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ABSTRACT
Introduction: Climate variability and recurrent droughts have increasingly effected the rural livelihoods in the semi-arid regions of Rajasthan, where livestock remains a central pillar of household resilience. This study examines how farmers’ perceptions of climate change and long-term drought conditions influence livestock diversification in two drought-prone districts, Jaipur and Ajmer. 	Comment by Giga: The subheadings may be deleted. Abstract is usually single paragraph	Comment by Giga: affected
Methodology: A multistage sampling method was used to representing diverse agro-ecological and socioeconomic settings. Secondary data of 35 years (1990-2024) of gridded rainfall data from the India Meteorological Department (IMD) to construct a Standardized Precipitation Index (SPI-12) and derive drought frequency, severity and duration for each district. Three key indices Climate Change Perception Index (CCPI), the Composite Drought Index (CDI) and the Livestock Species Diversification Index (LSDI) were developed to capture household perceptions related to climatic hazards, impacts and livelihood risks, integrated drought attributes to reflect long-term climatic stress. A multiple linear regression model was employed to identify the climatic and socioeconomic determinants of diversification. 
Results: The findings show significant regional variations in the two districts' perceptions of the climate, drought intensity and diversification across the two districts. Households with higher perceived climate risks and greater exposure to drought have more diversified livestock portfolios as both CCPI and CDI which were found to be strong and significant predictors of livestock diversification. Dependency ratio and agricultural dependency were two socioeconomic factors that had a major impact on diversification. Conclusion: The results emphasize the relevance of climate-informed livestock development policies that increase resilience among vulnerable households and show how crucial climate-driven adaptation is in determining livestock strategies in semi-arid Rajasthan.
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1. INTRODUCTION
For agrarian livelihoods throughout India, climate variability and climate-induced stress have become major challenges, especially in ecologically sensitive and water-stressed areas like the semi-arid regions of Rajasthan. Traditional agro-ecological systems were severely disrupted over the past few decades by rising temperatures, unpredictable monsoon patterns, extended dry spells and frequent droughts. Nearly 40% of the country's rural poor live in the Semi-Arid Tropics (SAT) of India and in which Rajasthan was among the most vulnerable states in this region because of its low and erratic rainfall, persistent water scarcity and long-term degradation of common grazing lands (Government of Rajasthan, 2022). The state has one significant drought nearly every three years as a result of the high rainfall coefficient of variation which frequently surpasses 30-40% (Dutta et al., 2015). The production of livestock, agriculture, and household livelihood security are all directly impacted by these climatic stresses. In Rajasthan’s rural economy livestock plays an indispensable buffering role acting as a critical asset for income, nutrition, draught power, manure and risk management. Historically, pastoral and mixed crop-livestock systems formed the backbone of livelihoods. Livestock contributes nearly 9% of Rajasthan’s GSDP and constitutes an essential component of resilience strategies of the households especially among marginal and smallholders (Boyal & Mehra, 2017). In an effort to cope with climate variability, fodder scarcity, and market volatility, these households become increasingly reliant on species diversification, keeping a variety of livestock (Birthal & Negi., 2012). By distributing risk across various species with distributed feed demands, reproductive cycles, thermal tolerance and market potentials improves resilience through diversification (Thornton et al., 2009; Mannepalli et al., 2025).
Ecological and socioeconomic viability of traditional livestock rearing has changed due to climate change.  While frequent droughts have reduced fodder availability and increased pastoral households' migration, rising heat stress has decreased milk yield, conception rates and overall productivity of cattle and buffaloes (Upadhyay et al., 2007). Because goats and sheep are more drought-tolerant, require less water, and can survive on limited grazing resources, their numbers have increased in many semi-arid districts (Kumar et al., 2010). These shifts demonstrate how household livestock portfolios are influenced by climate variability. Yet, despite the macro-level evidence of climate impacts, limited micro-level studies have quantified how households perceive climate change and how these perceptions influence their diversification choices in Rajasthan’s semi-arid regions. Understanding the interaction between climate change perceptions and household diversification decisions is crucial because farmers’ decision-making often responds more directly to perceived risks than to long-term climate trends. By determining the willingness to invest in alternative species perception shapes adaptation behaviour and influences coping mechanisms such as herd restructuring, destocking, switching