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Abstract
Climate change threats agriculture, mainly in developing countries. Understanding the vulnerability of farmers is very impor-
tant to counteract the negative impacts. Therefore, this paper aims to analyze the degree of vulnerability to climate change of 
farmers of the Rio das Contas Basin, Brazil, based on their degree of sensibility, exposure, and adaptive capacity. Variations 
in exposure and vulnerability indexes between regional biomes were calculated. The sensibility index was higher than 50% 
in all municipalities. The exposure index was over 60% in most municipalities. A value of the adaptive capacity index, suf-
ficient to reduce vulnerability, was not observed in any municipality. The vulnerability index was higher than 66% in more 
than half of the municipalities. Exposure and vulnerability indexes varied with the biome. The vulnerability is the result of 
high exposure and sensibility combined with low adaptive capacity. This suggests the need for investment to minimize these 
effects and mitigation activities to counter the negative impacts of future climate variability.
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Introduction

Climate change and extreme events, due to both natural 
causes and human exploitation of environmental resources, 
have increased since the preindustrial era, constituting the 
main challenge of the world (Feulner 2017). These changes 
affect the social and economic life of most populations, 
especially in the agricultural sector, which depends on the 
ideal temperature and precipitation ranges (Huffman et al. 
2018). This sector will be one of the most affected by cli-
mate change because environmental conditions are a cru-
cial factor for agricultural productivity (Nelson et al. 2014; 
Nazareth et al. 2020).

Anthropic greenhouse gas (GHG) emissions will increase 
the Earth’s temperature by 1.5 °C by the end of the twenty-
first century compared to the period between 1850 and 1900. 
Consequently, the vulnerability of the population will also 
increase (IPCC 2014a). Small agricultural farmers in devel-
oping countries such as Brazil are most vulnerable to the 
current and future impacts of climate change (Crist et al. 
2017; De Matos Carlos et al. 2020). Climate variability can 
increase the poverty of individuals in more exposed rural 
areas with limited adaptive capacity (Bouroncle et al. 2017).

The vulnerability and adaptive capacity of farmers are 
associated with climate change and their socioeconomic 
conditions (Below et al. 2012). The vulnerability or adaptive 
capacity of different localities and, or, communities has been 
studied (Malone and Brenkert 2008; Iglesias et al. 2011), 
especially regarding the impact of climate change and the 
way people adapt to this (Below et al. 2012; Piedra-Bonilla 
et al. 2020).

Agribusiness represents over 21.3% of Brazil’s Gross 
Domestic Product (CEPEA 2020). The Brazilian North-
east region, with approximately 18% of this percentage 
(IBGE 2017), or 3.82% of this GDP, has the majority of the 
rural population with low levels of agricultural productiv-
ity (Alves and Marra 2009). Farmers in this region work 
under continuous drought conditions and will suffer the most 

Editorial responsibility: Samareh Mirkia.

 * E. A. Dos Santos 
 elizangela.santos@ufv.br

1 Departamento de Economia Rural, Universidade Federal de 
Viçosa (UFV), Vicosa, Minas Gerais, Brazil

2 Departamento de Agronomia, Universidade Federal dos 
Vales Do Jequitinhonha e Mucuri (UFVJM), Diamantina, 
Minas Gerais, Brazil

3 Departamento de Entomologia, Universidade Federal de 
Viçosa (UFV), Viçosa, Minas Gerais, Brazil

http://orcid.org/0000-0001-6545-3164
http://orcid.org/0000-0003-4838-3795
http://orcid.org/0000-0002-5746-7248
http://orcid.org/0000-0003-2026-281X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13762-021-03188-3&domain=pdf


1216 International Journal of Environmental Science and Technology (2022) 19:1215–1226

1 3

significant impact from an elevation of temperatures by up 
to 3.5° C to 4.4° C by the end of the twenty-first century, 
with decreasing rainfall and more extended droughts (PBMC 
2013). In addition, these effects will magnify problems faced 
by more impoverished farmers, such as rural–urban migra-
tion and poor access to education (Machado Filho 2015).

