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Measuring Farmers’ Livelihood Resilience under Climate Stress: Evidence from Semi-Arid Rajasthan


ABSTRACT
Climate variability and recurring droughts pose persistent challenges to agricultural livelihoods in India's semi-arid regions, requiring comprehensive assessment of household resilience. This study develops and executes a Farmers’ Livelihood Resilience Index (FLRI) to evaluate livelihood resilience among agricultural households in the Jaipur and Ajmer districts of Rajasthan through which primary data were collected from 150 farm households using a multistage random sampling framework. The FLRI incorporates five dimensions: food resilience, income resilience, asset resilience, institutional and natural resource buffers, and adaptive livelihood strategies. The findings reveal that the overall livelihood resilience in semi-arid Rajasthan was moderate (FLRI = 0.563), with pronounced inter-district heterogeneity. Ajmer demonstrated significantly improved resilience (0.658) compared to Jaipur (0.513) largely due to enhanced asset protection and a more vigorous adoption of adaptive livelihood strategies. Food and income resilience continue to be fundamentally weak in both districts, despite extensive access to public food assistance, finance, and irrigation, signifying ongoing consumption and income instability. The significant prevalence of livestock loss constitutes a major limitation jeopardizing long-term resilience. Livelihood strategies were the primary determinant of resilience, emphasizing the importance of household-level adaptation decisions over the access to basic resources. The findings highlight that livelihood resilience in semi-arid regions was determined by strategy driven yet limited by assets. Policy implications indicate a necessity to transition from access-focused interventions to fortifying asset protection, stabilizing agricultural incomes and augmenting adaptive capacity via targeted extension services, climate-responsive insurance, and investments in water management and integrated crop-livestock systems to ensure enduring livelihood security.
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1. INTRODUCTION 
Agriculture in India's semi-arid regions was increasingly influenced by climate instability, persistent droughts and escalating temperature extremes thereby jeopardizing the stability of agricultural livelihoods. Approximately 55-60 percent of India's net land under cultivation was reliant on rainfall, sustaining a 61 percent total farmer population in India specifically significant proportion of small and marginal farmers who are particularly vulnerable to climatic and market fluctuations (NRAA, 2022). Rajasthan, the largest state by area illustrates these issues characterized by precipitation fluctuations, groundwater depletion and a significant reliance on mixed crop-livestock systems for rural subsistence. Although vulnerability assessments have been predominant in climate-agriculture research, recent studies have increasingly highlighted livelihood resilience as a more dynamic and policy-relevant concept, reflecting households' capacity to withstand shocks, adapt to changing circumstances and maintain livelihood outcomes over time (Barrett & Constas, 2014; Béné et al., 2016). In semi-arid India resilience was influenced by income and food security, asset protection, access to institutional and natural resource buffers, and the implementation of adaptive livelihood strategies, including crop diversification, livestock diversification, drought-resistant varieties, insurance, and water conservation practices (Birthal et al., 2019; Ramilan et al., 2022; Mannepalli et al., 2025b).
Empirical research indicated that households encountering comparable climate hazards frequently have very divergent livelihood outcomes highlighting the critical role of household-level choices and skills in influencing resilience (Carter & Barrett, 2006). Research in Rajastan indicated that livestock assets serve a vital buffering function, but crop-based adaptations predominantly characterize farmers' reactions to climatic stress (Birthal et al., 2014; Deshingkar & Akter, 2009). Recent international research further substantiate the multifaceted and context-dependent characteristics of farmers' livelihood resilience. A comprehensive examination by Tohidimoghadam et al. (2023) emphasizes that livelihood resilience was influenced by the interplay of assets, institutions and adaptive behavior rather than by a single element. Ayeb-Karlsson et al. (2016) from a people-centered perspective in Bangladesh illustrated that livelihood resilience was intricately