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ABSTRACT
Agriculture is the major source of livelihood to majority of the population living in rural and peri urban areas in India. In spite of the substantial growth and contribution to national GDP, the sector encounters numerous problems brought about by climate change including floods, droughts, frost, cyclones, increasing temperature, decrease in rainfall, heat waves which lead to losses of major crops and livestock. In February, 2011 Indian Council of Agricultural Research (ICAR) has introduced a network project titled National Innovations on Climate Resilient Agriculture (NICRA) to enhance the resilience of Indian agriculture to climatic vulnerability and climate change by strategic research and technology demonstration. Krishi Vigyan Kendras (KVKs) that are a subset of the National Agricultural Research System (NARS) have also been incorporated to evaluate the location specific climate resilient technologies within agriculture and other related sectors, by technology assessment, demonstrations and capacity building. In the year 2021-22, under NICRA project, Krishi Vigyan Kendra, Banda was chosen to demonstrate the proven technologies of adapting crop and livestock farming systems to drought, which was one of the identified climatic vulnerability. Chaudhary Dera village of the district Banda was chosen under NICRA project. Because the Intergovernmental panel on climate change (IPCC) has three indicators approach to climate vulnerability (exposure, sensitivity, and adaptive capacity), the Climate Vulnerability Index (CVI) was estimated using this approach. Village selected farmers were also extremely susceptible to climate change and the risk (CVI 0.70). Particularly, the vulnerability component indices revealed a high exposure (0.60) and sensitivity (0.52) of the farmers with the lowest adaptive capacity (0.42). Such findings indicate that climate intelligent adaptation strategies must be propagated at farm and regional levels by installing suitable, place-specific, and need based climate-adaptive technologies in four modules, which are the natural resource management, crop production, livestock, and institutional interventions.
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Introduction
The agriculture sector in India support livelihood of about 42.3 per cent of the population and contributes about 18.2 per cent to the country’s GDP at current prices. Over the last five years,the sector has recorded an average annual growth rate of 4.18 per cent. The food grain production is recorded about 328.8 million tonnes in 2023-24(Economic Survey, 2023-24). Since Independence, India has made a significant progress in manufacturing and services sector but has not witnessed the growth as desired in agricultural sector (Saini and Sharma, 2019). The small size of land holdings, use of inadequate technology, inadequate infrastructure & low investment, poor socio economic condition of farmers, lack of proper irrigation management, climate change, less marketing and storage structure are the main challenges in front of Indian agriculture(Bhagde, 2014). However, Climate change and climate variability are emerging as key challenges affecting the performance of Indian agriculture (Khajuria and Ravindranath, 2012). The small and marginal farmers are found most vulnerable to climate change because of their limited institutional supports and financial capacity to anticipate and cope with the direct and indirect impact of climate change (Kumar and Gautam, 2014). Climate change and its impacts are global which are influencing the food and nutritional security of both developed and developing nations. However, developing nations likely to experience greater adverse effects because of their heavy dependence on climate-sensitive sectors such as agriculture, dairy, water resources and fisheries; are such as agriculture, dairy, water resources, and fisheries and lower level of adaptive capacity associated with poverty (IPCC, 2012; IPCC, 2014 and Patel, 2016). This severely restrains farm production, threatening the livelihood, food and nutritional security of the marginalized households. 
Climate change refers the significant changes in the measures of climate lasting for an prolonged period of time, including temperature, precipitation and wind patterns that occur over a given geographic area (EPA, 2013). The key impacts of climate change are associated with rise in sea level, changes in temperature, changes in timing, intensity and spatial distribution of rainfall and the frequency, intensity and duration of flood, drought and storms (IPCC, 2001 and IPCC 2007). As per the Fourth Assessment Report of IPCC major weather events, like heat waves, storms and droughts could have huge impacts and are likely to become more frequent, intense and widespread in the future. This will have negative impact including reduced water availability, high infestation of insect and disease to the crops and livestock (IPCC, 2007 and Mishra, 2016). Climate change exerts long term impacts on agricultural land, decreased agricultural productivity, and increased outbreak of pest and diseases and deterioration of soil health (Chakravarty, 2017). Dairy animals also get affected by climate change such as heat stresses in animal result in reduced feed intake and milk production along with productivity, increase in disease incidence and decreased reproductive performance (Upadhaya et al., 2009; Chauhan and Ghosh, 2014). 
The Bundelkhand region of Uttar Pradesh has distinct agro-climatic situation as compared to the other parts of the state. Agricultural productivity of region is already being adversely affected by rising temperatures, erratic rainfall patterns, and a growing incidence of pests and diseases. Several socioeconomic factors such as low literacy rate, limited annual income, inadequate knowledge, and insufficient institutional support, further accelerate the vulnerability in the region (Pathak et al. 2024).Despite sufficient literature on climate change impacts and vulnerability, the farm-level studies based on cross-sectional data on farming system’ resilience and adaptive capabilities, are still scarce. This study is primarily aimed (1) to assess farming system exposure to climate change and its induced risks, (2) identifying farming system sensitivity, and (3) evaluating farming system adaptive capacity to cope with changing climate.
Methodology
The study was conducted in Chaudhary dera (Khaptiah Kalan) which was selected under NICRA project of KVK, Banda during 2021-22. The village is situated in the semi-arid region of Bundelkhand which experiences frequent droughts and erratic rainfall, which adversely affect agricultural productivity and livelihoods in the region. To assess the existing conditions, Participatory Rural Appraisal (PRA) and baseline survey were carried out during 2022-23by using a structured interview schedule. The survey, facilitated through Focused Group Discussions (FGDs) and analysis of Farming System Typologies (FSTs), collected data on the socio-economic status of the villagers, farming practices, resource availability, and their vulnerability to climatic risks.The villages were divided into 4 farming system typologies (FST 1- Rainfed farming without animal, FST 2- Rainfed farming with animals, FST 3- Irrigated farming without animal and FST 4- Irrigated farming with animals) as per guidelines of NICRA project. The sampling was done by using Proportionate Stratified Random Sampling method. The sampling plan for the study is as shown in Table 1. 
Table- 01: Sampling Plan for the study
	Farming System Typology (FST)
	No. of households
	Proportion in each group
	No. of  household selected