More regionalized studies are needed, as the "averages of 
impacts" at the global and country levels are already known 
(IPCC 2014a). The impact of climate change should be stud-
ied in model localities of vulnerability and the results used 
in determining public policy (Smit and Wandel 2006; Below 
et al. 2012).

The main objective of this research was to estimate and 
analyze the sensibility, exposure, and adaptive capacity, as 
well as the degree of vulnerability to climate change, of 
farmers in the Rio das Contas Basin, Bahia, Brazil. In addi-
tion, this research has sought to demonstrate whether vulner-
ability and exposure indexes for climate change vary among 
biomes in this basin. This study considered farmers with 
properties in the Rio das Contas Basin, with approximately 
55,000  km2, equivalent to 10.2% of the territory of the state 
of Bahia, and was carried out from 2014 to 2015.

Materials and methods

Study area

The Rio das Contas Basin is part of the East Atlantic hydro-
graphic region and is the largest contained in this state, 
with 92 municipalities (CBHRC 2013). The population of 
this basin is 2,148,031 inhabitants (15.3% of the people of 
the state of Bahia), with 35% in the rural area and 752,427 
inhabitants (PNUD 2013) (Fig. 1).

The municipalities of the Rio das Contas Basin are small 
to medium-sized, with activities mainly in livestock and var-
iable climate among their biomes, which include the Atlantic 
Forest, Caatinga and Cerrado. Small-scale agriculture for 
home consumption, cocoa cultivation in some regions, and 
extensive rearing of livestock are the main rural economic 
activities in this basin. This region has low human develop-
ment rates (MHDI) (PNUD 2013).

The Rio das Contas Basin, with several different biomes, 
has high economic and sociocultural value and relevance 
for rural farmers (De Matos Carlos et al. 2020). The most 
critical aspects of agricultural activity should be studied to 
define public policies related to sustainable development 
and to improve the relationship between humans and the 

Fig. 1  Rio das Contas Basin in the state of Bahia, Brazil. Source: Author’s elaboration based on data from the Brazilian Institute of Geography 
and Statistics (IBGE 2010)
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environment. Understanding climate change issues requires 
regional analyses of specific economic sectors, as the 
impacts vary locally and sectorally (Yohe and Tol 2002). 
The degree of vulnerability to climate change of rural farm-
ers in the Rio das Contas Basin was evaluated to answer 
questions poorly explored at the regional level, such as: 
Which municipalities in the Rio das Contas Basin are most 
vulnerable to the effects of climate change? What are the 
determining factors of this vulnerability?

Indicators

The degree of vulnerability and the test of the hypothesis 
that climate change contributes to increasing the vulnerabil-
ity of rural farmers in the Rio das Contas Basin were calcu-
lated using a synthetic indicator (vulnerability index—VI) 
in Eq. 1 (Lindoso et al. 2014). This indicator, which defines 
a system vulnerability, is comprised of the sensibility (S), 
exposure (E), and adaptive capacity (AC) indexes:

Sensibility refers to the susceptibility of a system to dis-
turbance by inserting the farmer (decision maker) into local 
dynamics and results in the interface between local socio-
economic issues and climate events. Exposure is an external 
property of socioecological systems and is defined as the 
type, magnitude and frequency of weather events. Adaptive 
capacity is linked to that of farmers in dealing with exposure 
and reducing their sensibility, preventively, during and after 
climate change (Lindoso et al. 2014).

(1)VI =
E + S + (1 − AC)

3

Sensibility (S), exposure (E), and adaptive capacity (AC) 
indexes were estimated using Eq. 2 (Filmer and Pritchett 
2001):

where I represents the index created, that is, IS the sensi-
bility; IE the exposure; and IAC the adaptive capacity. Each 
variable that makes up the index is indexed by k and each 
farmer by i. The value of variable k for farmer i is given by 
aki; ak indicates the mean value and sk the standard deviation 
of the variable k. The value fk is the weight of each variable 
in the index.

The value of fk was based on the factor analysis statisti-
cal method (Filmer and Pritchett 2001), which consists of 
synthesizing and describing the behavior of a set of inter-
related variables into a smaller number of variables called 
“factors” (Fávero et al. 2009). This allows maximizing the 
explanatory power of all those studied (Thompson 2004; 
Yanai and Ichikawa 2007). Factors are interpreted as hidden 
characteristics, hardly observed, and common to the dataset 
(Härdle and Simar 2007).

