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This study examines at the constraints experienced by livestock rearers in the semi-arid Bundelkhand region, where recurrent droughts, uneven rainfall and shrinking natural resources have intensified climate stress. A structured interview schedule was used to collect information from 320 respondents, covering 17 variables related to financial, institutional, environmental, technological and information-related challenges. Principal Component Analysis (PCA) was applied to group these variables into underlying components, following checks for sampling adequacy (KMO = 0.779) and suitability of the correlation matrix (Bartlett's x² = 502.754, p < 0.001). Six components with eigenvalues above one was retained, accounting for 51.17 percent of the total variance. These components reflected institutional and financial difficulties, gaps in digital access and information flow, shortcomings in veterinary and animal health services, limited advisory and infrastructure support, fodder and water shortages and the lack of localized climate information. The results point to a set of connected constraints that influence adaptive capacity across several domains rather than through isolated factors. Improving the resilience of livestock rearers in such settings will require a combination of measures that strengthen institutional arrangements, improve digital and climate-information services, expand veterinary and extension support and secure reliable fodder and water resources. A coordinated and locally grounded approach will be essential for enabling more informed decisions and supporting sustainable livestock-based livelihoods in Bundelkhand.
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Introduction
Climate variability has become a growing concern for agricultural communities worldwide, affecting temperature, rainfall pattern and the frequency of extreme weather events. Rising atmospheric heat, irregular monsoon activity and recurring droughts place additional pressure on natural resources and rural livelihoods, especially in regions where farming is largely rainfed. These shifts have contributed to reduced crop output, higher pest and disease incidence, and uncertainty in household food and income security (Naik & Singh, 2022). In India, climatic patterns such as delayed monsoon onset, short rainfall windows, dry spells, heatwaves and declining water availability have become more noticeable in recent decades, influencing day-to-day farming decisions and risk management. The Bundelkhand region of Uttar Pradesh and Madhya Pradesh is widely recognized as one of the most drought-prone regions of the country. It experiences highly variable rainfall, long water-deficit periods, low groundwater recharge and repeated episodes of drought, some occurring almost every 15-16 years, which severely impact agriculture and livestock (Katiyar & Singh, 2024). The region's fragile soils, limited irrigation facilities and heavy dependence on monsoon rainfall make local farming systems especially sensitive to climatic fluctuations. Farmers in Bundelkhand frequently report hotter summers, shorter rainy seasons, prolonged dry spells and more unpredictable rainfall-observations that reflect local meteorological data and are similar to patterns documented in other vulnerable areas such as Telangana and Andhra Pradesh (Satishkumar et al., 2013), coastal Bangladesh (Islam et al., 2014) and dryland Rajasthan (Singh et al., 2022).
To cope with these changes, farmers adopt various strategies including adjusting planting dates, using short-duration varieties, diversifying crops, conserving water, and integrating livestock with crop systems. Yet, many constraints limit the effectiveness of these efforts. Financial barriers such as inadequate credit, rising input costs and low insurance coverage reduce the ability to invest in climate-resilient options (Naik & Singh, 2022). Institutional issues including weak extension networks, limited access to climate advisories, slow government service delivery and inadequate veterinary support-further restrict adaptive capacity (Satishkumar et al., 2013). Technological and informational limitations, including poor access to weather-based tools, low digital literacy and limited mechanization, compound these challenges (Islam et al., 2014). Social factors such as low literacy, labour shortages caused by migration, and continued dependence on traditional practices also influence response options (Singh et al., 2022). Environmental concerns-declining soil fertility, shrinking water bodies, fodder shortages and repeated crop failures are particularly acute in Bundelkhand, where recurrent droughts and falling groundwater levels remain persistent problems (Rai et al., 2021). Taken together, these economic, institutional, technological, social and environmental constraints illustrate the complex reality of climate adaptation in Bundelkhand and similar semi-arid regions. A clear understanding of these constraints is essential for developing practical, region-specific strategies that support resilient and sustainable rural livelihoods.
Methodology
The study was carried out in the Bundelkhand region of central India, an area known for its semi-arid climate, frequent droughts and long-standing dependence on livestock and mixed farming systems. The region spans 13 districts across Uttar Pradesh and Madhya Pradesh, but for the present investigation two districts Banda in Uttar Pradesh and Chhatarpur in Madhya Pradesh were chosen purposively. These districts were selected on the basis of their high livestock population and their repeated exposure to climate stress (Livestock Census, 2019; Animal Husbandry Departments of U.P. and M.P.). A multistage sampling procedure was adopted. In the first stage, the two districts were selected purposively. In the second stage, two blocks from each district (four blocks in total) were chosen through simple random sampling. From each selected block, four villages were identified randomly, resulting in a total of sixteen villages. Within each village, respondents were selected using simple random sampling, but only those who met the defined criteria were included at least 15 years of livestock-rearing experience and a minimum of four milch animals (cattle or buffalo). Twenty eligible livestock rearers were chosen from each village, giving a total sample size of 320, which was adequate for the analysis of the 17 constraint variables included in the study.
Primary data were collected using a structured interview schedule. The schedule contained statements representing economic, institutional, technological, environmental, informational and social constraints associated with climate variability. Respondents indicated the severity of each constraint on a five-point Likert scale ranging from "not a constraint" to "very severe constraint." Basic socio-economic details were also recorded. Prior to the main survey, a pilot study was conducted in four non-sample villages-two from each district. This helped refine the interview schedule and identify locally relevant issues through focused group discussions. For data analysis, descriptive statistics were used along with Principal Component Analysis (PCA) to identify major constraint domains. The suitability of data for PCA was assessed using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett's test of sphericity. The KMO value confirmed adequate sampling, and Bartlett's test indicated sufficient inter-correlation among variables. PCA extraction was carried out using the eigenvalue-greater-than-one criterion, and Varimax rotation was applied to obtain clear and interpretable components. Six components were retained, together explaining more than half of the total variance. Communalities and rotated loadings were examined to group related constraints, and factor scores were computed to help interpret the dominant constraint clusters affecting livestock rearers' adaptive capacity.
Results 
According to (Table 1), the Kaiser-Meyer-Olkin (KMO) value and Bartlett's Test of Sphericity were used to check whether the data were suitable for Principal Component Analysis. The KMO value of 0.779 shows that the sample was adequate for the analysis, and the highly significant Bartlett's Chi-square result indicates that the correlations among the variables were strong enough for factor extraction.
	Table 1. KMO and Bartlett's Test

