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Socioenvironmental Vulnerability to 
Climate Change: Conditions of Coastal 

Municipalities in Pará State 

Abstract: The aim of the current study is to analyze the vulnerabil-
ity of coastal municipalities in Pará State, based on the integration of 
socioeconomic, epidemiological and climatic indicators. Data were 
combined to climate scenarios such as Representative Concentration 
Pathway (RCP) 4.5 and 8.5, depending on the Municipal Vulnerability 
Index (MVI). Results have shown that the Sensitivity (SeI) and So-
ciodemographic (SdI) Indices had strong influence on the current vul-
nerability of the investigated municipalities. The association between 
current vulnerability index and future climate change projections has 
shown that municipalities located in Marajó Island region are the most 
vulnerable ones – to the West of the study site, where MVI ranged from 
1 (in Afuá) to 0.55 (in Soure), for scenarios 4.5 and 8.5, respectively. 
The current results can contribute to the effective adoption of public 
policies focused on prioritizing the most vulnerable municipalities and 
on preparing them to deal with adverse aspects of climate change. 

Keywords: Climate; Risks; Socioenvironment; Costal Region; Pará Sta-
te.
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Introduction

Coastal regions are particularly vulnerable to climate changes, since they are di-
rectly influenced by oceanic, atmospheric and continental processes (NEVES; MUEHE, 
2010). The Intergovernmental Panel on Climate Change (IPCC, 2014) has confirmed 
that coastal regions are the areas most affected by climate change, if one takes into con-
sideration the mean increase in ocean levels and the intensity of extreme climatic events. 
Brazilian coastal cities such as Florianópolis, Rio de Janeiro, Salvador, João Pessoa, Natal 
and Belém are expected to register higher temperatures with intense heat peaks, as well 
as to experience high tides, as well as undertow and heavy rainfall events (PBMC, 2016).

The Brazilian coastal zone presents large occupied territorial extensions. Nowa-
days, 463 municipalities cover the first 100 km of the coast and comprise more than 17.4 
million households or approximately 30% of the population, which corresponds to 50.7 
million inhabitants (IBGE, 2019). These municipalities and their populations are exposed 
to coastal environmental risks caused by climate change in Brazil. The Amazon coastal 
region is one of the largest human concentration areas (RODRIGUES; CASTRO, 2013). It 
comprises three metropolitan regions: Macapá (AP), Belém (PA) and São Luís (MA), and 
concentrates approximately 3 million inhabitants (IBGE, 2019). The regions is featured by 
fast and disordered urbanization process, and it leads to severe socio-environmental issues 
such as territorial occupation in risk areas, deforestation, overfishing, and contamination 
of water tables, rivers and estuaries (PEREIRA et al., 2009). 

Based on this interpretation, climate change gains greater visibility, since it has deep 
social, economic, political and environmental implications (OJIMA; MARANDOLA 
JR SANTOS, 2013; SANTOS et al., 2017). The main environmental and social conse-
quences of climate change lie on increased temperature, sea level rise, extreme rainfall 
events, and intensified hydrological cycles with higher incidence of drought and flood 
(CONTI, 2005; BESSAT, 2015). These changes in global climate will directly influence 
the lives of different populations, have different impacts on them and affect the degree 
of and/or individuals’ perception about socio-environmental vulnerability (RIBEIRO, 
2010; IPCC, 2014; SANTOS et al., 2017). 

Socio-environmental vulnerability has different approaches and represents a 
complex and multidimensional phenomenon, since it requires a combination of factors 
to determine the degree to which a given group is put at risk by a discrete and identifi-
able event in nature and/or society (MAIOR; CÂNDIDO, 2014). Socio-environmental 
vulnerability is herein understood as “a set of characteristics of a person or group, in terms 
of their capacity to anticipate, cope with, resist and recover from the impact of a hazard” 
(BLAIKIE et al., 2005; O’BRIEN et al., 2011).

The number of scientific studies about socio-environmental vulnerability has in-
creased in recent decades; thus, it is necessary having specific knowledge about likely socio-
environmental vulnerability modulators at different territorial scales - global, regional 
and local (ZANELLA et al., 2013; SCHUMANN; MOURA, 2015; MAVROMATIDI et 
al., 2018; GUPTA et al., 2020). This topic is mainly associated with society’s adaptation 
to climate change; this adaptation process is necessary due to high incidence of extreme 
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events, mainly of rainfall events capable of directly affecting humans at collective level 
(TIBÚRCIO; CORRÊA, 2012; SANTOS et al., 2017).

The project called “Construction of Indicators for Municipal Assessments of Human 
Vulnerability to Climate Change in Brazil” was launched in 2014, in order to develop a 
methodology capable of assessing population’s vulnerability to climate change, based on 
indicators used to measure and compare the reality of the investigated municipalities in 
some states countrywide (CONFALONIERI et al., 2016; QUINTÃO et al., 2017). Recent 
studies were published in Amazonas, Espírito Santos and Maranhão states (MENEZES et 
al., 2018; SANTOS et al., 2019; VOMMARO et al., 2020) as results of the aforementioned 
project. They adopted the Climate Vulnerability System’s (Sisvuclima) methodology and 
software. This method enables spatializing indicators and better understanding the most 
vulnerable local aspects to make climate adaptation strategies, actions and resources’ 
planning easier (FIOCRUZ, 2016). 

