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ABSTRACT 

	The global phenomenon of climate change is characterized by changes in the planet's normal climate (temperature, precipitation, and wind) that are primarily caused by human activities. Not only significant environmental issue on a Worldwide scale, but it is also a pressing one for developing nation like India. Forty-eight relevant articles were randomly selected from Scopus, ScienceDirect, and Google Scholar to examine farmers' perspectives and approaches to climate change adaptation in diverse geographical regions in India to study the Indian farmers' perception on climate change and their adaptation strategies. It explores factors shaping their perceptions, adaptation strategies adopted, and challenges faced by the farmers in India. Farmers increasingly recognize climate change's impacts, with many implementing adaptation measures like shifting planting dates and changing crop varieties. However, socio-economic constraints and limited resources hinder effective adaptation by the farmers. The review recommends that strengthening agricultural extension services, promoting climate-smart technologies, expanding access to financial resources, improving infrastructure, enhancing policy support, encouraging community-based adaptation and strengthening climate change education and there is a need to increase public awareness of the possible impacts of climate change and to create coping strategies for the detrimental consequences it might have on agriculture and associated sectors. By focusing on these areas, Indian farmers can be better equipped to tackle climate change challenges, ensure food security, and foster sustainable agricultural practices.
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1. INTRODUCTION 

Climate change is a global issue of great concern, and it holds particular affects for India, a country primarily made up of farmers with a substantial number of rural populations that largely depends on agriculture (Jha and Gupta, 2021). Farmer face challenges related to changing weather patterns, erratic rainfall, and rising temperatures as the consequences of climate change become increasingly noticeable. These issues threaten farmers livelihood and food security (Rasul, 2021). To effectively design policies and actions to alleviate the implications of climate change on agriculture, it is imperative to comprehend farmers' perspectives on climate change and their adaptive strategies (Antwi-Agyei and Stinger, 2021). 

Prolonged variations in earth's temperature and meteorological patterns define the global phenomenon known as climate change (Naz et al., 2022). The primary cause of it is human activity, specifically the burning of fossil fuels, which emits greenhouse gases into the atmosphere. The globe warms as a result of these gases' ability to retain solar heat (Gahlawat and Lakra, 2020; Mary, 2021; Kuraz et al., 2021). The consequences of climate change are far-reaching and include damage to ecosystems, public health, and economic. A few examples of climate change are already impacted on our planet rising sea level, harsh weather, and variation in agricultural production (Maulu et al., 2021).

A crucial concern for developing nation like India is climate change, which is not only a significant environmental issue on a Worldwide scale (Krishnan et al., 2020). The Intergovernmental Panel on Climate Change (IPCC) estimates that by the end of the 21st century, that global average temperatures would rise by 4.2°C under the Business-As-Usual (BAU) scenario. However, recent research indicates that temperature would rise by more than 6°C under the present BAU emissions scenario throughout the same time period (Connolly et al., 2020; Shukla et al., 2023; Folini et al., 2024). India is greatly affected by climate change, especially on agriculture. The production of agricultural products is directly impacted by climate change because this industry is the most susceptible to its effects and is climatically sensitive by nature (Birkmann et al., 2022). Rice yields are expected to decrease by 32-40 percent and Wheat yields to decrease by 41-52 percent under the scenario of a temperature rise of 2.5°C to 4.9°C. The decline in GDP as a result is estimated between 1.8-3.4 percent (Kauret al., 2021; Kumar, 2023).

To understanding and views of farmers, how the changing climate conditions affect their agricultural practices are referred to as their perceptions on climate change (Crentsil and Karbo, 2021). These views were influenced by their firsthand observations of crop yields, weather trends, and other agricultural data. Changes in rainfall patterns, extreme temperature, and seasonal timing were be noticed by farmers, and these observations might prompt adjustments to their farming methods (Sorgho et al., 2020). Cultural ideas, personal experience, and availability of knowledge and resources are some of the elements that shape their perception. To effectively design climate change adaptation strategies that are suited to the unique requirements and situations of farmers, it is imperative to comprehend their insights (Talanow et al., 2021).

The adaptation strategies reduce the adverse effect of climate change while enhancing the resilience of communities that are already at risk (Keshavarz and Moqadas, 2021). Instead of trying to stop them, they entail adapting to the shifting climatic conditions. These strategies can be anything from small-scale infrastructure efforts like building seawalls or uprooting villages to larger-scale initiatives like growing drought-resistant crops or implementing water-saving measures. Reducing the risks and vulnerabilities brought on by climate change and ensuring sustainable development in the face of environmental change are the two main drives of strategies (Garau et al., 2023).

