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Abstract
Climate change poses significant threats to agriculture and horticulture, especially in ecologically fragile and climate-sensitive regions like the North Western Himalayas of Jammu and Kashmir. This study investigates farmers’ perceptions of climate change and the adaptation practices they adopt in response to its impacts. The region, characterized by limited income opportunities and high vulnerability to climate extremes, remains underexplored in terms of localized climate resilience strategies. To bridge this critical research gap, an empirical study was conducted using primary data from 150 randomly selected respondents through a structured questionnaire, complemented by secondary data from published sources. Employing statistical tools such as ANOVA, chi-square tests, and Spearman’s correlation, along with the Weighted Average Index (WAI) and Adaptation Strategies Index (ASI), the study reveals a significant relationship between climatic changes and the livelihoods of farmers. Key climatic stressors identified include erratic rainfall (WAI = 4.6), reduced snowfall (WAI = 4.1), and rising temperatures (WAI = 3.8), all of which have had tangible impacts on crop productivity and farming calendars. Adaptation measures such as mixed cropping (WAI = 4.6), crop diversification (WAI = 4.5), improved irrigation (WAI = 4.1), and enhanced post-harvest management (WAI = 4.5) are being adopted to mitigate the adverse effects. However, significant barriers persist, including limited financial resources, inadequate infrastructure, and lack of institutional support. Notably, a strong correlation was found between deteriorating climatic conditions and rising poverty (ρ = 0.773, p = 0.000), and farmers’ perceptions of future climate scenarios were shown to significantly influence their adaptation decisions (Chi-square = 300.000, p = 0.000). The findings underscore the need for urgent policy interventions that incorporate farmers’ perspectives into climate adaptation planning. Strategies such as the development of climate-resilient crop varieties, improved irrigation systems, insurance schemes, and strengthened institutional frameworks are crucial to enhancing the resilience of farming communities in the North Western Himalayan region.
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1.Introduction
Climate change is a multifaceted challenge arising from the dynamic interactions between natural environments, societal developments, and human preferences for material and non-material benefits (Parrey et al.,2024).Changes in the global climate have garnered attention from experts across all fields, with potential far-reaching impacts on human civilization (Singh, 2020). The effects vary worldwide (Masson-Delmotte et al., 2022), but the negative impacts are expected to be more severe in tropical and subtropical regions, particularly in developing countries like India (Singh et al., 2019). In 2022, the global average temperature was approximately 1.5°C higher than the average temperature recorded between 1850 and 1900 (WMO, 2023). Furthermore, the World Meteorological Organization predicts that the annual global near-surface temperature between 2023 and 2027 will be between 1.0°C and 1.8°C higher than the 1850–1900 baseline, with human activities being the main cause of this warming. The Intergovernmental Panel on Climate Change (IPCC, 2014) estimates that 20 to 40% of the global population has already experienced regional warming of over 1.5°C, which is significantly affecting agricultural productivity. The impact of climate change and its associated risks is particularly severe in developing countries like India. Studies by (Jatav and Naik,2023; Singh and Nayak,2014) indicate that a large majority of Indian farmers (around 85%) lack the financial capacity to cope with the effects of climate change. Additionally, there is a notable socio-economic disparity in how vulnerable farmers are to changes in monsoon patterns (Singh,2020). Those with poor soil quality, fields in less favourable locations, or limited access to irrigation are especially prone to crop failures during droughts (Nayak and Singh,2020). Declines in agricultural productivity have been linked to dry spells occurring during key stages of plant growth (Singh et al.,2019). To address the production losses caused by these dry spells, (Kumar et al., 2018) emphasized the importance of ensuring irrigation availability and preserving soil moisture. Even with significant reductions in greenhouse gas emissions as part of climate mitigation efforts, it is expected that the negative effects of climate change will continue and intensify in the coming decades. This highlights the need for adaptation measures to be implemented (Sikka et al.,2018; Singh and Nayak,2018a). Moreover, the objectives, scope, and practical application of findings from climate vulnerability assessments can vary significantly across studies (Singh and Nayak,2018b; Kuchimanchi et al.,2019). These assessments may be conducted to track changes in vulnerability or to identify current or potential hotspots as focal points for climate adaptation actions (Singh,2020), with mapping done at scales ranging from national to local village levels.There is a circular, rather than linear, relationship between vulnerability, adaptive capacity, and adaptation (Kuchimanchi et al., 2019). It has been proposed that vulnerability and adaptability are interconnected, with the former being influenced by the latter (Mertz et al., 2009). For instance, individuals who have access to stable income and a diverse diet are less likely to face poverty and hunger. This enhances their ability to respond to challenges by reallocating resources or migrating to safer areas based on the level of threats they encounter. For example, when people rely on credit schemes to purchase drought-resistant crops and crop varieties as part of adaptive strategies to counter the effects of drought, a total crop failure would not only result in food insecurity but also leave them burdened with overwhelming debt. Therefore, implementing credit schemes and introducing new crops might require the provision of "weather insurance," which has been experimentally tested in various developing countries (Kelly and Adger, 2000). Additionally, (Kelly and Adger,2000;Mertz et al., 2009) argued that an accurate assessment of individuals’ true vulnerability is not possible until adaptation measures are put in place. Farmers play a key role in combating climate change and are uniquely positioned to implement adaptation strategies to reduce its impact on their agricultural systems.Recognizing climate change is