The k variables used to construct the sensibility (S), expo-
sure (E) and adaptive capacity (AC) indexes were defined by 
the vulnerability (Lindoso et al. 2014) (Table 1).

The k variable values were assigned according to the 
effect on the indexes, with higher sensibility expected with 
the absence of agricultural insurance and/or other activities. 
Dependence on farm income and/or a number of dependents 
is positively related to sensibility. Rainfed farming was used 
as a proxy for the lack of irrigation, that is, farmers with-
out irrigation mechanisms were classified as rainfed. The 

(2)Ij =
∑

k

[

fk
(

aki − āk
)

/

sk

]

, j = {S,E, AC}

Table 1  Factors determining 
sensibility (S), exposure (E) 
and adaptive capacity (AC) of 
farmers in the Rio das Contas 
Basin, Bahia, Brazil

Source: Adapted from Lindoso et al. (2014)

Sensibility Rainfed agriculture
Has agricultural insurance
Number of people who depend on income generated on property
Dependence of the farmer on agricultural activity
Pluriactivity
Willingness to change management

Exposure Difference between the monthly average value of precipitation in the 
year of the survey (2014) and the historical average from 1985 to 
2014

Adaptive capacity Land ownership
Access to public irrigation projects
Access to technical assistance / rural extension
Farmer education level
Participation in trade unions or trade associations
Access to credit
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willingness to change management techniques decreases the 
farmer sensibility index.

The exposure index was calculated considering the last 
30 years before the survey and the need for a long-term 
climate change pattern (Budathoki 2017). Monthly values 
allow for more accurate analysis as rainy and dry seasons 
vary throughout the year. Comparing rainfall in 2014 with 
the historical average made it possible to verify whether 
farmers were experiencing rainfall deficits during the sur-
vey period.

Farmers with adaptive capacity index characteristics are 
much better adapted, and the lower the education level, the 
lower the adaptability.

The vulnerability index considered the three indexes 
described in Eq. 1 and allowed for tracing the vulnerability 
levels of farmers in the Rio das Contas Basin, Bahia, Brazil.

Database

The database was divided into two groups: secondary (expo-
sure index calculation) and primary (sensibility and adaptive 
indexes calculation) data.

Secondary data were obtained from the Terrestrial 
Hydrology Research Group (THRG) database (Sheffield 
et al. 2006).

The primary database was elaborated by De Matos Car-
los et al. (2020) using a semi-structured questionnaire com-
prising questions related to i) socioeconomic information of 
farmers and their properties; ii) farmer perception of climate 
change; and iii) willingness to take climate change adap-
tation activities. Farmers were selected by simple random 
sampling (Hartter 2009), and the sample size was calculated 
with the equation (Triola 2008):

where n is the sample size for a finite population; N, that of 
the total farm population, that is, the total number of agricul-
tural establishments in the state of Bahia; p, the proportion 
of the phenomenon, that is, percentage of rural farmers in 
the Rio das Contas Basin; q, the complementary proportion 
(1 − p); Zα/2, the desired degree of confidence (95%); and 
E, the maximum estimation error indicating the maximum 
difference between the sample proportion and the true pro-
portion of the population.

A sample of 289 rural properties was selected from the 
universe of 145,647 agricultural establishments in the 92 
municipalities that make up the basin (IBGE 2006) using 
Eq. 3.

The sample was designed to obtain a random distribu-
tion of farms across a large number of climatic zones in 
the Rio das Contas Basin (representing an east–west gradi-
ent across the region). Twenty-six municipalities out of the 
92 that make up the basin were selected by a buffer zone 
encompassing those located no more than 50 km from the 
Rio das Contas Basin along with its extension (De Matos 
Carlos et al. 2020).

