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ABSTRACT:  Climate change is a globally 
challenging phenomenon that is particularly 
distressing for the agricultural sector, as agricul-
tural products and productivity depend on the 
climate. This study analyses agricultural house-
holds’ perception of climate change and the 
adaption strategies undertaken to mitigate it. A 
purposive random sampling technique is used to 
collect primary data from a survey conducted 
in the arid and semi-arid regions of Rajasthan, 
India. The study employs logistic regression to 
identify the determinants of the perception of 
climate change and adaptation strategies, while 
a livelihood vulnerability index is constructed 
to indicate households’ degree of vulnerability, 
focusing especially on adaptive capacity. Out 
of the total sample of 600 households analysed, 
534 perceive a long-term change in the climate. 

Farmers’ adaptation strategies include crop 
diversification, mixed cropping, crop rotation, 
and farm ponds. The major factors affecting ad-
aptation are the educational status of the house-
hold head, farming experience, type of financial 
support, agricultural training, land size, access 
to agricultural institutions, distance between 
the household and farmland, and storage. The 
livelihood vulnerability index shows that most 
of the households are moderately vulnerable. 
The study recommends an efficient weather 
forecasting system and effective government 
policies to improve credit availability, financial 
support, and agricultural mechanization. 
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1. INTRODUCTION 

Climate change is a major developmental challenge (Adzawla et al., 2020), whose 
adverse impacts are being felt all over the world. It is becoming warmer, rainfall 
is erratic, the sea level is rising, and extreme weather events are more frequent 
and intense. Climate variability generating an irregular precipitation pattern and 
an unfavourable rise in temperatures affects lives in most developing countries. 
Poor people and poor-income countries are exposed and vulnerable to climate 
shocks, including natural disasters, drought, crop failure, a spike in food prices, 
and extreme weather conditions (Hallegate et al., 2016). Though every sector of 
the economy is affected by climate change the impact is notably higher in 
agriculture due to its climate-sensitive nature, resulting in low or poor 
agricultural productivity (Narayanan & Sahu, 2016). The concern is exceptionally 
high for countries like India that are highly dependent on agriculture. With nearly 
half of its population and nearly 20% of its GDP depending on agriculture, India 
is one of the country’s most vulnerable to climate change risks.  

Vulnerability is a function of exposure, sensitivity, and adaptation capacity 
regarding a specific risk (IPCC, 2007). A system is less vulnerable if it is less 
exposed, less sensitive, or has a strong adaptive capacity (Smit and Wandel, 2006). 
Adaptation is an adjustment in the socio-ecological and economic system in 
response to actual and expected change in climate (Smit & Pilifosova, 2003), and 
a planning and decision-making process to mitigate the problems caused by any 
hazards (Ahmed et al., 2021). For example, to cope with changes in climate, 
farmers adopt adaptation choices such as planting new crop varieties, changing 
planting dates, using pest-resistant varieties (Suresh et al., 2021, Webber et al., 
2014), water conservation (Boyer et al., 2021; Meckonnen et al., 2021), selling off 
livestock (Kehler & Birchall, 2021), changing crop composition (Schlingmann et 
al., 2021), and applying fertilizers (Erbas & Solakoglu, 2017; Wing et al., 2021). 
Over the years, adaptation to climate change has evolved as the most effective tool 
in mitigating adverse climatic effects (Chattopadhyay & Hulme, 1997).  

Adaptation depends on adaptive capacity, which depends on the socio-economic 
attributes of households vulnerable to climate change. Poor households in rural 
areas that depend on agriculture face many social and institutional constraints, 
such as poor education, lack of information, lack of agricultural extension 
services, social incompatibility, no access to credit, and inadequate capital, 
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which act as barriers to adaptation and limit the capacity to adapt, leaving 
them highly vulnerable to climate change. Adaptation also depends on another 
significant factor: perception. Bryant et al. (2000) find that how the perception of 
climate change is translated into agricultural decision-making constitutes 
adaptation in agriculture, so it is crucial to include farmers’ perception of climate 
change in adaptation studies (Maddison, 2007; Banerjee, 2015; Waibel et al., 
2018). The perception of climate change helps to negotiate the need for 
adaptation and explain the most efficient and effective strategy to minimize risks 
and future losses. The major factors influencing perception are socio-political 
events, economic factors, and individual factors, including views and ideas 
(Whitmarsh & Capstick, 2018). 