Thus, it is essential conducting research focused on correlating different methodolo-
gies in order to measure socio-environmental vulnerability at municipal level, by linking 
the climatic component to the social one, both with interdisciplinary character, mainly in 
coastal cities and regions lacking research on this topic (IWAMA et al., 2014; ZANETTI 
et al., 2016). Santos et al. (2017) investigated socio-environmental vulnerability in a 
metropolitan Amazon region, based on indices and indicators, which were used to explain 
the important role played by climate index in defining local vulnerability.  Several schol-
ars, such as Souza-Filho (2001), Szlafsztein and Sterr (2007, 2010), and Espírito-Santo 
and Szlafsztein (2016), have developed research and methodologies based on indices 
and indicators used to measure the degree of environmental and social vulnerability in 
different municipalities in the coastal zone of Pará State; however, their local surveys did 
not address climate change scenarios, as per the project by Confalonieri et al. (2016).

The contribution of this research lies on showing that the incidence of extreme 
weather events, identified through climatic scenarios, can increase vulnerability indices in 
their multiple facets and leave populations living in coastal municipalities more exposed 
to socio-environmental risks. The ongoing climate change is an extremely severe global 
issue that has impact on all spheres of human life – from public policy to food security, 
which is a particularly critical issue if one analyzes it based on the socio-environmental 
perspective. Based on such a scenario, the aim of the current study was to feature the 
socio-environmental vulnerability of coastal municipalities in Pará State, based on the 
Municipal Vulnerability Index (MVI) and on climate change scenarios. The concept 
of vulnerability was herein adopted based on features such as exposure, sensitivity and 
adaptive capacity, and on places where the socio-ecological system contributes to make 
people and territories more or lesser vulnerable.
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Materials and Methods

Study site featuring

The current research comprised all 30 coastal municipalities in Pará State (MMA, 
2020), which are located in the Eastern portion of the coastal region of the Amazon and 
belong to Northeastern Pará and Marajó mesoregions (Figure 1A). The study site has a 
territorial extension of approximately 52,520 km2 and estimated population of 3,037,179 
inhabitants (IBGE, 2019). The coastal region of Pará State concentrates 36% of ... the 
population in approximately 5% of the state’s territory, most municipalities present low-
to-medium Human Development Index (HDI) indicator (UNDP, 2019) (Figure 1B). The 
investigated municipalities have different historical backgrounds, population sizes and 
economic weight; these conditions must be taken into account at the time to analyze and 
interpret the analysis results. According to (ALMEIDA; JARDIM, 2018), socioeconomic 
and environmental changes that took place on the coast of Northeastern Pará State 
resulted from public policies focused on socioeconomic development. The vegetation 
in the region presents pioneer formations, dense rain forest, mangrove areas; however, 
there have been changes in vegetation index in the last decades, as shown in the NDVI 
image (Figure 1C) (IBGE, 2012). 

The climate in the region is classified as humid equatorial and presents two well-
defined seasons: the rainy season takes places from December to May, and the lesser 
rainy season, from June to November (AMANAJÁS; BRAGA, 2012). The rainy regime 
presents rainfall volume ranging from 125 mm to 400 mm/month, which is generated by 
the Intertropical (ITCZ) and South Atlantic Convergence (SACZ) Zones; these zones are 
the main rainfall-related meteorological systems - mean temperature is 23ºC and relative 
air humidity reaches 85%. The lesser rainy regime presents rainfall accumulation ranging 
from 30 mm to 150 mm/month, which is caused by the action of convective clusters, 
instability lines and local systems - mean temperature is 26ºC and relative air humidity 
reaches approximately 70% (SILVA SANTOS et al., 2016; SOUZA et al., 2017). 

The study site is inserted in the coastal geomorphological unit of mangroves, riv-
ers and plateaus in Pará State (IBGE, 2009); the unit is formed by a set of depositional 
features of fluvial, marine and lake origin, and it also comprises a series of islands, bays 
and channels, where the flat relief with low amplitude and less than 100m elevation 
stands out (DANTAS et al., 2014). Another peculiar feature of the study site lies on the 
macrotidal regime, which presents maximum height of 6m and extensive mangrove area 
(PEREIRA et al., 2009).
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Figure 1 – (A) Study site location in South America. (B) study site with 
Human Development Index (HDI) data. (C) study site with Normal-

ized Difference Vegetation Index (NDVI) from 1998 to 2018

Source: Elaborated by the author, 2021.

Conceptual model of the Municipal Vulnerability Index - MVI

The municipal vulnerability index (MVI) applied in the current study derived 
from previous studies carried out in other Brazilian locations (BARATA et al., 2011; 
CONFALONIERI et al., 2015, 2016; QUINTÃO et al., 2017; MENEZES et al., 2018; 
SANTOS et al., 2019; VOMMARO et al., 2020); it was adapted based on conceptual 
models of Human Vulnerability Index presented by Quintão et al. (2017) and on the MVI 
model by Vommaro et al. (2020). In conceptual terms, MVI takes into consideration the 
multiple human, social, environmental and economic development processes taking place 
in different municipalities and contributing to their vulnerability profile before climate 
change. Therefore, based on Adger (2006) and Quintão et al. (2017), this profile can be 
featured according to three basic overall vulnerability dimensions (exposure, sensitivity 
and adaptive capacity), in association with the climate change scenarios presented in 
the current study.