	FST-1 (Rainfed farming without animal) 
	26
	0.10
	10

	FST- 2 (Rainfed farming with animals)
	168
	0.65
	65

	FST- 3 (Irrigated farming without animal)
	22
	0.09
	9

	FST- 4 (Irrigated farming with animals)
	40
	0.16
	16

	Total
	256
	1.0
	100



In the current study, 100 respondents were interviewed in assessing vulnerability. The current research adopted the vulnerability component analysis framework used by the IPCC to determine the vulnerability of the chosen farming systems in the study region. This framework embraced three important indicators of vulnerability i.e. exposure, sensitivity and adaptive capacity. The exposure is the level on which any system can be exposed to the risks and sensitivity is the level of being affected and adaptive capacity was the capacity of a system to avoid the adverse effects of climate variability (Khan et al. 2020). The Analysis of the Climatic vulnerability index is measured by applying the use of the Vulnerability index by Khan et al, 2021. All these three indicators were further broken down into three sub-indicators. As an example, the exposure was sub-divided into 03 sub-indicators i.e. climatic exposure, biophysical exposure, and biological exposure. In the same way, the sensitivity indicator was sub-divided into 03 sub-indicators i.e. farm sensitivity, financial sensitivity, and social sensitivity and the adaptive capacity sub-divided into 03 sub-indicators i.e. the agricultural capacity, socio-economic capacity and the institutional capacity. The following formula applied by Sendhil et al. 2018andPatelet al. 2018 was used to collect and further normalize data.
Normalizationformula
(a) When the indicator has positive influence

(b) When the indicator has negative influence


Index values of all three indicators i.e. Exposure, sensitivity and adaptive capacity index value were calculated individually by using their respective sub-indicators. 
Finally, Climatic Vulnerability Index (CVI) was calculated as per the IPCC approach by dividing the adaptive capacity from the climate change impact i.e. exposure plus sensitivity (Sendhil et al. 2018). The process was applied to each of the four farming system typologies.:
CVI = 
Results and Discussion:
The exposure refers the variation in the temperature, rainfall patterns, intensity of rainfall and cropping calendar have significantly increased the risk faced by farming systems.To standardize the exposure 3 major sub- indicators i.e. Climatic exposure, Biophysical exposure and Biological exposure have been identified. Climatic exposure includes 05 sub indicators i.e. rainfall, rainfall patterns, temperature, winter cropping calendar and summer cropping calendar; Biophysical exposure includes 03 sub indicators i.e. incidence of drought, Ground/canal water availability, water quality; Biological exposure includes three sub indicators i.e. pest/insect attack, diseases attack and complex weed germination. Based on the analysis exposure index value is calculated and given in Table-2.
Table 2: Exposure Vulnerability of farmers due to Climate Change in Chaudhary dera (n=100)
	Sub-indicators
	Variables
	FST-1
	FST-2
	FST-3
	FST-4
	Total