Formulating effective policies to address the climate vulnerability of agricultural 
households requires an understanding of adaptation strategies, barriers to 
adaptation, and households’ perception of climate change. Besides presenting an 
overview of agricultural households’ perception of and vulnerability to climate 
change and the adaptation strategies employed, this study attempts to unravel the 
socio-economic factors that influence these perceptions and adaptations. The 
objectives of the study are:  

1) To study agricultural households’ perception of climate change and the 
factors influencing it. 

2) To analyse the factors influencing agricultural households’ adaptation 
strategies. 

3) To calculate a livelihood vulnerability index of households in the arid and 
semi-arid regions of Rajasthan. 

Several studies have addressed these issues globally but studies relating to the 
desert state of Rajasthan are lacking. Rajasthan is the largest state in India, with 
10.4 % of the total geographical area. The climate is very harsh: it receives scanty 
rainfall with high air and soil temperatures, intense solar radiation, and high wind 
velocity. In India nearly 317,090 sq. kms. are arid, of which 2,46,790 sq. kms. are 
hot arid areas, and roughly 80% of the hot arid areas is in Rajasthan. The arid and 
semi-arid areas are more vulnerable to climate change due to their dependence 
on sensitive sectors such as agriculture, fisheries, forestry, and water (Prasad et 
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al., 2014). This paper deals exclusively with agricultural households in these semi-
arid and arid regions of Rajasthan.  

The remaining sections of the paper are organized as follows. Section 2 reviews 
the related literature. Section 3 provides the methodology and Section 4 discusses 
the results. Section 5 presents a summary and conclusions. 

2. LITERATURE REVIEW 

Several studies have examined farmers’ perception of climate risks and the 
adopted adaptation strategies and have identified factors constraining adaptation 
to climate change. Using a bottom-up approach, Gbetibouo (2009) examines 
farmers’ perception of climate change and variability in South Africa and finds 
that although they accept secondary data on climate variability, only half of them 
make adjustments in response to climate change. The main adaptation strategies 
are changing crop varieties and planting dates, switching crops, and increasing 
irrigation. Farm size, household size, farming experience, wealth, extension 
services, and access to credit are found to be significant determinants of 
adaptation strategies. 

Bose (2014) assesses farmers’ perception of climate variability in the semi-arid 
region of north-eastern Nigeria using secondary climate data. Employing a 
questionnaire survey and non-parametric Mann-Kendall test, the author finds 
that farmers perceive long-term changes in temperature and precipitation that 
match the recorded data on annual temperatures and adopt different 
strategies to reduce the effects of climate change, such as changing planting 
dates and improving crop seedlings, irrigation, and soil conservation.  

Limantol et al. (2016) examine farmers’ perception of and adaptation to climate 
change in the Vea catchment of northern Ghana between 1972 and 2012. They 
find that the farmers adopted different strategies to cope with the perceived 
climate change. The farmers fell into two groups, one relying exclusively on 
rain-fed agriculture and the other adopting a mix of rain-fed and irrigation 
strategies. The farmers using a mixed strategy kept using fertilizers while the 
rain-fed group were inclined to vary crop type as their adaptation strategy.  
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Nhemachena & Hassan (2018) investigate farmers’ perception of long-term 
changes in temperature and precipitation, farm-level adaptation strategies, and 
barriers to adaptation in Southern Africa. A multivariate discrete choice model is 
used to identify the determinants of adaptation. The results show that most 
farmers perceive a long-term increase in temperatures and that the region is 
getting drier, with pronounced changes in rainfall patterns and drought 
frequency. Access to credit and extension services and awareness of climate 
change are found to be the most important determinants of adaptation choices.  

In the Indian context, Das (2010) analyses farmers’ perception of climate change 
in villages in Andhra Pradesh and Maharashtra and finds that most farmers have 
observed the increase in temperature, decline in the level of precipitation, and 
more erratic rainfall. The farmers have adopted strategies such as migration, 
taking credit, selling off assets, diversifying livelihoods, using savings, and shifting 
from cereal to non-cereal crops.  

Dhaka et al. (2010) uses a questionnaire to collect data from 500 farmers on 
perception of and adaptation to climate change in the Bundi district of Rajasthan. 
Most farmers perceive that temperatures have increased, the climate is getting 
drier, and the timing of rains and frequency of droughts is changing. They have 
adapted by integrating farming systems, changing planting dates, and changing 
crop sequences and rotation.  

