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Abstract

:

Climate change is having a significant impact on farmers and agriculture. Rising temperatures and extreme weather events, such as droughts and floods, are causing crop failures and reducing yields. This study evaluated existing publications from 2006 to 2022, using the Web of Science database, Citespace, and the Bibliometrix package in R language for a systematic analysis. A total of 426 publications were identified, written by 1449 authors from 56 countries. The results showed that China has the highest share of publications (16.4%), followed by the United States (14.3%) and Australia (6.8%), with China and Pakistan collaborating most frequently. The keyword timeline analysis from 2006 to 2022 identified 11 clusters of research topics related to farmers’ climate change risk (CCRF). Cluster #1, “water conservation measures,” had the longest duration, highlighting its significance. Key areas of CCRF research include the vulnerability of land-lost farmers, farmers’ use of meteorological information, sources of risk, barriers to implementing conservation agriculture, farmers’ attitudes towards heavy metal pollution, and the use of protection motivation theory in agricultural adaptation. In conclusion, climate change poses significant threats to farmers, impacting crop yields, soil fertility, and water availability. Farmers adopt adaptation strategies, but effectiveness varies due to resource limitations and policy gaps. The research on farmer adaptation to climate change is growing, emphasizing the need for supportive policies, resources, and knowledge-sharing to achieve sustainable agriculture and food security.
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1. Introduction


Climate change poses numerous risks and challenges to farmers as they are heavily dependent on stable weather patterns and predictable seasons for their livelihoods. Rising temperatures, changing rainfall patterns, and frequent or severe extreme weather events can have a significant impact on crop yields, leading to food shortages and increased prices for consumers [1]. Notably extreme heat and droughts have led to substantial reductions in global cereal production, causing losses of 9–10% [2]. In India, rising temperatures have resulted in a 5.2% decrease in wheat yields [3], while in parts of Europe, wheat and barley yields have collectively declined by 2.5–3.8%, with some southern regions experiencing declines exceeding 5% [4]. Additionally, pests and diseases are becoming more prevalent as the climate changes, further impacting crop yields [5]. Climate change also causes changes in the distribution of certain crops, as traditional growing areas become less suitable and new areas become more viable for cultivation [6]. These changes can be particularly challenging for small-scale and subsistence farmers, who may not have the resources to adapt to the changing conditions. While studies have shown that the public awareness of climate change risks has increased in recent years (by about 19%) [7], farmers’ risk perceptions are in urgent need of improvement [8]. The risks and challenges to farmers caused by climate change highlight the need for effective adaptation strategies to support them in the face of these challenges.



Climate change poses a significant threat to the agricultural sector and to the livelihoods of farmers worldwide. The Intergovernmental Panel on Climate Change (IPCC), in its report, describes the various risks that climate change poses to farmers, including changes in temperature and precipitation patterns, increased frequency of extreme weather events, and sea level rise [9]. These changes can lead to crop failures [10], soil erosion [11], and other negative impacts on agricultural production. The Food and Agriculture Organization of the United Nations (FAO) also recognizes the impact of climate change on agriculture and food security [11], and is working to support countries in both mitigating and adapting to the effects of climate change through research-based and practical programs and projects, as a part of the 2030 agenda and the Sustainable Development Goals [10]. Greenhouse gas (GHG) emissions from human activity and livestock are a significant driver of climate change, trapping heat in the Earth’s atmosphere and triggering global warming [11]. The IPCC’s report also highlights the importance of reducing greenhouse gas emissions in order to mitigate these risks, and the need for adaptation strategies to help farmers adapt to the changing climate [10].



The current academic research on climate change risks to farmers (CCRF) is mainly focused on five key areas: (1) crop yields, (2) soil health, (3) water availability, (4) coastal agriculture, and (5) socio-economic impact. Studies are being conducted to understand how changes in temperature and precipitation patterns [6,12], as well as the increased frequency of extreme weather events, will impact crop yields [13]. Researchers are also looking at how different crop varieties and farming practices may be able to adapt to these changes [14]. Arunrat in Thailand predicted rice yield declines under SSP585 but suggested alternatives such as maize and soybean [15]. Qiao found that high-quality soils in China increased crop yield by 10.3% and improved yield stability by 15.6% while reducing the impact of climate change on the yield [16]. Climate change can impact soil health through changes in temperature, precipitation, and extreme weather events, changes in soil temperature and moisture can impact soil microorganisms [17], nutrient cycling [18], and erosion [19], and these changes can affect crop growth and productivity [20]. Changes in precipitation patterns and the increased frequency of extreme weather events can lead to changes in water availability for irrigation and other agricultural uses [21]. Sea level rise and coastal erosion can lead to a loss of coastal cropland and habitats that support fish and other seafood [22], as well as a loss of infrastructure and increased flooding [23]. Climate change impacts on agriculture also have a significant impact on the livelihoods of farmers and rural communities [24]. Research is being conducted to understand how these changes affect the economic and social well-being of farmers and rural communities, and to identify potential strategies for addressing these impacts.



