


Assessing Socio-Economic Determinants of Farmers’ Adaptive Capacity to Climate Change: An Empirical Study from Gaya District, Bihar, India
Abstract. Climate change poses a growing threat to agricultural systems, particularly impacting smallholder farmers in vulnerable regions like Bihar, India. This study assesses the adaptive capacity of farmers in Gaya district and identifies key socio-economic factors influencing their response to climate variability. A total of 240 farmers were selected using a multistage random sampling method across diverse agro-ecological zones. Quantitative data were collected through structured interviews and analysed using descriptive and inferential statistics. Findings reveal that variables such as education (62.91% educated up to secondary level or higher), farming experience (82.92% with over 20 years), access to climate information (42.09% with low access), off-farm income (45.42% earning ₹50,000–₹2,00,000), and land ownership significantly affect adaptation. The study underscores the role of knowledge dissemination, media exposure, and institutional support in strengthening resilience. Results suggest that targeted interventions addressing education, information access, and income diversification are essential for enhancing the adaptive capacity of farming communities under climate stress. In summary, quantitative findings affirm that education, income diversity, land access, and information exposure significantly affect farmers' adaptability. To build a resilient agricultural sector, there is an urgent need for policy measures that improve education, expand irrigation, enhance information dissemination through mass media and extension services, and promote financial inclusion. 
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Introduction
Climate change has emerged as a critical global concern due to its profound and accelerating impact on Earth's ecosystems. Climate change refers to long-term shifts in temperature and weather patterns.  Since the 18th century, human activities, particularly the burning of fossil fuels, have been the primary cause of climate change, although natural shifts do occur (Abhijeet et al., 2023). Although climatic variations have historically occurred as part of natural processes, the pace of change has intensified markedly over the last century, primarily as a result of anthropogenic activities. Chief among these are the emissions of greenhouse gases (GHGs) from fossil fuel combustion, deforestation, and industrial processes, which have collectively contributed to an estimated 0.9 °C rise in global average temperatures since the late 19th century [1]. If current trends in GHG emissions, deforestation, and environmental degradation continue unchecked, global temperatures are projected to increase by 1.5 °C or more by mid-century [2].
Climate change manifests in various forms, including rising temperatures, altered precipitation patterns, increased frequency of extreme weather events, and shifts in pest and disease dynamics, all of which profoundly affect agricultural productivity and resilience (Verma et al., 2024; Abbass et al., 2022). The consequences of climate change are visible in the form of widespread land degradation, desertification, and the depletion of essential soil nutrients, which in turn have significant socio-economic ramifications. These include reduced agricultural productivity, increased food insecurity, and forced migration. According to a report by the United Nations Environment Programme [3], prolonged drought and advancing desertification have led to the abandonment of approximately 500 million hectares of agricultural land, presenting severe environmental and socio-economic challenges.
In this context, the concept of adaptive capacity is defined as the ability of individuals, communities, or systems to adjust to potential damage, take advantage of opportunities, or respond to consequences of climate change is of paramount importance [4]. For agricultural producers, particularly smallholder farmers, adaptive capacity is influenced by a range of socio-economic and institutional factors. These include access to knowledge and information, financial capital and credit services, technological innovations, social networks, infrastructure, institutional and policy frameworks, land tenure security, education, training opportunities, and exposure to past climatic shocks [5,6]. The geographic and ecological vulnerability of farming regions also plays a vital role.
Enhancing these dimensions through coordinated efforts from governments, non-governmental organisations, and agricultural extension services is essential for building resilient farming systems. Education, in particular, is fundamental in empowering farmers with the knowledge and skills necessary for sustainable and adaptive farm management. This learning may occur formally, through agricultural education institutions, or informally, via extension agents, farmer field schools, and peer learning [7].
Moreover, the physical and mental well-being of farmers directly influences their capacity to engage in adaptive strategies. Access to reliable input and output markets further enhances the potential for adaptation, as market integration improves income stability and facilitates investment in climate-resilient practices [8]. Therefore, a holistic approach that strengthens institutional, educational, economic, and social dimensions is essential for improving the adaptive capacity of farmers facing climate variability.
Input markets are vital for facilitating farmers' access to essential agricultural resources, including enhanced seed varieties, fertilisers, and irrigation technologies. Conversely, access to output markets promotes the cultivation of high-value cash crops, which enhances farmers' economic resilience and their ability to adapt to climate change. Cooper et al. [9] suggest that evaluating the adaptive capacity of farmers can be effectively approached by examining different livelihood assets, such as social, human, physical, and financial capital. A diverse asset base strengthens adaptive capacity by enhancing livelihood security and fostering sustainability in response to climate variability. Jones et al. [10] highlighted that local adaptive capacity is influenced not just by resource availability but also by the efficiency of resource access, utilisation, and governance.
