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ABSTRACT - The Northeast of Brazil has been affected, since the beginning of its colonization, by the droughts. However,
mostof the studies on drought phenomenon usually deal with physical aspects, such as its severity, extension, and periodicity,
neglecting other aspects of the region such as its social, economic, cultural, and production characteristics. Considering
how important it is to analyze these factors to gethering studies that investigate the vulnerabilities in the Brazilian semiarid
region, this study aimed to evaluate the vulnerability to drought in the municipalities of Picui, Sumé, and Sousa in Paraiba
State, Northeast of Brazil. It was performedby adapting the vulnerability index proposed by Bhattacharya and Dass
(2007), which calculates the exposure, sensitivity and adaptive capability factors based on data of the municipalities, mainly
those from 2010. The results obtained in this study shows that the municipality of Picui had the highest exposure (index
of 0.390), and the worst performance in sensitivity (index of 0.251). Regarding the indicator of Adaptive Capability, Sumé
stood out in a negative way, with an index of 0.315. In general terms, Picui presented the highest Vulnerability Index
(0.3406), followed by Sumé (0.297) and Sousa (0.287). The Vulnerability Index proved to be an adequate instrument to
develop a holistic study on risk management of social and environmental disasters, and it could be used by managers and
decision makers to develop public policies and to create preparation and coexistence local plans to mitigate the problems

caused by the drought.

KeyworDps: Risk MANAGEMENT; DROUGHT,; INDICATORS.

DETERMINAGAO E APLICAGAO DE INDICES DE VULNERABILIDADE A SECA NA REGIAO SEMI-ARIDA DO BRASIL

REesumo - O Nordeste Brasileiro tem sido afetado, desde a sua colonizagio, pelos efeitos da seca. Entretanto, a maioria dos
estudos sobre a seca normalmente analisam somente os aspectos fisicos, como severidade, extensio e petiodicidade, porém
negligenciam outros aspectos da regido, como o social, econémico, cultural e carateristicas produtivas. Considerando a
importancia de se analisar estes fatores em conjunto em estudos que investiguem as vulnerabilidades na regido semiarida
brasileira, este estudo visou avaliar a vulnerabilidade a seca nos municipios de Picui, Sousa e Sumé no estado da Paraiba.
Isso foi feito por meio de uma adaptaciao do indice de vulnerabilidade de Bhattacharya e Dass (2007), que calcula os
fatores de exposicao, sensibilidade e capacidade adaptativa com base nos dados dos municipios, principalmente do ano
de 2010. Os resultados obtidos mostraram que o municipio de Picui teve a maior exposi¢io, com indice de 0,390 e
o pior desempenho em sensibilidade, com indice de 0,251. Quanto ao indicador de Capacidade Adaptativa, Sumé se
destacou de forma negativa, com indice de 0,315. Em termos gerais, Picui apresentou o maior Indice de Vulnerabilidade

(0,346), seguido por Sumé (0,297) e Sousa (0,287). O Indice de Vulnerabilidade demonstrou ser um bom instrumento
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para desenvolver um estudo holistico sobre o gerenciamento de riscos de desastres sociais e ambientaise que poderia ser
utilizado por gestores e tomadores de decisdo para desenvolver politicas publicas e criar planos locais de preparacio e

coexisténcia para mitigacdo dos problemas causados pela seca.

PALAVRAS-CHAVE: GESTAO DE Risco; SECA; INDICADORES.