Thus, given that climate change has been a topic of lively human discussion, a number of academic papers have also examined farmers’ perceptions of climate change and how they are affected by it. Climate change has led to significant impacts on agriculture and food security, with farmers facing a range of risks that are diverse and uncertain [25]. Studies have shown that changes in temperature and precipitation patterns, the increased frequency of extreme weather events, and sea level rise can have negative effects on crop yields, soil health, and water availability [26,27,28]. Coastal areas are also expected to be affected by sea level rise and coastal erosion, leading to a loss of coastal cropland [29]. These impacts demonstrate the unpredictable and uncontrollable nature of climate change and make the risks to farmers more diverse and uncertain. Adaptation strategies and reducing greenhouse gas emissions are crucial in addressing these risks [11]. So, many studies have extensively discussed this exciting and interesting topic, and the body of research continues to grow rapidly with an increasing number of published papers.



There is significant value in studying the characteristics and state of the research on farmers’ risk perceptions and adaptation to climate change through a bibliometric approach. Bibliometrics, a statistical method to analyze the impact of research results in the literature, has the advantage of extracting valuable information from vast literature data, identifying the basics of the field, and providing an initial understanding of research priorities, past history, and research trends in the field [30,31], and can be visualized through various means such as co-linear network diagrams, word clouds, and thematic evolution diagrams.



Therefore, the aim of this paper was to examine studies regarding climate change risk faced by farmers (CCRF) through the utilization of bibliometric and visual analysis methods. Our methodology began with conducting a systematic search of the relevant literature on CCRF using the Web of Science (WOS) database. Subsequently, we employed the Bibliometrix package to analyze the bibliographic information and distribution of research power. In addition, we employed unique features of the package to perform a theme evolution analysis. This study offers several contributions to the existing literature. Firstly, it marks the first attempt at utilizing the Citespace software for a visual analysis of the CCRF research literature. Our bibliometric analysis provides novel insights that have not been thoroughly explored in previous studies, thereby augmenting the body of knowledge in the field of CCRF. Secondly, this study presents a comprehensive overview of the prior research on CCRF since 2006, thereby aiding in the understanding of the development of CCRF research for those interested. Lastly, our findings on research hotspots, evolutionary processes, and emerging trends in the field of CCRF will assist future scholars in identifying research directions and questions.




2. Materials and Methods


2.1. Bibliometric Analysis


Bibliometric analysis is a useful approach to extract and analyze features of climate change risk from various dimensions by using a mathematical and statistical quantitative analysis of a certain academic field of knowledge. It provides an opportunity for a more in-depth understanding of the research and its structure and patterns, making the research results more objective and reliable. It also creates a scientific knowledge map that shows the development process and structural relationship of scientific knowledge, which can form a visual graph of knowledge and show the change and interactive evolution relationship of knowledge in a time series.



This paper focuses on bibliometric analysis using the Bibliometrix package (4.0.1) in R language and Citespace software. Both tools provide powerful capabilities for analyzing large amounts of bibliographic data. The Bibliometrix package in R language offers easy-to-use visualization options for importing data and has features to remove duplicates and filter by time for a metric analysis. Additionally, Bibliometrix can be integrated with other R packages, allowing for further quantitative analysis and the integration of deep-learning algorithms to aid in data interpretation [32]. Furthermore, Bibliometrix provides a comprehensive process for importing, converting, analyzing, and visualizing data, making it a valuable tool for bibliometric analysis [33]. Citespace, on the other hand, allows for the visualization of relationships between bibliographic units, including structure, development, collaboration, and other connections [34,35,36]. It also offers text-mining capabilities to construct and visualize co-occurrence networks of important terms extracted from a large body of scientific literature. Both Bibliometrix and Citespace are constantly expanding their capabilities, making them essential tools for bibliometric analysis.