Understanding current farm-level adaptation practices and farmers’ views on future adaptation opportunities is crucial for developing new strategies and fostering collaborative learning within agricultural communities. This comprehension fosters the development of resilience in the face of new climate challenges. Nonetheless, the connection between farmers' perceptions, learning mechanisms, and their readiness to embrace or dismiss adaptive strategies continues to be a topic of active scholarly debate. A significant deficiency exists in empirical research that investigates the intricacies of farmers’ adaptive capacity alongside the fundamental motivations driving their reactions to climate change. This study aims to identify and analyse the socio-economic factors that affect farmers' ability to adapt to the changing climate conditions.
Methodology
This study was conducted in the Gaya district, located in the state of Bihar, India. Gaya was purposively selected due to its agricultural prominence, characterised by fertile alluvial soils, relatively well-developed irrigation infrastructure, adoption of modern farming practices, and crop yields that surpass the state average and, in some cases, the national average. A multi-stage sampling technique was employed to select respondent farmers. In the first stage, the district was stratified into three agro-ecological clusters based on irrigation availability and soil type: (i) command areas with assured irrigation and heavy soils, (ii) command areas with unassured irrigation and medium soils, and (iii) non-command areas with medium soils and reliance on well-based irrigation. In the second stage, eight representative villages were randomly selected from each agro-ecological cluster. Finally, a total of 240 farmers were selected from the twenty-four identified villages to participate in the study.
To gather data from the respondents, a systematic interview schedule was used, which included instruments to evaluate both dependent and independent variables in addition to crucial demographic data about the farmers. The data was collected via personal interviews using a pre-tested standardised questionnaire. The gathered data were systematically arranged into tables and meticulously analysed. Statistical techniques such as mean, standard deviation, and correlation coefficients were used to analyse the data. The techniques used for evaluating the independent variables in this research are outlined as follows:
· Age: Age represents the number of years of the respondents stated as whole numbers. The modified scale developed by Guru Raj et al. [11] was used, and scoring was done as per the scale. 
· Education: It represents the period of formal education attained by the respondents in years. Scores of different educational levels were given according to a scale developed by Guru Raj et al. [11].
· Access to climate information: Access to information of the individual farmer about Climate Change was measured through a scale developed by Jaishi et al. [12] with some modifications as per the requirements of the study. 
· Social participation: Modified scale developed by Guru Raj et al. [11] was used, and scoring was done as per the scale. 
· Farming experience years: The individual's years of experience as a farmer. This research defined the total number of years a farmer has actively participated in farming. The responses were then classified into low, medium, and high experience categories based on mean and standard deviation as a verification measure.
· Access to extension contact: It had been operational as the degree of contact of respondents with extension personnel. This was measured with the help of a schedule developed for the purpose. The total score of a respondent for all questions was computed and arranged in an array. 
· Mass media exposure: Mass media coverage is defined by the extent of a respondent's exposure to several forms of mass media (Radio, Television, Exhibitions/Kisan Melas, Farm Magazines, and Newspapers) for acquiring knowledge about agricultural technology. The assessment was based on the engagement with farm broadcasts (radio and television), the perusal of agricultural literature, and visits to Kisan Melas throughout the last year. Respondents' exposure to farm broadcasts via radio, television, and agricultural literature was assigned scores of 4, 3, 2, 1, and 0 for daily, weekly, fortnightly, rarely, and never, respectively. Additionally, respondents were awarded scores for the accurate names of the agricultural magazine, radio program, and television show, along with their respective broadcast hours. The respondent's attendance at Kisan Mela during the last three consecutive years was considered. The ratings received by the respondents for all questions were aggregated to get their final mass media exposure scores. 
· Off-farm income: It was the per annum gross income of a farmer derived from non-farming sources like service, business, etc. It was expressed in thousands of rupees per annum. The respondents were categorised into several income classes. 
· Operational land holdings: It refers to the cultivated land in hectares possessed by the respondents. The modified scale developed by Guru Raj et al. [11] was used, and scoring was done as per the scale. 
· Area under irrigation: It refers to the cultivated land in hectares irrigated by any sources of irrigation. The modified scale developed by Guru Raj et al. [11] was used, and scoring was done as per the scale. 
· Knowledge about climate change: Knowledge of the individual farmer about Climate Change was measured through a scale developed by Jaishi et al. [12] with some modification as per the requirements of the study. 
3. Results and Discussion
[bookmark: _Hlk203081972]The socio-economic status of farmers plays a crucial role in shaping their innovative and adaptive behaviours. Key socio-economic factors such as age, education, social participation, income level, exposure to mass media, and the size and type of land ownership significantly influence how farmers respond to climate change. Research focused on these variables has not only provided insights into the general socio-economic conditions of farming communities but has also identified barriers that limit agricultural potential and highlighted areas where policy interventions are needed [13]. The interplay of personal, psychological, and situational factors consistently affects decision-making and the adoption of improved agricultural practices. Therefore, understanding the socio-economic profile of the respondents is essential to explore and interpret the relationships between various socio-economic variables and farmers' adaptive capacity in the context of climate change.
3.1.  Age
The measurement of age was taken as the total number of years the respondent had completed at the time of data collection. The participants were divided into three distinct categories: young, middle-aged, and old, with the findings displayed in Table 1. The data clearly indicated that the largest portion of respondents fell within the older age category, comprising 43.75%, followed by those in the middle age group at 36.67%, and finally, the younger age group at 19.50%.





