 
Vulnerability for the total of 278 municipalities of 
mainland Portugal in accordance with the meth-
odology presented by Mendes et  al. (2011). The 
character multidimensional of this methodology 
that combine the Criticality and Support Capabil-
ity allows not only the calculation of Social Vul-
nerability as also because of its strong territorial 
component, defining the Territorial Vulnerability 
of the analyzed areas.

The multidimensionality of this study, that is 
based in an extended set of variables from various 
dimensions like social support, housing, demog-
raphy, economy, education and health allows the 
applicability in several risk governance dimensions. 
The cross-referencing of these data with existing 
regional or local information may result in pro-
grams that promote capacity and social cohesion. 
The outputs resulting from the present study allow 
the observation and comparison, among different 
places. This fact can and should be a work tool for 
analysis and application by different stakeholders, 
from multiple sectors and authorities at national, 
regional and local level.

The knowledge and the consciousness of the 
territorial distribution of Social Vulnerability 
and its components (Criticality and Support 

Capability) as well as their consideration in risk 
management—where spatial planning instruments 
are a central part of the process, is a key tool for 
the definition and application of multidisciplinary 
and multi-scale risk management strategies that 
not only consider the physical aspects of the terri-
tory, but all its social and institutional dimensions. 
In fact, the implementation of municipal and local 
measures that address high SV contexts would first 
require the existence of an adequate institutional 
building, drawn upon the best risk governance 
practices.
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