DETERMINACION Y APLICACION DE LOS INDICES DE VULNERABILIDAD A LA SEQUIA EN LA REGION SEMIARIDA DE BRASIL

REesSUMEN - El nordeste de Brasil ha sido afectado desde su colonizaciéon por los efectos de la sequia. Sin embargo,
la mayorfa de los estudios sobre la sequia normalmente investigan solamente los aspectos fisicos como la gravedad,
la extensién y la frecuencia, ignorando otros aspectos de la region, tales como las caracteristicas sociales, econémicas,
culturales y productivas. Teniendo encuenta la importancia de analizar estos factores en conjunto en los estudios acerca
de la vulnerabilidad en la regién semiarida de Brasil, el objetivo de este estudio fue evaluar la vulnerabilidad a la sequia en
los municipios de Picui, Sousa y Sumé en el estado de Paraiba, Brasil. Esto se hizo a través de una adaptacion del indice
de vulnerabilidad de Bhattacharya y Dass (2007), el cual calcula los factores de exposicion, sensibilidad y capacidad de
adaptacion basado en los datos de los municipios, principalmente los de 2010. Los resultados mostraron la ciudad de Picui
presentd la mayor exposicién (indice de 0,390), y el peor desempefio en la sensibilidad (indice de 0.251) indice. Encuanto
al indicador de la capacidad de adaptacion, Sumé se destacé negativamente, con indice de 0.315. En general, Picui
present6 el mayor indice de vulnerabilidad (0.346), seguido de Sumé (0.297) y Sousa (0.287). El indice de vulnerabilidad
ha demostrado ser unbuen instrumento para el desarrollo de unestudio integral sobre la gestion de riesgos de desastres
sociales y ambientales, y podtia ser utilizado por los gestores y tomadores de decisiones para el desarrollo de politicas

publicas y crear planes locales de preparacion y convivencia para la mitigacion de los problemas causados por la sequia.

PALABRAS CLAVE: GESTION DE RIESGOS; SEQULA; INDICADORES.

INTRODUCTION

The history of occupation, colonization and permanence of men in the semi-arid region of the Brazilian
northeast is intrinsically related to the occurrence of periodic droughts. According to Feitosa (2010), the lack
of infrastructure to coexist with the dry weather has been the main source of risks in this part of the country.

The prolonged droughts, associated with ENSO events (El Nifio-Southern Oscillation) and the insufficient
prevention and preparation by the government during the last three decades, negatively affected a large portion
of the inhabitants of that region.

Many studies have aimed to quantify and qualify the drought focusing in physical and climatic aspects.
However, only few studies have discussed such phenomena as social-environmental events, and even fewer studies
have attempted to quantify and qualify all these aspects together. An efficient quantification and qualification
of both physical-climatic and social-environmental aspects must be based in reliable indicators and parameters.

An index must be understood as a parameter or value derived from parameters that represent and provide
information about the state of a phenomenon (Organization for Economic Cooperation and Development,
1993; 1994).

For vulnerability assessment, indicator approach is the most commonly adopted method for quantifying
as it combines socio-economic and biophysical factors contributing to vulnerability to climate change (Hebb
and Mortsch, 2007). Vulnerability index can facilitate decision making and can be useful for setting targets

and priorities as it provides a single-value, easy to comprehend estimate, and facilitates easy and meaningful

GAIA SCIENTIA (2017). VOLUME 11(2): 45-56



ISSN 1981-1268 Determination and application of drought vulnerability index ROSENDO ET AL. (2017)

monitoring and evaluation of progress (Briguglio, 2003).

Therefore, indicators are being increasingly recognized as useful tools for policy making and public
communication in conveying information on performance in diverse fields such as environment, economy,
society or technological development (KEI, 2005).

This study used an approach based on social-environmental indicators as a solution for the information
neglected when environmental problems are studied only under the physical focus. Therefore, the definition of
vulnerability adopted was the one proposed by the IPCC (Mccarthy et al., 2001), which states that the vulnerability
of an entity is characterized by a combination of the exposure, sensitivity, and capability of adaptation. The
exposure represents the amplitude and the frequency of the event experimented by the entities; sensitivity is
configured as the probable result of the impact of the event over the entities, which might have as consequence
the reduction of social well-being, due to the incapacity to absorb the energy emanated from the event by the
area and individuals living in the region; and the adaptive capacity represents the extension that the entity may
have in modifying the impacts of the event, reducing its vulnerability.

Kumar et al. (2015) uses the same combination of the exposure, sensitivity, and capability of
adaptationtodeterminethescore of vulnerability index, and thereby the level of vulnerability of a particular
districtin India.

The present work brings as contribution: the development of indicators and the study of the current
condition of social-environmental vulnerability of three municipalities in the state of Paraiba, all situated in
the Brazilian semi-arid zone.This was possible through the use of drought vulnerability indicators whichare
able to cover the threecharacterizingaspects of the vulnerability. These indicators are divided into three groups:
Indicators of Exposure (droughts characteristics, population exposed to the phenomenon and exposure of
activities), Indicators of Sensitivity (social-economic sensitivity, technologies sensitivity and activities sensitivity),
and Indicators of Adaptive Capacities (human capacity, governance and means of life), whose combination
allows the identification of weaknesses and strengths of each studied area.

