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ABSTRACT
Developing countries such as India, with their relatively higher dependence on agriculture for livelihoods, are more likely to suffer from such an impending climate change. The study was conducted to asses the livelihood vulnerability of farmers in Jaipur and Udaipur district of Rajasthan and to find the drivers components which leads to increase their vulnerability. Multistage sampling were used to select 240 respondents randomly from Jaipur and Udaipur districts in Rajasthan. The Livelihood Vulnerability Index includes seven major components: Socio-Demographic Profile (SDP), Livelihood Strategies (LS), Social Networks (SN), Health (H), Food (F), Water (A), and Natural Disasters and Climate Variability. Each is comprised of several indicators or sub-components. Descriptive statistics were applied to compute both the Livelihood Vulnerability Index (LVI) and the LVI based on the Intergovernmental Panel on Climate Change (IPCC) framework. The livelihood vulnerability analysis showed that both Jaipur and Udaipur households were moderately to highly vulnerable, with exposure to climate variability, limited adaptive capacity, and sensitivity in key components such as food security, water access, and health services. Limited adaptive capacity, particularly due to low education levels and dependency on agriculture, compounds the risk. This imbalance between high exposure and limited resilience mechanisms demands targeted policy interventions that prioritize water management, food security, livelihood diversification, and improved social and institutional support.
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1. INTRODUCTION
Agriculture in developing countries requires substantial transformation to address the intertwined challenges of food insecurity and climate change (FAO, 2010). Climate change is widely recognized as the most pressing developmental challenge of the 21st century, posing significant risks to human society, natural resources, and key sectors such as forestry, agriculture, and the environment (Saleem et al., 2024). It refers to long-term alterations in temperature and weather patterns, which can occur naturally due to solar activity or volcanic eruptions. However, since the 1800s, human activities particularly the burning of fossil fuels such as coal, oil, and gases have been the major drivers of climate change. These activities release greenhouse gases that form a heat-trapping layer around the Earth, leading to rising global temperatures. Major contributors to these emissions include energy, industry, transport, construction, agriculture, and land use (United Nation, n.d.). Rajasthan is one of the most vulnerable states to climate change in India (Rama Rao et al., 2019). Rajasthan has experienced a significant increase in temperature over the past few decades. In the Western Rajasthan during last 40 years (1971-2010) the annual mean temperature has shown significant change and it has risen by 2.4 0C for the month of June and 1.4 0C increase for the month of January (Kaushik, 2019). Vulnerability, as defined by IPCC (2001), is shaped by exposure to external stresses, the sensitivity of systems to those stresses, and their adaptive capacity to respond, adjust, and recover.
In India, agriculture has historically served as the backbone of the economy and remains vital for livelihoods (Dadheech and Kaur, 2025). Given its biological nature, agricultural production is highly sensitive to climate, making projected climatic shifts a critical concern for the sustainability of both food systems and rural livelihoods (Alawode, 2025). Climate change increase existing issues such as land degradation, rising input costs, market volatility, and declining productivity responses, thereby intensifying threats to agricultural sustainability (Bakhsh, 2022; Kakumanu and Srider, 2025; Gupta, 2019). Developing nations like India, with a high reliance on agriculture for employment and income, are particularly vulnerable. Climate change not only reduces crop productivity but also increases farm income instability, production risks, and livelihood insecurity (Adom, 2024). The Intergovernmental Panel on Climate Change identifies South Asia, including India, as a climate hotspot, projecting significant reductions in food crop yields such as rice and wheat. Seasonal variations in rainfall patterns affect irrigation water availability, while rising temperatures and heat stress adversely influence livestock productivity, compounding livelihood risks (Kumar et al., 2014). Indian farmers’ dependence on monsoon rains, combined with limited adaptive capacity and weak infrastructure, leaves them highly exposed to climatic shocks such as erratic rainfall, droughts, floods, and rising temperatures (Nagendiran and Sathya, 2024; Birthal et al., 2014). Empirical applications of the Livelihood Vulnerability Index (LVI) further reveal that