	
	
	TAV
	VI
	TAV
	VI
	TAV
	VI
	TAV
	VI
	TAV
	VI

	Climatic exposure
	Decreasing rainfall 
	80
	0.80
	73.85 
	0.74 
	77.78
	0.78 
	68.75
	0.69
	75.09
	0.75

	
	Change in rainfall patterns 
	80
	0.80
	72.31 
	0.72 
	77.78
	0.78 
	75.00
	0.75
	76.27
	0.76

	
	Increasing trend in temperature 
	80
	0.80
	69.23 
	0.69 
	66.67
	0.67 
	81.25
	0.81
	74.29
	0.74

	
	Variation in winter cropping calendar 
	30
	0.30
	12.31 
	0.12 
	22.22
	0.22 
	12.50
	0.13
	19.26
	0.19

	
	Variation in summer cropping calendar 
	30
	0.30
	9.23 
	0.09 
	22.22
	0.22 
	12.50
	0.13
	18.49
	0.18

	Average value 
	
	0.60
	
	0.47
	
	0.53
	
	0.50
	
	0.52

	Biophysical exposure 
	Increase in frequency and incidence of drought 
	70
	0.70
	69.23 
	0.69 
	77.78
	0.78 
	81.25
	0.81
	74.56
	0.75

	
	Decrease in Ground/canal water availability 
	90
	0.90
	87.69 
	0.88 
	77.78
	0.78 
	81.25
	0.81
	84.18
	0.84

	
	Degradation of water quality 
	40
	0.40
	30.77 
	0.31 
	11.11
	0.11 
	31.25
	0.31
	28.28
	0.28

	Average value
	
	0.67
	
	0.63
	
	0.56
	
	0.64
	
	0.62

	Biological exposure
	increase in the incidence of pest/insect attack 
	70
	0.70
	75.38 
	0.75 
	77.78
	0.78 
	75.00
	0.75
	74.54
	0.75

	
	Increase in the incidence of diseases attack 
	60
	0.60
	69.23 
	0.69 
	66.67
	0.67 
	81.25
	0.81
	69.29
	0.69

	
	Increase in the incidence of complex weed germination 
	50
	0.50
	70.77 
	0.71 
	77.78
	0.78 
	75.00
	0.75
	68.39
	0.68

	Average value
	
	0.60
	
	0.72
	
	0.74
	
	0.77
	
	0.71

	Exposure index value
	
	0.62
	
	0.58
	
	0.60
	
	0.61
	
	0.60


(TAV- Total actual value and VI- Variable index)
The data of exposure indicators explained that all the four groups or Farming Systems are more or less equally affected to climate change and its associated risks. Findings further revealed that the climatic exposure index of the FST-1has a relatively higher value (0.60) than other FSTs. FST-2 has relatively lower value (0.47) it shows that farmers of the FST 1 are highly vulnerable and farmers of FST-2 are least vulnerable due to the climate among all the four groups studied. The index values of Biophysical exposure sub-indicators show that farmers of FST-1 have highly exposed to biophysical change with a vulnerability index value of 0.67 followed by FST-4, FST-2 and FST-3 with an index value of 0.64, 0.63 and 0.56 respectively. The index values of Biological exposure sub-indicators shows that farmers of FST 4 have higher biological exposure with a vulnerability index value of 0.77 followed by FST 3 (0.74), FST-2 (0.72) and FST -I (0.60). Overall FST-2 are least exposed and FST-1 are most exposed to climate change and its impact. Moreover, during the survey, 76.00 per cent of farmers revealed that temperature has significantly increased, while 75.00 per cent of farmers revealed rainfall has significant decrease during last decade. As agriculture is mainly dependent on climatic factors such as temperature, rainfall, and cropping calendar, hence significant changes in these variables may highly influence the agriculture and allied sectors. Many studies reported that increasing temperature adversely affects the future cereal yields in developing countries like India and Pakistan (Ali et al. 2017). Even many studies have suggested that cereal productivity will decrease by 10 to 40 per cent by 2100 and greater loss is expected in Rabi season. Every 10C increase in temperature decrease the wheat productivity by 4-5 million tonnes (Kumar, et al. 2014). 
It is also reported that rainfall pattern has shifted to late summer to early winter during the last one-decade, which has not only threatened the water availability to kharif crops but also damages the grain quality and crop yield when rainfall happens in the harvesting stage especially in Paddy (Khan et al. 2021). This shift in rainfall patterns causes temperature fluctuations, delaying Rabi crop cultivation thereby affecting overall crop productivity.
Table 3 Sensitivity of farmers due to Climate Change (n=100)
	Sub-indicators
	Variables
	FST-1
	FST-2
	FST-3
	FST-4
	Total