essential for implementing any form of adaptation measures. According to (Barnett and Mahul, 2007), farmers who understand the realities of climate change and its impacts are more likely to support government initiatives. To assess farmers' vulnerability to climate change and their adaptation strategies, it is crucial to first examine their perceptions of the issue. The challenge of making decisions is further complicated for farmers by the delay between gathering information and taking action. Several researchers, including (Alam et al. 2017; Maddison,2007; Bryan et al., 2009), have emphasized the importance of understanding farmers' perceptions of climate change in relation to farm-level adaptation. Climatic factors encompass various phenomena, such as local climate extremes like floods and droughts, as well as shifts in average temperatures and rainfall patterns across different regions. (Jatav, 2024) noted that farmers’ views on climate change are shaped by current weather conditions, making it vital to investigate the specific climatic elements they consider in their assessments. Given the uncertainty of the climate, farmers tend to prioritize recent climate events when making decisions (Singh and Nayak, 2018a). Short-term trends reveal increasingly erratic and unpredictable year-to-year variations in temperatures and extreme weather events. Historically, farmers have focused on seasonal climate forecasts due to the limited response time and narrow window for decision-making provided by such changes. Previous research also suggests that while farmers may perceive climatic events, this does not necessarily lead to adaptation strategies (Maddison, 2007), as various factors can hinder their ability to adapt. Farmers' cognitive capacities vary depending on factors like age, education, gender, and location (Singh and Nayak, 2018a; Tripathi and Mishra, 2017; Deressa et al., 2009).
1.1.  Literature review
 The rising emissions of greenhouse gases from various sources have contributed to severe climate changes, most notably the phenomenon of global warming. Serge Planton et al. provide a comprehensive overview of the anticipated shifts in climate extremes throughout this century as a result of greenhouse gas and anthropogenic aerosol emissions. These changes include fewer frost days, longer growing seasons, extended drought periods, and alterations in wind-related extremes (Serge et al., 2008). Global climate data from the IPCC, utilizing the first version of the Canadian Global Coupled Model (CGCMI) and the GIS-based EPIC model, was employed by Guoxin Tan and Ryosuke Shibasaki to simulate future climate scenarios for the years 2010, 2020, 2030, 2040, and 2050. Their findings indicated that global warming would negatively impact crop yields in most countries, although efficient adaptation strategies could mitigate some of these adverse effects (Guoxin and Shibasaki, 2003). Additionally, climate change is expected to significantly influence the hydrological cycle, particularly factors such as precipitation, evapotranspiration, and soil moisture. As evapotranspiration (ET) is a key element of the hydrological cycle, it will have critical implications for crop water requirements and future water resource planning and management (Ramana et al., 2012).There is widespread consensus that agriculture is highly vulnerable to climate change, necessitating the adoption of adaptation strategies to mitigate its adverse effects (Smit and Menabb, 1997; Rosenzweig et al., 2013; Adger et al., 2003; Kandlinkar and Risbey, 2000; Toros et al., 2019; Islam et al., 2020;Bhat et al.,2023 ). In this context, adapting to climate change and modifying agricultural practices to reduce its negative impacts has become essential. Understanding farmers' perceptions, beliefs, and concerns regarding climate change is crucial for formulating effective policies and communication strategies (Abid et al., 2015; Nhemachena and Hassan, 2007; Islam et al., 2020). Adaptation involves the strategies adopted in response to actual or anticipated climate stimuli (Pan and Zheng, 2010) and aims to reduce the impacts of climate change while enhancing adaptive capacity. The successful implementation of these measures can lower regional vulnerabilities and create potential growth opportunities. Although interest in adaptation has grown in recent years, it remains relatively under-researched compared to mitigation, particularly in developing countries (Zhao et al., 2018). The inability to implement effective adaptation measures to improve agricultural performance at the local level can be attributed to various constraints faced by farmers, including inadequate infrastructure, limited resources, restricted market access, low levels of education, lack of access to extension services, limited information on climate change, adaptive options, and production cycles, as well as other demographic challenges (Jawahar and Msangi, 2006; Kandlinkar and Risbey, 2000; Jones, 2003; Archer et al., 2005; Hassan and Omran, 2017). Numerous studies (Nicholls and Leatherman, 1995; Mendelsohn et al., 1996; Rosenzweig and Parry, 1994; Bradshaw et al., 2004; Nhemachena and Hassan, 2007; Kurukulasuriya and Mendelsohn, 2006; Mendelsohn and Dinar, 2003; Downing, 1993) have shown that adaptation measures can significantly reduce the negative impacts of climate change and take advantage of the opportunities it presents. The primary goal of adaptation is to protect the most vulnerable parts of the agricultural sector and communities with the least capacity to cope (Wreford et al., 2001). Therefore, understanding local perceptions and adaptive behaviors is critical to supporting policy initiatives (Asrat, 2018) that address the challenge of sustainable agricultural development in the face of a changing environment (Adger et al., 2003; Simane et al., 2016; Kandlinkar and Risbey, 2000). 
1.1.1. Climate variability and climatic changes in north western Himalaya (NWH)