Exposure is featured by the nature and intensity of the environmental stress coastal 
municipalities are exposed to, namely: biophysical - vegetation cover area, coastline 
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extension; and climate - extreme rainfall and temperature events) or, yet, socio-political 
- analyzed based on a given system (the territory). The features of this stress comprise 
its size, frequency and extension of the risk area. Sensitivity investigates the extent to 
which a system can be damaged or affected by (climate) disturbances, as determined 
by the system’s intrinsic susceptibilities. The current research took into consideration 
water-associated endemics and socioeconomic processes susceptible to climatic anomalies. 

Adaptive capacity is enabled by systems’ ability to make or introduce changes in 
order to accommodate environmental and political stresses, as well as on systems’ ability to 
better manage any consequences, thus expanding the range of variability they can handle. 
The current study took into consideration the public and basic health services attending 
the population in adverse climate cases. Thus, it considers that climate change acts as 
external influence capable of changing the vulnerability profile in each municipality and 
of making resident populations more vulnerable to social and environmental impacts.

Indices and sub-indices

The method used in the current research combines synthetic indices capable of 
providing comparative measurements of vulnerability in different aspects and their as-
sociation with extreme climate events (Chart 1). The information is statistically analyzed 
for each municipality, by taking into account the incidence of population size bigger than 
10,000 inhabitants in order to generate the Municipal Vulnerability Index. This index is 
calculated by taking into consideration climate change in the two representative concen-
tration pathways (RCPs) 4.5 and 8.5. Data selection was based on: 1) data availability, 
2) the conceptual framework established by previous research conducted in the Amazon 
region (MENEZES et al., 2018; VOMMARO et al., 2020), and 3) scientific literature 
about vulnerability quantification and assessment (CONFALONIERI et al., 2015, 2016; 
QUINTÃO et al., 2017). 

The General Vulnerability Index (GVI) represents the current conditions of coastal 
municipalities in Pará State and it is associated with exposure (ExI), sensitivity (SeI) and 
adaptive capacity (ACI) sub-indices. Climate Index (CI) was built based on climatic 
anomalies generated by the absolute difference between projected climate (2020-2050) 
and baseline climatological observations (1961-1990). 

The herein used climatic variables deriving from the output model comprised 
mean annual temperatures (TP2M) in degrees Celsius and total rainfall rate (RAIN) 
in millimeters provided by the ETA/HadGEM2 model for the period from 2020 to 2050 
(CHOU et al., 2014, CPTEC, 2019). Scenarios referring to RCPs 4.5 and 8.5, which 
were used by the Climate Panel (IPCC, 2014), were adopted in the current study. RCP 
4.5 corresponds to the stabilization of greenhouse gas (GHG) emissions by 2100 (best 
case scenario), whereas RCP 8.5 corresponds to increased GHG emissions by 2100 (worst 
case scenario). 
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Municipal Vulnerability Index (MVI)

General Vulnerability Index (GVI)

Mapbiomes. 
Period: 1998 to 

Brazilian Atlas of 
Natural Disasters. 

Author, (2019) 
IBGE cartogra-

Pará Department 
of Health (DA-
TASUS / SESPA) 

Brazilian Institute 
of Geography and 
Statistics. 2010 

Industry Federa-
tion, IDHM, 2010 

Ministry of Heal-
th. (DATASUS) 

Space Research 
Institute (INPE) 
2019

(i)  Native vegetation cover (absolute area)
(ii) Native vegetation cover (Percentage)

(i) Natural Disasters (percentage)
(ii) Extreme rainfall events (percentage)

(i) Coastline (CL) (Kilometers)
(ii) Distance from the Coast to the Urban Center 

(i) Endemic diseases (incidence)
(ii) Endemic disease (proportion)

(i) Population’s schooling (incomplete elementary scho-
ol and illiterate at 25-year-old or older (proportion)
(ii) Mortality of children younger than 1 year (Rate)

(i)  FMDI Result

(i) Population covered by primary health care

(i) – Rainfall and temperature anomaly RCP 4.5
(ii) Rainfall and temperature anomaly RCP 8.5

Vegetation Cover Index (VCI)
VCI = 

Natural Disaster Index (NDI)
NDI = 

Coastal Exposure Index (CEI)
CEI = 

Endemic Disease Index (EDI)
EDI = 

Sociodemographic Index (SdI)
SdI = 

FIRJAN Municipal Development 
Index - FMDI

Primary Care Coverage Indicator 
- PCCI

Climate Index (CI)
CI = 

Exposure Index
ExI = 

Sensitivity Index 
(SeI)
SeI = 

Adaptive Capaci-
ty Index (ACI)
ACI = 

Chart 1 – Variables used in the current study. 

Source: Elaborated by the author, 2021.
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Municipal Vulnerability Index (MVI) corresponds to the association between GVI 
and the CI 4.5 or IC 8.5 obtained for each municipality; it synthetically represents the 
association between current vulnerability and future scenarios under climate change. 
Data composing the indicators and variables were extracted from governmental websites 
and are available (free of charge) on their specific webpages. 