associated with social, economic and environmental contexts, highlighting the necessity for household-level analytical frameworks similar to the FLRI utilized in this study. Nevertheless, comprehensive, household-level assessment of livelihood resilience that incorporates these multiple components remains limited. In this context, the current work formulates and implements a Farmers’ Livelihood Resilience Index (FLRI) for the semi-arid region of Rajasthan, specifically targeting the semi-arid districts. The study provides a comprehensive assessment of resilience by incorporating food and income security, asset resilience, institutional and natural resource buffers and adaptive livelihood strategies, while also pinpointing the key factors that contribute to inter-district variability. The results aim to inform climate-resilient agricultural policy by clarifying strategies to transform limited resilience into sustainable livelihood security in semi-arid regions.
2. METHODOLOGY
The research was conducted in the semi-arid region of Rajasthan, India specifically in the Jaipur and Ajmer districts recognized for considerable rainfall variability, recurrent droughts and integrated crop-livestock agricultural systems. The districts were intentionally chosen based on their historical vulnerability to climatic stress and their reliance on agriculture and livestock for rural sustenance (Rao et al., 2013; Dasgupta et al., 2024). A multistage sampling methodology was utilized. The initial phase was the selection of two districts according to their drought sensitivity profiles. In the second phase, two administrative blocks were chosen from each district to assess intra-district heterogeneity. Five villages were selected from each block in the third step. Using proportionate allocation, 150 farm households were chosen at random to make sure that small, marginal, and medium farmers that employ mixed farming systems were all represented. Primary data were obtained via structured household interviews.
The Farmers’ Livelihood Resilience Index (FLRI) was developed to assess household-level livelihood resilience through a multidimensional framework. In accordance with the literature on livelihood and resilience, five components were identified: Food Resilience (FR), Income Resilience (IR), Asset Resilience (AR), Institutional and Natural Resource Buffers (I&NRB) and Livelihood Strategies (LS). Each component consisted of a set of variables that represented both the economic and adaptive dimensions of resilience. To make sure that all units and scales were the same, all indicators were standardized using a min-max normalization method. Normalization was conducted for indicators positively correlated with resilience as follows: 
 …………………. (1)
For indicators negatively related to resilience (e.g., livestock loss), the transformation was:
where 
 …………………. (2)
Where  represents the value of the jth indicator for the ith household, and and denote the minimum and maximum observed values of that indicator.
Component-specific indices were determined as the arithmetic mean of the normalized indicators within each component, adhering to the equal-weighting methodology typically employed in resilience evaluations.:
Ci = …………………. (3)
Where Ci is the component score for the ith household and 𝑛 is the number of indicators in that component. The overall FLRI was computed as the unweighted average of the five component indices:
FLRIi =  …………………. (4)
This study employed equal weighting in composite index development to enhance transparency, diminish model dependence and improve policy interpretability despite the widespread application of alternative weighting approaches such as Principal Component Analysis (PCA) and factor analysis. Frameworks like FAO’s RIMA-II utilize empirical factor-analytic methods to derive weights, yet equal weighting was commonly advocated in practical livelihood and resilience evaluations aimed at ensuring comparability across different locations and enhancing clarity for policy implementation rather than identifying latent structures (Nardo et al., 2008). Sensitivity analysis of components demonstrated that relative district rankings were resilient to moderate changes in component weights, hence affirming the methodological soundness of the equal-weighting technique employed in this study.The FLRI values span from 0 to 1, with elevated values signifying enhanced livelihood resilience.
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Table 1. Descriptive Statistics of Variables Used for Constructing the Farmers’ Livelihood Resilience Index (FLRI) (N = 150)
	Variable
	Measurement 
	Mean
	Std. Dev.
	Frequency Distribution (%)