Prasad et al. (2014) examine farmers’ perception of climate change and 
adaptation options in the Panna district of Madhya Pradesh. The results show 
that farmers are well aware of the changing climatic conditions and realize 
their impact on agriculture. The farmers have adapted by planting trees, 
changing planting dates, and adopting agroforestry.  

Varadan & Kumar (2014) study the perception of climate change and 
adaptation strategies of dryland farmers. The farmers realize that there is an 
urgent need to devise appropriate adaptation strategies to cope with the 
negative effects of climate change and have adapted strategies such as 
manipulating sowing dates, changing cropping patterns, reducing fertilizer 
use, and diversifying crops. Their adaptation strategies are supported by the 
farming experience of elderly people, access to irrigation, and availability of 
livestock.  
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Dhanya & Ramachandran (2016) explore farmers’ perceptions of climate change 
in South India’s semi-arid region using both quantitative and qualitative data. 
They find that most farmers are aware of climate variability and use adaptation 
strategies such as cultivating short-duration pulses and fruits, and flowers and 
vegetables. 

Banerjee et al. (2013) examine barriers to adaptation, based on a qualitative 
survey. They find that although farmers perceive the changes in climate, they face 
many constraints that limit their capacity to adapt, including lack of access to 
information, finance, technological inputs, and infrastructure. Small farmers and 
women are most affected by the lack of resources and improper implementation 
of government schemes. 

Based on primary and secondary data in Maharashtra, Udmale et al.  (2014) find 
that farmers recognise the impact of drought on their livelihoods and use various 
drought preparedness and adaptation measures to mitigate its effect. Lack of 
education, low income, and small landholding size act as major constraints on 
adaptation.  

3. METHODOLOGY  

3.1 Area of study 

Rajasthan has 10 agro-climatic zones. The arid region covers 4.74 million hectares 
and the semi-arid region 2.96 million hectares. These regions have low, erratic 
rainfall and high mean maximum temperatures (Manga et al., 2015), resulting in 
unexpected losses and poor income. This study was conducted among 
agricultural households in two arid regions of Rajasthan, Barmer and Jodhpur, 
and four semi-arid regions, Ajmer, Jaipur, Tonk, and Dausa. 
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Figure 1: Map of study area  

 

3.2 Sampling technique and data collection 

Purposive random sampling was used to collect data from agricultural 
households. The sample size was set at 600: two administrative blocks from each 
district were selected for data collection and five villages were selected from each 
tehsil. The study used a structured household questionnaire, focus group 
discussions, and personal interviews. Focus group discussions were conducted to 
review farmers’ perception and understanding of climate change and their 
general opinion regarding interventions to mitigate climate change. Each group 
consisted of 8 to 10 members from similar localities. Officials and heads of Farmer 
Producer Organisations (FPOs) and other agricultural extension services were 
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interviewed to attain a general understanding of the area and the standard of 
living. 

3.3 Conceptual Framework 

3.3.1 Perception and adaptation 

The major factors governing agricultural households’ perception of climate 
change were determined using binary logistic regression. The logistic regression 
model helps to analyse events given the probability of occurrence. The 
mathematical model for the logistic regression is represented below: 

𝑝𝑝/1 − 𝑝𝑝 =  𝑒𝑒^𝑦𝑦 (1) 

where y is the independent variable. 

Here, p/1-p is the odds ratio which calculates the ratio of the probability of success 
to the probability of failure. The logistic regression model uses the natural 
logarithm of the odds ratio, given as: 

𝑙𝑙𝑙𝑙𝑙𝑙 (𝑝𝑝/1 − 𝑝𝑝)  =  𝑦𝑦 (2) 

This study employed a binary logistic regression model to analyse the 
determinants of farmers’ perception. . Each category was regressed separately 
using the logistic regression and the marginal effects were calculated to interpret 
the data. The major changes perceived by the farmers include increased 
temperature, decreased rainfall events, decreased rainfall intensity, and decrease 
in rainfall duration. Binary logistic regression was run for each response category 
to find the determinants and eliminate the possibility of error due to multiple 
responses. This is expressed mathematically as: 

Pr �𝑌𝑌 = �
�� = �����

��� ������ ������ �������..������ (3) 

Here the dependent variable a can take the value of either 1 or 0, where a=0 when 
the farmers have not perceived the change and a=1 when the farmers have 
perceived the change. XB1, XB2…...XBG show the independent variable or the 
characteristics of household i. The household characteristics considered in the 
model are gender of the household head, social responsibility of the household 

116

Economic Annals, Volume LXVII, No. 234 / July – September 2022



head, literacy status and educational status of the household head, number of 
years involved in farming, household size, access to institutions, and visit of 
extension services. 