Levels of vulnerability and exposure to climate change 
may vary between the biomes of the Rio das Contas Basin. 
Therefore, these indexes were studied using the geographic 
information system (GIS), linking the database of selected 
municipal boundaries with that of biomes, which were pro-
vided by the Ministry of the Environment (MMA) and the 
IBGE. These bases were joined by intersecting features. The 
municipalities with the area in two biomes were classified as 

(3)n =

N × p × q ×
(

Z �

2

)2

p × q ×
(

Z
�

2

)2

+ (N − 1) × E2

Table 2  Values (%) for 
sensitivity (SI), exposure 
(EI), adaptive capacity (AC) 
and vulnerability (VI) for the 
selected municipalities in the 
Rio das Contas Basin, Bahia, 
Brazil

Munic SI EI AC VI Munic SI EI AC VI

Abaíra 72.85 91.57 36.39 76.01 Ituaçu 62.97 85.70 41.05 69.21
Anagé 64.66 67.96 39.13 64.50 Jaguaquara 67.92 51.48 33.62 61.93
Aracatu 65.27 81.39 26.78 73.29 Jequié 65.82 52.31 37.12 60.34
Barra da Estiva 68.11 81.91 32.97 72.35 Jitaúna 70.30 39.17 34.38 58.36
Boa Nova 72.90 47.55 35.96 61.50 Jussiape 63.39 90.57 35.77 72.73
Brumado 69.12 87.13 45.70 70.18 Livramento 74.96 92.91 39.13 76.25
Caetanos 74.97 70.85 47.30 66.17 Manoel Vitorino 68.67 64.37 36.61 65.48
Caraíbas 59.44 77.17 43.27 64.45 Maracás 71.26 71.52 42.70 66.69
Dom Basílio 69.50 89.45 40.30 72.88 Mirante 58.65 68.31 39.66 62.43
Ibicoara 68.41 87.04 41.27 71.39 Piatã 73.06 90.94 43.05 73.65
Ibirapitanga 72.17 20.27 39.42 51.01 Rio de Contas 70.64 91.95 37.56 75.01
Ilhéus 70.94 0.00 39.09 43.95 Tanhaçu 68.68 78.94 34.39 71.08
Itacaré 61.89 14.80 39.04 45.88 Ubatã 67.66 22.38 39.98 50.02
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transitional Atlantic Forest-Caatinga, and those in only one 
biome were considered to be either Atlantic Forest biome or 
Caatinga. None of the municipalities selected had an area 
in the Cerrado biome. Farmers were classified using this 
procedure. Analyses were performed using QGIS 2.18.0 free 
software (Quantum GIS Development Team 2017).

Statistics

Vulnerability indexes and exposure to climate change were 
subjected to Kruskal–Wallis rank sum (KW) nonparamet-
ric variance analysis and the multiple comparisons test to 
verify differences between biomes. These analyses were 
performed with R 3.4.1 free software (R Development Core 
Team 2017).

Results and discussion

The results were discussed, and the index sensibility (SI), 
exposure (EI), adaptive capacity (AC) and vulnerability (VI) 
values presented mean and standard errors of 66.06 ± 27.11, 
68.24 ± 4.42, 38.52 ± 4.31 and 65.26 ± 9.20, respectively 
(Table 2). The results were obtained from participating farm-
ers and, for ease of understanding and discussion, municipal 
averages for the 26 sampled municipalities.

The sensibility index of all the municipalities was higher 
than 50%, with Caetanos (74.97%) being the most sensitive. 
This rate was high, even for less vulnerable municipalities, 
such as Mirante, with the lowest value (58.65%).

Sensibility indexes in most municipalities were higher 
than those in Northern Sudan (Mohmmed et al. 2018), where 
drought sensibility was generated by more than ten years 
of extreme famine (Nkunzimana et al. 2016; WFP 2016; 
FAO 2017). This reinforces the fact that climate change is 
a significant cause of food insecurity (FAO 2018; Onyutha 
2019), influencing food production, availability and distri-
bution (IPCC 2014b). Monitoring climate change and its 
relationship to socioeconomic issues can identify the most 
affected and vulnerable groups (Wood and Mendelsohn 
2015). Agriculture in developing countries such as Brazil 
is essential for the domestic economy and the international 
market for agricultural commodities (Assunção and Chein 
2016). In addition, a large part of the rural population in 
northeastern Brazil lives below the poverty line (Bastos et al. 
2018), making access to food and essential products diffi-
cult. Characteristics such as deficient roads for production 
transport, seasonal famine and scarce services increase the 
sensibility of the rural population to climate change (Bastos 
et al. 2018).