Standardization and calculation

Indices were calculated in three different steps: i) weight assignment, ii) arithmetic 
mean and standardization and iii) combination of indices. Variables were grouped per 
municipality in hierarchical cluster (WANG; SONG, 2011) and analyzed in SPSS soft-
ware, based on the between-group linkage method and on the Euclidean distance interval. 
They were classified into five groups, whose weights ranged from 1 and 5, wherein: 1 
represents the least vulnerable group and 5 represents the most vulnerable one. In the 
case of components such as Vegetable Cover Index (VCI), Distance from the Coast to 
the Urban Center (DCUC), Firjan Municipal Development Index (FMDI) and Primary 
Care Coverage Indicator (PCCI), this logic is reversed, since these components present 
elements capable of reducing the vulnerability of the population, i.e., the higher the 
values recorded for the variables, the lower the vulnerability; in these cases, the weights 
were attributed in an inverse way.

Subsequently, weights were aggregated through simple arithmetic mean in order 
to form the sub-indices. All sub-indices and indices were standardized in order to pres-
ent the same range from 0 to 1 (0 represents the least vulnerable group and 1, the most 
vulnerable group), through equation (1):

 
Wherein,
Is = Standardized index
ObsI = Observed index (for each municipality)
Maximum I = highest value observed among the calculated indices
Minimum I = lowest value observed among the calculated indices

All calculation procedures were performed in Excel software. It is essential high-
lighting that the generated index is comparative, as well as that its score ‘zero’ does not 
indicate lack of vulnerability and score 1 does not mean total vulnerability. According to 
(SANTOS et al., 2017), scores indicate the degree of vulnerability of a given municipality 
in comparison to other municipalities in the study site. 

Data spatialization

Indices were mapped by taking into consideration municipal cartographic bases 
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according to IBGE (2019). They were illustrated according to the vulnerability scale 
classification methodology presented by Freitas and Cunha (2013), according to which, 
index values are aggregated into five categories, namely: extremely low (0 - 0.19), low 
(0.20 - 0.39), medium (0.40 - 0.59), high (0.60 - 0.79) and extremely high (0.80 - 1). 
This classification was attributed to the remote sensing software (QGis 2.18.14) at the 
time to plot the thematic maps.

Results

Table 1 presents synthetic index values recorded for each analyzed dimension, as 
well as standardized values of each indicator or variable composing the referred indices. 

Table 1 – Vulnerability indices per municipalities and standardized indicators

Municipality VCI NDI CEI ExI EDI SdI SeI FMDI PCCI ACI GVI
CI 
4.5

CI 
8.5

MVI 
4.5

MVI 
8.5

Afuá 0.14 0.16 1.00 0.36 0.14 0.92 0.86 1 1 1.00 1.00 1.0 1 1.00 1.00

Ananindeua 0.57 0.33 0.43 0.38 0.73 0.08 0.55 0.25 0.25 0.14 0.47 0.8 0.4 0.59 0.34

Augusto 
Corrêa

0.43 0.83 0.57 0.69 0.40 0.77 0.99 0.5 0 0.14 0.82 0.0 0 0.34 0.31

Barcarena 0.57 0.33 0.57 0.46 0.26 0.23 0.16 0 0.25 0.00 0.27 0.8 0.4 0.48 0.22

Belém 0.71 0 0.71 0.43 1.00 0.00 0.78 0 0.75 0.29 0.67 0.6 0.4 0.59 0.45

Benevides 0.43 0.16 0.14 0.00 0.14 0.23 0.02 0.25 0 0.00 0.00 0.8 0.4 0.33 0.06

Bragança 0.43 1 0.57 0.79 0.66 0.46 0.92 0.5 0 0.14 0.83 0.4 0 0.57 0.31

Cachoeira do 
Arari

0.86 0.66 0.29 0.67 0.00 0.46 0.13 0.75 1 0.86 0.74 0.6 0.6 0.63 0.61

Chaves 0.00 0.66 1.00 0.67 0.00 1.00 0.78 0.5 0.75 0.57 0.91 0.8 1 0.84 0.95

Colares 0.57 0.33 0.71 0.55 0.00 0.54 0.22 0.25 0 0.00 0.34 0.4 0.4 0.30 0.26

Curuçá 0.43 0.5 0.57 0.48 0.00 0.54 0.22 0.75 0.25 0.43 0.50 0.8 0.6 0.61 0.47

Magalhães 
Barata

0.43 0.33 0.43 0.29 0.00 0.54 0.22 0.5 0 0.14 0.28 0.4 0.6 0.27 0.34

Maracanã 0.43 0.33 0.57 0.38 0.07 0.54 0.30 1 0 0.43 0.49 0.2 0.2 0.27 0.23

Marapanim 0.43 0.66 0.43 0.49 0.15 0.46 0.31 0.5 0.25 0.29 0.48 0.8 0.6 0.60 0.46

Marituba 0.43 0.16 0.29 0.10 0.59 0.15 0.47 0.25 0.5 0.29 0.38 0.8 0.4 0.54 0.28

Ponta de 
Pedras

0.43 0.16 0.57 0.27 0.15 0.46 0.31 0.5 0.5 0.43 0.45 0.6 0.4 0.47 0.32

Primavera 0.43 0.33 0.29 0.20 0.00 0.39 0.03 0.25 0 0.00 0.09 0.2 0.2 0.05 0

Quatipuru 0.43 0.33 0.43 0.29 0.38 0.62 0.77 0.5 0.5 0.43 0.67 0.2 0.2 0.37 0.34

Salinópolis 0.43 0.33 0.71 0.47 0.13 0.23 0.00 0.25 0 0.00 0.20 0.0 0.2 0.00 0.06