The study employed a binary response model to analyse the factors determining 
agricultural households’ adaptation to climate change. Since the farmers 
employed more than one strategy to mitigate the effects, binary logistic regression 
was used to analyse the factors determining the adoption of each strategy. The 
major strategies were using a variety of crops, mixed cropping, selling livestock, 
planting trees, crop rotation, and construction of farm ponds. The variables used 
were educational status of the household head, number of years involved in 
farming, external support, agricultural training, land size, agricultural income, 
agricultural institutions, farmland distance, and storage. 

Pr �𝑌𝑌 = �
�� = �����

��� ������ ������ �������..������ (4) 

Here m takes two values, 0 and 1. If m=0 it indicates that the farmer has not 
adopted any specific strategy and if m=1 it indicates that the farmer has adopted 
the strategy. XB1, XB2…...XBJ show the independent variable or the characteristics 
of household i . 

3.3.2 Vulnerability index calculation 

A livelihood vulnerability index was constructed to analyse the households’ 
vulnerability to climate change. The vulnerability index has 8 sub-indices: 
economic wellbeing and stability (EW), gender discrimination (GD), dependency 
burden (DB), interconnectivity (IC), susceptibility to environmental change (SE), 
housing quality (HQ), awareness level (AL), and institutional and infrastructural 
environment (IE). Each sub-index contains several indicators and each was 
assigned a weight. Once the weights were assigned, each indicator was 
standardized as an index using the formula: 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼� =  𝑅𝑅�– 𝑅𝑅����//(𝑅𝑅����– 𝑅𝑅����) 

Here Rd is an indicator of the major component Md, and Rd max and Rd min are the 
maximum and minimum values of the indicator. Once the indicators were 
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standardized, they were averaged together to find the value of their respective 
major components using the following equation: 

𝑀𝑀� =  ����
�

���
/𝑛𝑛 

Here Md is the major component. Index Rdi is the standardized indicator of the 
major component Md, where i take the values 1, 2, or 3 according to the number 
of indicators the major component has. n is the total number of indicators in the 
major component Md. The other major components are also calculated using the 
above equation. Once the values of the major components are calculated, the 
livelihood vulnerability index is calculated using the following equation: 

𝐿𝐿𝐿𝐿𝐿𝐿 = �𝑛𝑛1(𝐸𝐸𝐸𝐸) +  𝑛𝑛2 (𝐺𝐺𝐺𝐺)+ =  𝑛𝑛3 (𝐷𝐷𝐷𝐷) +  𝑛𝑛4(𝐼𝐼𝐼𝐼) +  𝑛𝑛5(𝑆𝑆𝑆𝑆)  +  𝑛𝑛6 (𝐻𝐻𝐻𝐻) +  𝑛𝑛7(𝐴𝐴𝐴𝐴) +  𝑛𝑛8(𝐼𝐼𝐼𝐼)�
𝑛𝑛1 + 𝑛𝑛2 + 𝑛𝑛3 + 𝑛𝑛4 + 𝑛𝑛5 + 𝑛𝑛6 + 𝑛𝑛7 + 𝑛𝑛8  

Here n1, n2, n3…… n8 indicate the total number of indicators of their corresponding 
major component. 

4. RESULTS AND DISCUSSION 

4.1 Perception of climate change 

The agricultural households in the arid and semi-arid regions were asked about 
the long-term changes that have occurred in their environment over the past 10 
years. The farmers who reported changes in the climate were considered 
‘perceivers’ and the households who did not notice any changes were considered 
‘non-perceivers’. Figure 2 shows that 89% of the households were perceivers and 
11% were non-perceivers. Analogous to the meteorological data, the major 
changes recognised by the households were increased temperature, decreased 
rainfall duration, decreased rainfall events, and decreased rainfall intensity (see 
Figure 3); these findings are consistent with those of Das (2010) and Dhaka et al 
(2010). However, a minute percentage of the households also reported an increase 
in rainfall events and decreased temperature.  
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Figure 2: Percentage of perceivers and non-perceivers  

 
Source: Primary data 

Figure 3: Major perceived changes (in Percentage (%)) 