The three municipalities chosen for this study were Picui, Sousa, and Sumé, which are inserted in the
delimitation of the Brazilian semi-arid, according to the Ministry of National Integration (BRASIL, 2005).
Another important factor for the choice of these three municipalities was that they present distinct characteristics
in the microclimatic, social, cultural and economic contexts. This study also aimed at obtaininga general panorama
of the regions that suffer the most with drought and use them as pilot-areas for studying, and characterizing the
vulnerabilities of these regions.

The indicators adopted in the present study will allow the investigation to identify which areas of risk
management are more deficient, and give subsidies for a more effective management. Moreover, this study has
the potential to encourage projects and/or programs of management, which may be compatible with the local
specificities, including the culture of each population, enabling the improvement of methods for coexisting with
the drought and its adversities.

The aspects of the social vulnerabilities are essential for an effective management of the risk related to the
threats originated from the drought phenomenon, since it highlights the importance of the social-environmental
investigations of municipalities that are exposed to this phenomenon.

Recently, some authors have been addressing to this fact. For instance, Babaei (2012) conducted a study

to evaluate drought vulnerability in the central zone of Iran, which used a series of indicators and attributes of
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decision making as a method to develop an evaluative framework of priorities related to the drought, based in
a set of preferences, criteria and indicators.Salvati et al. (2009) developed an index of drought vulnerability and
desertification in part of Italy that takes into account information such as climate change, land use, vegetable

coverage, soil and population characteristics.

Figure 1 -Location of the study area, Paraiba, Brazil
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A more complex strategy was adopted by Antwi-Agyei (2012), who used multi-scale models and multi-
method indicators to assess drought vulnerability of agricultural production in national and regional scope.
This was done through comparative methodology among 10 regions of Ghana, sub-Saharan Africa. The study
illustrated a quantitative and qualitative analyses of national and regional data to evaluate differences in the
sensitivity to drought in food production systems, allowing the formulation of several target-districts, exploring
vulnerability systems and climate change in local scope.

The results from Antwi-Agyei (2012) showed that drought vulnerability of agricultural production in
Ghana have distinguishable geographic and social-economic patterns, where the districts located at North,
West and high regions of Eastarethemost vulnerable. In part, this happened because these regions have lower
adaptation capacity due to low social-economic development and economies based in rainfed agriculture.

Another interesting approach was developedin the State of Nevada, United States. Safi (2012) investigated
the influence of the vulnerability in climate changes according to physical vulnerability, sensitivity and farmers’
adaptation capacity. Additional contribution was made studying the relations among climate changes, local
beliefs, risk perception, political orientations, and socio-economic characteristics.

A similar approach to Safi’s (2012) was used by Bhattacharya and Dass (2007) as a part of alargestudy
developed and sponsored by the European Union, known as Project BASIC. They evaluated the drought
vulnerability of the states in India and the types of actions which were takento minimize vulnerabilities of this

population.

MATERIAL AND METHODS
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This study was based in the work of Bhattacharya and Dass (2007) in 16 states of India in a comparative
study between the biennium of 1990-1991 and of 1999-2000. Considering the existent differences in ethnography,
culture and public management between Brazil and India, an adaptation of the original methodology was used.

In Table 1 is possible to observe the proposed adaptation for the Brazilian semi-arid, based on the

methodology from Bhattacharya and Dass (2007).

Table 1- Indicators of vulnerability to drought

Parameters
Event Index of rain anomaly;
characteristics Index of aridity;
Percentage of workforce that depends on
agriculture;
Percentage of rural population;
Percentage of farms that use irrigated
agriculture;
Percentage of permanent crops;
Percentage of temporary crops;
Activity Percentage of natural rangelands;
exXposure Percentage of degraded planted rangelands;
Percentage of good conditions planted
rangelands;
Comparative of exposure of agricultural crops;
Comparative of exposure of herds;
Regional comparative of average per capita
Social- nominal income;
eConomic Regional comparative of Inequity Index
characteristics  (Gini);
Percentage of workforce non occupied;
Percentage of total water volume reached in
the tank at the end of rainv quarter;
Percentage of families contemplated by wells
{in operation);
Percentage of families contemplated by rural
tanks;
Percentage of rural properties that use silage to
forage or to store grains;
Percentage of properties using pesticides;
Percentage of properties using agricultural
Activities mechanization :
characteristics Percentage of agricultural areas degrade or
inappropriate for agriculture or livestock;
Regional comparative of literacy rate;
Percentage of pensioners or retiree population;
Human Regional comparative of Municipal Human
capacity Development Index;
Percentage of GRP invested in education and
culture;
Percentage of the population living on social
welfare programs;
Regional comparative of Municipal GRP per
capita;
Percentage of workforce that does not depend
on agriculture/livestock.