Salvaterra 0.71 0.5 0.71 0.74 0.00 0.46 0.13 0.5 0.5 0.43 0.58 0.0 0.4 0.21 0.40

Santa Bárbara 
do Pará

0.43 0 0.29 0.00 0.07 0.39 0.11 0.25 0 0.00 0.04 0.6 0.4 0.24 0.08

Santa Cruz do 
Arari

1.00 0.5 0.00 0.48 0.30 0.54 0.59 0.5 0 0.14 0.54 0.6 0.6 0.52 0.49

Santo Antônio 
do Tauá

0.57 0.66 0.29 0.49 0.28 0.39 0.37 0.5 0 0.14 0.44 0.6 0.4 0.47 0.32

São Caetano de 
Odivelas

0.43 0.33 0.43 0.29 0.00 0.46 0.13 0.75 0 0.29 0.31 1.0 0.4 0.62 0.24

São João da 
Ponta

0.43 0.5 0.29 0.31 0.00 0.54 0.22 0.25 0 0.00 0.23 0.2 0.4 0.13 0.19
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São João de 
Pirabas

0.43 0.33 0.71 0.47 0.13 0.62 0.47 0.5 0 0.14 0.48 0.2 0 0.27 0.11

Soure 1.00 0.33 1.00 0.99 0.26 0.46 0.44 0.5 0.5 0.43 0.84 0.4 0.4 0.58 0.55

Tracuateua 0.57 0.33 0.29 0.29 0.29 0.62 0.67 1 0 0.43 0.62 0.0 0 0.23 0.19

Vigia 0.43 0.5 0.43 0.39 0.25 0.46 0.43 0.75 0.5 0.57 0.62 0.4 0.4 0.46 0.42

Viseu 0.29 0.33 0.57 0.29 0.29 0.77 0.86 0.5 0.5 0.43 0.71 0.0 0 0.28 0.24

Source: Elaborated by the author, 2021.

General Vulnerability Index (GVI) and Coastal Exposure Sub-Index (CEI)
The General Vulnerability Index (GVI) results from the exposure, sensitivity and 

adaptive capacity sub-indices observed for the coastal region of Pará State. The Exposure 
Index (ExI) has shown high and extremely high vulnerability (0.67 > 0.99) in municipali-
ties such as Soure, Bragança, Salvaterra, Augusto Corrêa and Cachoeira do Arari (Figure 
2A). Vegetation cover indicators (0.71> 1) and coastal exposure (0.71> 1) in Soure 
and Salvaterra have featured these municipalities as presenting high and extremely high 
vulnerability, respectively. Bragança and Augusto Corrêa presented high vulnerability 
associated with natural disaster indicators, which recorded the respective values (0.83 > 
1). The vegetation cover indicator (0.84) recorded for Cachoeira do Arari was associated 
with the high vulnerability of the municipality (Figure 2A).       

Municipalities such as Augusto Corrêa, Bragança, Afuá, Viseu and Belém recorded 
the highest Sensitivity Index (SeI) values, which corresponded to high and extremely 
high vulnerability (0.78 > 0.99) (Figure 2B). Sociodemographic index indicators in 
municipalities such as Augusto Corrêa (0.77), Afuá (0.92) and Viseu (0.77) were the 
mostly responsible for increasing their vulnerability. They were mainly associated with 
the expressive number of people with inactive economy and illiterate individuals. The 
highest values recorded for endemic disease indices were observed for Bragança (0.66), 
based on data about dengue; and for Belém (1), based on high values recorded for lepto-
spirosis and schistosomiasis – this outcome has featured the higher vulnerability of these 
municipalities (Figure 2B). 

The Adaptive Capacity Index (ACI) - which presents values recorded for the 
FIRJAN Municipal Development Index (FMDI) and Primary Care Coverage Indicator 
(PCCI) – has indicated the highest values (0.43> 1) in municipalities such as Afuá, 
Cachoeira do Arari, Chaves, Vigia and Curuçá, which corresponded to medium to ex-
tremely high vulnerability (Figure 2C). Afuá recorded the highest values for both indices 
(1) and it showed that this municipality was the least likely to present adaptive capacity. 
Cachoeira do Arari and Chaves presented the highest PCCI (0.75> 1), whereas Vigia 
and Curuçá recorded the highest FMDI values (0.75, both municipalities) (Figure 2C). 

General Vulnerability Index (GVI) has shown extremely high vulnerability (0.82 
> 1) in municipalities such as Afuá, Chaves, Soure, Bragança and Augusto Corrêa 
(Figure 2D). Afuá recorded the highest adaptive capacity index (1). On the other hand, 
municipalities such as Chaves, Bragança and Augusto Corrêa presented extremely high 
vulnerability associated with sensitivity index values of 0.78 - 0.92 and 0.99, respectively. 
The exposure index (0.99) featured the vulnerability of Soure (Figure 2D). 
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Figure 2 – Map showing: (A) Exposure Index, (B) Sensitivity Index, (C) Adaptive 
Capacity Index, (D) General Vulnerability Index, (E) Coastal Extension Weights, 
(F) Weight of Distance from Coast to Urban Center, (G) Coastal Exposure Index 

Source: Elaborated by the author, 2021.
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The coastal extension analysis has shown high vulnerability in the municipality of 
Chaves (weight 5), which presented coastline extension > 283.87 km. Municipalities such 
as Afuá, Soure, Augusto Corrêa, Bragança and Viseu recorded weight 4 and presented 
coastline extensions ranging from 104 km to 127 km. (Figure 2E). On the other hand, 
municipalities such as Afuá, Belém, Chaves, Colares, Salinópolis, Salvaterra and Soure 
recorded weight 5 for distance between coastline and urban center, and it corresponded 
to high vulnerability. Their values were lower than 0 km, which means that their urban 
settlements are susceptible to increased sea level and flood events (Figure 2F). 