	
	
	
	
	No Change 
	Little Adaptation 
	Moderate Adaptation
	High Adaptation 

	Per capita expenditure (₹/year)
	Continuous
	30,867.45
	27,665.25
	-
	-
	-
	-

	Total household income (₹/year)
	Continuous
	1,636,027.01
	1,156,081.84
	-
	-
	-
	-

	Number of income sources
	Count
	4.35
	1.03
	-
	-
	-
	-

	Livestock owned (number)
	Count
	8.15
	5.75
	-
	-
	-
	-

	Food from Government / NGO
	Binary (0-1)
	-
	-
	28.7
	71.3
	-
	-

	Livestock loss
	Binary (0-1)
	-
	-
	34.7
	65.3
	-
	-

	Access to credit
	Binary (0-1)
	-
	-
	1.3
	98.7
	-
	-

	Access to irrigation
	Binary (0-1)
	-
	-
	1.3
	98.7
	-
	-

	Hybrid & drought-resistant varieties
	Ordinal (0-3)
	2.46
	0.73
	2.0
	8.0
	32.0
	58.0

	Crop diversification & rotation
	Ordinal (0-3)
	2.17
	0.73
	1.33
	15.33
	48.0
	35.33

	Livestock diversification
	Ordinal (0-3)
	1.45
	0.92
	14.67
	40.0
	30.67
	14.67

	Crop & livestock insurance
	Ordinal (0-3)
	2.27
	0.85
	6.0
	8.0
	38.67
	47.33

	Temporary / permanent migration
	Ordinal (0-3)
	0.21
	0.63
	88.0
	4.67
	5.33
	2.0

	Rainwater harvesting
	Ordinal (0-3)
	1.65
	1.36
	35.33
	9.33
	10.67
	44.67

	Growing commercial crops
	Ordinal (0-3)
	2.19
	0.78
	2.67
	14.67
	44.0
	38.67

	Growing fast-maturing crops
	Ordinal (0-3)
	2.32
	0.65
	0.67
	8.0
	50.0
	41.33

	Adjusting sowing dates
	Ordinal (0-3)
	1.79
	0.96
	6.0
	40.0
	22.67
	31.33

	Note: For Binary variables (0-1): 0 = No, 1 = Yes; For Ordinal livelihood strategies (0-3):  0 = No change, 1 = Low adaptation, 2 = Moderate adaptation, 3 = High adaptation
.