In recent years, the Himalayan regions have experienced significantly higher warming compared to previous centuries. Between 1971 and 2005, the temperature increased by about 0.5°C compared to 1901–2003. In the North Western Himalayan states, the temperature rose from 0.9°C to 1.6°C between 1901 and 2003, with a marked increase after 1972. During 1975–2006, maximum winter temperatures rose by 1.1°C to 2.5°C (Raghuvanshi et al.,2020). Global warming in the North Western Himalayas increased by 1.6°C over the last century, and a rising trend across all seasons was observed. The rise in maximum and minimum temperatures has resulted in warmer winters. The increase in winter temperatures in the region exceeds the Indian annual mean rate of 0.51°C/100 years (1901–2007), when the global mean was 0.74°C/100 years (Raina and  Sharma, 2021).Climate change in the North Western Himalayas is largely driven by rising temperatures and global warming. A decline in monsoon and annual rainfall from 1866 to 2006 mirrors trends from 1960 to 2006 ( Kumar,2015). Intra-regional changes in winter rainfall show a decreasing trend in Uttarakhand and Jammu and Kashmir between 1901 and 2003, but an increasing trend from 1961 to 1999. Monsoon remains the major contributor to annual rainfall, accounting for about 75%, except in Srinagar, Jammu and Kashmir.While climatic changes in high-altitude regions have been reviewed in various studies, very few focus specifically on Jammu and Kashmir due to limited data availability (Kumar, 2019). Additionally, hydroelectric exploration has weakened ecosystems and altered the glacio-hydrological features of Western Himalayan Rivers. Overall, studies confirm significant variations in temperature and precipitation, and an unusual rise in global warming in the North Western Himalayas over the last century.  
1.1.2. Projections on future climatic changes
[bookmark: _Hlk101994360]A rise of 3.5–5.5˚C in temperature for the Indian subcontinent has been observed. The WCRP (World Climate Research Program) initiated the Coordinated Regional Downscaling Experiment (CORDEX), providing regional climate change projections for South Asia through high spatial resolution models. (Sanjay et al., 2017) evaluated CORDEX's efficiency using multiple regional climate models, analyzing root mean square error, spatial variability, and pattern correlation through the Taylor model. Their study revealed that the geographical distribution of surface warming and seasonal precipitation is strongly influenced by the choice of regional climate models and boundary conditions. The use of multi-RCMs enhanced understanding of sub-regional climate behavior in the North Western Himalayas.(Sharma et al., 2017) studied the long-term impact of climate parameters in Kullu Valley based on minimum and maximum temperatures and annual rainfall records during the 21st century. Data from March to April were analyzed, showing an average May temperature of 1.58°C and a minimum August temperature of 2.165°C. Their study concluded that rainfall will increase, while seed production is expected to decline.(Liang et al., 2021) reported that regional climate models have gained credibility as their projections align closely with observed 20th-century climate changes.The projections for 2030 regarding the North Western Himalayan region indicate significant climatic changes in the coming years. The annual temperature is expected to rise between 0.9±0.6°C and 2.6±0.7°C, with a net increase ranging from 1.7°C to 2.3°C. Air temperature is projected to rise across all seasons, reflecting a consistent warming trend. In terms of precipitation, annual rainfall in the region is expected to vary between 1368±225.2 mm. Additionally, an increase in annual rainfall by 5–13% is anticipated. The maximum increase in rainfall during the monsoon season is estimated to be around 12 mm, while winter rainfall is expected to rise by approximately 5 mm. These projections underscore the urgent need for adaptive measures to address the impacts of climate change in the North Western Himalayas. These projections highlight the urgent need for detailed regional studies to prepare for and adapt to climate variability in the North Western Himalayas.
1.1.3.   Impact of climate change on agriculture and livelihood of north western Himalayan regions
In the North West Himalayan region, most mountain agricultural land is rainfed, offering limited income opportunities to farmers. Due to climatic changes, agriculture has become increasingly vulnerable and adverse for farmers. Several scenarios highlight this impact: (1) traditional agricultural crops have declined; (2) rising temperatures and water scarcity have reduced apple farming in Jammu and Kashmir; (3) erratic rainfall has converted nearly 11,909 canals of paddy land into rainfed dryland across several districts; (4) deficits in food grain (44%), vegetable (33%), and oilseed (69%) production in Kashmir present growing risks. (Nüsser et al., 2019) also stated that erratic rainfall has severely affected agricultural production in the region. Climatic changes have reduced farming activities across Jammu and Kashmir, Himachal Pradesh, and Uttarakhand. Minimal or no winter rains have hampered the cultivation of food crops like wheat, lentil, and mustard, leading to food insufficiency and rising poverty. Horticulture, particularly apple cultivation—critical to Jammu and Kashmir and Himachal Pradesh—has also declined due to temperature increases and water scarcity. Diverse fruit cultivation and marginal horticultural farming rates have reduced steadily over the past years.Tea cultivation in Himachal Pradesh has also declined sharply due to fluctuations in temperature and rainfall. Approximately 84% of agricultural land in Himachal Pradesh, used for off-season vegetable and fruit cultivation, has seen declines due to climatic changes. Average farming income remains stagnant, although off-season cultivation contributes a 17% increase in income. Additionally, crop diseases and pest infestations, driven by changing climates, further destroy annual yields. Hot summers and winter droughts continue to impact rabi crop production, causing significant losses in food security and agricultural sustainability in the North West Himalayan region.
1.2.  Rationale of the study                             
[bookmark: _Hlk101995014]The present study aims to analyze farmers’ perceptions of climate change, their self-reported adaptation practices at the farm level, and to identify strategies to improve agricultural activities in the North Western Himalayan Region of Jammu and Kashmir. Few studies have focused on farmers’ perceptions and farm-level adaptation practices in this region (Hussain et al., 2020). Jammu and Kashmir was chosen due to its extensive agricultural lands and high vulnerability to climatic changes, which have severely impacted horticulture and agriculture. The region has experienced significant climatic shifts and extreme weather events over the past decades, adversely affecting agricultural productivity and farmers’ livelihoods due to limited adaptive capacity (Bhatta et al., 2019). To address these research gaps, the study focuses on two main objectives:
(1) To investigate farmers’ perceptions of climate change, their adaptation practices.
(2) To examine the impact of climate change on agriculture and livelihoods in the North Western Himalayas, influencing farmers’ adaptive decisions. 