	
	
	TAV
	VI
	TAV
	VI
	TAV
	VI
	TAV
	VI
	TAV
	VI

	Social sensitivity
	Food insecurity 
	60
	0.6
	61.54
	0.62 
	22.22
	0.22 
	31.25
	0.31
	43.75
	0.44

	
	Forcing displacement/migration 
	60
	0.6
	69.23
	0.69 
	88.89
	0.89 
	38
	0.38
	63.90
	0.64

	Average value
	
	0.60
	
	0.66
	
	0.56
	
	0.35
	
	0.54

	Economic sensitivity
	Decreased in crop returns 

	70
	0.7
	87.69
	0.88 
	88.89
	0.89 
	44
	0.44
	72.58
	0.73

	
	Increase in cost of cultivation
	60
	0.6
	63.08
	0.63 
	77.78
	0.78 
	43.75
	0.44
	61.15
	0.61

	Average value
	
	0.65
	
	0.76
	
	0.84
	
	0.44
	
	0.67

	Farm sensitivity 
	Agriculture as primary source of income 
	60
	0.6
	63.08
	0.63 
	77.78
	0.78 
	43.75
	0.44
	61.15
	0.61

	
	Personal irrigation source 
	70
	0.70
	50.77
	0.51 
	77.78
	0.78 
	50.00
	0.50
	62.14
	0.62

	
	Proportion of small farmers 
	0
	0.00
	0.00
	0.00 
	22.22
	0.22 
	37.50
	0.38
	14.93
	0.15

	
	Proportion of tenants/leased farmers 
	100
	1.00
	87.69
	0.88 
	44.44
	0.44 
	62.50
	0.63
	73.66
	0.74

	Average value
	
	0.57
	
	0.46
	
	0.48
	
	0.50
	
	0.50

	Sensitivity index value
	
	0.60
	
	0.55
	
	0.56
	
	0.38
	
	0.52


Sensitivity indicates how farmers’ assets and resources are affected by temperature and rainfall risks and their associated biophysical and biological hazards. The sensitivity further divided into three sub-indicators, i.e. social sensitivity, financial sensitivity, and farm sensitivity. The calculated index score of the overall sensitivity indicator revealed that FST-2 (0.66) has higher sensitivity to climate change and associated risk in the village followed by FST-1 (0.60), FST- 3 (0.56) and FST-4 (0.38) respectively. The index values of social sensitivity sub-indicators further show that farmers (FST-2) are highly sensitive in terms of climate change (0.66) followed by FST-1, FST-3 and FST-4 with a vulnerability index value of 0.60, 0.56 and 0.34, respectively. The index values of Financial sensitivity sub-indicators further show that farmers FST-3 are highly sensitive in terms of climate change (0.84) followed by FST-2, FST-1 and FST-2 with a vulnerability index value of 0.76, 0.65 and 0.44 respectively. The index values of Farm sensitivity sub-indicators further show that farmers (FST-1) are highly sensitive in terms of climate change (0.57) followed by FST-4, FST-3 and FST-2 with a vulnerability index value of 0.50, 0.48 and 0.46 respectively. 
Agriculture and allied sector are relatively more sensitive in terms of marginalized groups, as a majority of the respondents were smallholders (81.00%) and considerable numbers of the farmers are leased farmers, and tenants (20.00%). Findings further report that over one fourth of the farmers do not have access to any irrigation facility (personal tube well/ channel). Further, more than half of the farmers (55.00%) rely on farming as main source of their family income. 
Table 4: Adaptive Capacity of farmers due to Climate Change (n=100)
	Sub-indicators
	Variables
	FST-1
	FST-2
	FST-3
	FST-4
	Total