3. RESULTS
The descriptive statistics offer a comprehensive empirical overview of the living conditions, asset portfolio, institutional accessibility and adaptive behaviours of agricultural households in the semi-arid regions of Jaipur and Ajmer in Rajasthan. These variables delineate the socio-economic and ecological framework within which the Farmers’ Livelihood Resilience Index (FLRI) was formulated and analyzed as shown in the Table 1. The quantitative livelihood indicators demonstrated significant variability among households, indicating disparate paths to growth in semi-arid agricultural systems. The average annual expenditure per capita of agricultural households is ₹30,867 with a substantial standard deviation of ₹27,665. This broad distribution signifies severe inequality in consumption ability with a substantial number of households functioning around subsistence levels, while a smaller fraction experiences comparatively elevated standard of living. Such discrepancies were typical of semi-arid settings where access to irrigation, landholding size and diversification potential differ significantly among households. Total household income demonstrates increased variability. The mean annual household income was ₹1.64 million with a standard deviation surpassing ₹1.15 million highlighting the significant disparity in income-generating options. The finding illustrates the cumulative impact of climatic unpredictability, market fluctuations and unequal access to productive resources, all of which lead to income instability in semi-arid agriculture. The extent of economic inequality underscores the inadequate ability of numerous households to stabilize consumption without substantial reserves. Livelihood diversification had become a prevalent practice with households indicating an average of 4.35 sources of income. This signifies that the majority of agricultural households do not depend exclusively on crop cultivation but integrate farming with livestock husbandry, wage labour and more ancillary pursuits. This diversification serves as an essential risk-management strategy in semi-arid environments allowing households to distribute risk among occupations with varying susceptibility to climate and market disturbances. The moderate standard deviation (1.03) indicated that the degree of diversification varies with certain households staying reliant on a limited range of income sources. Livestock ownership remains pivotal to household livelihoods. Households possess an average of 8.15 livestock units underscoring the significance of animals as productive assets, savings and insurance instruments. Nonetheless, asset susceptibility remains elevated. Sixty-five point three percent of families reported livestock loss signifying extensive exposure to drought-induced fodder shortages, disease outbreaks and heat stress. Merely 34.7 percent of families indicated no loss of animals. The elevated rate of asset depletion directly jeopardizes long-term livelihood resilience by necessitating distress coping mechanisms and diminishing productive capacity.
Binary indicators elucidate the function of institutional and policy support mechanisms. Government and non-government food assistance reaches 71.3 percent of households highlighting the essential function of public distribution systems and safety nets in stabilizing consumption in semi-arid areas. Simultaneously, about one-third of households (28.7 percent) indicate a lack of access to such support, underscoring deficiencies in coverage or exclusion from welfare systems. Access to institutional credit and irrigation facilities were practically ubiquitous in the sample with 98.7 percent of households indicating access to both. This indicated the growth of financial inclusion and irrigation infrastructure in Rajasthan. The significant frequency of credit and irrigation access, coupled with ongoing income and asset vulnerability indicated that access alone does not inherently lead to resilience. Resilience outcomes hinge on the efficacy with which households incorporate these enabling resources into their livelihood plans. The detailed profile of livelihood strategies offers enhanced understanding of household adaptation behaviour. The adoption of hybrid and drought-resistant agricultural cultivars was notably prevalent. Merely 2 percent of households indicate no adoption, whereas 90 percent were classified within the moderate (32 percent) or high (58 percent) adaption categories. This signifies that enhanced seed technologies have emerged as a prevalent and well endorsed solution to climatic stress in the study region. Rapidly developing crops exhibit comparably robust adoption trends. Fewer than 1 percent of families indicate no adoption, whereas over 91 percent demonstrate moderate (50 percent) or high (41.33 percent) adaption. These solutions represent intentional efforts to mitigate exposure to extended dry periods and unpredictable rainfall which were becoming more prevalent in semi-arid Rajasthan. Crop diversity and rotation was extensively implemented. Approximately 48 percent of families indicate moderate adaptability and 35.33 percent demonstrate strong adaptation. This indicated that a significant proportion of farmers proactively modify cropping patterns to mitigate risk across crops with varying weather sensitivities and market attributes. The cultivation of commercial crops exhibits a similar trend with 82.67 percent of households showing moderate to high adoption reflecting endeavours to augment economic stability through market-driven output notwithstanding the inherent hazards. Conversely, livestock diversification demonstrated a more irregular distribution. Though 45.34 percent of households indicate that they undergone moderate to high adjustments a large number were still in the low (40 percent) or no-adaptation (14.67 percent) groups. This pattern showed that many households especially smallholders were unable to diversify their livestock species because of limits on feed availability, labour demands, and capital investment. The use of crop and livestock insurance was relatively high. About 86% of families say they have moderate (38.67%) or high (47.33%) adoption which shows that they were familiar more about and use formal risk-transfer mechanisms more extensively. Insurance alone does not avert income or asset loss; it primarily aids in recovery after a shock. Rainwater harvesting had moderate adoption intensity with 44.67 percent of households indicating high adaptation and 10.67 percent indicating moderate adaptation. Simultaneously, over one-third of households (35.33 percent) indicate no adoption, reflecting enduring physical, financial or institutional obstacles to the implementation of water conservation measures. Modifications in planting schedules were often implemented at low to moderate intensities. Although 31.33 percent of households indicate strong adaptation, 40 percent fall into the low adaptation category implying that access to climate information and advisory services was inconsistent. Conversely, temporary or permanent migration arises as a peripheral adaptation strategy. A predominant 88 percent of households indicate no migration-related adaptation while merely 7.33 percent report moderate to high levels of migration. This suggests that households in semi-arid Rajasthan predominantly favour in-situ agricultural adaptation rather than pursuing livelihood escape measures. The descriptive statistics illustrate a livelihood system defined by modest economic capability, extensive institutional access and robust participation in agricultural adaptation measures yet characterized by ongoing asset fragility and inconsistent adaptation intensity.
Table 2. Farmers Livelihood Resilience Index for the Semi-arid regions of the Rajasthan
	 