Table 1. Distributions of respondents according to their age.
	Age Group
	Respondents

	
	Number
	Percent

	Young (Below 35 Years)
	47
	19.50

	Middle (35-50 Years)
	88
	36.67

	Old (> 50 Years)
	105
	43.75

	Total 
	240
	100.00



3.2 Education 
Education enhances an individual's capacity to pursue knowledge, comprehend concepts, and adopt practices effectively. The influence of education extends to irrigation, insurance, and marketing networks, playing a crucial role in enhancing adaptive capacity to climate change. Experience enhances critical thinking and fosters maturity, enabling individuals to make informed decisions. The subjects were classified into five distinct categories and are displayed in the subsequent Table 2. The data clearly indicated that the largest portion of respondents, 28.33 per cent, had attained education up to the middle level. This was followed by those with secondary education at 20.83 per cent, primary education at 20.41 per cent, while 16.67 per cent were illiterate, and those who were graduates or above comprised 13.75 per cent. 
The observed low level of literacy may stem from inadequate financial resources, insufficient educational facilities in rural regions, a lack of awareness among farmers regarding the significance and necessity of education, and the pressing need for children to assist their parents in farming due to financial constraints, which often takes precedence over continuing their schooling. Many of the marginal and small farmers who faced poverty were unable to pursue higher education. The distance of higher educational institutions from the village continues to contribute to the issue of school dropout rates, particularly following the completion of middle school.
Table 2. Distribution of respondents according to their education.
	Education
	Respondents

	
	Number
	Percent

	Illiterate
	40
	16.67

	Primary
	49
	20.41

	Middle
	68
	28.33

	Secondary
	50
	20.83

	Graduate and above
	33
	13.75

	Total
	240
	100


3.3 Access to climate information 
Table 3 indicates that a significant portion of respondents, specifically 42.09 per cent, reported having low access to information concerning climate change and associated topics. Additionally, 40.00 per cent of respondents reported medium access to climate information, while only 17.91 per cent indicated high access. It was encouraging to observe that a significant number of farmers had limited access to climate information.
Table 3. Distribution of respondents according to access to climate
	Extent of Climate Information
	Respondents

	
	Number
	Percent

	Low
	101
	42.09

	Medium
	96
	40.00

	High
	43
	17.91

	Total 
	240
	100.00



3.4 Social participation 
It is evident in Table 4 that the majority, nearly 50.42 per cent the respondents have a low level of social participation, and 28.33 % the respondents have a medium level of social participation. However, only a small segment of respondents, 21.25 per cent, had a higher level of social participation. 
Table 4. Distribution of respondents according to their social participation.
	Extent of Social Participation
	Respondents

	
	Number
	Percent

	Low
	121
	50.42

	Medium
	68
	28.33

	High
	51
	21.25

	Total 
	240
	100.00



3.5 Farming experience years 
The experience in farming correlates directly with the age progression of the respondents. Older individuals may possess more experience than their younger counterparts. Experience aids in developing more effective thought processes and contributes to an individual's maturity in making sound decisions. The participants were classified into three groups using the class interval method, as shown in Table 5. 
The data clearly indicates that a majority of respondents, 82.92 per cent, had over 20 years of farming experience. A further 10.83 per cent of respondents reported having 10 to 20 years of farming experience, while nearly 6.25 per cent indicated they had less than 10 years of experience in farming. This was likely attributable to the predominance of farmers in the districts who are part of the middle and older age demographics.
Table 5. Distribution of respondents according to Farming experience years.
	Extent of Farming experience
	Respondents