Of the 289 farmers interviewed, 94% do not have agri-
cultural insurance; 62.63% have rainfed agriculture, that is, 
they do not have irrigation mechanisms; 53.63% have no 
economic activity other than that practiced on their farm; 
54.67% have total dependence on income generated through 
agriculture; and 25.95% are unwilling to change their forms 
of land management (Fig. 2).

Dependence of more than half on agricultural produc-
tion and the income generated increases farmers’ sensibil-
ity, and the lack of insurance reduces protection against 
adverse weather conditions (IBGE 2010; Cremades 2018), 
which is aggravated by the high cost of agricultural insur-
ance (Hoeppe 2016). The survey data indicate that most 
farmers who have agricultural insurance, in general, are 
more experienced, have land tenure, and the average size 
of their property (54 hectares) is greater than the sample 
average (34 hectares). Those who do not have insurance, in 
turn, are small or family farmers and do not have access to 
public credit or government support. According to Ozaki 
(2007) and Buainain et al. (2014), the insurance market in 
Brazil presents many difficulties. Among the main limita-
tions, the following can be highlighted: the market has 
limited regional coverage; lack of information and low 
“culture” of insurance; high premium rate; occurrence of 
catastrophic risk; and lack of government incentive and 
support. These factors increase farmers’ sensibility to cli-
mate change.

Rainfed practice in more than half of the municipalities 
is due to the absence of irrigation mechanisms, increasing 
the negative impacts of temperature and/or changes in pre-
cipitation (Kukal and Irmak 2018). The high costs of irriga-
tion (Cunha et al. 2013) justify the dependence on rainfall. 
Nevertheless, alternative strategies such as water harvesting, 
policies with efficient irrigation systems, water management 

Fig. 2  Percentage values observed in the sample per variable in the 
sensibility index—SI (Un = unsafe, SA = single activity, TD = total 
dependency, Dr = dryland and NM = do not change management)
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and rainfall retention have helped to overcome water scarcity 
(Prasanna 2017).

Exposure indexes were higher than 60% in most munici-
palities with rainfall lower than the historical values. The EI 
in our study area were higher than those of family farmers 
in the semiarid region of Ceará, Brazil, where only 14% 
of them have an exposure index above 70% (Lindoso et al. 
2014). Precipitation in the Rio das Contas Basin, lower than 
the historical standard, indicates high exposure to climate 
change (De Matos Carlos et al. 2020). The lower exposure 
index of the municipality of Ilhéus is due to well-distributed 
rainfall being more elevated than the region’s historical aver-
age, similar to those of municipalities in areas near the coast 
(Silva et al. 2010; Cardoso et al. 2018). Rising temperatures 
and reduced rainfall can cause the replacement of semiarid 
vegetation by arid land, decreasing agricultural and live-
stock productivity and, consequently, increasing the expo-
sure index (Assunção and Chein 2016). Increasing climate 
variability with lower rainfall and higher temperatures will 
reduce production, especially in more vulnerable areas such 
as tropical and semitropical latitudes (IPCC 2014c).

The adaptive capacity index of farmers (Table 2) was 
lower than 50% in all municipalities, with Caetanos having 
the highest value (AC = 47.3%). This low adaptive capac-
ity of the farmers is similar to that reported in the western 
US (Gardezi 2017). However, adaptive capacity is not just 
about technical, financial, or institutional resources but also 
refers to sociocognitive factors, including farmers’ choices 
and perceptions of climate change (Grothmann and Patt 
2005; Eakin et al. 2016; Seara et al. 2016). The vulnerability 
would be lower if exposure and sensibility were minimized 
by mitigation activities with minimal impact on the environ-
ment. Adaptation strategies can enable farmers to anticipate 
and mitigate the adverse effects of climate change (FAO 
2002; Menezes 2011). In addition, the creation and use of 
mitigation activities, combined with adaptation strategies, 
improve performance and reduce greenhouse gas emissions 
(GHGs) and, consequently, the impacts of climate change 
(IPCC 2014c).