2.  Study area
The Kashmir Himalaya is a distinct biospheric region within the Northwestern Himalayas, primarily due to its strategic biogeographical positioning (Rodgers and Panwar, 1988). This research focuses on the Kashmir Valley, located between 32° 22′ to 34° 43′ N latitude and 73° 52′ to 75° 42′ E longitude (Hussain, 2002) (see Figure 2). The Kashmir Valley is situated within the northwestern region of the Himalayas. The surrounding mountain ranges reach elevations of approximately 5,550 meters in the northeast, gradually descending to around 2,770 meters in the south (Bhat and Rather, 2018). Covering 15,948 km2, the area is predominantly mountainous, with mountains comprising 64% of the total land. Based on the 2021 projected census, the region has a population of 8,920,603, resulting in a population density of 559.36 individuals per km2. The Kashmir Valley, shaped like an oval or bowl, is encircled by high mountain ranges. To the north and east, the Great Himalayan Range acts as a natural boundary between the valley and Ladakh, while to the south and southwest, the Pir Panjal Range (also referred to as the Middle or Lesser Himalaya) separates it from the Jammu region. The valley sits at an elevation of 1,500 to 1,800 meters, with surrounding peaks reaching altitudes between 3,000 and 4,000 meters and Kolahoi Peak rising to 5,420 meters. The valley's unique landscape was shaped by the folding and faulting associated with the uplift of the Himalayas during the collision of the Indian subcontinent with the Asian landmass (Hussain, 2002). A notable feature of the Kashmir Valley is the "Karewas," plateau-like formations composed of clay, sand, and silt from ancient lake sediments, which date back to the Pleistocene Ice Age (De Terra, 1934). The region's climate exhibits significant seasonal variation, characteristic of temperate mountainous zones. Summer temperatures range from an average high of 31°C to a low of 15°C, while winter temperatures drop considerably.
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Figure 1. Location of the Study Area.
During winter, the Kashmir Valley experiences average high temperatures of 4°C and lows of -4°C. The region receives approximately 1,050 mm of annual precipitation, with the majority falling as snow in the winter months (Husain, 2006; Qazi, 2005). The Jhelum River, which serves as the valley's primary water source, runs through the central area, supporting irrigation via a network of smaller rivers. The Kashmir Valley’s diverse altitudinal, topographic, and climatic features create a rich mosaic of habitats. These range from springs, lakes, rivers, and marshes to floating gardens, orchards, cultivated fields, Karewa lands, wastelands, gravel and rocky slopes, forests, sub-alpine and alpine meadows, and permanent glaciers (Singh & Pusakar, 2020).