Population
exposure

Exposure

Vulnerability

Technological
characteristics

Sensitivity

Govemance

Adaptive capability

Wavs of living

Source: Adapted by Rosendo (2014) from Bhattacharya and Dass (2007) to the Brazilian semi-arid region
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Use of means and normalization of data

The study of Bhattacharya and Dass (2007) adopted the procedure of simple aggregation of normalized
indicators between zero and one, using geometric and/or arithmetic means, with the aim of analysing the
different normalized indicators, thus seeking as final product, an index of drought vulnerability which can be
compared to other areas of study.

The process of simple aggregation of values is widely used in the development of several indices of human
development of the United Nations Programme for Development (UNPD) and is a tool of great importance
for the evaluation of several types of management.

Differently from the original methodology of Bhattacharya and Dass (2007), besides the simple arithmetic
and geometric means, weighted means were also used for some indicators in this study. Considering the
complexity of the analysed data, the weighted means provided more reliability for the accounted data.

Geometric means and arithmetic weighted means were used in the computation of the indicators of
Exposure, Sensitivity and Adaptive Capacity. In order to compute the Vulnerability Index, a simple arithmetic
mean of the three indicators (Exposure, Sensitivity and Adaptive Capacity) was used.

The weighted means were based on weights developed through bibliographic research, which indicated

the specific need of water to the maintenance of herd or a specific type of crop practiced in the area of study.
Normalization of indicators

Drawing on literature appropriate indicators were chosen keeping in view of their relevance to the
study area and availability of data. Since indicators are measured in different units, theytherefore were
subjected to normalization so as to bring their values within the comparable range between 0 and 1.

Regarding the normalization of the indicators, expressed in percentage, were divided by 100, turning them
into normalized values ranging between 0 and 1.

For dimensionless data, such as the Index of Rain Anomaly, Index of Aridity and Income Index, it was
necessary to establish a threshold that allowed to define what was represented as 0 (zero), being this the lowest
possible score, and what was represented as 1 (one), the highest score possible. The equation 1 was applied to
normalize the data from the three studied municipalities.

(X Ind —Xmin) Norm Ind = (X Ind —Xmin)

Norm Ind = - : - :
(Xmox—Xmin) (Xmaox—Kmin)

(Equation 1)
Whetre:

Norm Ind = normalized indicator

X Ind = indicator raw result

Xmin = raw indicator lowest value

Xmax = raw indicator highest value

REsuLTS AND DiscussioN
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Exposure

Considering the characteristics of the drought event, the city of Sumé was the most exposed due to its
elevated Index of Aridity and Index of Rain Anomaly. It also obtained the highest index of dependence on
agriculture, what reflects the great exposure of its economy to the drought, since more than one third (35.34%)
of its Economically Active Population depends directly or indirectly on agriculture.

The economy of Picuf also showed a great dependence on agriculture (33.35%), characterizing Picuf as the
city with the largest rural population among the three studied cities, which is a preoccupying situation.

Regarding the exposure of agricultural activities in the three municipalities, the data provided by the Brazilian
Institute of Geography and Statistics (IBGE) referring to the Agricultural Census seems to underestimate
the percentage data of the degraded planted pasture, because through field work carried out in the three
municipalities it was observed in locus that this type of pasture areas, located in agriculture establishments, are
more expressive than the reported numbers of the IBGE data.

Another item that raised suspicion concerning the data from the mentioned institute was the Area of
Irrigated Agriculture of the Establishments, since Sousa is a large producer of food input, fact that was also
underestimated in the census.

In relation to the exposure of temporary crops in the municipalities, which weight attributions were
taken based on the work of Hoekstra and Hung (2002), it was observed thatSumé, once again, had the worst
performance, being the area with the largest exposure.