 
Source: Primary data 

The main reasons given for these changes were deforestation, increased 
population, changing living standards, industrialisation, and urbanisation (see 
Figure 4). Deforestation was found to be a major cause of the climatic changes by 
86.2% of the households in Tonk, 85.1% in Jaipur, 80.9% in Barmer, and 71.8% 
in Dausa. Cutting down trees to clear land and construct buildings has 
considerably damaged the ecological balance. Increasing population was 
accounted a major reason in all districts and the main cause of climate change in 
Jodhpur, resulting in over-utilisation of resources and fuelling long-term changes 
in the state. In Jaipur 46.8% of the households said that increased urbanisation 
has also caused climate change. Construction of social infrastructure and other 
industries has deteriorated land quality and gradually turned agricultural fields 
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into barren land. The households also pointed out that changing living standards 
can play a major role in environmental change. The expanding needs of the 
population have led to further exploitation of resources and climate change.  

Figure 4: Reasons for the long-term changes (in Percentage (%)) 

 
Source: Primary data 

Table 1 analyses the major factors influencing farmers’ perception of climate 
change. Previous studies have found farm size (Ojo & Baiyegunhi, 2021; Mairura 
et al., 2021), education level (Guodaar et al., 2021), access to rain-fed agriculture 
(Tesfahunegn et al., 2016), and access to extension services (Fahad et al., 2020) to 
be factors influencing households’ perception of climate change. Table 1 shows 
that the gender of the household head significantly influences the perception of 
rainfall duration. In the study area most of the women work in household chores, 
making them less observant of the changing rainfall duration than the men. The 
social responsibility of the household head is negatively related to all the changes 
because when the primary concern is community issues rather than resolving 
household problems the result is less observance of climatic changes and more 
concern with overall agricultural production failures. The household’s literacy 
status positively influences the perception of increased temperatures and 
decreased rainfall intensity, while the household head’s education is negatively 
related to the perception of increased temperatures and positively related to the 
perception of decreased rainfall duration.  
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The years involved in farming positively influence the perception of decreased 
rainfall duration. Households that have a long experience of farming are highly 
observant of the changes around them and notice any change in temperature, 
rainfall, and especially rainfall duration. This is consistent with studies that show 
experience to be a major determinant of perceptions regarding climate change 
(Linden, 2015; Horne et al., 2021). Surprisingly, large households did not perceive 
increased temperatures, because most members have either migrated to cities or 
are too young to perceive changes. Households that have access to institutions 
immediately recognize any increase in temperature or decrease in rainfall 
duration because of their access to resources and effective social interaction. The 
visit of an extension officer can improve the capacity of households to perceive 
increased temperatures or decreased rainfall intensity because the officers have 
access to climate records and can make households aware and inform them about 
climate change. 

Table 1: Factors influencing households’ perception (marginal effect) 

Variable Increased 
Temperature 

Decreased 
rainfall duration 

Decreased 
rainfall events 

Decreased 
rainfall 
intensity 

Gender of the HH 
head 

-0.043 0.154* 0.018  0.131 

Social responsibility of 
HH head 

-0.092** -0.129* -0.141** -0.301*** 

Literacy status of the 
HH head 

0.062*** -0.025 0.026 0.035* 

Education of the HH 
head 

-0.041*** 0.056** 0.007 0.015 

Years involved in 
farming 

-0.013 0.053** 0.0193 0.009 

Household Size -0.07*** 0.040 0.035 -0.049 

Access to Institutions 0.112*** 0.18 **  -0.042  0.004 

Visit of Extension 
officer 

0.035*** 0.011 0.004 0.054*** 

Note: * indicates significance at 0.1%, ** indicates significance at .05%, *** indicates significance at .01% 
Source: Primary data analysis 
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4.2 Adaptation 

The farmers have employed various techniques to adapt to climate change. Figure 
5 shows that most of the households have adapted to the changes by employing 
more than one strategy. 83.3% of the perceivers have adopted strategies to fight 
climate change and 16.7% have not, even though they are aware of climate stress 
and losses. 