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	.779

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	502.754

	
	df
	136

	
	Sig.
	.000



Communalities for all 17 constraint variables, shown in (Table 2), present how much of each variable's variance is captured by the extracted components. The extraction values, which fall between 0.31 and 0.69, suggest that most items are represented fairly well by the six components. Variables with higher communalities contribute more to the underlying factor structure, while those with lower values still remain within an acceptable range.
	Table 2. Communalities

	Statements
	Initial
	Extraction

	1. Lack of training or advisory support for adaptation practices.
	1.000
	.368

	2. Absence of region-specific guidance on climate change information 
	1.000
	.696

	3. Limited digital skills to access mobile-based weather or livestock advisories.
	1.000
	.688

	4. Poor animal nutrition advisory.
	1.000
	.614

	5. Difficulty accessing loans or credit 
	1.000
	.372

	6. Lack of livestock insurance or compensation scheme
	1.000
	.550

	7. Difficulty or delay in accessing government schemes or support after climate-related losses
	1.000
	.510

	8. Dependency on informal credit sources with exploitative interest rates
	1.000
	.500

	9. Lack of freshwater for animal and low water table affecting fodder cultivation.
	1.000
	.490

	10. Poor availability or affordability of green/dry fodder
	1.000
	.665

	11. Inadequate livestock shelters for heat or cold stress
	1.000
	.435

	12. Inadequate Market structure or lack of value chain support for livestock produce
	1.000
	.536

	13. Labor shortages due to outmigration of youth
	1.000
	.357

	14. Poor animal disease surveillance and delayed response
	1.000
	.317

	15. Inadequate veterinary services (Vaccination/deworming) in the area
	1.000
	.516

	16. Lack of mobile veterinary clinics during climate-related emergencies
	1.000
	.577

	17. Inadequate training of local para-vets on climate-induced diseases
	1.000
	.510

	Extraction Method: Principal Component Analysis.



According to (Table 3) it summarizes the eigenvalues, the percentage of variance explained and the cumulative variance of the retained components. Using the Kaiser rule of keeping components with eigenvalues greater than one, six components were identified. Together, they explain 51.17% of the total variance in the dataset. The distribution of variance across the components shows that the first component accounts for the largest share, with each subsequent component adding a smaller portion. The cumulative variance indicates how much of the overall variability has been captured. After Varimax rotation, the spread of variance across components becomes clearer and makes the factor structure easier to interpret.
	Table 3. Total Variance Explained

	
	Initial Eigenvalues
	Extraction Sums of Squared Loadings
	Rotation Sums of Squared Loadings