2.2. Data Source and Processing


In this study, relevant search terms were identified through a review of extensively cited literature pertaining to farmers’ risk perceptions and adaptation behaviors in the context of climate change. Boolean operators were utilized while conducting the search strings in order to ensure that no significant research articles were omitted from the final dataset. The literature utilized in this study was acquired from the Web of Science database through the utilization of the following search strategy: “TI = farmer AND TS = (risk awareness OR risk assessment OR risk sensitivity OR risk evaluation OR risk judgment OR risk evaluation OR risk estimation OR risk appraisement OR risk awareness OR risk comprehension OR risk perception) AND TS = (risk awareness OR risk assessment OR risk comprehension OR risk perception) AND TS = climate change”. The database employed in this study included the Science Citation Index Expanded (SCIEXPANDED) and the Social Sciences Citation Index (SSCI). All papers published prior to 2023 were included in this study, regardless of language or document type, excluding grey literature. The data for the final compilation of documents covered the period from 2006 to 2022, comprising a total of 1449 authors and 426 documents. This literature was sourced from 132 sources, with an annual growth rate of 31.61% within the field. The average number of citations per document was 22.34. These 426 records, containing chosen information such as titles, keywords, abstracts, profiles, author information, journals, citations, and institutional affiliations, were extracted as data for further analysis. The final search for all papers within the specified time period was conducted in January 2023.





3. Results and Analysis


3.1. Fundamental Analysis


3.1.1. Quantity of Publication


Figure 1 illustrates the number of publications and citations pertaining to CCRF per year. As can be observed, the number of studies on CCRF research has exhibited an upward trend since the first publication on the topic in 2006. In the early years, from 2006 to 2009, only a small number of papers were published. However, since 2015, research on CCRF has undergone a period of significant growth, with a substantial increase in the number of papers published, and this trend has continued to rise in subsequent years. In total, 81 papers were published in 2022, and it is expected that this number will surpass 100 papers in 2023. It is noteworthy that the citation volume of CCRF was relatively high in the early years, increasing from 95 records in 2011 to a peak of 1483 records in 2015. However, subsequently, the number of citations for CCRF began to decline, as did the average annual number of citations (as depicted in Figure 2).




3.1.2. Publication Journal


This study analyzed publications from 132 sources, which were ranked according to the number of publications (NP). Table 1 presents the top ten publication sources with the highest h-index values. The data presented in Table 1 were obtained using the Bibliometrix package (4.0.1) in the R language. The h-index, proposed by Hirsch, is an indicator that enables the evaluation of the scholarly impact of journals, countries or regions, and institutes in terms of both quality and quantity. The impact factor (IF) is an international academic index that evaluates journals. In this study, five basic indicators were utilized to reveal the quantitative characteristics of these sources, which were the h-index, the IF, the number of citations of the publication (NC), the number of published papers (NP), and the year in which each publication started to publish relevant literature in the field (PY_start).



Table 1 presents an analysis of the impact of various journals on research related to climate change risk to farmers (CCRF), as measured by the h-index. The journals with the greatest impact on this field were “Climate Risk Management” and “Climate Risk Management”, both of which had an h-index of 11. “Sustainability” ranked first in terms of the number of publications in this research area with 83, while “Climate and Development” was third with 19 publications. In terms of the impact factor (IF), “Journal of Cleaner Production” had the highest IF of 11.07, followed by “Land Use Policy” (6.189) and “Climate Risk Management” (5.266).



The CCRF field was well-represented in a variety of journals, as evidenced by the fact that the top ten journals published 165 papers, accounting for 38.73% of the total. A high number of journals dealing with agriculture and the environment were found to have a large number of publications, with journals related to climate change being particularly prevalent.





3.2. Cooperation and Citation Analysis


3.2.1. Distribution of Research Forces


The number of published papers can be used as an indicator of a country’s research strength, particularly when an article may have authors from multiple countries/regions. Table 2 lists the top ten countries in terms of the number of publications within the CCRF research area. From 2006 to 2022, the country with the most publications within CCRF was China, with a total of 70 articles, making up 16.4% of the overall publications, with a significant contribution from Beijing Normal University. The country in second place was the United States, with 61 articles, accounting for 14.3% of the total publications, primarily from the University of Vermont. Australia ranked third, with 29 articles or 6.8% of the total publications, primarily from Charles Darwin University. Other countries in the top ten included Iran, the United Kingdom, Germany, India, South Africa, Ethiopia, and the Netherlands. These results demonstrate that countries with strong economies and their institutions make significant contributions to the development of this field, as they are able to invest more resources in natural science research. Another important metric is multiple-country publication (MCP), which, when combined with the MCP_Ratio, can reflect the level of international collaboration among researchers from different countries. The top three countries in terms of the MCP_Ratio were Australia, India, and Ethiopia (Table 3).




3.2.2. Country/Region Networks


The country/region networks depict the concentration of paper outputs and relationships between countries/regions. Figure 3 employs the Bibliometrix package (version 4.0.1) to illustrate the country/region-based networks in the area of research on farmers’ climate change risk. The intensity of the blue color on the country map reflects the level of publication activity in that region, with darker blue representing a higher number of published papers. The red connecting lines on the map symbolize partnerships between countries, with thicker lines indicating a greater frequency of collaboration. Table 4 utilizes the Bibliometrix package (version 4.0.1) to list the country/region partnerships in descending order of collaboration frequency. The results showed that China and Pakistan had the highest level of collaboration with 14 partnerships, followed by China and Australia with 8 partnerships.