smallholders, tenant farmers, and tribal communities are especially at risk due to fragmented landholdings, limited access to formal credit and insurance, high dependence on climate-sensitive income sources, and poor irrigation facilities (Jatav et al., 2024; Sundaran et al., 2024). Thus, climate change impacts extend beyond crop yields, threatening the broader livelihood security of rural households. Their is lack of detailed studies on the livelihood vulnerability of farm households in Jaipur and Udaipur district of Rajasthan. Although livelihood vulnerability assessments have been conducted in other regions, limited work has been done to estimate the exposure, sensitivity, and adaptive capacities of farm households of selected district. This is crucial in a state where agriculture remains heavily rain dependent and susceptible to climate stressors. This study, therefore, seeks to assess the vulnerability of farm households to climate-induced risks.
2. METHODOLOGY
2.1: Description of the study area 
Rajasthan, the largest state in India in terms of area, is characterized by its arid climate, gaint desert landscape, and frequent extreme weather events. The state’s economy is predominantly supported by agriculture and industry, with tourism also contributing significantly. As per the 2011 census, Rajasthan accounted for 11.47 per cent of the country’s total cultivator population. Agriculture serves as the foundation of the state economy, with nearly two-thirds of the population (around 65 per cent) depending on farming and allied sectors for their livelihood (Swain et al., 2012). Rajasthan has also been identified as one of the states most vulnerable to the impacts of climate change in India (Rama Rao et al., 2019). Jaipur district, situated in the semi-arid eastern plain zone (Agro-climatic zone 3-A), covers an area of 11,061.44 sq. km, lying between latitudes 26°25’ and 27°51’ North and longitudes 74°55’ and 76°15’ East, forming part of the east-central Rajasthan. The district receives an average annual rainfall of 565 mm, with a normal annual rainfall of 527 mm, and experiences hot summers and relatively mild winters. Udaipur district extends between 23°46’ and 25°05’ North latitude and 73°09’ to 74°35’ East longitude, covering 13,419 sq. km. The area is marked by an undulating terrain, with the Aravalli ranges stretching in a northeast–southwest direction across its western part. Falling under the Sub-Humid South Plain and Aravalli Hill Zone, the district is characterized by moderate rainfall and significant temperature variation, ranging from 0°C–25°C in winters to 26°C–50°C in summers. The average annual rainfall is about 637 mm, while the normal rainfall is recorded at 633.5 mm, with the southern region of the district receiving comparatively higher rainfall.Show the study area map
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Fig1: Map of study area selection
2.2: Sampling technology
For the selection of farmers multistage sampling were used. Multistage sampling is particularly useful for studying large and widely scattered populations. It provides flexibility in selecting different sampling techniques at various stages, reduces both time and cost, and often produces more reliable results than simpler methods when the population is complex. Jaipur and Udaipur districts were selected purposively on the basis of highest rural population. From selected district two tehsils from each district were selected randomly. Mauzamabad and Phulera tehsils were chosen from Jaipur district, while Salumber and Sarada tehsils were selected from Udaipur district. Two villages were selected randomly from each of the tehsils identified in the previous stage. From Mauzamabad tehsil of Jaipur district, the villages Ugariyawas and Gurha Bairsal were selected, whereas from Phulera tehsil, Kanwarasa and Jorpura villages were chosen through random sampling. Similarly, in Udaipur district, the villages Seriya and Bujhara were randomly selected from Salumber tehsil, while Bheempur and Shyampuria were selected from Sarada tehsil. In the final stage of sampling, a sample of 30 farmers was randomly selected from each of the eight selected villages. Thus making a total sample size of 240 for the purpose of the study.
2.3: Analytical tool
The Livelihood Vulnerability Index (LVI) was constructed using seven key components: Socio-Demographic Profile (SDP), Livelihood Strategies (LS), Social Networks (SN), Health (H), Food (F), Water (A), and Natural Disasters and Climate Variability. Each of these components consists of multiple indicators or sub-components, identified through an extensive review of relevant literature. In the calculation of the LVI, all major components were assigned equal weight. To ensure comparability and integration within the index, the maximum and minimum values of the indicators were standardized, with the standardization process applied as follows (Hahn et al., 2009):