	Components
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %

	1
	3.116
	18.330
	18.330
	3.116
	18.330
	18.330
	1.755
	10.326
	10.326

	2
	1.207
	7.102
	25.432
	1.207
	7.102
	25.432
	1.695
	9.970
	20.295

	3
	1.185
	6.973
	32.405
	1.185
	6.973
	32.405
	1.599
	9.408
	29.704

	4
	1.122
	6.602
	39.007
	1.122
	6.602
	39.007
	1.278
	7.516
	37.219

	5
	1.057
	6.216
	45.223
	1.057
	6.216
	45.223
	1.246
	7.332
	44.551

	6
	1.012
	5.952
	51.175
	1.012
	5.952
	51.175
	1.126
	6.624
	51.175

	7
	.963
	5.665
	56.840
	
	
	
	
	
	

	8
	.909
	5.344
	62.184
	
	
	
	
	
	

	9
	.898
	5.279
	67.464
	
	
	
	
	
	

	10
	.857
	5.041
	72.505
	
	
	
	
	
	

	11
	.784
	4.614
	77.118
	
	
	
	
	
	

	12
	.757
	4.454
	81.572
	
	
	
	
	
	

	13
	.725
	4.263
	85.835
	
	
	
	
	
	

	14
	.663
	3.900
	89.734
	
	
	
	
	
	

	15
	.642
	3.777
	93.511
	
	
	
	
	
	

	16
	.581
	3.415
	96.926
	
	
	
	
	
	

	17
	.523
	3.074
	100.000
	
	
	
	
	
	

	Extraction Method: Principal Component Analysis



The rotated factor loadings shown in (Table 4) presents how strongly each constraint variable is linked with the six components. The Varimax rotation helps separate the items into clearer groups by reducing overlap among factors. High loadings within a component point to meaningful clusters such as institutional and financial barriers, digital and information-related issues, veterinary service gaps, advisory and infrastructure constraints, and shortages of fodder and water, along with gaps in climate-related information. These loadings guided the naming of the components and helped identify the major constraint areas faced by livestock rearers.
	Table 4. Rotated Component Matrix
	

	Statements
	Components

	
	1
	2
	3
	4
	5
	6

	1. Lack of training or advisory support for adaptation practices.
	.411
	.377
	-.015
	-.080
	.132
	.180

	2. Absence of region-specific guidance on climate change information 
	.135
	.101
	.025
	.108
	.075
	.806

	3. Limited digital skills to access mobile-based weather or livestock advisories.
	-.176
	.730
	.259
	-.024
	.110
	.210

	4. Poor animal nutrition advisory.
	-.063
	.017
	.163
	.720
	.036
	.251

	5. Difficulty accessing loans or credit 
	.151
	.205
	.279
	.003
	.413
	.244

	6. Lack of livestock insurance or compensation scheme
	.713
	.107
	.055
	.142
	.088
	-.001

	7. Difficulty or delay in accessing government schemes or support after climate-related losses
	.537
	.238
	.331
	.017
	.220
	-.081

	8. Dependency on informal credit sources with exploitative interest rates
	.591
	-.009
	.132
	.041
	-.211
	.294

	9. Lack of freshwater for animal and low water table affecting fodder cultivation.
	.197
	.647
	.125
	.025
	-.124
	-.019

	10. Poor availability or affordability of green/dry fodder
	-.040
	-.085
	.013
	-.015
	.808
	.054

	11. Inadequate livestock shelters for heat or cold stress
	.177
	.035
	-.042
	.632
	.011
	-.038

	12. Inadequate Market structure or lack of value chain support for livestock produce
	-.085
	.147
	.532
	.401
	-.032
	-.249

	13. Labor shortages due to outmigration of youth
	.179
	.547
	-.066
	.126
	.068
	-.022

	14. Poor animal disease surveillance and delayed response
	.342
	.149
	.415
	.071
	.011
	.015

	15. Inadequate veterinary services (Vaccination/deworming) in the area
	.281
	-.119
	.611
	-.129
	.168
	-.063

	16. Lack of mobile veterinary clinics during climate-related emergencies
	.240
	.318
	-.083
	.339
	.485
	-.248

	17. Inadequate training of local para-vets on climate-induced diseases
	.014
	.111
	.663
	.072
	-.047
	.226

	Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization.
	