	FR
	IR
	AR
	I&NRB
	LS
	FLRI

	Jaipur
	0.053
	0.036
	0.036
	0.114
	0.274
	0.513

	Ajmer
	0.048
	0.035
	0.070
	0.139
	0.366
	0.658

	Rajasthan
	0.051
	0.036
	0.048
	0.123
	0.306
	0.563


The FLRI was constructed by aggregating five core components Food Resilience (FR), Income Resilience (IR), Asset Resilience (AR), Institutional and Natural Resource Buffers (I&NRB) and Livelihood Strategies (LS) using an equal-weighting approach. The index values range between 0 and 1 with higher values indicating stronger household livelihood resilience. To show how the scores for each component and the overall FLRI score for Jaipur, Ajmer districts and the pooled Rajasthan sample varied by location and how much each resilience dimension contributed were shown in Table 2 and Figure 1. Rajasthan's overall FLRI score is 0.563 which means that the sampled farm households had a moderate level of livelihood resilience. This reflects a transitional resilience regime which indicates that households were not always vulnerable or fully resilient. Instead resilience outcomes emerge from a balance between modest food and income security, uneven asset protection, relatively strong institutional access, and increasingly prominent livelihood adaptation strategies. There was a clear difference between the districts. Ajmer district had a much higher FLRI score of 0.658 compared to 0.513 in Jaipur district. This means that Ajmer's livelihoods were much more resilient. This difference of almost 0.15 points on a scale from 0 to 1 shows that resilience outcomes can be substantially distinct in space even within the same agro-climatic region. The breakdown of FLRI into its components gives us important information about where this difference comes from.
Food resilience contributes modestly to the overall FLRI in both districts. Jaipur records an FR score of 0.053, while Ajmer records a slightly lower score of 0.048 with the pooled Rajasthan value standing at 0.051. These low values indicated that food security outcomes remain constrained across the study area despite the widespread availability of public food support. The relatively small contribution of food resilience reflects the fact that although 71.3 percent of households receive food support, per capita expenditure levels remain modest and highly unequal. This suggests that food security in semi-arid Rajasthan continues to depend heavily on external support mechanisms rather than on internally generated livelihood stability. The marginal difference between Jaipur and Ajmer implies that food resilience alone does not drive the observed inter-district variation in overall FLRI. Income resilience emerges as another weak component of overall livelihood resilience. Jaipur and Ajmer record very similar IR scores of 0.036 and 0.035 respectively, while the Rajasthan average remains at 0.036. These uniformly low values highlight persistent income instability across districts driven by high variability in total household income and continued dependence on climate-sensitive agricultural activities. Despite households reporting an average of more than four income sources the magnitude of income dispersion indicated that diversification had not fully translated into stable income flows. The negligible difference in IR scores between districts suggests that income resilience was shaped by structural constraints common to both regions such as rainfall uncertainty and market volatility rather than by district-specific factors. Asset resilience shows much sharper spatial differentiation and plays a critical role in explaining inter-district differences in overall FLRI. Jaipur had a low AR score of 0.036 while Ajmer had a much higher score of 0.070 which was almost twice as high as Jaipur. The pooled score for Rajasthan was 0.048, which conceals this disparity. This difference shows that some households were better at protecting valuable assets especially livestock. In both districts, many households own livestock but the sample shows that livestock loss is very common. But Ajmer households seem to be better at dealing with or recovering