[bookmark: _Hlk101995227]3 .  Material and Methods
3.1.   Research design
This descriptive and empirical research study collected data randomly from respondents using simple random sampling techniques. The primary data was gathered from 150 farmers living in the North West Himalayan region, specifically in Jammu and Kashmir, through a questionnaire. The sample size was determined using a formula based on the population size of the selected region, with a 10% margin of error, 90% significance level, a standard deviation of 0.89, and a Z-score value of 1.65. Secondary data was collected from various published sources, including journals, magazines, newspapers, and articles, from 2017 to the present. The data was analyzed using Excel and IBM SPSS software, where ANOVA, chi-square, and correlation analyses were conducted to test the hypotheses and examine the relationships between selected variables. The sample size was calculated by using the following formula:
Sample size = 
                            ) 2
	Significant confidence level
	Z score value

	90%
	1.65

	95%
	1.96

	99%
	2.57


Chart 1. Z score value of various confidence levels.

Based on the sample size calculation formula, the sample size has been 150.        
3.2.  Data analysis method
3.2.1 Weighted Average Index (WAI) 
The Weighted Average Index (WAI) in this study was employed to measure participants' perceptions of climate change and its impacts on agriculture and horticulture. By using a Likert scale, with responses ranging from 1 to 5, the WAI effectively captures the intensity of these perceptions, offering a quantitative measure of how strongly participants feel about specific climate change variables. A higher WAI score indicates that participants perceive significant changes in variables such as temperature rise, erratic rainfall, and decreased snowfall, while lower scores reflect less concern or awareness of these changes. This index is especially useful for comparing different climate change variables, providing insights into which aspects of climate change are most noticeable or concerning to the participants. By analyzing these scores, policymakers and researchers can better understand the perceived impacts of climate change at a local level, allowing them to prioritize interventions and resources in areas where climate impacts are seen as most severe. This approach provides a clearer picture of the challenges farmers face, helping tailor more effective climate adaptation strategies for agriculture and horticulture.
3.2.2 Adoption Strategies Index (ASI)
An Adoption Strategies Index (ASI) was developed based on responses to various adaptation strategies using a five-point Likert scale. The Likert scale allows participants to express their level of agreement or implementation of each strategy, ranging from 1 (very low adoption) to 5 (very high adoption). This method provides a clear measurement of the extent to which different strategies are being embraced by farmers in response to climate change. The ASI gives a comprehensive view of the relative importance and popularity of each strategy. The ASI, therefore, serves as a critical tool for evaluating which adaptation strategies are most and least embraced by farmers. By aggregating responses across the Likert scale, the index highlights the adaptability of the farming community and guides policymakers and extension services on which areas to focus more efforts and resources.
3.2.3.  Hypothesis of the study
[bookmark: _Hlk101995171]The hypothesis has been predicted based on the objectives of the study. 
1. [bookmark: _Hlk101995196]H01: there is no significant relationship between farmer’s perception about climatic change and their agricultural patterns.  
2. H02: there is no significant impact on high climatic changes and their livelihood in North West Himalayan region. 
3. H03: there is no significant relationship between projection on climatic changes and adaptation practices.  
4. H04: there is no significant impact on government policies and strategies towards agricultural development in Jammu and Kashmir.
4. Results
4.1. Participant’s perception on climatic change
Participants' perceptions of climate change are crucial because they reflect first hand experiences and insights from those directly affected, particularly in agriculture and horticulture. These perceptions shape how farmers and communities understand the risks posed by changing weather patterns, influencing their adaptive responses.
[image: ][image: ]
 Understanding local perceptions helps policymakers and researchers tailor climate adaptation strategies to be more relevant and effective in specific regions. Accurate perception of climatic changes also plays a significant role in decision-making at the farm level. Moreover, studying these perceptions helps bridge the gap between scientific climate data and on-the-ground realities. Farmers' insights can highlight subtle environmental shifts that may not yet be fully captured in climate models, providing valuable feedback for refining forecasts and risk assessments. Thus, participants' perceptions serve as both a barometer for the effectiveness of existing adaptation efforts and a guide for future interventions. Figure 2 revels participants' perceptions of climate change are notably strong, as reflected by the Weighted Average Index (WAI). The highest perception is regarding the erratic nature of rainfall, with a WAI of 4.6, indicating that participants believe rainfall has become highly unpredictable with significant seasonal variations. Similarly, there is a strong perception of overall climate change over time (WAI-4.2), and participants also recognize a noticeable decrease in overall annual snowfall (WAI-4.1). These perceptions indicate a clear awareness of the changing weather patterns and their potential long-term impact on the environment.On the other hand, participants expressed lower perceptions regarding certain effects of climate change. The perceived reduction in snowfall leading to decreased water levels in streams scored a lower WAI of 3.2, and the perception of reduced river and stream flow affecting agricultural production also scored WAI of 3.2. This suggests that while participants acknowledge the broader climatic changes, they perceive the direct impacts on water resources and agriculture to a somewhat lesser degree. Nonetheless, moderate perceptions were recorded for temperature rise (WAI 3.8), increased extreme weather events (WAI 3.4), and the significant effects of temperature and precipitation variations on the hydrological system (WAI- 3.8), indicating general awareness of climate-induced challenges.
4.2. Impact of Climatic change on Agriculture and Horticulture
Figures 3 shows the impact of climate change on agriculture and horticulture, as perceived by participants, is significant but varies in intensity. Higher temperatures, with a WAI of 4.1, have led to shifts in plantation schedules, indicating that farmers are adapting to earlier or delayed planting cycles. Early snowfall, scoring the highest WAI of 4.5, is seen as a major threat to agricultural sustainability, possibly due to its disruption of seasonal rhythms critical for crop growth. Similarly, erratic rainfall and its unseasonal occurrence are perceived to negatively impact overall agricultural production, also scoring 4.5. This suggests that unpredictable weather patterns are a primary concern for farmers, as they directly affect crop yields and farming schedules. Late snowfall is also a notable issue, with a WAI of 3.6, further emphasizing the challenge of managing unpredictable seasonal changes.On the lower end of the perception scale, increased summer heat affecting fruit coloring (WAI-3.1) and unseasonal rain during the harvest season (WAI-3.1) are acknowledged but with less intensity. The perception that early fruit crop flowering is triggered by rising temperatures, scoring WAI of 3.2, indicates awareness of how weather shifts influence crop cycles. Similarly, early fruit tree flowering being disrupted by early spring weather also has a relatively lower WAI of 3.2. Despite these slightly lower scores, participants still recognize the overall effects of climate-induced changes on agriculture, such as shifts in crop patterns (WAI-3.5) and the significant impact of decreased precipitation and poor irrigation on paddy cultivation (WAI-3.9). Overall, the data suggests that climate change poses a diverse set of challenges to agricultural livelihoods, with some effects being perceived more strongly than others.
[image: ] Figure 3 Perception of participants towards the impact of Climatic change on agriculture and horticulture