A total of 86.85% of the farmers own the land they plant, 
and 64.36% participate in rural associations. Nevertheless, 
access to local technical assistance, public irrigation pro-
jects, and agricultural credit are low in 30.1%, 9.34%, and 
30.68% of the municipalities, respectively (Fig. 3).

Land tenure increases access to loans and participation 
in associations (Cunha et al. 2015), as well as the possibili-
ties of diversifying their production and acquiring efficient 
irrigation mechanisms to meet water scarcity. However, poor 
access to technical assistance, public irrigation, and rural 
credit reduce this process (Eiró and Lindoso 2014; Pires 
et al. 2014). This reduces adaptive capacity, which depends 
on resource ownership and willingness and ability to convert 
it into practical action (Brown and Westaway 2011; Coul-
thard 2012; Cinner et al. 2018; De Matos Carlos et al. 2020). 
The values   attributed to the adaptive capacity variables of 
the Rio das Contas Basin were lower than those of munici-
palities in the Brazilian state of Amazonas (Menezes et al. 
2018). In Amazonas, sociopolitical institutions and organi-
zations and socioeconomic issues have made adaptive capac-
ity higher than exposure and sensibility to climate change.

In Fig. 4 we show the spatial distribution of vulnerability 
to climate change in Rio das Contas Basin. We produced in 
QGIS 3.10.8 a choropleth map in which the average value of 
the vulnerability index for each municipality was presented. 
The vulnerability indicator was categorized into five classes, 
from "minor" to "major," using the classification of equal 
intervals. The classification follows the approach adopted 
by Parker et al. (2019). The VI of 17 municipalities was 
high/highest, five were classified as medium, and four were 
classified as low/lowest.

The average vulnerability of the municipalities studied 
was higher than those of the state of Amazonas, Brazil, with 
an average of 40.6% (Menezes et al. 2018), and is due to the 
reduced exposure to which they are subjected. High vulner-
ability indexes are due to high exposure and sensibility val-
ues and low adaptive capacity (Baca et al. 2014). The high 
sensibility, extreme exposure and low degrees of adaptive 
capacity ranked the municipality of Livramento de Nossa 
Senhora in the Rio das Contas Basin as the most vulnerable.

The indexes of exposure and vulnerability to climate 
change varied among farmers with areas in the Caatinga 
and Atlantic Forest biomes in the Rio das Contas Basin, with 
177 in the first, 54 in the second and 58 in the “Caatinga 
Atlantic Forest Transition” area. Exposure (KW = 213.31; 
gl = 2; p < 0.01) and vulnerability (KW = 145.89; gl = 2; 
p < 0.01) indexes decreased from the Caatinga to the Atlantic 
Forest, which was confirmed by the posttest multiple com-
parisons for all biomes (p < 0.05). Fourteen municipalities 
are in the Caatinga biome, six in the Atlantic Forest and 
six in the “Caatinga-Atlantic Forest Transition” area, with 
exposure (KW = 19.635; gl = 2; p < 0.01) and vulnerability 
(KW) (KW = 18,374; gl = 2; p < 0.01) indexes higher in 

Fig. 3  Percentage values observed in the sample per variable in the 
adaptive capacity index—ACI (Pr = property, TA = technical assis-
tance, PI = public irrigation, PA = participation in associations, 
AC = access to credit)
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Fig. 4  Vulnerability index in the Rio das Contas Basin, Bahia, Brazil

the Caatinga and lower in the Transition area and Atlantic 
Forest. The reduction at the municipal level of the expo-
sure index values was confirmed by the posttest of multiple 
comparisons (p < 0.05) except between the Atlantic For-
est and Transition biomes. The significance of the posttest 
for vulnerability index values was found only between the 
Caatinga biome and Atlantic Forest (Fig. 5). The least and 
most exposed and vulnerable municipalities are those of the 
Atlantic Forest and Caatinga biomes, respectively, except for 
Jequié and Jaguaquara, with conflicting results.