Figure 5: Percentage of adapters and non-adapters 

 
Source: Primary Data 

A major adaptation strategy chosen by agricultural households is the application 
of fertilizers (see Figure 6). Increased economic activity has resulted in land 
deterioration and reduced crop productivity. 65.3% of the farmers have used 
fertilizers like urea to improve crop yields and many farmers have started 
applying bio-fertilizers and vermin composts. 54.2% of households have 
introduced different crop varieties: crop diversification improves production, 
especially among farmers with poor access to chemical and technological 
resources (Lin, 2011). The new varieties are highly water-efficient and require less 
care, which helps the farmers invest in other assets. 28.7% of the households have 
adopted crop rotation and 27.8% have opted for mixed cropping, which aids 
water efficiency, pest control, mutualism and crop co-existence, and use of space 
and time (Gliessman, 2021).  
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27.3% of households have sold livestock for temporary financial relief and to meet 
other requisites or because they no longer have the resources to look after 
livestock. 21.5% of the households have planted trees to act as windbreaks to 
protect the soil and crops. Trees also maintain moisture content in the soil and 
help crops survive drought. Another major strategy is the construction of ponds 
for irrigation and other water purposes. 21.2% of farmers have constructed water 
harvesting systems, bore wells, and ponds for irrigation purposes. 17.1% of 
households have applied pesticides and herbicides to prevent pest infection, 
which is also a major problem.  

Figure 6: Adaptation strategies (in Percentage (%)) 

 
Source: Primary data 

Apart from these strategies, Figure 7 shows that the farmers also insure their 
crops, find off-farm jobs, introduce drip irrigation and sprinkler systems, 
purchase soil heath cards (A soil health card offers details on the soil's nutritional 
status and suggestions for the amount of nutrients to be used to increase soil’s 
fertility and health), and lease land to small-scale farmers. Farmers have also 
migrated to other regions and are willing to move in search of employment if the 
situation in their area worsens. 
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Figure 7: Additional measures (in Percentage (%)) 

 
Source: Primary data 

The barriers to adopting adaptation strategies include education level, lack of 
information, lack of extension services, social incompatibility, no access to credit, 
inadequate capital, lack of improved seeds, duration to see results, geographical 
conditions, old age, infertile soil, lack of water, and labour shortages (see Figure 
8). 64.8% of the households found lack of capital for agricultural investment to be 
a major barrier. 60.9% believe that their poor education level has made them 
unaware of new technologies and other practical knowledge required for 
improving their farming. 58.6% have found lack of credit to be another reason for 
poor adaptation to climate change. Lack of information (53.4%) followed by 
inadequate water for drinking and irrigation (51.1%) are other barriers to 
adaptation. The farmers have no system or technology to forecast the weather and 
are not informed about climate change. Many households do not have enough 
water for irrigation, and although some households have constructed farm ponds, 
many others do not have the finances to do so.  
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Figure 8: Barriers to adaptation (in Percentage (%)) 

 
Source: Primary data 

The factors influencing agricultural households’ adaptation to climate change can 
be categorised as personal attributes, psychological factors, and socio-economic 
factors (Guo et al 2021). Studies have found the main determinants of adaptation 
to climate change to be gender (Qazlbash, 2021), farm size (Moroda et al., 2021), 
household size (Getahun et al., 2021), livestock holding (Khan et al., 2021; 
Alauddin & Sarker, 2021), and income (Sertse 2021). Table 2 shows that 
education is a major determinant of using different crop varieties, mixed 
cropping, fertilizers, and tree planting. Farming experience is a major 
determinant of using fertilizers, mixed cropping, and tree planting: it positively 
influences the use of fertilizers, as the longer the farmer is involved in farming the 
more, he improves his land by adding fertilizers, but it negatively influences 
mixed cropping and tree plantation as experienced farmers limit themselves to 
the old methods while inexperienced farmers abandon conservative farming 
methods for new techniques. 

External support is a major determinant and influences decisions regarding the 
use of different crop varieties, mixed cropping, pesticides, tree planting, and the 
construction of farm ponds. External support in terms of financial backing and 
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provision of agricultural machinery helps farmers adapt to the changes. 
Agricultural training provides them with crop varieties that are not easily 
available and encourages them to plant more trees. The size of the farmers’ land 
is another determinant that influences farmers’ decisions regarding adaptation 
strategies. Large farmers are able to construct farm ponds and use mixed cropping 
methods while small farmers have to depend on local wells and taps for irrigation. 
When the household income is adequate, farmers adopt new techniques like 
mixed cropping and reduce the cost of the conventional techniques of applying 
pesticides and fertilizers. 