However, all the three municipalities had similar results at the exposure of the type of herd. Sumé was the
least exposed, certainly due to a greater number of goats and sheep since these animals can survive with less

food and water than cattle, and are more resistant to the occurrence of droughts.
Sensitivity

In relation to social-economic characteristics, Sousa stood out with the best average nominal monthly
income per capita, but had the worst result in the Inequity Index (Gini), which implies that Sousa has an elevated
raw income, but it is not well distributed among the population, factor that increases sensitivity of the poorer
population to the droughts.

Concerning the percentage of unemployment among the economically active population (EAP), the
municipality with the highest index was Picui, with about 40% of its EAP unemployed.

In the topic relative to the technological characteristics of the rural environment, Picui had the worst result
concerningthe index of percentage of the reservoirs whose volume reached, at the end of the rainy quarter of
2010, more than half of its capacity filled (53%). However, the percentage of families assisted by rural cisterns
in the same municipality was the one with the highest rate and the only municipality that presented an updated
list oftheproperties which are assistedby this service, showing the location and the person in charge for each
cistern. This instrument has been used for a better management of the needs, through the operationalization of
the municipality in management areas.

It was observed through this research that the three municipalities did not have a regular management of

the large scale reservoirs and cisterns, neither information about how and where underground water is being

GAIA SCIENTIA (2017). VOLUME 11(2): 45-56



ISSN 1981-1268 Determination and application of drought vulnerability index ROSENDO ET AL. (2017)

extracted.

With the aim ofaddressingthis issue, the choice was to use the references from the Municipal Diagnosis
of CPRM (2005a, 2005b, 2005¢) as data source regarding the amount of wells in operation. Picui had the
lowest number of operating wells as a function of the number of families living in the municipality. A possible
explanation for that is its geological (mostly crystalline rocks, with little permeability) and pedological formation
(shallow soils, with little capacity of retaining water).

Still in the matter of cisterns management (maintenance and installation of new ones), it was observed
some inconsistency and absence of data provided from agents of these programmes (Programme One Million
Cisterns — PIMC and Programme One Land Two Waters — P1+2, from the Federal Government), because until
data collection it was not possible to find any institution that unified all the information about the programmes,
confirming the fact that only theoneresponsible to manage each program would have access to the complete set
of information.

Regarding the percentage of areas that are degraded or inappropriate for agriculture and livestock, it was
used data provided by the IBGE census of 20006. In this case, the municipality that presented the largest area
was Picui, with 8.57%.

Nevertheless, it is important to point out that the data referring to degraded or inappropriate areas in the
municipalities are being underestimated by IBGE, especially considering the observations from fieldwork during
the execution of this study. Therefore, we believe that the data provided does not reflect the reality experienced
in these three municipalities, and the figures should be more expressive than those presented in the Agriculture

Census of 2000, although we did not carry out calculations for this scenario.

Adaptive capacity

Regarding the literacy rate, the municipality with the lowest rate was Sumé, with 69.73% of its population
being literate. When comparing the three municipalities or its micro-region, the best HDI was found in Sousa.
Sousa also had the highest rate of pensioners and retirees among its population.

However, regarding the investment of the GRP in education and culture, Sousa had the lowest rate of all
the studied municipalities. In 2010, the municipality invested only 2.07% in education, while Picui invested 8.3%
and Sumé 4.72%.

In the topic of social welfare programmes sponsored by the Ministry of Social Development (PBF + BPC
+ RMV), 19.63% of Sousa’s population was assisted by some type of social welfare benefit, which is the highest
value among the three municipalities. Picui only presented 16.16% rate of its population being assisted by any
of these programmes.

Regarding the municipal GRP per capita, once again Sousa presented the highest value (R$' 8,910.38)
either in comparison with the three municipalities or with its micro-region. This municipality had almost twice
as much as the GRP per capita of Picui, which was R$ 4,638.84, while Sumé had the value of R$ 4,907.23.

Another factor that contributed forthe best adaptive capacity presented by the municipality of Sousa,
when in comparison with the other municipalities,is that 84.59% of its population do not depend directly from
agriculture and livestock,therefore, its economy is also based in other areas, such as services and industry.Sumé

had the highest rate of dependency on agriculture and/or livestock, figuring with 35.24% of its population.
1 RS is the Brazilian national currency named Real.
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Vulnerability

Concerning the results of the Index of Vulnerability to Drought, it is convenient to mention that they were
obtained by computing a simple arithmetic mean of the indices of Exposure, Sensitivity and Adaptive Capacity
of each municipalities, as mentioned previously.