Three municipalities in Marajó Island (Chaves, Afuá and Soure) were the most 
vulnerable to sea level rise. They recorded CEI value equal to 1, and it indicated ex-
tremely high vulnerability. These municipalities presented the longest coastal stretches 
and the shortest distances from coastline to housing and urban centers. Municipalities 
such as Belém, Colares, Salinópolis and Salvaterra recorded CEI values > 0.71, which 
corresponded to high vulnerability (Figure 2G). 

Climate Index (CI) and Municipal Vulnerability Index (MVI)

Climate Index (CI) resulted from rainfall (Arain) and temperature (Atemp) anoma-
lies observed in RCP scenarios 4.5 and 8.5. Based on CI analysis in scenario 4.5, munici-
palities such as Afuá, São Caetano de Odivelas, Ananindeua, Barcarena and Benevides 
presented extremely high vulnerability (0.8 < 1) (Figure 3A). Temperature anomalies 
with weights equal to 5 and 3 were mainly accountable for the high vulnerability observed 
in municipalities such as Afuá (1.75 ° C), Ananindeua (1.74 ° C), Barcarena (1.78 ° C) 
and Benevides (1.75 ° C). São Caetano de Odivelas recorded rainfall anomaly weight 
equal to 5, which was the main responsible for the increased vulnerability - maximum 
rainfall values reached 1,208 mm (Figure 3A). 

Climate Index (CI) observed for scenario 8.5 recorded medium to extremely high 
vulnerability (0.6> 1) for municipalities such as Afuá, Chaves, Cachoeira do Arari, 
Curuçá and Magalhães Barata (Figure 5B). Rainfall anomalies with weights equal to 5 
and 4 were found in Chaves (1,004 mm), Curuçá (806 mm) and Magalhães Barata (791 
mm), which corresponded to high vulnerability. Afuá (2.26Cº) and Cachoeira do Arari 
(2.12Cº) recorded temperature anomaly weights equal to 5 and 4, which corresponded 
to high vulnerability (Figure 3B). 

Municipal Vulnerability Index (MVI) resulted from the general vulnerability (GVI) 
and climate (CI) indices observed in coastal municipalities of Pará State, for RCP sce-
narios 4.5 and 8.5. With respect to MVI in scenario 4.5 (Figure 3C), municipalities such 
as Afuá, Chaves, Cachoeira do Arari, São Caetano de Odivelas and Curuçá recorded 
medium to extremely high vulnerability (0.61 > 1). On the other hand, GVI was the 
index accounting for increasing the vulnerability of municipalities such as Afuá, Chaves, 
Cachoeira do Arari, which recorded GVI values 1 - 0.91 - 0.74, respectively. CI was the 
determining factor in São Caetano de Odivelas and Curuçá, which recorded values 1 
and 0.8, respectively (Figure 3C). 
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With respect to MVI in scenario 8.5, municipalities such as Afuá, Chaves, Cachoeira 
do Arari, Soure and Santa Cruz do Arari recorded medium (0.49 > 0.6) to extremely high 
(0.8 > 1) vulnerability (Figure 3D). The municipality of Afuá recorded high GVI value 
(1) and CI 8.5.  Municipalities such as Cachoeira do Arari and Soure recorded GVI values 
0.74 and 0.84, respectively; both values determined their vulnerability within this scenario. 
On the other hand, municipalities such as Chaves and Santa Cruz do Arari recorded 
medium and high vulnerability due to CI.8.5 values 0.6 and 1, respectively (Figure 3D). 

Figure 3 – Map showing: (A) Climate Index 4.5, (B) Climate Index 8.5 (C) Mu-
nicipal Vulnerability Index 4.5, and (D) Municipal Vulnerability Index 8.5

Source: Elaborated by the author, 2021.

Discussion

Methodologies such as MVI have been used by research bodies and governmental 
managers in several Brazilian cities, regions and states (CONFALONIERI et al., 2016; 
DARELA FILHO et al., 2016; DEBORTOLI et al., 2017) in order to provide the basis for 
decision-making as part of public policies addressing socio-environmental vulnerability 
based on the climate change perspective. However, the current study presented a new 
approach to the methodology, which was applied for the first time to coastal municipalities 
in Pará State and took into consideration variables adapted to the region. MVI combines 
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two expected climate change scenarios and highlights the municipality with potential to 
be the most affected by climate change. MVI assessment contributes to climate adapta-
tion strategies’ planning and prioritization. 