	
	
	TAV
	VI
	TAV
	VI
	TAV
	VI
	TAV
	VI
	TAV
	VI

	Socio-economic capacity
	Education
	2.1
	0.26 
	3.88
	0.32 
	6.30
	0.53 
	6.56
	0.44
	4.71
	0.39

	
	Annual income 
	69329
	0.53 
	175825
	0.28 
	166570
	0.33 
	268125
	0.46
	169962
	0.40

	
	Annual income other than agriculture
	66500
	0.70 
	50845
	0.07 
	18200
	0.25 
	11875
	0.10
	36855
	0.28

	Average value
	
	0.50
	
	0.22
	
	0.37
	
	0.33
	
	0.36

	Agricultural capacity
	Land holding
	1.84
	0.36 
	2.62
	0.37 
	4.68
	0.33 
	4.71
	0.31
	3.46
	0.34

	
	Experience 
	28.1
	0.46 
	34.09
	0.33 
	33.80
	0.39 
	30.63
	0.62
	31.65
	0.45

	
	Total  family member engaged in agriculture
	1.4
	0.20 
	1.67
	0.22 
	1.70
	0.70 
	1.94
	0.47
	1.68
	0.40

	
	Livestock ownership 
	0
	0.00 
	100.00
	1.00 
	0.00
	0.00 
	100.00
	1.00
	50.00
	0.50

	
	Climate adaptation strategies 
	40
	0.40 
	49.23
	0.49 
	44.44
	0.66 
	18.75
	0.19
	38.11
	0.43

	Average value
	
	0.20
	
	0.57
	
	0.45
	
	0.55
	
	0.44

	Institutional capacity
	Credit services 
	30
	0.30 
	41.54
	0.42 
	66.67
	0.44 
	31.25
	0.31
	42.36
	0.37

	
	Climate and weather forecast services 
	60
	0.60 
	75.38
	0.75 
	55.56
	0.56 
	75.00
	0.75
	66.49
	0.66

	
	Farm advisories 
	50
	0.50 
	41.54
	0.38 
	33.33
	0.33 
	56.25
	0.56
	45.28
	0.45

	Average value
	
	0.47
	
	0.52
	
	0.44
	
	0.54
	
	0.49

	Adaptive capacity index value
	
	0.39
	
	0.42
	
	0.41
	
	0.47
	
	0.43


Adaptive capacity refers to the level of resilience or ability to cope with existing or anticipated climate changes. The adaptive capacity was further divided into three sub-indicators, i.e., Socio-economic capacity, Agricultural capacity, and institutional adaptive capacity. According to the findings, the index value of the adaptive capacity indicator showed that FST-1 has lowest Adaptive capacity index value (0.39) followed by FST-3 (0.41), FST-2 (0.42) and FST-4 (0.47) respectively. This shows that the FST-1 and FST-2 are more vulnerable as compared to the FST-4 due to climate change and related risk. Further, the sub-indicators of adaptive capacity show that farmers have the least resilience related to socio-economic capacity (0.36), followed by agricultural(0.44) and intuitional capacity (0.49).Further, the sub-indicators socio-economic adaptive capacity show that farmers have the more resilience (0.50) for FST-1and least resilience (0.22) for FST-2. Farmer’s socio-economic variables like education and income, are the main attributes for determining their resilience against the catastrophes (Mandal et al. 2018).Studies reported that resourceful farmers are less vulnerable to climate change due to their higher income resources are minimized (Zamasiya et al. 2017).
Further it was found that, the farmers had low educational qualification with an average 4-5years of schooling. In case of family income, the average monthly income from the agriculture was reported as Rs. 14571/- which is very crucial asthe majority of them rely on agriculture as primary source of income. Moreover, the average off-farm income of farmers was only Rs. 3303 per month indicating limiting livelihood diversification. These findings supports the findings of Masud et al. (2017), who stated that farmers with less income, less livelihood diversification, and low level of education have less resilience in adapting and mitigating climate change and its induced risks to agriculture.The sub-indicators Agricultural adaptive capacity reveled that farmers have the less resilience with vulnerability index value of 0.20, 0.45, 0.55 and 0.57 for FST-1, FST-3, FST-4 and FST-2 respectively. The index values of Institutional adaptive capacity sub-indicators explain that FST-3 has less adaptive capacity (0.44) as compared to FST-1 (0.47), FST-2 (0.52) and FST-4 (0.54).
Table 5: FST wise vulnerability index value in the village selected under NICRA village
	Farming System Typology (FST)
	Exposure
	Sensitivity
	Adaptive capacity
	Mean score