to smaller ruminants or expanding mixed herds (Snaibi et al., 2021). Farmers frequently report adverse impacts on fodder scarcity, livestock water needs, disease prevalence, and decreased productivity in Rajasthan's arid and semi-arid districts, where rainfall is highly variable and temperatures in the summer often rise above 45°C (Singh et al., 2023). When these perceptions are quantitatively measured, indices like the Climate Change Perception Index (CCPI) and Climate Disturbance Index can be created allowing for accurate assessment of perceived climate stress at the household level. This study intends to investigate how households perceive climate change and how these perceptions in conjunction with actual drought conditions influence their livestock diversification decisions given the importance of livestock in Rajasthan's rural livelihoods and the growing concerns about stress caused by climate change. Although livestock diversification is highly relevant for resilience building in semi-arid India, it has received little systematic attention. Instead, many adaptation studies have concentrated on vulnerability assessments or crop-based adaptation strategies. Consequently, this study contributes to policy discussions on promoting climate-smart livestock systems in Rajasthan in addition to addressing an analytical gap in climate adaptation literature. 	Comment by Giga: may be corrected. 
2. MATERIALS AND METHODS
The present study was conducted in the semi-arid region of Rajasthan, a geographical zone recognised for its highly variable rainfall, recurrent droughts and fragile agro-ecological systems. Rajasthan’s semi-arid belt extends across central and eastern districts falling under the rainfall range of 300-600 mm and characterised by high evapotranspiration rates, erratic monsoon behaviour and prolonged dry spells. Within this broader zone, two districts Jaipur and Ajmer were purposively selected as the study area as per the district drought profiles (Rao et al., 2013). These districts represent contrasting agro-climatic features within the semi-arid belt of the state. While Ajmer has more frequent and severe drought cycles, Jaipur receives comparatively more seasonal rainfall. Mixed crop-livestock farming systems predominate in both districts, which heavily rely on indigenous cattle, small ruminants and other livestock species that can withstand drought. Their vulnerability to climatic variability and reliance on diversified livestock portfolios make them ideal for analysing the perceived impacts of climate change on livestock diversification. A multistage sampling procedure was employed to select the study respondents. In the first stage the two semi-arid districts were chosen based on their vulnerability classification and the predominance of drought-prone agrarian systems. In the second stage four administrative blocks two from Jaipur district and two from Ajmer district were selected to capture intra-district heterogeneity and 5 villages from two blocks of each district. In the final stage, a total of 150 households were randomly selected from the four blocks using proportional allocation based on village population size and livestock ownership density with a minimum of 15 sample from each village. The sample consisted of small, marginal and medium farmers engaged in mixed crop-livestock systems. Field observations, farmer interactions and structured interviews were used to collect primary data at the household level. The India Meteorological Department's (IMD) gridded dataset for rainfall for the years 1990-2024 for both districts and blocks was also used to obtain long-term climatic data (Pai et al., 2014). 
The quantification of the relationship between livestock diversification strategies and climate change perceptions was done by employing a combination of perception indices, climatic indices and diversification measures. The Climate Change Perception Index (CCPI), the Composite Drought Index (CDI) and the Livestock Diversification Index (LSDI) were the three main composite indices that were developed. Three elements were used to create the CCPI were the risk perception, impact perception and hazard perception as shown in the Table 1. Household experiences with long-term variations in rainfall, temperature increases and the frequency of extreme weather events were captured by hazard perception. Reactions to changes in crop yields, concerns with livestock health, shortage of fodder and water scarcity were all included in the impact perception. Farmers' perceptions about potential drought severity, livelihood risks and anticipated climate shifts were evaluated. Each component included a set of Likert-scale questions coded as 0 (no change), 1 (little change), 2 (moderate change) and 3 (high change). The CCPI was computed using indicator normalisation procedure to obtain comparable values between 0 and 1. The general formula applied was:
Component = 	​
Where Xi represents the perception score of each statement of the indicator. The three components Hazard, Impact and Risk were then combined to form the overall index as:
	​ CCPI = 	​
To ensure the multidimensional nature of climate perception, equal weighting across dimensions was employed.
Table 1. Composition of the components for Climate Change Perception Index (CCPI) 
	Climate Change Perception Index (CCPI)
	Hazard Perception
	Long-term change in the rainfall