4.3. Adaptation Strategies adopted by farmers in Agriculture
Adaptation strategies are critical in safeguarding agricultural and horticultural systems from the adverse impacts of climate change. As weather patterns become increasingly unpredictable, with rising temperatures, erratic rainfall, and extreme events such as floods and droughts, farmers and communities must adjust their practices to sustain productivity and livelihoods. Adaptation strategies serve as proactive measures that reduce vulnerability to these climate-related risks while ensuring long-term sustainability in farming. One of the most important reasons for adopting adaptation strategies is to maintain food security. As climate change disrupts crop yields and harvest cycles, strategies such as crop diversification, improved irrigation, and the use of drought-resistant varieties ensure that farmers can still produce enough food despite environmental stressors. These strategies also enhance economic resilience by helping farmers switch to higher-value crops or more climate-resilient agricultural practices, which can improve their income and reduce the risks associated with single-crop dependency. Furthermore, adaptation strategies are essential for preserving ecosystems and natural resources. 
Figure 4 reveals a diverse array of adaptation strategies being adopted by farmers to cope with the effects of climate change in both agriculture and horticulture. In agriculture, crop diversification stands out as the most significant strategy, with a high WAI of 4.5. This suggests that farmers are moving towards planting a wider variety of crops, spreading the risk associated with unpredictable weather patterns and potential crop failures. By diversifying, they are able to increase their resilience against factors like drought, pests, or temperature variations. Another key adaptation is the conversion of agricultural land to horticulture, which has a WAI of 4.4. This shift reflects a strategic decision by farmers to engage in more profitable and potentially less climate-sensitive practices, as horticulture often allows for more controlled growing environments and access to higher-value crops like fruits and vegetables. 


Figure 4:Adadptation Strategies adopted by farmers with respect to agriculture.
Farmers are also employing improved irrigation systems, with a WAI of 4.1, to manage the increasingly erratic rainfall patterns and lower water availability. Efficient irrigation ensures that water is used judiciously, reducing the risk of crop loss due to drought. The shift towards high-value crops (WAI-3.9) further highlights farmers' efforts to enhance profitability while navigating climatic challenges. Mixed cropping, which scored the highest among all strategies with a WAI of 4.6, is particularly crucial in reducing vulnerability. By planting multiple crops at once, farmers can ensure at least some crop survival even when adverse weather conditions strike. While these strategies are highly perceived, some practices like land levelling and terracing (WAI-3.1) and adjusting the cropping calendar (WAI-3.2) are seen as less impactful, possibly because they require more infrastructure or do not offer immediate benefits in combating climate change.
4.4. Adaptation Strategies adopted by farmers in Horticulture
In the horticultural sector, farmers are increasingly adopting sophisticated and innovative adaptation strategies Figure 5. The increased use of pesticides (WAI-4.5) reflects a heightened response to pest outbreaks that are exacerbated by climate change, as warmer temperatures and fluctuating precipitation patterns often lead to higher pest and disease pressures. Another critical strategy is the implementation of post-harvest management and cold storage facilities (WAI-4.5). This ensures that harvested crops, particularly perishable fruits, are stored in optimal conditions, reducing spoilage and allowing farmers to sell their produce over longer periods, which is essential in an era of unpredictable growing seasons. Similarly, high-density plantations (WAI- 4.1) and the strategic management of small farm sizes (WAI-4.2) indicate a focus on maximizing productivity from limited land resources, a key adaptation in areas where agricultural land is shrinking or becoming less fertile due to climate stressors.
Other horticultural strategies include the use of alternative irrigation systems such as pump or lift irrigation (WAI-3.9), ensuring that water is accessible even in areas experiencing lower rainfall or erratic water availability. The introduction of drought-resistant varieties (WAI-3.1) and the adoption of improved technologies (WAI-3.8) are additional measures that aim to enhance resilience to climate variability, although their uptake might be limited by costs or lack of access. Access to horticultural subsidies (WAI-4.1) also plays a crucial role in enabling farmers to 
    
Figure 5:Adaptation Strategies adopted by farmers with respect to horticulture.
afford these new technologies and implement strategies that would otherwise be financially prohibitive. However, some strategies, such as installing hail nets (WAI-2.5) and early maturing crops (WAI-2.9), are perceived as less effective. This might be due to the high costs of implementation or their limited applicability in certain areas, but they remain part of the broader adaptive toolkit that farmers are exploring in response to climate change.
Overall, the data indicates that both sectors are actively employing a range of adaptation strategies to safeguard their livelihoods from the increasing threats posed by climate change. While some strategies, such as crop diversification and improved irrigation, are perceived as highly effective, others are more niche or less widely adopted. Nevertheless, the emphasis on innovation, resource efficiency, and risk reduction demonstrates a proactive approach by farmers in securing the future of agriculture and horticulture in the face of evolving climate challenges.
4.5. Statistical Analysis of Farmers' Perceptions, Climate Change Impact, and Agricultural Adaptation in Jammu and Kashmir
The agricultural sector in Jammu and Kashmir, located in the North West Himalayan region, faces increasing challenges due to climate change. This study seeks to understand the relationship between farmers' perceptions of these climatic changes, the effects on their agricultural practices, and the role of government policies in mitigating these impacts. Using a range of statistical tools, including ANOVA, Spearman’s correlation, and Chi-square tests, we examine various dimensions of these relationships. The results provide insights into how climate change influences farming productivity, poverty, and adaptation strategies in the region.
The ANOVA analysis (Table 1) investigates whether there is a significant difference in perceptions of farmers on climate change and their ability to adapt, even with technological advancements and experience. The results show a highly significant F-value (p = 0.000), leading to the rejection of the null hypothesis. This indicates that farmers' perceptions are significantly affected by climate change, which in turn influences their agricultural patterns. For example, the finding that "productivity per acre has decreased due to climate change" was statistically significant with an F-value of 127.191 (p = 0.000), further emphasizing the detrimental effects of climate change on farming outcomes in Jammu and Kashmir.
Table 1: ANOVA results 
	Farmer’s perception about climatic change and their agricultural patterns

	
	Sum of Squares
	Df 
	Mean Square
	F
	Sig.