	FST-1(Rainfed farming without animal)
	0.62
	0.6
	0.39
	0.83

	FST-2 (Rainfed farming with animals)
	0.58
	0.54
	0.42
	0.7

	FST-3(Irrigated farming without animal)
	0.6
	0.56
	0.41
	0.75

	FST-4(Irrigated farming with animals)
	0.61
	0.38
	0.47
	0.52

	Cumulative score
	0.6
	0.52
	0.42
	0.70



The FST-Based Climatic Vulnerability Index (CVI) quantifies the differences in exposure, sensitivity, and adaptive capacity among all the four FSTs groups, providing insights into their overall vulnerability under NICRA interventions. FST-4 dominated by irrigated agricultural with animals has lower vulnerability indices (0.52). The FST-2 and FST-3 has relatively same vulnerability scores i.e. 0.70 and 0.75 respectively. The FST-1(Rainfed without animals) has highest vulnerability score with CVI= 0.83. This is because the farming system is primarily rainfed and lacks an animal component, which could otherwise compensate for crop production losses during the occurrence of droughts or floods.  The score of adaptive capacity index is less (0.39) which is due to the fact that farmers had only 2.1 years of formal education and annual income is only Rs. 69329, the average land holding of the system is 1.84 acres and had complete dependence on rainwater for agriculture, making this group more vulnerable towards climate change. The FST- 4 (Irrigated farming with animals)has lowest CVI among all the four system i.e. 0.52. The exposure, sensitivity and adaptive capacity score are 0.61, 0.38 and 0.47 respectively. The system has higher education upto 6.56 and average land holding is 4.71acres and also has better access to information and adoption of climate resilient practices. Reliable access to irrigation infrastructure (personal tube well) ensures stable agricultural outputs, minimizing the impacts of rainfall variability. In contrast, FST-2which are dependent on rainfed systems and FST-3 which is irrigated but not having animal component exhibit relatively higher vulnerability indices (0.7 and 0.75, respectively). 
Based on the Climatic vulnerability index of particular Farming System Typologies (FSTs) KVK, Banda implements NICRA interventions effectively which addressed the vulnerabilities by targeting key areas of exposure, sensitivity, and adaptive capacity, as depicted in Table 5.The NICRA project has four modules i.e. Natural resource management, Crop Production, Livestock and institutional interventions. Krishi Vigyan Kendra, Banda identified key gaps and challenges that need to be addressed to reduce the impacts of climate change and associated risks, with the aim of stabilizing agricultural productivity, ensuring food and livestock security, and strengthening farmers’ capacity to adapt to evolving climatic and socio-economic conditions, as reflected in the previous tables showing lower adaptive capacity and higher sensitivity and exposure among selected four farming system groups.

Fig-1 FST wise vulnerability index
Conclusion
The farming community is considered as the most vulnerable to the climate change and its negative impact due to their high reliance on agriculture and allied sectors, which are highly climate sensitive. The Bundelkhand region of Uttar Pradesh, where yield gaps of major growing crops and livestock are significantly high, due to higher exposure, sensitivity and low adaptive capacity of farming community to the climate change. In the study FST-1(Rainfed farming without animals) and FST-4 (irrigated farming with animal) are found to be the most and least vulnerable farming system in the adopted village towards climate change and associated risk. Area-specific adaptation& mitigation strategies and climate-smart farming practices are needed to minimize climate change impact. Gaps and issues identified in the research must be urgently required to reduce exposure and sensitivity and improve climatic risk resilience (adaptive capacity) in the study area. 
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