	
	
	Long-term temperature/heat change

	
	
	Drought frequency

	
	Impact Perception
	Impact on crop yields

	
	
	Impact on livestock health/mortality

	
	
	Change in fodder scarcity

	
	
	Change in water scarcity

	
	Risk perception
	Climate change is serious threat to livelihoods

	
	
	Future droughts will be more harmful than the past



To measure long-term drought exposure, the Composite Drought Index (CDI) was constructed using Standardized Precipitation Index (SPI) data derived from the IMD gridded rainfall dataset (Pandya et al., 2022; Santos et al., 2025). SPI-12 was calculated for each block for the period 1990-2024 capturing annual meteorological drought conditions. The SPI calculation followed the standardised gamma distribution procedure defined by McKee et al. (1993) expressed as:
SPI = 	​
where 𝑋 denotes observed rainfall, 𝜇 is the long-term mean and 𝜎 is the standard deviation. Based on the SPI series, three drought attributes were derived: drought frequency (DF), drought severity (DS) and drought duration (DD). These were computed as:
DF = 
DS = 
DD = 
Once each component was normalised to a 0-1 scale, the Composite Drought Index was calculated as:
CDI = 
Livestock Diversification Index (LSDI) measured the extent to which households maintained multiple livestock species. LSDI was computed using the Simpson Diversification Index which is widely used in ecological and livelihood diversification studies (Maurya et al., 2022; Yu et al., 2025). The formula used was:
LSDI = 1 - 
Where represents the proportion of each livestock species (converted into Livestock Units using standard Total Livestock Units (TLU)  conversion factors as given in the Table 2) held by the household. Higher values of LSDI denote greater diversification. To develop the Livestock Species Diversification Index (LSDI), household-level livestock holdings were standardized using TLU which enable comparison across heterogeneous species (Njuki et al., 2011). 
Table 2. Conversion equivalents of the livestock into Total Livestock Units (TLU)
	Sl. No.
	Species
	TLU

	01
	Indigenous cattle
	1

	02
	Buffaloes and bullocks
	1.42

	03
	Adult Goats and sheep
	0.2

	04
	Poultry
	0.004

	05
	Camel
	1.1

	06
	Donkeys
	0.8


These conversions allowed computation of species-wise proportions and derivation of LSDI using the Simpson Diversity Index (SDI). This ensured comparability, scientific accuracy and consistency with national and FAO livestock estimation practices.
To examine the determinants of livestock diversification, a multiple linear regression model was estimated with LSDI as the dependent variable and climate-related indices along with socioeconomic factors as the predictors. The model was specified as:
LSDIi = β0 + β1 CCPIi + β2 CDIi +  Xi
where Xi draws on socioeconomic factors such as the size of the landholding, the household head's education and gender, the dependency ratio, the social category, the housing structure, irrigation access and the number of people depending on agriculture. SPSS was used for the regression analysis and diagnostic tests like Durbin-Watson statistics and multicollinearity (VIF/Tolerance) were employed to make sure the estimates were validated.
3. RESULTS
The results of the empirical analysis revealed substantial spatial variations in livestock diversification, climate change perception and drought intensity across the semi-arid districts of Jaipur and Ajmer. The Livestock Diversification Index (LSDI) shows clear differences between districts which suggested that the ecological and climatic conditions of each region shaped livestock-based livelihood strategies.  Table 3. Livestock Diversification Index (LSDI) of the Semi-Arid Regions of the Rajasthan
	District
	Livestock Diversification Index (LSDI)