	Even with experienced farming and technology it is very difficult to adapt to climate change in J and K
	Between Groups
	90.608
	2
	45.304
	184.557
	.000

	
	Within Groups
	36.085
	147
	.245
	
	

	
	Total
	126.693
	149
	
	
	

	Productivity per acre of farming has decreased due to climate change in J and K
	Between Groups
	131.439
	2
	65.719
	127.191
	.000

	
	Within Groups
	75.955
	147
	.517
	
	

	
	Total
	207.393
	149
	
	
	



Spearman’s correlation analysis (Table 2) was used to assess the relationship between climatic changes and livelihood impacts, particularly poverty in the region. The correlation coefficient (ρ = 0.773, p = 0.000) shows a strong positive relationship between worsening climate conditions and increasing poverty levels in Jammu and Kashmir. This suggests that as the climate becomes more unpredictable and extreme, it directly affects the economic well-being of farming households. The results underscore the vulnerability of local communities to climate-driven socio-economic challenges, as poverty in the region is closely tied to agriculture, which is highly sensitive to climatic fluctuations.



Table 2: Correlation results
	High climatic changes and livelihood in North West Himalayan region

	
	Climatic conditions are changing in J and K
	Poverty in J and K has increased due to climate changes

	Spearman's rho
	Climatic conditions are changing in J and K
	Correlation Coefficient
	1.000
.000
150
	.773**

	
	
	Sig. (2-tailed)
	
	.000

	
	
	N
	
	150 

	
	Poverty in J and K has increased due to climate changes
	Correlation Coefficient
	.773**
	1.000
.000
150

	
	
	Sig. (2-tailed)
	.000
	

	
	
	N
	150
	



The Chi-square test (Table 3) was conducted to explore the association between projections of climate change and farmers' adaptation practices. The Pearson Chi-square value of 300.000 (p = 0.000) reveals a significant relationship between how farmers perceive future climatic changes and the adaptation strategies they employ. This finding suggests that farmers in Jammu and Kashmir are aware of climate change and are actively trying to adapt to its effects, but they may still face substantial barriers that limit their effectiveness.


Table 3: Chi-Square Test results
	Projection on climatic changes and adaptation practices

	
	Value
	df
	Asymp. Sig. (2-sided)

	Pearson Chi-Square
	300.000a
	4
	.000

	Likelihood Ratio
	218.961
	4
	.000

	Linear-by-Linear Association
	149.000
	1
	.000

	N of Valid Cases
	150
	
	



Lastly, again ANOVA analysis (Table 4) was performed to assess the role of government policies and strategies in promoting agricultural adaptation to climate change. The significant F-values for variables such as "the need for more government awareness programs on climate change" (F = 175.896, p = 0.000) and "the need for localized strategies for climate change adaptation" (F = 127.191, p = 0.000) indicate that there is a substantial gap between current governmental efforts and what farmers perceive as necessary for effectively addressing climate challenges. The findings suggest that more focused government interventions are required, particularly in raising awareness and formulating region-specific strategies for climate change adaptation in Jammu and Kashmir.






Table 4: ANOVA results
	Government policies and strategies towards agricultural development in Jammu and Kashmir

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Government has to create more awareness on climate change and its impact on farming
	Between Groups
	84.616
	2
	42.308
	175.896
	.000

	
	Within Groups
	35.358
	147
	.241
	
	

	
	Total
	119.973
	149
	
	
	

	Government has to help in devising localized strategies for climate change adaptation in J and K
	Between Groups
	131.439
	2
	65.719
	127.191
	.000

	
	Within Groups
	75.955
	147
	.517
	
	

	
	Total
	207.393
	149
	
	
	



In conclusion, the statistical analyses reveal a significant and multifaceted relationship between climate change, agricultural practices, and government policies in Jammu and Kashmir. Farmers' perceptions indicate that climate change is not only reducing agricultural productivity but also exacerbating poverty, and while adaptation practices are being employed, there is a clear need for enhanced governmental support. These findings highlight the importance of timely, localized, and effective policy measures to support farmers in adapting to the ongoing climatic shifts in the region.