	
	Number
	Percent

	Low (< 10 Years)
	15
	6.25

	Medium (10 – 20 Years)
	26
	10.83

	High (> 20 Years)
	199
	82.92

	Total 
	240
	100.00



3.6 Access to extension contact 
The data presented in Table 6 clearly reveal that the majority of respondents, 47.91 per cent, had access to extension contact, whereas 36.67 per cent had moderate access to extension contact, and 15.42 per cent had high access to extension contact.
Table 6. Distribution of respondents according to access to extension contact.
	Extent of Extension contact
	Respondents

	
	Number
	Percent

	Low
	115
	47.91

	Medium
	88
	36.67

	High
	37
	15.42

	Total 
	240
	100.00


3.7 Mass media exposure
Mass media seems to have a significant impact on raising awareness within the farming community. The level of exposure to mass media for each respondent encompasses their interaction with print media, including newspapers and farm magazines, as well as radio and television. The participants were categorised into three distinct groups based on their levels of mass media exposure: low, medium, and high. The findings are detailed in Table 7. The findings indicated that 60.00 per cent of respondents fell into the low exposure category, whereas 23.75 per cent were classified as having medium mass media exposure, and 16.25 per cent were in the high exposure category. This distinctly illustrates the significantly uneven nature of distribution.
Table 7. Distribution of respondents according to the use of mass media.
	Extent of Mass media exposure
	Respondents

	
	Number
	Percent

	Low
	144
	60.00

	Medium
	57
	23.75

	High
	39
	16.25

	Total 
	240
	100.00


3.8 Off-farm income 
Data on off-farm income is detailed in Table 8. The findings indicated that a significant portion of the respondents, specifically 45.42 per cent, reported an annual off-farm income ranging from Rs 50,000 to 2,00,000 lakhs. Approximately 23.00 per cent of participants reported annual off-farm income ranging from Rs. 2,00,000 to 5,00,000 lakhs. Additionally, 13.33 per cent of participants reported annual off-farm income exceeding 500,000 rupees, while 18.75 per cent indicated annual off-farm income below 50,000 rupees.
Table 8. Distribution of respondents according to their off-farm income.
	Off-farm income
	Respondents

	
	Number
	Percent

	up to 50,000 
	45
	18.75

	50,000 – 200000 
	109
	45.42

	200000-500000 
	54
	22.50

	more than 500000 
	32
	13.33

	Total
	240
	100.00



3.9 Operational Land Holdings 
The distribution of frequency of farmers regarding operational land holdings is illustrated in Table 9 of the data presented. An initial examination of the table indicates that the majority of respondents had small operational holdings at 40.00 per cent and medium holdings at 40.83 per cent, while 11.67 per cent of respondents had marginal-sized land holdings.
Table 9. Distribution of respondents according to operational holding.
	Operational land holding
	Respondents

	
	Number
	Percent

	Marginal (less than 1 hectare) 
	28
	11.67

	Small (1-2 hectare) 
	96
	40.00

	Medium (2- 10 hectares) 
	98
	40.83

	Large (more than 10 hectares) 
	18
	7.5

	Total
	240
	100.00



3.10 Area under irrigation 
The farmers were classified into three categories based on the number of standard hectares of irrigated farming land they possess, as shown in Table 10. The data indicates that the majority of respondents, 41.25 per cent, had land under assured irrigation, followed by 34.17 per cent with partial irrigation and 24.58 per cent with rainfed irrigation.
Table 10. Distribution of respondents according to area under irrigation.
	Area under irrigation
	Respondents

	
	Number
	Percent

	Assured irrigation 
	99
	41.25

	Partial irrigation 
	82
	34.17

	Rainfed irrigation 
	59
	24.58

	Total 
	240
	100.00



3.11 Knowledge about climate change 
Table 11 indicates that almost 75 per cent of respondents exhibited a low to medium level of knowledge regarding climate-related aspects. Only 25.83 per cent of the participants demonstrated a high level of knowledge. This could also be attributed to the fact that most farmers possessed medium to high levels of experience in cultivation, as well as a medium to high rate of information exchange among themselves. The significance of these two characteristics lies in their ability to enhance understanding, especially regarding climate change.