It is also important to highlight that higher scores in the indices of Exposure and Sensitivity indicate that
the municipalities are respectively more exposed and sensitive to a drought event, thus, it is a negative factor. On
the other hand, a high score in the Adaptive Capacity index indicates that the municipalities might go through
less suffering in the event of a drought, or, even in case of damages, they are prone to be less severe than in the
municipalities with lower Adaptive Capacity. The following values were obtained as final scores of the indicators.

Analysing Table 2 it is possible to observe that the municipalities of Picuf and Sumé had a similar exposure
index, putting both of them in a situation of eminent risk of disaster. Sousa obtained the best index because of

its largereconomy and agriculture development, but it was still not satisfactory.

Table 2 - Indicators of Exposure, Sensitivity and Adaptive Capacity of the municipalities

Indicators
Municipalities L . .
Exposure Sensitivity Adaptive capacity
Picuf 0.390 0.251 0.398
Sousa 0.245 0.174 0.443
Sumé 0.380 0.166 0.315

Regarding the Sensitivity indices obtained, Sumé was considered the least sensitive, mainly due to its lower
percentage of unemployed workforce during the year considered for this study (2010) and to the underestimation
of degraded or inappropriate areas for agriculture and livestock provided by the IBGE. Picui, once again, was
the municipality with the worst results, being considered the most sensitive of all three municipalities.

In contrast with the good results from the Sensitivity Index, the municipality of Sumé presented the worst
result of Adaptive Capacity as a consequence of its low literacy rate and Municipal HDI. Sousa stood out in this
dimension as a result of its economic power, which polarizes the whole micro-region and other municipalities

in neighbouring states such as Ceara and Pernambuco. The mentioned results are illustrated through Figure 2.

Figure 2 - Municipalities vulnerability

Picui Exposure
0.5

Sousa
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CONCLUSIONS

The adapted methodology of Bhattacharya and Dass (2007) applied in this research can be used in any
region susceptible to drought, regardless of its geographic extension, as itwas evidenced through the present
study.

In short terms, based on the data collected and the results of the Exposure Index, the municipality under
the greatest exposure was Picui.

The use of the Exposure Indicators highlighted the fact that populations which are mostly dependent of
agriculture and exploration of the natural resources are more exposed to prolonged droughts, what might lead
to greater social and environmental damages suffered by this portion of the population.

In this case, the failure of agriculture in drought seasons increases the probability to overuse natural
resources by the farmers, in order to obtain their livelthood, implicating even more their sustainability. As an
example of this issue, there is the extraction of woody material from the caatinga vegetation, in these and in
other municipalities of Brazilian semi-arid, for personal use or for selling purposes, and, in many cases, it results
in a scenario vulnerable to desertification.

The results obtained by the use of the Sensitivity Index demonstrated once again that the most sensitive
municipality to the climate event of drought was Picui. Considering the collected data, this area stood out
negatively as the one with the highest unemployment rates, the lowest volume of the reservoirs at the end of
the rainy quarter of 2010, and as the region with the largest degraded or inappropriate areas for agriculture and
livestock.

The Indicator of Sensitivity seemed to be an useful tool, capable to easily analyze characteristics from the
population and its activitieswhenfacing the eminence of drought; allowing to infer from these results whether
the way of production is adequate or not for the semi-arid climate and if such practices are adapted to the
region.

Concerning the Indicators of Adaptive Capacity, it was concluded that the city with the largest and best
infrastructure and material goods should be the least affected by the event of drought and the one that would
suffer the least from the difficulties caused by the drought. However, an important factor that must be taken
into consideration is how the income is distributed and how it may directly influence the social catastrophe and
the social problems caused bythedrought. Therefore, Sousa stood out in its adaptive capacity, especially due to
its higher GRP (Gross Regional Product) per capita, larger capital generated, and commercial flow. On the other
hand, the municipality with the worst performance was Sumé.

As a final result, the Vulnerability Index was computedputting the municipality of Picui as the most
vulnerable, followed closely by Sumé, and the least vulnerable being the municipality of Sousa.

Finally, we point out that the Index of Vulnerability with its three facets of study (Exposure, Sensitivity
and Adaptive Capacity), showed itself as a valuable alternative in the study of risk management of social-
environmental disasters related to drought, allowing to analyse different thematic areas, geographic spaces
and populations being affected, becoming a holistic and objective tool in the study of social-environmental

vulnerabilities.
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