5.Discussion
Participants' perceptions of climate change are a pivotal component of understanding how climatic variations are experienced at the grassroots level. The high Weighted Average Index (WAI) values reported—such as erratic rainfall (WAI-4.6), decreased snowfall (WAI -4.1), and overall climate change perception (WAI-4.2)—highlight a strong awareness among farmers of the changing climate. These findings align with previous studies indicating that farmers across mountainous regions have become increasingly aware of climatic shifts, often correlating these changes with disruptions in their agricultural routines (Bryan et al., 2009; Mehar et al., 2016). The localized knowledge held by these communities provides nuanced insights that may not yet be captured by broad-scale climate models (Sarkar and Padaria,2010), emphasizing the importance of integrating farmer perceptions into climate adaptation planning.Despite the overall high perception of climate variability, participants rated some effects—such as reduced streamflow affecting agriculture (WAI-3.2)—with lower intensity. This suggests a disparity between observed climatic changes and the perceived immediacy or impact of those changes on specific livelihood dimensions. Such perceptual differences have been reported elsewhere, where indirect impacts of climate change, particularly those affecting water systems, are often under-recognized (Arbuckle et al., 2015)..The effects of climate change on agriculture and horticulture are distinctly recognized. For instance, early snowfall (WAI-4.5) and erratic rainfall (WAI-4.5) are seen as major disruptors of planting cycles and productivity, while temperature-related issues such as shifts in fruit flowering and summer heat effects on fruit quality received relatively lower WAIs (3.1–3.2). These findings reflect the broader literature on agro-climatic impacts in mountain regions, where precipitation variability is often the most disruptive to farming activities (Gentle and Maraseni, 2012).Adaptation strategies show a high degree of diversity and innovation, reflecting a proactive response from farmers. In agriculture, mixed cropping (WAI- 4.6), crop diversification (WAI-4.5), and improved irrigation (WAI-4.1) emerged as dominant strategies. These practices are widely recommended in climate resilience literature as effective means to mitigate risk (IPCC, 2014; Altieri et al., 2015). Similarly, in horticulture, the increased use of pesticides (WAI-4.5), cold storage facilities (WAI-4.5), and high-density plantations (WAI-4.1) indicate adaptation through technological and structural shifts, echoing trends observed in other climate-sensitive regions (Rao et al., 2011).The statistical analysis substantiates the qualitative trends observed in perception and adaptation. The significant ANOVA result (F = 127.191, p = 0.000) confirming that climate change significantly affects productivity underscores the material basis of farmers' concerns. Likewise, the Spearman's correlation (ρ = 0.773, p = 0.000) between climate change and poverty highlights the socioeconomic vulnerability of agricultural households, a pattern consistent with findings in other agrarian economies where income is heavily dependent on climate-sensitive livelihoods (Thornton et al., 2014).The Chi-square test (χ² = 300.000, p = 0.000) showing a strong association between perceptions of climate change and adaptation practices further supports the idea that awareness significantly drives action. However, the relatively lower WAI scores for certain adaptive practices, such as terracing or hail nets, suggest economic or infrastructural constraints, reflecting findings from other developing regions where adaptation is often hindered by limited resources (Below et al., 2012).Importantly, the second ANOVA analysis (F = 175.896, p = 0.000) reveals a crucial gap between governmental strategies and farmers’ needs. Participants expressed a strong demand for localized climate adaptation programs, reinforcing the call for bottom-up approaches in policy design (Smit and Skinner,2002). Without such tailored interventions, the effectiveness of adaptation efforts remains limited, especially in geographically diverse and climatically complex regions like Jammu and Kashmir
6.Conclusion
The findings of this study provide compelling evidence of the deepening impact of climate change on agriculture and horticulture in Jammu and Kashmir, as well as the crucial role that farmers' perceptions and adaptation strategies play in responding to these challenges. Participants’ strong awareness of climatic changes—particularly erratic rainfall, overall warming trends, and reduced snowfall—demonstrates their firsthand experience of a shifting climate and its cascading effects on environmental and agricultural systems. These perceptions are not only rooted in lived realities but are essential in bridging the gap between scientific climate projections and ground-level dynamics.The Weighted Average Index (WAI) scores across various climate indicators and agricultural impacts show that farmers are acutely aware of key environmental disruptions, such as early or late snowfall and irregular rainfall patterns, which are significantly affecting crop productivity and farming schedules. Similarly, adaptation strategies—both in agriculture and horticulture—reflect an increasingly proactive approach to mitigating risk. High WAI scores for practices such as crop diversification, mixed cropping, improved irrigation, and post-harvest management underscore farmers’ strategic responses aimed at safeguarding livelihoods in a rapidly changing climate.The statistical analyses further reinforce the importance of these perceptions and adaptive behaviors. The ANOVA results confirm that climate change significantly influences agricultural patterns and perceived productivity declines. The strong positive correlation between worsening climate conditions and rising poverty levels, as revealed through Spearman’s analysis, highlights the socio-economic vulnerability of farming communities. The Chi-square analysis also indicates that farmers’ projections about future climate scenarios are directly associated with the types of adaptation strategies they choose to implement, illustrating a clear link between awareness and action. Importantly, the results also draw attention to a notable gap in institutional support. The significant findings from the second ANOVA analysis point to a widespread demand for more effective government interventions, particularly in the form of awareness campaigns and localized adaptation strategies. While farmers are making strides in adopting diverse techniques to cope with climate change, their efforts require stronger backing through policy, financial incentives, and infrastructural development.In summary, this study affirms that climate change poses serious and multifaceted threats to agriculture in the Kashmir Himalayas. However, it also reveals a landscape of resilience and adaptation, driven by local knowledge, community responses, and the urgent need for strengthened governmental engagement. Future climate policies must therefore be grounded in participatory approaches that reflect farmers’ perceptions and empower them to build sustainable and climate-resilient livelihoods.
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