In addition to this, the effectiveness and sustainability of various adaption measures would be examined, taking into account social acceptability, economic viability, and environmental impact (Williams et al., 2021) and also examines the obstacles and difficulties farmers encounter in implementing climate-resilient practices, such as their restricted access to resources, information, and technology (Wakweya, 2023). Policymakers and researchers can better promote sustainable agriculture and strengthen farmers' ability to adapt improved management practices by educating farmers in all these aspects.

2. Objective

The purpose of this review study is to look at the body of research on Indian farmers' perspectives on climate change and their adaptation strategies to deal with its effects. The study aims to provide a comprehensive overview of farmers' perceptions and adaptation strategies by synthesizing research findings from various studies. It also examines the ways in which farmers realize and comprehend the impacts of climate change, the factors that shape their perspectives, and the kinds of changes they have made to mitigate the adverse effects of climate change on their farming practices (Datta and Behera, 2022).

3. Materials and methods

48 relevant research papers were chosen randomly from the Scopus database articles/Science Direct, Google Scholar to review. When choosing the articles, consideration was given to how relevant they were to farmers' perspectives on and approaches to climate change adaptation in different geographical areas. Numerous studies used the Binary Logit Model (BLM), which permits independent analysis of various adaptation strategies, to estimate the factors influencing farmers' management strategies. This makes the model appropriate for situations in which farmers use multiple management strategies at the same time (Schroder et al., 2024; Ali and Rose, 2021). Additionally, basic descriptive statistics were also used in different studies to quantify the socio-economic traits, farmers' perspectives, and their responses to adaptation strategies (Patel et al., 2023). It will be an invaluable tool for academics, politicians, and practitioners of agricultural growth for helping farmers to increase their ability to withstand climate change and provide food security for India's expanding population.

4. RESULTS AND DISCUSSION

4.1 Factors Influencing Farmers' Perception

Farmers' perception on climate change is shaped by a variety of factors, including socio-economic characteristics and access to information. (Grimberg et al., 2018) found a high level of concern among farmers regarding the potential impacts of climate change on agricultural productivity with nearly half of respondents (48.30%) expressing worry or disturbance and 86.70% expressing concern about its effects. Ansari et al., (2018) identified age, education, occupation, agricultural experience, and media exposure as significant determinants of farmers' perception. Furthermore, Williams et al., (2019)., Hasan and Kumar, (2019) confirmed the alignment between farmers' perceptions and observed climatic data on climate change are strongly influenced by their direct experiences. In the regions studied, most of the respondents perceived that increases in temperature and changes in rainfall patterns, aligning with observed data. For example, in high-lying regions, 94% observed rainfall variations, while 87% and 85% perceived decreased rainfall in lowland and intermediate areas. Deforestation was blamed by many for these developments, underscoring the link between climate change and environmental deterioration. These results highlight how farmers' perceptions of climate change were shaped by their lived experiences and local knowledge.

[bookmark: _Hlk213501760]4.2 Adaptation Strategies Employed by Farmers

Numerous studies have been consistently highlighted farmers' awareness on climate change and its effects on their livelihoods. Findings by Sofoluwe et al., (2011); Hitayezu et al., (2017); Uddin et al., (2017) were found that the farmers adaptation strategies in response to perceived climate change. Sofoluwe et al., (2011) found that 86% farmers used six distinct strategies, including early planting, late planting, tree planting, crop diversification, changes in fertilizer use, and changes in irrigation practices. According to Uddin et al., (2017) revealed that 88% of farmers noticed changes in the weather, with the majority reporting increases in temperature, droughts, floods, cyclones, saline levels, and declining rainfall. These findings underscore the diverse adaptation strategies adopted by farmers and the socio-economic factors that shape their responses to climate variability.

Ansari (2023) found that socio-economic factors, such as age, farming experience, landholding, and income, significantly influence farmers' knowledge on adaptation strategies. Patel et al., (2023) found that 82% of farmers noticed changes in temperature, 85% believed changes in rainfall patterns and 60% of famers concurred that alteration in temperature and precipitation decreased production and revenue. In response, many farmers espoused adaptation strategies like shifting sowing dates (87%), changing crop varieties (86%) and increase in irrigation (83%). Jatav (2024) emphasized the importance of developing farmers' skills and capacity to adapt to the changing climate and mitigate its negative impacts.