Where, Sd = Original sub component for farm household of dth district
Smin= minimum value for each sub component determined using data from all the selected farm household
Smax= maximum value for each sub component determined using data from all the farm household. 
Higher indicator values reflected greater levels of exposure and sensitivity. The values of indicator will reversed after normalization for adaptive capacity to maintain the consistency with other components. Once all indicators were standardized, each major component was calculated as the average of its corresponding indicators (Hahn et al., 2009).

where
Md=components (SDP, LS, SN, F, W, H, NDCV) for district d, 
IndexSdi = indicator, indexed by i which compositely make up each major components 
 n = the number of indicators in each major component.
The weight wj will be determined by

Where c is a normalizing constant such that

Since most of the sub-components in the above categories take values between “0” and “1,” an equal-weighted average was applied for analysis. After deriving the major components for each district, they were combined using Eq. 2 to estimate the district-level LVI (Hahn et al., 2009).

Where 
LVId denotes the livelihood vulnerability index for district d, 
WMi determined by the number of subcomponents that make up each major component, contribute equally to the overall LVI
Mbi denotes sub-components (SDP, LS, SN, F, W, H, NDCV)  for district d.
Table 1. Components used to construct livelihood vulnerability index
	Sub components
	Indicators

	Social demographic profile
	· Dependency ratio
· Female-Headed Households
· Head of Household with No Formal Schooling

	Livelihood strategies
	· Any household Members Working Outside the Village
· Main Income from Agriculture or Natural Resources
·  Loan taken by household in past one year

	Health
	· Average time to health facility (minutes)
· Chronic Illness in Family

	Social network
	· Help Received to Help Given Ratio
· Money Borrowed to Lent Ratio

	Food
	· Dependence on Own Farm for Food
· Average crop diversity index
· Lack of seed Savings

	Water
	· Inconsistent water supply
· Use of Natural Water Sources such as hand pump, tubewell, well
· Drinking Water treatment

	Natural disasters and climate variability
	· Drought experience by household
· Percentage of households reported increase in temperature
· Percentage of household reported uneven rainfall


2.3.1: Livelihood vulnerability index-Intergovernmental Panel on Climate Change framework approach
According to the IPCC, livelihood vulnerability is determined by the interaction of exposure, sensitivity, and adaptive capacity, though the framework does not explicitly outline the relationship among them (Shah et al., 2013). The LVI-IPCC method relies on household-level primary data to assess its subcomponents. In this framework, exposure (e.g., natural disasters and climate variability), adaptive capacity (including socio-demographic profile, livelihood strategies and social networks,), and sensitivity (covering health, food, and water) are the major components that shape overall vulnerability.
Table 2: Components of livelihood vulnerability index according to IPCC
	IPCC contributing factors to vulnerability
	sub components

	Exposure
	Natural disasters and climate variability

	Adaptive capacity
	Socio-demographic profile
livelihood strategies 
Social network

	Sensitivity
	Health
Food
Water



Where,
CFd = An IPCC-defined contributing factor (exposure, sensitivity or adaptive capacity) for the district d,
Mdi = The major components for the district d, indexed by i, 
Wmi  = The weightage of each major component, 
 n =  The number of major components in each contributing factor.
Once exposure, sensitivity and adaptive capacity were calculated, the three contributing factors were combined.