from losing assets which makes their assets more resilient. In semi-arid systems, livestock was a key part of the economy providing food, shelter and income. This difference makes Ajmer's overall resilience even stronger. The results show that protecting assets, not just owning them was a key factor in livelihood resilience. Institutional and natural resource buffers had a bigger effect on FLRI than food and income resilience but a smaller effect than livelihood strategies. Jaipur's I&NRB score was 0.114, while Ajmer's was higher at 0.139. The average for Rajasthan was 0.123. These values reflect the near-universal access to credit and irrigation reported by households in both districts. However the modest magnitude of these scores relative to livelihood strategies indicated that institutional access functions primarily as an enabling condition rather than a direct driver of resilience. The higher I&NRB score in Ajmer suggests more effective utilisation of credit and irrigation in supporting productive activities and buffering climatic stress. In Jaipur despite similar access levels lower integration of these buffers into adaptive livelihood strategies limits their contribution to overall resilience. This reinforces the argument that institutional and natural resource access alone was insufficient to generate resilience unless actively leveraged through household decision-making.
Livelihood strategies emerge as the dominant component of FLRI across all spatial units and the primary source of inter-district differentiation. Jaipur records an LS score of 0.274 while Ajmer records a markedly higher score of 0.366 with the Rajasthan average at 0.306. These values were substantially higher than those of any other component indicating that adaptation behaviour constitutes the strongest pillar of livelihood resilience in semi-arid Rajasthan. The higher LS score in Ajmer reflects deeper and more consistent adoption of climate-responsive practices including hybrid and drought-resistant varieties, fast-maturing crops, crop diversification, insurance mechanisms and water-conservation measures. The descriptive statistics show that Ajmer households were more likely to fall into the moderate and high adaptation categories across multiple strategies whereas Jaipur households display a greater concentration in low or uneven adoption levels for certain practices particularly asset-intensive or information-dependent strategies. The prevalence of livelihood strategies in the FLRI underscores a pivotal realization: resilience outcomes were progressively influenced by adaptive decisions rather than by fixed assets. Even when food security and income stability were still low households that actively change their cropping patterns, use insurance to manage risk and use technologies that respond to climate change have much higher resilience scores. The combined FLRI results showed that Ajmer's higher livelihood resilience was mostly due to better asset protection and more widespread adoption of livelihood strategies not just better food or income security. Jaipur's lower FLRI shows that its assets were less resilient and its adaptation was less intense even though it had the same level of institutional access. Rajasthan's moderate FLRI score of 0.563 at the state level suggests that the region was slowly becoming more resilient partly due to better institutional coverage and the widespread use of basic adaptation practices. However the persistence of low food and income resilience coupled with high asset vulnerability constrains the attainment of high resilience levels. Overall, the FLRI results demonstrated that livelihood resilience in semi-arid Rajasthan is strategy-driven, asset-sensitive and spatially differentiated. Districts that combine enabling institutional environments with proactive and diversified livelihood strategies achieve significantly higher resilience outcomes. These findings underscore the importance of shifting policy focus from access-oriented interventions toward strengthening household adaptive capacity and asset protection mechanisms.