4.3 Challenges for Implementing Adaptation Strategies

Despite their efforts to adapt, farmers facing several challenges in implementing effective adaptation strategies. Singh (2020) highlighted limited irrigation infrastructure, low livelihood status, and only few non-farm employment opportunities as a obstacle to adaptation. Reddy et al., (2022) emphasized the need for agricultural diversification and emergency crop planning to mitigate climate change impacts. Anzum et al., (2023) and Govindbhai (2023) identified socio-economic factors and access to information as crucial determinants of adaptation strategies.




Fig. 1. Farmers’ Perception on Climate Change

Fig. 1. shows that only a small percentage of variation reflects on farmers' perceptions towards climate change i.e., Saline levels (88.12%) perceived as the most significant threat, followed by drought (88.09%), flood (88.05%), and cyclones (88%). Temperature increases (85.7%) and declining rainfall (86.7%) were also recognized as concerning issues. These findings underscore the urgent need for adaptation strategies and policy support to help farmers to mitigate the adverse effects of climate change on their livelihoods and agricultural practices.




Fig. 2: Adaptation Strategies employed by Farmers

Fig. 2. illustrates that farmers’ adaptation strategies in response to climate change revealed that shifting sowing dates (84%) was the most widely adopted strategy, followed by changing crop varieties (8%) and increasing irrigation (81%). A smaller percentage of farmers had implemented conservation agriculture (22.5%) and water harvesting techniques (22%). These findings suggest that farmers are actively seeking to adapt to the changing climate conditions, but further efforts needed to promote more sustainable and resilient agricultural practices.
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Fig. 3: Farmers’ Perception of Climate Change over Time

Fig 3. demonstrates a significant increase in farmers' perception on climate change over a period of time. In 2010, 60% of farmers recognized climate change as a pressing issue. However, by 2023, this percentage raised up to 95%, indicating a growing awareness and concern among farmers regarding the effects of climate change on their livelihoods and agricultural practices. This trend highlights that farmers are increasingly recognizing the importance of adapting strategies to a changing climate.

5. RECOMMENDATION

Considering the results of this review, a number of suggestions could be made to improve farmers' resilience to climate change and to promote sustainable agriculture in India:

5.1 Strengthening agricultural extension services

Make timely and pertinent information about the effects of climate change, adaptation techniques, and best practices available to farmers (Antwi-Agyei and Stinger, 2021).

5.2 Promoting climate-smart agricultural technologies

Crop varieties resistant to climate change, better irrigation methods, and environmentally friendly farming methods are necessary. (Islam et al., 2022).

5.3 Expanding access to financial resources

According to Hansen et al., (2019) providing farmers with affordable credit and insurance options to support adaptation investments and mitigate risks.

5.4 Improving infrastructure and water management

To increase agricultural resilience and productivity it is important to facilitate storage facilities, construction of drainage canals, and irrigation systems (Sikka et al., 2022).

5.5 Enhancing policy support

Develop and implement policies that promote sustainable agriculture, climate change adaptation, and food security (Diallo et al., 2022).

5.6 Encouraging community-based adaptation

Foster community-led initiatives and partnerships to develop and implement locally relevant adaptation strategies (Simon et al., 2020).

5.7 Strengthening climate change education and awareness

Educate farmers and the general public on climate change impacts, adaptation measures, and the importance of sustainable practices (Khatibi et al., 2021; Terefe, 2023).

By implementing these recommendations, farmers can able to cope adverse climatic change on agriculture, ensure food security, and promote sustainable agricultural development.


7. Conclusion

Farmers' perceptions on climate change are increasingly accurate and aligned with observed climatic trends. However, adaptation efforts are often constrained by socio-economic factors and limited access to resources. To effectively address the challenges posed by climate change, it is essential to support farmers through targeted programs, policy interventions, and knowledge dissemination. The provision of essential tools and resources to farmers can improve their resilience and guarantee the sustainability of agricultural systems in the context of climate change.

6. FUTURE SCOPE OF THE STUDY

This study provides a comprehensive overview of Indian farmers' perceptions on climate change and their adaptation strategies. However, there is potential for further research in areas such as longitudinal studies, regional variations, intersectional analysis, economic and social impacts, the role of technology, policy evaluation, and interdisciplinary research (Ayanlade et al., 2023; Ayalon et al., 2023). Addressing these topics in future studies can deepen our understanding of the impacts of climate change on Indian agriculture and inform the development of effective adaptation strategies to ensure food security and sustainable livelihoods for farmers.
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