	Jaipur
	0.400

	Ajmer
	0.204

	Overall
	0.335


As shown in Table 3, the LSDI for Jaipur was 0.400, while the value for Ajmer is much lower at 0.204 making up that the study area average diversification index of 0.335. This pattern indicated that households in Jaipur possess a more diverse array of livestock species than those in Ajmer. This difference was significant and shows that the rural production systems in the two districts configured in distinct ways.  Jaipur's portfolio was relatively diverse because the semi-arid area that doesn't get too dry which probably lets households keep more than one type of livestock. Ajmer's lower index value on the other hand indicated that there were fewer types of livestocks which could mean that the climate and resources were more limited. The overall index indicated that the semi-arid region had a moderate level of diversification. This means that there was certain level of diversification but it was not very narrow or very wide.	Comment by Giga: Livestock is itself plural
In addition to diversification patterns, climate change perception among rural households shows considerable district-level variability. Table 4 documents the Climate Change Perception Index (CCPI), measured through hazard, impact and risk perception components. 
Table 4. Climate Change Perception Index (CCPI) of the Semi-Arid Regions of the Rajasthan
	District
	Hazard Perception
	Impact Perception
	Risk Perception
	CCPI

	Jaipur
	0.87
	0.59
	0.60
	0.68

	Ajmer
	0.79
	0.40
	0.43
	0.54

	Overall
	0.84
	0.53
	0.54
	0.64


Jaipur encountered with the higher values for all of its components especially hazard perception (0.87) and risk perception (0.60). This translated to it a composite CCPI of 0.68. On the other hand, households in Ajmer report lower perception scores with a CCPI of 0.54. The region had a mean CCPI of 0.64 when all the data is put combined. This means that people in rural areas of this semi-arid environment are somewhat aware of the changes in the climate that are being experienced. The significant disparity between districts suggested that households in Jaipur were more aware of climate risks. This could be because their production systems make them more directly exposed to temperature changes, erratic rainfall or localized drought stresses. Ajmer's lower perception scores on the other hand, show that people there were less aware or had different experiences in the past. Overall the results show that there were considerable amounts of perceptual heterogeneity which was important for understanding how people act and what choices they make when they adapt.3	Comment by Giga: amount
	District
	SPI Scale
	Drought Frequency (share of months SPI≤ -1)
	Mean Severity (|SPI| when SPI≤ -1)
	Max Duration (months SPI≤ -1)
	Composite Drought Index (CDI)

	Jaipur
	12
	0.164
	1.552
	14
	0.388

	Ajmer
	12
	0.122
	1.750
	13
	0.374

	Overall Index Scores
	12
	0.667
	0.333
	0.667
	0.383


Table 5. Composite Drought Index (CDI) of the Semi-Arid Regions of the Rajasthan
The composite drought characteristics for the region presented in Table 5 further reinforce the presence of pronounced spatial differences in long-term climatic stress. Using the SPI-12 time series for 1990-2024 the drought frequency, severity and duration were estimated and combined into a CDI. Jaipur had a drought frequency of 0.164, a mean drought severity of 1.552 and a maximum drought duration of 14 months resulting in it a CDI of 0.388.  Ajmer seems to be less likely to have droughts with a frequency of 0.122 but a stronger severity of 1.750 and a maximum duration of 13 months resulting in it a CDI of 0.374. The overall drought frequency and duration indices were 0.667 and the drought severity was 0.333. The CDI for the entire study area was 0.383 which means that the area was moderately drought-stressed. These numbers show that both districts have meteorological droughts occurring repeatedly. However, Jaipur's droughts occur a little more often and last a little longer while Ajmer's droughts were a relatively worse. This subtle but important difference indicated that there were different types of drought profiles which could affect how vulnerable rural households and how they shift their livelihoods.
Table 6. Perceived climate driven impacts on the livestock diversification
	Variable
	Coefficient