Table 11. Distribution of respondents according to knowledge about climate change.
	Extent of knowledge
	Respondents

	
	Number
	Percent

	Low
	84
	35.00

	Medium
	94
	39.17

	High
	62
	25.83

	Total 
	240
	100.00



1. Conclusions
This study clearly demonstrates that farmers’ adaptive capacity to climate change is significantly influenced by a combination of socio-economic factors. Among the 240 respondents surveyed in Gaya district, 82.92% had over 20 years of farming experience, indicating a wealth of practical knowledge that can enhance adaptation. Education also played a pivotal role; although 16.67% of respondents were illiterate, 62.91% had education up to secondary level or higher, correlating with better awareness and willingness to adopt climate-resilient practices.
[bookmark: _GoBack]Access to climate information remains limited: 42.09% of farmers had low access, while only 17.91% reported high access. Similarly, 60% had low exposure to mass media, and just 21.25% had high social participation—factors that constrain the flow of vital information and community learning. In contrast, 41.25% of farmers had assured irrigation access, and 81.66% owned small to medium operational land holdings (1–10 hectares), which are more manageable for implementing adaptive strategies.
Off-farm income was a notable contributor to resilience, with 45.42% earning between ₹50,000 and ₹2,00,000 annually, and 22.50% earning between ₹2,00,000 and ₹5,00,000. This financial diversification provides a buffer against climate-induced shocks. Moreover, 64.58% of farmers reported low to moderate access to extension contact, showing the potential for institutional support systems to be further strengthened.
In summary, quantitative findings affirm that education, income diversity, land access, and information exposure significantly affect farmers' adaptability. To build a resilient agricultural sector, there is an urgent need for policy measures that improve education, expand irrigation, enhance information dissemination through mass media and extension services, and promote financial inclusion. Strengthening these pillars can ensure that farmers are better equipped to cope with the adverse impacts of climate change and secure their livelihoods sustainably.

Disclaimer (Artificial intelligence)

Option 1: 

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

Option 2: 

Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology

Details of the AI usage are given below:
1.
2.
3.

References	
IPCC. (2021). Sixth Assessment Report: Climate Change 2021. The Physical Science Bais. Intergovernmental Panel on Climate Change.
IPCC. (2018). Global Warming of 1.5°C. An IPCC Special Report. Intergovernmental Panel on Climate Change.
UNEP. (2017). Global Land Outlook: First Edition. United Nations Convention to Combat Desertification (UNCCD).
Smit, B., Wandel, J.: Adaptation, adaptive capacity and vulnerability. Global Environmental Change 16(3), 282–292 (2006).
Adger, W. N., Brooks, N., Bentham, G., Agnew, M., Eriksen, S.: New indicators of vulnerability and adaptive capacity. Tyndall Centre for Climate Change Research 122 (2004).
Below, T., Artner, A., Siebert, R., Sieber, S.: Micro-level practices to adapt to climate change for African small-scale farmers: A review of selected literature. IFPRI Discussion Paper 00953 (2012).
FAO. (2010). Climate-Smart Agriculture: Policies, Practices and Financing for Food Security, Adaptation and Mitigation. Food and Agriculture Organization of the United Nations.
Thornton, P. K., Jones, P. G., Ericksen, P. J., Challinor, A. J.: Agriculture and food systems in sub-Saharan Africa in a 4 C+ world. Philosophical transactions of the royal Society A: Mathematical, physical and engineering sciences 369(1934), 117–136 (2011).
Cooper, P. J., Dimes, J., Rao, K. P. C., Shapiro, B., Shiferaw, B., Twomlow, S.: Coping better with current climatic variability in the rain-fed farming systems of sub-Saharan Africa: An essential first step in adapting to future climate change?. Agriculture, ecosystems & environment 126(1-2), 24–35 (2008).
Jones, L., Ludi, E., Levine, S.: Towards a characterisation of adaptive capacity: a framework for analysing adaptive capacity at the local level (2010).
Raj, G., Shilpa, S., Maheshwaran, R.: Revised socio-economic status scale for urban and rural India: Revision for 2015. Socioeconomica 4(7), 167–174 (2015).
Jaishi, M., Kafle, K., Subedi, R., Khanal, A., Poudel, A., Paudel, R.: Developing tools for measuring perception on climate change and its impact on insect-pests of major staple food crops. Journal of the Institute of Agriculture and Animal Science 35(1), 29–38 (2018).
Pretty, J. N., Williams, S., Toulmin, C.: Sustainable intensification: increasing productivity in African food and agricultural systems (2012).
Abhijeet, A., Singh, E. A., & Shindikar, M. R. (2023). A comprehensive review on climate change and its effects. International Journal of Environment and Climate Change, 13(11), 924–931.   Verma, S., Singh, A., Pradhan, S. S., & Kushuwaha, M. (2024). Impact of climate change on agriculture: A review. International Journal of Environment and Climate Change, 14(3), 615–620. 
Abbass, K., Qasim, M. Z., Song, H., Murshed, M., Mahmood, H., & Younis, I. (2022). A review of the global climate change impacts, adaptation, and sustainable mitigation measures. Environmental science and pollution research, 29(28), 42539-42559.  