Figure 1. Component-wise structure of the Farmers Livelihood Resilience Index (FLRI) across Semi-arid regions of Rajasthan.
4. DISCUSSIONS
This work enhanced the existing empirical literature on climate resilience by providing a household-level evaluation of livelihood resilience in semi-arid Rajasthan through a multidimensional Farmers’ Livelihood Resilience Index. The approach offers detailed insights into the drivers and limitations of resilience in climate-affected agrarian systems by incorporating food security, income stability, asset protection, institutional and natural resource buffers and adaptive livelihood options. The discourse frames the findings within the comprehensive Indian and semi-arid resilience literature emphasizing their conceptual and policy relevance.
The main finding of the study revealed that the overall livelihood resilience in semi-arid Rajasthan was moderate, exhibiting significant inter-district variability between Jaipur and Ajmer. This aligns with previous studies demonstrating that resilience outcomes in dryland India were significantly heterogeneous and shaped by local combinations of resources, institutions and adaptive behaviors rather than exclusively by agro-climatic factors (Birthal et al., 2014; Béné et al., 2012; Ramilan et al., 2022). The higher FLRI in Ajmer compared to Jaipur shows how important it was to understand how different districts' livelihoods work and how they adapt even in semi-arid areas that were generally very comparable. The small effect of food resilience on the overall FLRI shows that rural households still depend on external support systems to keep their consumption stable. Despite the wide reach of food aid programs and public distribution systems, expenditure per individual was still low and highly unequal. This conclusion aligns with research from rainfed and semi-arid India that illustrates ongoing consumption vulnerability among farming households especially during climate shocks despite the existence of welfare programs (Hoddinott, 2006; Khandker, 2009; Birthal et al., 2014; Mannepalli et al., 2025a). The minimal variation in food resilience among districts indicated that food security results were influenced more by state-level policy structures than by local adaptive capabilities underscoring the importance of social protection as a requisite yet inadequate factor for livelihood resilience. Income resilience was identified as a structurally poor aspect exhibiting consistently low ratings across districts. This illustrated the persistent instability of agricultural revenues in semi-arid regions influenced by unpredictable rainfall, yield variability and susceptibility to market risks. Although households indicated many revenue sources diversification had not resulted in steady income streams for many supporting findings that diversification in dryland regions frequently entails low-return or precarious occupations (Ellis, 1998; Dercon, 2004). The enduring lack of income resilience highlights the inadequacies of informal diversification measures without substantial non-farm employment options and effective markets.
The resilience of assets notably concerning livestcks significantly accounts for inter-district variations in overall resilience. Ajmer's significantly elevated asset resilience score indicated superior safeguarding against livestock loss and more efficient recovery systems. This finding closely corresponds with asset-based resilience theories which underscore the importance of productive assets in mitigating shocks and facilitating recovery (Carter & Barrett, 2006). In semi-arid India livestock function as both income sources and wealth reserves rendering asset loss a pivotal factor in long-term vulnerability (Birthal et al., 2014; Mekuyie & Mekonnen, 2018; Mannepalli et al., 2025b). The elevated rate of livestock loss identified in the study substantiated that asset depletion continues to be a significant mechanism by which climatic stress manifests as enduring vulnerability. The limited impact of institutional and natural resource buffers illustrated the intricate link between accessibility and optimal utilization. The widespread access to finance and irrigation in the research area indicates significant progress in infrastructure and financial accessibility. Still the fact that these buffers had a relatively small effect on overall resilience showed that just having access doesn't guarantee improved outcomes. This finding indicated a growing consensus in Indian literature regarding the effectiveness of institutional support which was dependent on supplementary factors such as information, resource endowments and adaptive capacity (Dercon & Christiaensen, 2011; Birthal et al., 2014). In Jaipur the insufficient integration of institutional resources into livelihood strategies appears to hinder their potential for resilience enhancement, whereas households in Ajmer employ these buffers more effectively through adaptive behaviors. The study's most important finding was that the way households make their livelihoods had a big effect on how resilient they develop. In all spatial units the livelihood strategy component constitute the most significant portion of the FLRI and serves as the principal catalyst for Ajmer’s resilience advantage. This finding strongly supports process-oriented definitions of resilience that prioritize adaptation and transformation rather than fixed attributes (Béné et al., 2016). The extensive implementation of crop-based adaptations including drought-resistant cultivars, rapid-maturing crops and crop diversification demonstrates farmers' proactive reactions to escalating climatic variability. Comparable trends have been recorded in semi-arid areas of India where technical and managerial innovations were becoming increasingly vital for the sustainability of agricultural livelihoods (Asfaw et al., 2016; Mannepalli et al., 2025a).