	Constant
	-4.527***

	CCPI
	0.194***

	CDI
	0.449***

	Landholding Size
	-0.045

	Social Category
	0.056

	Education of the Household Head
	-0.099

	Gender of the Household Head
	-0.086

	Dependency Ratio
	0.045

	Dependency on Agriculture
	0.164**

	Irrigation Access
	-0.110*

	Note: LSDI is the dependent variable;
*, ** and *** significant at 10%, 5% and 1% levels;
 R Square- 0.446; Adjusted R Square- 0.410; Durbin Watson- 1.752.


The regression model examining the impact of climate change perception and drought conditions on livestock diversification provides deeper insights into the determinants of diversification in these semi-arid settings as depicted in Table 6 which summarised the estimated coefficients. The model exhibited a reasonably good fit with an R-square value of 0.446 indicating that about 44.6 percent of the variation in livestock diversification was explained by the included predictors. The adjusted R-square (0.410) indicated that the model was strong even after considering the number of explanatory variables. The Durbin-Watson statistic of 1.752 indicated that no evidence of problematic autocorrelation in the residuals. The overall collinearity diagnostics further strengthen the reliability of the regression model. All Variance Inflation Factor (VIF) values fall comfortably below the commonly accepted threshold of 5 ranging between 1.014 and 1.835. 
The estimated constant was negative and statistically significant (-4.527) indicated that livestock diversification would be significantly low in the absence of explanatory factors. The CCPI had a positive and highly significant coefficient (0.194, p < 0.01) suggesting that people who believe climate change was a greater threat were more likely to have a wider range of livestock species. The CDI was also had a strong positive coefficient (0.449, p < 0.01) which indicated that higher exposure to drought was linked to more diversity. These results show that climate-related factors play a greater role in explaining diversification outcomes. In addition to the major climatic predictors and an array of socioeconomic variables were integrated into the model to reflect household-level variances in asset endowments and demographic attributes. Their coefficients provide additional clarity on the extent to which non-climatic factors influence livestock diversification patterns. As shown in Table 4 the variable representing landholding size displayed a small negative coefficient (-0.001) which was statistically insignificant (p = 0.516). The variable Social Category was also statistically insignificant with a coefficient of 0.091 (p = 0.377). The education level of the household head depicted a positive coefficient (0.012) but was not statistically significant (p = 0.128). Similarly the variable gender of the household head records a negative but non-significant coefficient (-0.140, p = 0.185). On the other hand dependency ratio was a positive coefficient (0.018) and was statistically significant (p = 0.033). This finding indicated that households with more dependents generally to possess a wider range of livestock than households with fewer dependents. Higher dependency often puts greater stress on household income sources. This could lead to the maintenance of multiple types of livestock as a way to protect against economic uncertainty. One socioeconomic factor that stands out was dependence on agriculture which had a positive and statistically significant coefficient (0.004, p = 0.033). The result implied that households with a higher labour allocation to farming and livestock-related tasks may maintain a wider range of animal species possibly because a stronger agricultural base enables them to manage care, feeding and labour requirements of diversified livestock systems. The other socioeconomic variable included in the model was irrigation access which shows a small negative coefficient (-0.001) and was statistically insignificant (p = 0.100). Although the sign suggested that access to irrigation may slightly reduce the tendency to diversify livestock possibly because households with assured water supplies may focus more on crops this relationship was not strong enough to be statistically meaningful within the present dataset. 
4. DISCUSSIONS