Access to agricultural institutions is a major factor that determines adaptation 
strategies (Deressa et al., 2009; Shahid et al., 2021). Households that are near to 
agricultural institutions and other extension services use mixed cropping and 
construct farm ponds because they have access to financial resources and quality 
seeds. Distance from the farmland is another important determinant that 
negatively influences adaptation strategies such as using different crop varieties, 
mixed cropping, and selling livestock, because when the farmland is far away it 
costs the farmers time and money and they are reluctant to introduce new 
strategies that require time and effort. 
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4.3 Livelihood vulnerability index 

The livelihood vulnerability index has 8 major components: economic wellbeing 
and stability, gender discrimination, dependency burden, interconnectivity, 
susceptibility to environmental change, housing quality, awareness level, and 
institutional and infrastructure environment. These components are divided into 
sub-components. Weights are assigned to each sub-component and their value is 
calculated. Table 3 shows the variables and the weights assigned to them. 

Table 3: Variables under study 

Sub-Indices 
(min–max) 

Indicators (min–
max) 

Values/Weights Explanation 

Economic 
wellbeing and 
stability 

Total Household 
Assets 
(1–4) 

1 for <5 
2 for 5–10 
3 for 10–15 
4 for >15 

Types of assets the 
households own 

Land rights 
(0–2) 

0 if no land 
1 if shared/leased 
2 if land is owned  

Whether the 
household possess 
any land rights 

Income diversification 
(0–1) 

0 for no income 
diversification 
1 for income 
diversification 

Whether the 
households are 
engaged in any 
off–farm 
activities. 

Healthy household 
members 
(0–3) 

0 if none 
1 if only 1 
2 if 2–4 
3 if >5 

Number of 
household 
member healthy 
enough to work. 

Female participation 
(0–3) 

0 if no participation 
1 if 2–3 days working 
2 if 3–5 days working 
3 if 7 days working 

Whether the 
women in the 
households are 
working or not. 
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Gender 
Discrimination 

Women’s land rights 
(0–1) 

0 if no 
1 if yes 

Whether woman 
in the household 
has any land 
rights 

Decision-making 
power 
(0–1) 

0 if no 
1 if yes 

Whether woman 
in the household 
has any decision–
making power 

Women’s health 
(0–1) 

0 if no 
1 if yes 

Whether women 
are allowed to 
visit the doctor 

Women’s skills 
(0–1) 

0 if no 
1 if yes 

If the woman in 
the household 
possesses any 
skills 

Women’s 
responsibility as 
caregivers 
(0–2) 

0 if women do not fetch 
water 
1 if women fetch water 
2 if both men and 
women fetch water 

The household 
member who 
fetches water for 
the household 

Strategies during crop 
failure 
(0–1) 

0 if no strategy 
1 if there is a strategy 

If any strategies 
are being used by 
the woman in the 
household 

Dependency 
Ratio 

Household members 
with terminal illness 
(0–2) 
Non-working 
household members 
(0–2) 

0 if none 
1 if 1 
2 if >2 

Number of 
household 
members with 
terminal illness 

0 if none 
1 if <3 
2 if >4 

Number of 
household 
members not 
working 
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Level of inter 
connectivity  

Geographical scope of 
social capital contacts 
and social categories a 
household relies on 
(0–1) 

0 if no contacts 
1 if there are contacts 

Whether the 
household has any 
social connectivity 

Groups to which 
household belongs 
(0–1) 

0 if no groups 
1 if there are groups 

Whether the 
household 
belongs to any 
social group or 
organization 

Susceptibility to 
environmental 
change 

Contribution of 
farming to household 
livelihood 
(0–3) 

0 if not significant 
1 if <30% 
2 if 30–70% 
3 if > 70% 

The percentage of 
contribution of 
agriculture to 
annual income 

Cooking energy 
source 
(0–1) 

0 if 
wood/kerosene/dung 
1 if gas 

Cooking energy 
source used by the 
household 

Source of drinking 
water 
(0–1) 

0 if free source 
1 if paid source 

Source of 
drinking water 

Housing quality 
Quality of house 
(0–2) 

1 if kutcha 
2 if mixed 
3 if pucca 

The quality of the 
house 

Awareness level 
Ability to describe 
environmental change 
(0–1) 

0 if no awareness 
1 if there is awareness 

If the household is 
aware of climate 
changes 

Institutional 
and 
infrastructure 
environment 

Access to institutions 
and organizations (0–
1) 

0 if no access 
1 if there is access 

Whether the 
household has 
access to social 
institutions and 
extension services 

Source: Vincent (2007), modified by Mwamba (2013) 

The vulnerability index analyses households’ vulnerability with values of 0 to 1. 
There are five different levels of vulnerability: households that fall into the range 
of 0–0.2 are the least vulnerable, followed by less vulnerable (0.2–0.4), moderately 
vulnerable (0.4–0.6), highly vulnerable (0.6–0.8), and extremely vulnerable (0.8–
1). Table 4 shows that most of the households are moderately vulnerable to 
climate change. No households fall into the least vulnerable or extremely 
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vulnerable categories. The radar graph in Figure 9 compares the vulnerability of 
households in different districts. There is zero variation in the ranges 0–0.2 and 
0.8–1, indicating that no households fall into these categories. 

