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Abstract
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, restricting their most prominent source of income in Bundelkhand region where the study was conducted. A structured interview schedule was used to collect information from 320 livestock rearers who 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). 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 = 0.777) and suitability of the correlation matrix (Bartlett's x² = 495.078, p < 0.001). Six components with eigenvalues above one was retained, accounting for 51.066 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. The findings of the study offer useful direction for designing local adaptation strategies by showing where advisory support, financial protection, veterinary services, and basic resource investments must be strengthened to help livestock rearers cope more effectively with climate risks.
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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, livestock rearers 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. Livestock rearers 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 0.777 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.
	.777

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	495.078

	
	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
	.363

	2. Absence of region-specific guidance on climate change information 
	1.000
	.713

	3. Limited digital skills to access mobile-based weather or livestock advisories.
	1.000
	.687

	4. Poor animal nutrition advisory.
	1.000
	.616

	5. Difficulty accessing loans or credit 
	1.000
	.368

	6. Lack of livestock insurance or compensation scheme
	1.000
	.548

	7. Difficulty or delay in accessing government schemes or support after climate-related losses
	1.000
	.503

	8. Dependency on informal credit sources with exploitative interest rates
	1.000
	.488

	9. Lack of freshwater for animal and low water table affecting fodder cultivation.
	1.000
	.482

	10. Poor availability or affordability of green/dry fodder
	1.000
	.661

	11. Inadequate livestock shelters for heat or cold stress
	1.000
	.451

	12. Inadequate Market structure or lack of value chain support for livestock produce
	1.000
	.553

	13. Labor shortages due to outmigration of youth
	1.000
	.354

	14. Poor animal disease surveillance and delayed response
	1.000
	.311

	15. Inadequate veterinary services (Vaccination/deworming) in the area
	1.000
	.500

	16. Lack of mobile veterinary clinics during climate-related emergencies
	1.000
	.575

	17. Inadequate training of local para-vets on climate-induced diseases
	1.000
	.508

	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
	3.092
	18.191
	18.191
	3.092
	18.191
	18.191
	1.782
	10.482
	10.482

	2
	1.211
	7.125
	25.316
	1.211
	7.125
	25.316
	1.687
	9.926
	20.408

	3
	1.190
	6.999
	32.315
	1.190
	6.999
	32.315
	1.587
	9.334
	29.742

	4
	1.120
	6.590
	38.905
	1.120
	6.590
	38.905
	1.257
	7.396
	37.138

	5
	1.053
	6.193
	45.098
	1.053
	6.193
	45.098
	1.254
	7.377
	44.514

	6
	1.015
	5.968
	51.066
	1.015
	5.968
	51.066
	1.114
	6.551
	51.066

	7
	.966
	5.684
	56.750
	
	
	
	
	
	

	8
	.913
	5.368
	62.118
	
	
	
	
	
	

	9
	.900
	5.294
	67.412
	
	
	
	
	
	

	10
	.858
	5.049
	72.460
	
	
	
	
	
	

	11
	.784
	4.611
	77.072
	
	
	
	
	
	

	12
	.760
	4.469
	81.541
	
	
	
	
	
	

	13
	.727
	4.274
	85.815
	
	
	
	
	
	

	14
	.665
	3.913
	89.728
	
	
	
	
	
	

	15
	.643
	3.785
	93.512
	
	
	
	
	
	

	16
	.579
	3.406
	96.918
	
	
	
	
	
	

	17
	.524
	3.082
	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 livestock insurance or compensation scheme.
	.712
	
	
	
	
	

	2. Dependency on informal credit sources with exploitative interest rates.
	.601
	
	
	
	
	

	3. Difficulty or delay in accessing government schemes or support after climate-related losses
	.544
	
	
	
	
	

	4. Lack of training or advisory support for adaptation practices.
	
	
	
	
	
	

	5. Limited digital skills to access mobile-based weather or livestock advisories.
	
	.730
	
	
	
	

	6. Lack of freshwater for animal and low water table affecting fodder cultivation.
	
	.644
	
	
	
	

	7. Labor shortages due to outmigration of youth.
	
	.547
	
	
	
	

	8. Inadequate training of local para-vets on climate-induced diseases.
	
	
	.671
	
	
	

	9. Inadequate veterinary services (Vaccination/deworming) in the area.
	
	
	.587
	
	
	