The findings of this study illuminated the dynamic and climate-sensitive characteristics of livestock diversification practices in the semi-arid districts of Rajasthan. The positive and significant relationship between livestock diversification and climate change perception strongly indicated that households who recognise climatic anomalies tend to diversify their livestock portfolio more intensively. This result was consistent with a significant body of literature indicated that the perception of climate risks was a critical factor influencing planned adaptation behaviour in agrarian societies (Deressa et al., 2009; Yadav et al., 2023). In areas characterized by fluctuating rainfall, increasing temperatures and persistent droughts heightened awareness of these stressors prompts households to reconfigure their livelihood strategies particularly through the expansion or alteration of livestock composition (Tesso et al., 2012; Silvestri et al., 2012).  Livestock diversification arises as a proactive and preventive measure informed by experiential awareness of climatic threats a trend was supported by empirical evidence in African and South Asian drylands (Hassan & Nhemachena, 2008; Megersa, 2014; Usma et al., 2023). The CDI and vulnerability had the strong positive effect on diversification also supported the idea that being exposed to drought was still one of the most important stressors that affect how people make decisions about their livelihoods in semi-arid areas (Mannepalli et al., 2025). Droughts make it harder to find food for animals, affect water resources and interrupt the cycles of agricultural production forcing households to maintain livestock species with different levels of drought tolerance (Rufino et al., 2013; Yadav et al., 2023). Research in Ethiopia, Kenya, India and Niger had consistently demonstrated that persistent drought conditions significantly shift herd composition, switching from water-dependent species like cattle and buffalo to more drought-resistant varieties such as goats and sheep (McPeak & Little, 2006; Birthal et al., 2006; Megersa, 2014;). The positive CDI coefficient in the present study aligns with this trend suggesting that households in Jaipur and Ajmer respond to drought stress through diversification as a coping strategy to stabilise income and minimise herd mortality (Kandlinkar & Risbey, 2000; Speranza, 2010). 
The variations in diversification and climate perception at the district level contribute to the understanding of how spatial disparities in ecological conditions affect adaptive behaviour. Jaipur's higher LSDI and higher climate change perception scores indicated that households in regions with marginally greater climatic variability or institutional exposure may exhibit increased proactivity in implementing adaptive livelihood strategies. Previous studies in Rajasthan and the Indian semi-arid tropics has demonstrated analogous spatial variations in diversification patterns associated with disparities in rainfall patterns, market accessibility and ecological vulnerability (Kanwal et al., 2020; Birthal & Negi, 2012). This supports the idea that adaptation isn't spread out evenly across space but was strongly influenced by factors like the location, climate and the resources that are available (Mertz et al., 2009; Smit & Wandel, 2006). The general trend indicated by the results wherein climate variables serve as primary predictors and socioeconomic variables demonstrated inconsistent or negligible effects, supports established theoretical frameworks within the climate adaptation literature. Researchers have determined that in climate-sensitive production contexts particularly in arid and semi-arid tropics households predominantly depend on subjective indicators of climate stress rather than structural economic advantages (Morton, 2007; Adger et al., 2003). The present findings reaffirm this theoretical understanding by demonstrating that perceived climate risks and drought exposure were central drivers of adaptation in livestock systems. This aligns with behavioural adaptation frameworks that emphasise risk perception as a precursor to adaptive action (Grothmann & Patt, 2005) particularly in agrarian communities where environmental cues are directly observable. 
The insignificance of certain socioeconomic variables further emphasises the overriding influence of climate-related factors on diversification behaviour. Landholding size shows no significant influence in this study which corresponds with research in arid and semi-arid regions indicating that diversification of livestock species is often a function of climatic and resource uncertainties rather than land endowment (Jodha, 1990; Ellis, 1998; McPeak, 2005; Dikshit et al., 2012). In many semi-arid settings livestock were reared under extensive systems where grazing occurs on common lands or semi-open landscapes reducing the dependence on private landholding for diversification. This could explain why differences in landholding fail to translate into measurable differences in LSDI among households. Another major finding was that education does not have a significant effect. Education level of the household head frequently facilitates the adoption of advanced technologies in crop agriculture, so its impact on livestock diversification was limited as livestock decisions predominantly rooted in traditional practices and intergenerational knowledge systems (Mekuria & Mekonnen, 2018). Livestock rearing in semi-arid India was also deeply cultural with herd composition reflecting risk preferences, family traditions and ecological adaptation