The current vulnerability state of coastal municipalities in Pará State was identi-
fied through MVI analyses, which evidenced that the investigated region is affected by 
natural pressures (extreme rainfall events and significant marine exposure), as indicated 
by the high MVI values recorded in the current study.  An example of this phenomenon 
can be seen in factors such as increasing vegetation cover removal, increased number of 
natural disasters and climatic anomalies, as well as in social factors such as low schooling, 
increased number of endemic diseases (Leptospirosis and Dengue), and lack of public 
policies and services resulting in significant impacts on, and in the progressive degradation 
of, social and environmental systems in the coastal region. Studies conducted by Menezes 
et al. (2018), Santos et al. (2019) and Vommaro et al. (2020) have shown that several 
municipalities in different Brazilian states presented similar vulnerability reality, as seen 
through the high values observed for the aforementioned indicators, mainly in Amazonas, 
Espírito Santo and Maranhão states. Thus, these indicators can also be compared to the 
reality of coastal municipalities in Pará State. 

With respect to the Exposure Index, the vegetation cover indicator was identified 
as determining factor for the high and extremely high vulnerability observed in munici-
palities of Marajó Island (Soure, Salvaterra and Cachoeira do Arari). Tourism, cattle and 
buffalo ranching, and plant extraction are the main economic activities in this region 
(SOUZA, 2009), a fact that may explain the increased local deforestation rates. Although 
these municipalities have large green areas, they are also large in territorial area, and it 
increases the weights recorded for this index. According to Santos et al. (2019), low 
vegetation cover rate is also an aggravating factor in the vulnerability of municipalities in 
Northern Espírito Santo State. Vegetation cover can help measuring vulnerability, since 
its removal and/or lack can lead to flooding, landslides and coastal erosion - in coastal 
regions (DEBORTOLI et al., 2017). It is one of the variables used as indicator in the 
equation presented by Leal Filho et al. (2018), which was adopted to compare coastal 
vulnerability indices between countries. 

The sociodemographic aspect is considered an aggravating factor to municipal 
sensitivity, since socially marginalized populations (e.g., low-schooling/illiterate individu-
als, the ones living under inadequate sanitation conditions, and population with inactive 
economy) found in many coastal municipalities in Pará State (SILVA et al., 2018) have 
a hard time adapting to climate change (VOMMARO et al., 2020). Studies conducted 
by Menezes et al. (2018) and Vommaro et al. (2020) have shown that poverty index 
is the main sensitivity indicator accountable for increasing vulnerability in Amazonas 
and Maranhão states. Poverty index in the current study was attributed to the indicator 
‘economically-inactive population’ and it recorded the highest values in municipalities 
such as Chaves, Colares, Viseu, Magalhães Barata and Augusto Corrêa. 

The adaptive capacity index has shown mixed results, and it indicated that each 
municipality has different adaptation capacity and resilience formation features. Higher 
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adaptation capacity was observed for the most populous municipalities located close 
to the Metropolitan Region of Belém (RMB) and in Northeastern Pará State (Belém, 
Barcarena, Salinópolis and Ananindeua). These municipalities tend to have better acces-
sibility, infrastructure and more developed economy in comparison to the lesser populated 
municipalities, which are located further away from the metropolitan region of Belém and 
in Marajó Island (Afuá, Chaves, Soure and Salvaterra). The current study corroborates 
the findings by Pereira and Vieira (2016), who emphasized the important role played by 
institutional organizations, infrastructure and economic social capital formation in deal-
ing with climate change.

Nowadays, the Metropolitan Region of Belém (RMB) occupies the 18th position in 
the ranking of the best HDI among Brazilian metropolitan regions (HDI, 2019). Health 
services, education and the economy based on service supply are the main differential 
factors in Belém and Ananindeua, in comparison to other municipalities in the RMB, 
since they can help reducing social and human vulnerability in society (LIMA; MOY-
SÉS, 2009; PNUD, 2019). Studies conducted by MENEZES et al. (2018); SANTOS et 
al. (2019) and VOMMARO et al. (2020) adopted similar methodologies to investigate 
municipal vulnerability. Results have shown that the Adaptive Capacity Index was the 
bottleneck for local adaptation to climate change. 

According to the analysis of climatic scenarios based on the interpretation of the 
herein observed anomalies, the estimates for both scenarios (4.5 and 8.5) pointed towards 
the trend of increased temperature (between 1 ºC and 3 ºC) and reduced rainfall (between 
5% and 20%) rates in coastal municipalities (CHOU et al. 2014; CPTEC, 2019). These 
trends were similar to results recorded by NOBRE et al. (2007), ARAÚJO JÚNIOR 
et al. (2013) and COSTA et al. (2019) for other scales. With respect to scenario 4.5, 
municipalities in Northeastern Pará State (São Caetano de Odivelas, Ananindeua, Bar-
carena and Benevides) were the most vulnerable to rainfall and temperature anomalies. 
However, with respect to scenario 8.5, municipalities in Marajó Island (Afuá, Chaves 
and Cachoeira do Arari) will be the most affected by climate changes associated with 
temperature and rainfall rates. Based on this perspective, the current study has provided 
preliminary information at local level on socio-environmental vulnerability to climate 
change in coastal municipalities in Eastern Amazon.  

Studies conducted by Szlafsztein (2003), and Szlafsztein and Sterr (2007) about 
vulnerability in coastal municipalities in Northeastern Pará State have indicated that 
Maracanã, Curuçá and Magalhães Barata presented high and extremely high vulner-
ability, based on socioeconomic indicators such as income, schooling and economy, as 
well as on natural indicators such as topography, vegetation cover and coastline, among 
others; these findings corroborate results in the current research. However, these studies 
did not investigate coastal municipalities in Marajó Island. Municipalities such as Afuá 
and Chaves recorded the highest vulnerability indices, mainly with regards to social as-
pects such as high population rate with low schooling; demographic aspects such as large 
number of households without basic sanitation; and health aspects such as large number 
of children who may not turn 1-year old. These results are similar to the ones reported by 
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Crispim et al. (2016) for Marajó region and to official data deriving from Brasil (2007).