Where,
LVI-IPCCd is the LVI for the district d using the IPCC vulnerability framework,
ed =  The calculated exposure score for the district d (equivalent to the natural disaster),
ad =  	The calculated adaptive capacity score for the district d (weightage average of socio-demographic, livelihood strategies, social networks, as major components),
sd =  The calculated sensitivity score for the district d (weightage average of health, food and water major components).
The LVI-IPCC is scaled from −1 (least vulnerable) to 1 (most vulnerable).
3. RESULTS AND DISCUSSION
Insert title: 3.1: Livelihood vulnerability index of farmers in Jaipur and Udaipur district
The Livelihood Vulnerability Index (LVI) is a framework designed to evaluate how vulnerable communities are to various hazards and risks that may affect the stability and sustainability of their livelihoods. Finding from the Jaipur and Udaipur district related different components of livelihood vulnerability index represents in the table 3, which showed that the highest vulnerability index value for sub-components in Jaipur district was found under the Livelihood Strategies (0.617), suggesting that most of the respondents depends on agriculture for their income, had higher loan dependency and one of the family members work outside the village for income. This was closely followed by Natural Disasters and Climate Variability (0.569) and Water (0.567) index value, higher value of both sub components were due to increased temperature, uneven rainfall, higher water inconsistency, use of natural water sources for drinking and most of respondents do not treat drinking water. The index value for Food component was found 0.477, showed higher dependency of respondents on own grown food crop. The Health index value (0.332) was found lower, indicating better health conditions and access to facilities among the respondents in Jaipur district. Health (0.359) and social demographic profile (0.291) sub components reflect lower vulnerability, due to better proximity to health facilities and comparatively lower illiteracy among household heads. The Social Network index value was found to be 0.353 which was higher than Udaipur. The Livelihood Vulnerability Index for Jaipur district was found to be 0.466 which was slightly lower than Udaipur. This suggests that relatively better livelihood stability compared to Udaipur.
Table 3 represents the sub component-wise Livelihood Vulnerability Index (LVI) values of respondents in Udaipur district. Among all the components, the Water component had the highest index value of 0.633, indicating significant reliance on natural water sources in the district. The finding was supported by study of Shamshad and Chaplot (2018) on water condition on Udaipur.This was followed by the Food sub components (0.613), suggesting challenges with food security like low crop diversity or seed storage. The index value for Natural Disasters and Climate Variability sub component was found 0.575 because of erratic rainfall and increases in temperature. The fourth highest sub component was Livelihood Strategies which index value was found to be 0.575, highlighting limited diversification in livelihood options and dependency on agriculture and allied sources of income. Health sub components showed moderate vulnerability with index values of 0.441. In contrast, the lowest index was observed for the Social Network component (0.304), implying better mutual support and community connectivity. The Livelihood Vulnerability Index for Udaipur district was calculated to be 0.499.
The overall values in Table 3 reveal that across both districts, livelihood strategies (0.596), water (0.600), and natural disasters and climate variability (0.572) emerged as the most critical drivers of vulnerability. These high index values showed that dependency of households on agriculture, unreliable water resources, and exposure to climatic extremes. Index value for food (0.575) also contributed significantly, reflecting challenges of crop diversity and storage practices. Comparatively, socio-demographic profile (0.323), social networks (0.329), and health (0.400) reflected lower vulnerability, suggesting better community support, demographic resilience, and moderate access to healthcare.
Table 3: Livelihood vulnerability index of respondents in Jaipur and Udaipur districts
	S.No.
	Components
	Jaipur
	Udaipur
	Overall

	1
	Social demographic profile
	0.291
	0.355
	0.323

	2
	Livelihood strategies
	0.617
	0.575
	0.596

	3
	Health
	0.332
	0.441
	0.400

	4
	Social network
	0.353
	0.304
	0.329

	5
	Food
	0.536
	0.613
	0.575

	6
	Water
	0.567
	0.633
	0.600

	7
	Natural disasters and climate variability
	0.569
	0.575
	0.572

	 Livelihood Vulnerability Index
	0.466
	0.499
	0.483



3.2:  IPCC-Defined Livelihood Vulnerability Index for respondents in Jaipur and Udaipur district of Rajasthan
Table 4 shows that the highest index value was observed under Exposure (0.569), indicating that households in Jaipur are significantly exposed to climate-related hazards and extreme weather events, particularly in the context of water stress and climate variability as reflected in the corresponding sub-components of table 4. These findings align with the study of Tatawat and Chandel, 2007; Saxena and Chandela, 2024. The Sensitivity index was found 0.487, suggesting a moderate degree of risk to exposure due to better household health conditions, facilities and food security. These results find support in the work of Jatav et al., 2022. The Adaptive Capacity index value was calculated at 0.580, which points to a moderate potential of households to adapt to climate-induced risks. This capacity is supported by relatively lower vulnerability in socio-demographic characteristics (0.291) and social networking (0.353). The IPCC Livelihood Vulnerability Index value was found –0.005, indicating moderate vulnerability under the IPCC approach and adaptive capacity offset the impact of exposure to climate change.
Table 4 : IPCC define livelihood vulnerability index for respondents in Jaipur and Udaipur district of Rajasthan
	S.No.
	Major Components
	Jaipur
	Udaipur
	Overall