Table 4: District-wise vulnerability index values 

District VI Range 
0–0.2 

VI Range 
0.2–0.4 

VI Range 
0.4–0.6 

VI Range 
0.6–0.8 

VI Range 
0.8–0.1 

Percent Percent Percent Percent Percent 

Ajmer – 5.19 84.41 10.39 – 

Barmer – 10.64 84.04 5.32 – 

Dausa – 9.41 69.41 21.18 – 

Jaipur – 6.31 68.42 25.26 – 

Jodhpur – 2.24 76.40 21.35 – 

Tonk – 6.34 68.09 25.53 – 

Source: Primary Data 

Figure 9: Radar graph of vulnerability 

 
Source: Primary Data 
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Figure 10 shows the vulnerability to climate change of households in the arid and 
semi-arid regions. 80.32% of the arid households and 72.07% of semi-arid 
households are moderately vulnerable. The percentage of less vulnerable 
households is the same at approximately 6% of the total vulnerable population. 
Access to credit, availability of agricultural machinery, improved awareness and 
education, quality seed varieties, extensive government support, and cheap loans 
account for the lower vulnerability in these areas. However, the percentage of 
households falling into the highly vulnerable category is higher in the semi-arid 
region (21.08%) than in the arid region (13.11%). This implies that households in 
the arid regions are adapting to climate change by employing several strategies, 
making them less vulnerable.  

Figure 10: Region-wise vulnerability 

 
Source: Primary Data 

5. CONCLUSION 

Increasing temperatures, erratic rainfall patterns, and rising sea levels due to 
climate change are now an existential threat. Agriculture is a climate-sensitive 
sector, involving much uncertainty and many risk factors that negatively affect 
agricultural households. This study analyses agricultural households’ perception 
of climate change and the major adaptation strategies undertaken to mitigate 
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factors acting as barriers to adaptation. The majority of the households perceive 
the existence of climate change and have noticed long-term changes such as 
increased temperature, decreased rainfall intensity, and decreased rainfall events. 
Their perception is entirely analogous to the meteorological data for Rajasthan. 
The respondents identify deforestation, changing living standards, increased 
population, urbanisation, and industrialisation as major factors causing climate 
change. The major factors that have a significant influence on the farmers’ 
perception are gender, social responsibility, the household head’s literacy status 
and education, years of farming experience, household size, access to institutions, 
and visits by an extension officer. 

The major adaptation strategies of the agricultural households include crop 
diversification, applying fertilizer, constructing farm ponds, mixed crop farming, 
crop rotation, planting trees, and selling off livestock. The major determinants of 
adaptation strategy are found to be educational status of the household head, 
farming experience, external support, training, land size, agricultural income, 
access to agricultural institutions, farmland distance, access to crop insurance, 
social capital, and storage. A vulnerability index measuring adaptive capacity 
shows that most of the households are moderately vulnerable to climate change.  

Based on the above analysis, policy addressing the issues facing rural households 
needs to be improved to include providing information on climate change, 
agricultural training, and an efficient weather forecasting system, so that farmers 
can adapt. Households should receive specific training on the management of 
climatic stress. Financial support in terms of cheap and easy access to credit 
should be facilitated, and farmers should receive information about smart 
agricultural practices. Farmers should be made aware of the benefit of crop 
insurance schemes such as the Fasal Bima Yojana or Kisan Credit Card. 
Community-based organisations that include women, and agricultural extension 
services should function to extend support to farmers during climatic stress. 

The current study has attempted to understand the micro-level perception, 
vulnerability, and adaptation strategies of agricultural households. A limitation 
of the study is that it only considers the arid and semi-arid belts; future research 
could consider the vulnerabilities, perception, adaptation, and barriers to 
adaptation in other agroecosystems. The study’s vulnerability index only 
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measures adaptive capacity: future studies might compute vulnerability based on 
all its respective components; i.e., exposure, sensitivity, and adaptive capacity. 
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