Conclusions

The current study was a pioneering attempt to assess socio-environmental vul-
nerability aspects in coastal municipalities in Pará State, based on different climate 
change scenarios. The main collaborations of this research lied on developing a set of 
indicators adapted to the reality of coastal municipalities in Pará State and on mapping 
municipal vulnerability at local level, based on the climate change perspective. Results 
have indicated the first step towards reducing the vulnerability of coastal municipalities 
in Pará State and making the population more adaptive to climate impacts, based on the 
following measures: strengthening their sensitivity conditions by improving their living, 
health and income conditions, since the economically-inactive population rate and the 
mortality rate of children younger than 1 year are the factors mostly influencing the cur-
rent vulnerability of the investigated municipalities. 

The vulnerability of coastal municipalities in Pará State is mainly associated with 
exposure, sensitivity and adaptive capacity conditions. The investigated climatic scenarios 
of rainfall and temperature anomalies have indicated that climate change will intensify 
local vulnerability. MVI in scenario 4.5 has shown that municipalities in Northeastern 
Pará State – in the Eastern portion of the study site - will be more vulnerable to climate 
change. On the other hand, MVI in scenario 8.5 has shown that municipalities in Marajó 
Island region – in the Western portion of the study site – were more susceptible to vulner-
ability to climate change. 

The applied methodology was based on the construction of vulnerability indices, 
based on cluster analysis, variable standardization and arithmetic mean. This methodol-
ogy is widely used in vulnerability measurement surveys. Nowadays, software such as 
Sisvuclima are capable of optimizing the calculations presented in the current study, 
although they are not yet widely available for use. Software implementation - mainly 
among educational and research institutions - helps assessing vulnerability and developing 
adaptation propositions for Brazilian municipalities. Thus, it is necessary capillarizing the 
adopted software to different governance levels associated with climate change in Brazil. 

Therefore, the present study primarily aimed at collaborating with the local lit-
erature on socio-environmental vulnerability based on the climate change perspective, 
by promoting the discussion about and expansion of the topic, as well as by encouraging 
future research focused on using and improving the herein proposed method. In addition, 
it sought to assist municipal governments by enabling the management and development 
of a database about the vulnerability of the current and future societies to climate change. 
And finally, it is worth emphasizing its applicability by public policy makers focused on 
preventing and minimizing socio-environmental vulnerability at local level. 
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Vulnerabilidade Socioambiental às 
Mudanças Climáticas: Condições dos 

Municípios Costeiros no Estado do Pará

Resumo: O estudo analisa a vulnerabilidade dos municípios costeiros 
do estado do Pará, com base na integração de indicadores socioeconô-
micos, epidemiológicos e climáticos. Os dados foram combinados com 
os cenários climáticos Representative Concentration Pathway (RCP) 
4.5 e 8.5, com base no Índice de Vulnerabilidade Municipal (IVM). Os 
resultados mostraram que o Índice de Sensibilidade (ISe) e o Índice So-
ciodemográfico (ISd) apontaram a maior influência na vulnerabilidade 
atual dos municípios. Quando a vulnerabilidade atual estava relacio-
nada às projeções futuras de mudanças climáticas verificou-se que os 
municípios mais vulneráveis estão na região da Ilha do Marajó – oeste 
da área de estudo, onde o IVM varia entre 1 (Afuá) e 0,55 (Soure) para 
os cenários 4.5 e 8.5, respectivamente. Acredita -se que estes resultados 
possam contribuir para a adoção efetivas de políticas públicas, priori-
zando os municípios mais vulneráveis e preparando-os para lidar com 
os aspectos adversos das mudanças do clima.
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Vulnerabilidad Socio-Ambiental al Cambio 
Climático: Condiciones en Los Municipios 

Costeros Del Estado de Pará

Resumen: Texto do resumo em espanhol. El estudio analiza la vulne-
rabilidad de los municipios costeros del estado de Pará, a partir de la 
integración de indicadores socioeconómicos, epidemiológicos y climá-
ticos. Los datos se combinaron con los escenarios climáticos Vía de 
Concentración Representativa (RCP) 4,5 y 8,5, basados en el Índice de 
Vulnerabilidad Municipal (IVM). Los resultados mostraron que el Índi-
ce de Sensibilidad (ISe) y el Índice Sociodemográfico (ISd) señalaron la 
mayor influencia en la vulnerabilidad actual de los municipios. Al rela-
cionar la vulnerabilidad actual con las proyecciones futuras de cambio 
climático se verificó que los municipios más vulnerables se encuentran 
en la región de la Isla de Marajó - al oeste del área de estudio, donde el 
IVM varía entre 1 (Afuá) y 0,55 (Soure) para los escenarios 4,5 y 8,5, 
respectivamente. Se cree que estos resultados pueden contribuir a la 
adopción efectiva de políticas públicas, priorizando los municipios más 
vulnerables y preparándolos para hacer frente a los aspectos adversos 
del cambio climático.
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