	1
	Adaptive capacity
	0.580
	0.543
	0.562

	2
	Sensitivity
	0.487
	0.516
	0.502

	3
	Exposure
	0.569
	0.575
	0.572

	IPCC-Livelihood Vulnerability Index
	-0.005
	0.017
	0.006


The results indicated that adaptive capacity was relatively moderate, suggesting limited ability of communities to cope with and adjust to climate-related shocks. Sensitivity was found moderate, indicates livelihoods remain significantly dependent on climate sensitive resources, while exposure is high, pointing to frequent and intense climate risks. The low Livelihood Vulnerability Index value reflected that livelihood vulnerability was not extreme.
In the Udaipur district, the LVI-IPCC was derived using the same components. From table 5., the highest index was found for Exposure (0.575), which was slightly higher than Jaipur, indicating that Udaipur households are more directly affected by climate variability and natural disasters. The Sensitivity index in Udaipur was also found to be higher at 0.516, implying greater reliance on vulnerable sectors like agriculture, a higher percentage of families with chronic illness and more time require to reach health facilities. This is supported by the higher component values of Health (0.441) and Food (0.613) from table 5 These findings align with the study of Mahapatra et al., 2021; Jatav et al., 2022. The Adaptive Capacity index in Udaipur (0.543) was slightly lower than Jaipur (0.580), revealing marginal limitations in social demographic conditions, institutional support, and livelihood diversity. This is evidenced by higher values in livelihood strategies (0.575). This finding was in line with the findings of Reddy and Reddy, 2015. The IPCC Livelihood Vulnerability Index value for Udaipur was found to be 0.017, which is higher than that of Jaipur, placing Udaipur in a more vulnerable category under the IPCC-defined structure.  The overall indices indicate that exposure (0.572) is the highest contributor to vulnerability, followed by sensitivity (0.502). The overall IPCC-LVI value (0.006) highlights moderate vulnerability across both districts, with exposure to climate variability and water stress being major challenges These results emphasized that while households had moderate resilience in health and demographic aspects, their high exposure and limited adaptive capacity render them vulnerable to climate induced risks. 
The findings revealed that adaptive capacity was considerably low, limiting the ability of communities to withstand and recover from climate induced stresses. Sensitivity and exposure were both high, indicating that livelihoods were heavily dependent on climate sensitive resources and were frequently subject to adverse climatic events. The relatively higher Livelihood Vulnerability Index value reflects a significant overall vulnerability, driven mainly by the gap between high exposure and low adaptive capacity. This scenario calls for urgent, targeted interventions to enhance resilience, diversify income sources, and reduce risk factors. The livelihood vulnerability analysis showed that both Jaipur and Udaipur households were less to moderately vulnerable, with exposure to climate variability, limited adaptive capacity, and sensitivity in key components such as food security, water access, and health services. Limited adaptive capacity, particularly due to low education levels, working outside the village and dependency on agriculture, compounds the risk.
4. CONCLUSION
In Jaipur, livelihood vulnerability was primarily driven by reliance on agriculture, loan dependency, and water stress, although relatively better access to education and healthcare provides some resilience. In contrast, Udaipur faced greater livelihood challenges due to higher dependence on natural water sources, weaker food security, and limited livelihood diversification.In Udaipur, water component vulnerability was found to be higher. A majority of farm households use untreated water and depend on natural sources such as wells and handpumps. The depletion of the groundwater table and increasing water pollution have raised health risks for households using untreated water, which in turn increases their overall health vulnerability. Access to healthcare is also limited, as households often need more time to reach hospitals due to their distance from residential areas. Most farmers rely mainly on their own farm produce for consumption, which further heightens their vulnerability in adverse situations caused by climate change. In Jaipur, inconsistent water supply, polluted water and declining groundwater levels are major concerns. Many households often depend on water tank supply for drinking purposes, which makes them vulnerable to water shortages. However, being close to Jaipur city provides households better access to employment opportunities compared to Udaipur. Despite this, livelihood vulnerability remains high due to the heavy dependence on loans for agricultural operations. On the positive side, healthcare facilities in Jaipur are relatively better because of the state government’s efforts. The district’s rapid development and higher adaptive capacity make it less vulnerable compared to Udaipur, where a large share of households are tribal and uneducated. In this context, policymakers should focus on strengthening healthcare services in tribal areas and promoting awareness among households about the need to treat water before use. New employment opportunities should be developed for households that depend solely on farming. In Jaipur, reducing dependence on agricultural credit through the promotion of cooperatives and Farmer Producer Organizations (FPOs) can help increase farmers’ income and bargaining power, ensuring better use of their proximity to developed markets. Policies should focus on ensuring the efficient use of groundwater by promoting its recharge during the rainy season and encouraging the recycling of wastewater. At the same time, efforts are needed to develop a sustainable water management system that balances agricultural needs with long term conservation. Such measures will help reduce the over extraction of groundwater, improve water availability, enhancing the adaptive capacity of rural households and support climate resilient farming practices. 
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