The location of the most vulnerable municipalities in the 
Caatinga biome is due to their more significant degradation 
due to anthropic actions and the high diversity that increases 
the vulnerability of animal and plant species, plants with 
twisted branches and deep roots and stony soils with low 
fertility (MMA 2018). Precipitation in this biome is low and 
irregular, with a high evaporation index, a semiarid climate 
with dry, thorny vegetation such as bromeliads, herbaceous 
plants and cactus. This biome has lost approximately 45% 
of its original native vegetation (MMA 2018), and one-third 
of its area is desertified land due to low rainfall and burn-
ing (EMBRAPA 2015). The edaphoclimatic conditions also 
increase the environmental vulnerability of the municipali-
ties of the Caatinga biome, with a dry climate desertified by 
both natural actions and artificial burning practices. This 

increases the exposure of food farmers with the least ability 
to adapt and hence their vulnerability. The moderate level of 
vulnerability of the municipality of Jequié, even though it is 
located within the Transition biome, may be due to its high 
MHDI (Supplementary Material 1—S1), the second largest 
in the sample area.

On the other hand, the value of the VI medium of the 
municipality of Jaguaquara, while located in a less vulner-
able biome, can be explained by its low MHDI value and 
the third lowest adaptive capacity. The characteristics of the 
Atlantic Forest biome include high diversity of animal and 
plant species, medium and large plants with higher humid-
ity and shade, a predominantly humid tropical climate, and 
a high tropical and humid subtropical climate with regular 
and well-distributed rainfall (MMA 2018). However, Atlan-
tic Forest has been exploited since the beginning of Euro-
pean colonization through the extraction of Brazil wood and 
continuous deforestation, having a total of 29,075 hectares 
only in 2015 and 2016, with the highest area in Bahia state, 
12,288 hectares (INPE 2018). Fire prevention and control, 
combined with adaptation mechanisms, would alter future 
pessimistic scenarios, minimizing negative impacts on farm-
ers. Awareness of the population regarding the collateral 
effects of deforestation is essential.
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Although elevation and altitude variables have not been 
included in the vulnerability index, it is important to high-
light their importance for analyzing vulnerability to climate 
change. In our sample, municipalities located or close to the 
coast (and therefore of lower altitude and elevation) were 
less vulnerable (Ilhéus, Itacaré, Ubatã and Ibirapitanga). 
This occurred because the precipitation in these municipali-
ties decreased less than the historical average, benefiting 
rainfed agriculture.

Finally, considering the future climate is fundamental in 
long-term planning, but climate variability concerns and jus-
tifies efforts at adaptation (Adger 2005). The high exposure 
and sensibility index in most of the 26 municipalities, com-
bined with low adaptive capacity, constitute a scenario of 
high vulnerability. The MHDI of most of these municipali-
ties is low (PNUD 2013) and, being in the Caatinga biome, 
is alarming because 159 of 289 farm farmers depend 100% 
on the income generated in the agricultural sector. These 
specificities demonstrate the high degree of vulnerability of 
farmers in the Rio das Contas Basin and the need for active 
adaptation activities to improve this situation.

Conclusion

The sensibility of rural farmers of the Rio das Contas 
Basin, Bahia, Brazil, to climate change was higher than 
50% in all municipalities. The municipalities of Livra-
mento de Nossa Senhora and Ilhéus had the highest and 
lowest exposure indexes, respectively. Adaptive capacity, 
sufficient to reduce vulnerability to climate change, was 
not observed in any of these municipalities. The vulner-
ability of more than 65% of the municipalities was high/
highest, with Livramento de Nossa Senhora being the most 
vulnerable. Exposure and vulnerability indexes varied with 
the biome, with the Caatinga municipalities being the most 
exposed and vulnerable. The high levels of vulnerability 
of farmers in the Rio das Contas Basin are due to current 
climate changes. They are the results of high exposure 
and sensibility combined with low adaptive capacity. This 
suggests the need for investment to minimize these effects 
and mitigation activities to counter the negative impacts 
of future climate variability.

Fig. 5  Box-plot representation 
of exposure and vulnerability 
index values for climate change 
at farm (F) and municipality 
(M) levels between biomes. The 
box length is defined by the 
25th–75th percentiles, and the 
bold line is the median value. 
The vertical rods extend to the 
most extreme value of the data, 
less than 1.5 times the box inter-
quartile range. The open points, 
which exceed 1.5 times the 
interquartile range, correspond 
to the outliers
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