The inconsistent implementation of specific solutions underscores enduring limitations. The adoption of livestock diversification and rainwater harvesting was more varied indicating obstacles associated with capital, labour and resource availability. Research in arid regions of India demonstrated that although farmers acknowledge the advantages of these tactics their implementation was frequently constrained by initial investment expenses and difficulties in collective action (Kerr, 2002). The limited significance of migration identified in this study further underscores the inclination for in-situ adaptation among agricultural households. This conclusion aligns with studies indicating that migration in semi-arid India was predominantly a distress-driven coping mechanism rather than a deliberate adaptation strategy especially among small and marginal farmers (Deshingkar & Akter, 2009). The inter-district disparity between Jaipur and Ajmer exemplifies how resilience arises from the interplay of resources, institutions and strategies. Ajmer's enhanced resilience is attributed not to improved food or economic security, but to more robust asset protection and intensified adaption efforts. This substantiates the assertion that resilience has to be perceived as an emerging characteristic of livelihood systems rather than a direct result of isolated actions (Barrett & Constas, 2014). The cohabitation of institutional access and diminished adaptation intensity in Jaipur underscores a disparity between potential and actual resilience indicating the necessity for interventions that bolster households' capacity to translate access into effective action.
Rajasthan's moderate FLRI at the state level indicated a transitional resilience regime. Enhancements in institutional coverage and the dissemination of fundamental adaptation methods have mitigated extreme vulnerability yet, systemic constraints persist hindering the attainment of substantial resilience. This encompasses ongoing income volatility, significant asset vulnerability to climate disturbances and unequal access to information and extension services. This pattern reflects studies from other semi-arid locations in India, where gradual adaptation has diminished susceptibility but not eradicated structural concerns (Birthal et al., 2014; Béné et al., 2013). The findings substantiate the significance of a livelihood-based resilience framework that amalgamates outcomes, buffers and interventions. The prevalence of livelihood strategies in the FLRI highlights the necessity of acknowledging farmers as proactive agents of adaptation instead of mere passive beneficiaries of governmental assistance. The ongoing presence of asset and income vulnerabilities underscores the constraints of individual adaptation without conducive structural conditions. This study illustrated that livelihood resilience in semi-arid Rajasthan is driven by strategy yet limited by assets. Policies that exclusively aim to increase access to credit, irrigation or safety nets were improbable to foster enduring resilience unless supplemented by initiatives that bolster asset protection, stabilize incomes and improve adaptive capacity. The study empirically connects household-level strategies to resilience results enhancing the understanding of how resilience is developed and limited in India's semi-arid agricultural regions.
CONCLUSION
The study investigated household-level livelihood resilience in the semi-arid districts of Jaipur and Ajmer in Rajasthan employing a multidimensional Farmers’ Livelihood Resilience Index. The findings demonstrate that overall livelihood resilience was modest evidenced by a pooled FLRI value of 0.563 indicating a transitional resilience regime rather than a fully resilient livelihood system. Significant inter-district heterogeneity was noted with Ajmer demonstrating markedly greater resilience than Jaipur largely due to enhanced asset protection and a more vigorous implementation of adaptive livelihood measures. Numerous significant issues arise from the analysis. Food and income resilience continue to be fundamentally weak, notwithstanding extensive access to governmental food assistance, loans and irrigation. The significant income variability and moderate per capita expenditure suggest that current institutional frameworks were inadequate for stabilizing household consumption and income. Secondly, the vulnerability of resources, notably the loss of livestock, persists, compromising long-term resilience by depleting productive capital and necessitating distress coping mechanisms. Third, although access to institutional and natural resource buffers was practically ubiquitous, its effectiveness in enhancing resilience was hindered by inconsistent utilization and insufficient integration into adaptive decision-making processes. Ultimately, while livelihood strategies represent the most significant element of FLRI the level of adoption varies across strategies exhibiting a lower uptake of asset-intensive and water-conserving activities. The findings indicated that livelihood resilience in semi-arid Rajasthan was driven by strategy yet limited by assets. Resilience results were influenced more by households' capacity to safeguard assets and implement adaptive strategies than by mere access. Rectifying these structural and behavioural deficiencies was crucial for converting moderate resilience into enduring livelihood stability.
POLICY RECOMMENDATIONS 
In the short term policy interventions should prioritize reducing the impact of asset deterioration and income instability. Enhancing livestock health services, augmenting fodder banks and refining the design and promptness of livestock insurance might directly mitigate substantial asset loss. Extension services must prioritize tailored location-specific recommendations to augment the efficacy of prevalent crop-based adaptations and optimize the use of current financing and irrigation resources. Over the long term initiatives aimed at increasing resilience must focus on stabilizing agricultural revenues and improving adaptive capacity. Investments in climate-resilient irrigation, harvesting rainwater infrastructure and integrated crop-livestock systems were essential for mitigating exposure to rainfall unpredictability. Enhancing agricultural value chains and market access for varied and commercial crops can bolster economic stability. Ultimately, institutional support must transition from access-focused methods to capability-building frameworks that empower farmers to strategically integrate assets, institutions and livelihood strategies thus promoting sustainable resilience in semi-arid environments.
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