The rotated component plot in (Figure 1) provides a visual summary of how the variables group together around the six components. Items placed close to one another have stronger relationships, forming natural clusters, whereas those farther apart share weaker links. The overall pattern in the plot supports the factor-loading results and clearly shows the different domains of constraints, including institutional and financial issues, digital and information limitations, veterinary service challenges, advisory and infrastructural gaps, resource scarcity and shortcomings in climate information. The visual separation of clusters strengthens the interpretation of the PCA results.
	Figure 1. Rotated Component Plot
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Discussion
The study brought out six major components that together describe the different types of constraints faced by livestock rearers while dealing with climate variability. These components point toward institutional and financial difficulties, problems related to digital access and information flow, gaps in veterinary and animal health services, issues linked to advisory support and infrastructure, shortages of fodder and water, and the lack of clear climate-related information. Taken together, these dimensions show how climate-related challenges seldom operate independently but interact at several levels, a pattern that is familiar across climate-sensitive regions. The first component relates to institutional and financial limitations such as low livestock-insurance coverage, reliance on informal moneylenders, and delays in obtaining government benefits. Constraints of this kind have also been described by (Naik and Singh 2022), who noted that weak institutional linkages and limited financial support reduce the scope for adopting climate-resilient practices in Telangana and Andhra Pradesh. (Rai et al., 2021) observed similar situations in other vulnerable regions, where slow progress of formal schemes and low outreach often restrict timely decisions at the farm level. The second component concerns digital literacy and access to information. Limited familiarity with digital tools, irregular access to advisory platforms, and poor technological exposure continue to affect the flow of climate-related information. Similar concerns were recorded by (Islam et al.,2014) in coastal Bangladesh, where delays or gaps in weather information reduced farmers' ability to respond to emerging risks.
Veterinary-related constraints formed the third component. Respondents frequently mentioned inadequate para-veterinary services, limited access to trained personnel, and weak disease-surveillance mechanisms. Comparable difficulties in dryland Rajasthan were reported by (Singh et al., 2022) where long distances to veterinary facilities and inconsistent service delivery affected livestock health and management. The fourth component pointed to shortcomings in advisory services and basic infrastructure. Issues such as poor nutrition guidance, inadequate livestock housing and limited value-chain linkages appeared repeatedly in the responses. Similar problems were described by (Satishkumar et al. ,2013) in Andhra Pradesh, where low extension contacts and weak infrastructure restricted the adoption of improved livestock practices. Fodder and water scarcity emerged as the fifth component. Shortages of green and dry fodder, shrinking grazing spaces and irregular water availability continue to be major concerns in drought-prone areas. Studies conducted in central India and semi-arid Rajasthan reported the same pattern, noting that declining natural resources and repeated droughts have steadily reduced fodder availability (Singh et al., 2022). The sixth component reflected the absence of timely and localized climate information. Many respondents emphasized the need for reliable advisories to plan feeding, breeding and general livestock management. Similar gaps were noted by (Rai et al., 2021), pointing out that dissemination systems often fail to reach farmers in a clear and usable form. 
Altogether, the six components underline how financial pressures, weak institutions, information gaps, infrastructural limitations and environmental stress combine to shape the adaptive capacity of livestock rearers. Comparable trends have been documented in other climate-affected regions of Asia and Africa, where limited resources and inadequate institutional support contribute to low resilience (Islam et al., 2014; Naik & Singh, 2022; Singh et al., 2022). Addressing these issues will require attention across multiple fronts, including better extension support, improved veterinary services, wider access to digital and climate-information tools, more effective credit and insurance systems, and secure fodder and water resources for livestock-dependent households.
Conclusion
The findings offer a clear picture of the different barriers that livestock rearers face when dealing with climate variability in a drought-affected setting. The six components identified through Principal Component Analysis show that these challenges arise from several interconnected areas rather than from a single source. Financial and institutional issues-such as limited insurance coverage, dependence on informal credit and delays in government support-indicate that formal safety nets still fall short for many households. Gaps in digital literacy and uneven access to information continue to limit the use of advisory services, making it harder for farmers to benefit from timely updates or weather-based guidance. Shortcomings in veterinary services and weak disease surveillance also remain important concerns, especially as climate stress heightens the risk of livestock health problems. The lack of regular advisory support, inadequate housing structures and weak market linkages further restrict the ability of rearers to adopt improved practices across feeding, management and marketing. Scarcity of fodder and water-a long-standing problem in dry regions-continues to undermine livestock productivity, particularly when resource conditions deteriorate during erratic weather. Equally, the limited availability of localized climate information makes it difficult for farmers to take timely and well-informed decisions. Together, these observations suggest that improving climate resilience among livestock-dependent households will require efforts that extend beyond technical recommendations. Policy attention must also address the broader environment in which farmers operate. This includes strengthening extension and advisory services, expanding access to digital platforms, improving veterinary infrastructure, offering reliable credit and insurance options and ensuring steady fodder and water supplies. Adaptation becomes more effective when households are able to make decisions with adequate support, information and resources. Building such an enabling environment through coordinated and locally grounded strategies will be essential for improving the long-term resilience of livestock rearers in climate-stressed regions.
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