	10. Inadequate Market structure or lack of value chain support for livestock produce.
	
	
	.555
	
	
	

	11. Poor animal disease surveillance and delayed response.
	
	
	
	
	
	

	12. Poor animal nutrition advisory.
	
	
	
	.723
	
	

	13. Inadequate livestock shelters for heat or cold stress
	
	
	
	.646
	
	

	14. Poor availability or affordability of green/dry fodder.
	
	
	
	
	.805
	

	15. Lack of mobile veterinary clinics during climate-related emergencies.
	
	
	
	
	
	

	16. Difficulty accessing loans or credit 
	
	
	
	
	
	

	17. Absence of region-specific guidance on climate change information
	
	
	
	
	
	.816

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



The scree plot (Figure 1) shows a distinct break after the sixth component, where the curve begins to level off. The first few components have noticeably higher eigenvalues, indicating that they capture a meaningful share of the total variation in the data. After Component 6, the bars drop below the eigenvalue-1 threshold and the slope of the line becomes flatter, suggesting that the remaining components contribute very little and mostly represent random noise rather than useful structure. This clear “elbow” supports the decision to retain six components, as they account for the most important patterns in the farmers’ responses while avoiding the inclusion of weaker, less informative factors.
	Figure 1. Rotated Component Plot
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Discussion
The factor analysis brought together the different constraint statements into six meaningful components that together explained a little over half of the total variance, showing that livestock rearers in the region face a wide mix of interlinked challenges. The first component, formed by high loadings on statements related to the lack of training or advisory support, absence of region-specific climate information and limited digital skills, reflects a clear knowledge and extension gap that leaves farmers without the technical direction needed to handle climate pressure an issue widely noted in Bundelkhand and other dryland areas (Rai et al., 2021; Singh et al., 2022). The second component brings together financial risks, including difficulty in accessing loans, absence of livestock insurance and delays in receiving government relief, pointing to the persistent financial vulnerability of smallholders, which has also been reported in earlier work from India and South Asia (Masud et al., 2014; Andamani & Fagariba, 2020). The third component is built around water and fodder shortages, including low water tables and poor availability of green and dry fodder, which mirrors the environmental stress long documented in semi-arid regions, particularly Bundelkhand’s recurring drought cycles (Gopal et al., 2010; Dhanya et al.). The fourth component, shaped by inadequate market structure, lack of value-chain support, and labour shortages due to youth outmigration, represents the broader infrastructural and socio-economic barriers that limit farmer’s ability to sustain or expand livestock activities patterns also observed in rainfed agriculture studies across India (Satishkumar et al., 2013). The fifth component, indicated by the strong loading on poor disease surveillance and delayed response, highlights the fragility of local animal-health systems during climatic stress. The sixth and final component, dominated by inadequate veterinary services and insufficient training of para-vets, reinforces the institutional gap in climate-responsive animal healthcare. Similar concerns about weak veterinary infrastructure and slow disease-related response have been reported in both Indian and international studies on livestock adaptation (Belay et al., 2017; Kibue et al., 2016). Taken together, these six components show that the constraints experienced by livestock rearers stem not from a single source but from a combination of advisory and information gaps (component 1), financial insecurity (component 2), water and food stress (component 3), market and labor constraints (component 4), weak disease monitoring (component 5) and inadequate veterinary support (component 6), which collectively restrict their ability to cope with climate variability.
Conclusion
The study highlights how livestock rearers in the region face a combination of practical, financial, and institutional barriers that limit their ability to cope with climate variability. The six components identified through factor analysis show that farmers are not constrained by a single issue but by a set of overlapping challenges that reinforce one another. Limited access to advisory services, poor availability of climate information, and low digital literacy restrict their capacity to make timely decisions. At the same time, difficulty in accessing credit, the absence of livestock insurance, and delays in government compensation increase their financial risk, making it harder to invest in adaptation measures. Environmental pressures such as declining water tables, fodder shortages, and inadequate animal shelters further strain their coping ability. Structural issues like weak markets and labour shortages add another layer of difficulty, while gaps in disease surveillance and veterinary services leave livestock more vulnerable during extreme weather.
Overall, the findings point to the need for a more coordinated approach to climate adaptation in livestock systems one that strengthens extension support, improves financial safety nets, invests in water and fodder resources, and expands accessible veterinary care. Addressing these interconnected constraints can help build a more resilient livestock sector and give farmers the support they need to adapt to a changing climate.
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