more than formal education levels (Köhler-Rollefson, 1992; Ghai, 2021). The positive and significant influence of dependency ratio reveals an important livelihood dynamic. Households with a higher number of dependents often face greater economic pressure and hence may diversify livestock species to stabilise income and meet consumption needs. Similar patterns have been reported in adaptation research where higher household dependency pushes families toward risk-spreading livelihood choices (Feyissa et al., 2025). Agricultural dependency exhibits a notable beneficial association with diversification. This finding aligns with research indicating that the availability of household labor is essential for implementing complex and labor-intensive adaptations such as multi-species livestock systems (Thornton et al., 2009; Yu et al., 2025). The notable relationship that this study corresponds with these findings suggesting that livestock diversification functions as both a climate adaptation strategy and a demographic risk management approach. In the same way the positive link to agricultural dependency shows how hard it was to diversify livestock. Households with more members engaged in agriculture possess greater labour flexibility to manage diversified livestock herds which demand more time, mobility and spatially distributed grazing management (Taruvinga et al., 2022; Yu et al., 2025).
5. CONCLUSION
The study demonstrates that climate variability and persistent drought conditions are central drivers of livestock diversification in the semi-arid regions of Jaipur and Ajmer though the nature and intensity of challenges differ across districts. Jaipur households reported increasing climate uncertainty, fodder fluctuations and heightened heat stress on dairy animals. Ajmer in contrast, exhibited stronger drought severity, frequent water scarcity and deeper dependence on common grazing resources compelling households to diversify more aggressively into small ruminants. Across both districts, climate-related factors especially climate change perception and drought intensity exert greater influence on diversification decisions than conventional socioeconomic attributes. Socio-demographic issues including high dependency ratios, limited education levels and constrained access to formal extension services, further restrict farmers’ ability to proactively respond to climatic risks. Some of the problems that have been identified were systemic fodder deficits, large ruminants being vulnerable to heat, unequal access to climate information and not enough institutional support for adaptive livestock management. Together these findings show that we need different climate-responsive ways to develop livestock that were based on the specific ecological challenges in each district. To make households more resilient, we need to combine climate information, make resources more available, and improve institutional mechanisms. This way diversification can be a long-term way to adapt to Rajasthan's semi-arid production systems.
6. POLICY RECOMMENDATIONS
To make Rajasthan's semi-arid livestock systems more resilient to climate change, we need to make specific changes in each district. In Jaipur policies should focus on reducing heat stress in dairy animals by building better shelters, breeding animals that can handle heat, and planning their fodder properly. Ajmer needs to focus on strategies that will protect against drought, like building decentralized water-harvesting structures, expanding fodder banks and fixing up grazing lands. Mobile veterinary clinics, quick drought early-warning systems, more livestock insurance and subsidized fodder support during years of extreme weather should all be part of short-term plans. Long-term strategies should promote indigenous and drought-tolerant breeds, strengthen community-managed pastures, enhance credit access for diversification and integrate climate-smart livestock modules into extension systems.  Socio-demographic issues like low levels of education and high dependency ratios make it necessary to provide vulnerable groups with targeted capacity-building, inclusive training programs and better access to climate advisories. To protect rural livelihoods in the face of increasing climate uncertainty, a comprehensive climate-informed livestock policy that includes both short-term help and long-term resilience building is necessary.
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ABBREVIATIONS
	Abbreviation
	Expansion

	LSDI
	Livestock Diversification Index

	CCPI
	Climate Change Perception Index

	CDI
	Composite Drought Index

	VIF
	Variance Inflation Factor 

	IMD
	India Meteorological Department 

	SPI
	Standardized Precipitation Index

	TLU
	Total Livestock Units

	DF
	Drought Frequency

	DS
	Drought Severity

	DD
	Drought Duration

	SAT
	Semi-Arid Tropics 

	SDI
	Simpson Diversity Index
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