3.2.3. Author Influence


In this section, we utilized the Bibliometrix package to compute the h-index of each researcher and rank them to determine the top ten authors based on their h-index values (Table 5). Among these ten authors, JIN JJ had the highest h-index with nine published articles and the highest number of publications in the field of CCRF. ABID M received 441 citations, ranking fourth with an h-index of 5 and making significant contributions to the field of CCRF. Another noteworthy author is YAZDANPANAH M, who published their first CCRF-related paper in 2019 and has amassed 203 citations to date. This author is tied for first place with JIN JJ with an h-index of 7.





3.3. Literature Analysis


Highly Cited Publications


The vulnerability of the agricultural sector to the effects of climate change, and the role of farmers in managing the associated risks, is a topic of growing interest in the academic community. Utilizing the Bibliometrix package, Table 6 presents a ranking of the top ten publications on the subject of climate change risk for farmers (CCRF) based on global citations (GCs).



In terms of global citations (GCs), papers by Thomas [37] and Abid [38] had the most GCs, with 328 and 233, respectively (Table 6). The research methods used in these two articles varied, but most relied on survey data collected from farmers in different regions and countries. Thomas [37] used daily rainfall data and self-organizing mapping (SOM) to identify 12 internally homogeneous rainfall regions in South Africa, and then conducted village and household-level analyses to investigate farmers’ perceptions of and responses to changes in precipitation parameters. Similarly, Abid [38] collected data from 450 farm households in three districts in the Punjab province of Pakistan to examine how farmers perceive climate change and how they adapt their farming in response to perceived changes.



The main body of research in these articles generally focused on identifying the key factors that influence farmers’ perceptions of climate change risks and their adaptation strategies. Many of the articles found that farmers are aware of climate change and are making adjustments to their farming practices in response. For example, Mase [39] found that 58% of farm households in the study area had adapted their farming to climate change, with the main adaptation methods being changing crop varieties, changing planting dates, planting shade trees, and changing fertilizers. It is also worth noting that this paper had a local citation (LC) record of 39, which was the highest of all papers. This is a testament to the importance and impact of this paper in the field of CCRF research.



Another key finding across many of the articles was that farmers’ perceptions of climate change risks are closely tied to their local experiences and context. For example, Fisher [40] found that farmers in sub-Saharan Africa view maize as being particularly vulnerable to drought, and therefore prioritize drought-tolerant maize varieties as a key adaptation strategy. Similarly, Haden [41] found that farmers in California’s Central Valley are more likely to adopt mitigation and adaptation strategies in response to perceived changes in water availability.



The conclusions of the articles generally point to the need for more targeted and context-specific strategies for helping farmers adapt to climate change risks. For example, Dang [42] concluded that protection motivation theory is a useful framework for understanding farmers’ adaptation intentions, but that more research is needed to improve and generalize the measurement model. Similarly, Barbier [43] argued that farmers in Burkina Faso have adopted a wide range of techniques to increase crop yield and reduce yield variability, but that these techniques are still insufficient to reduce poverty and vulnerability.



In conclusion, many studies have found that farmers are aware of the changing climate and have implemented a range of adaptation strategies to cope with the impacts of climate change. These strategies include changing crop varieties, adjusting planting dates, implementing conservation practices, and investing in new technology. However, there are also several barriers to the adoption of these strategies, including a lack of access to information, lack of resources, and high costs (Table 6).





 





Table 6. The top ten highly cited articles in the CCRF research.






Table 6. The top ten highly cited articles in the CCRF research.





	Document
	Local Citations
	Global Citations





	THOMAS DSG, 2007, CLIMATIC CHANGE [37]
	35
	328



	ABID M, 2015, EARTH SYST DYNAM [38]
	29
	233



	ARBUCKLE JG, 2015, ENVIRON BEHAV [44]
	36
	195



	MASE AS, 2017, CLIM RISK MANAG [39]
	39
	172



	FISHER M, 2015, CLIMATIC CHANGE [40]
	6
	167



	HADEN V, 2012, PLOS ONE [41]
	29
	145



	DANG HL, 2014, ENVIRON SCI POLICY [42]
	23
	143



	BARBIER B, 2009, ENVIRON MANAGE [43]
	5
	127



	FAHAD S, 2018, LAND USE POLICY-a-b [45]
	23
	126



	SLEGERS MFW, 2008, J ARID ENVIRON [46]
	14
	118










3.4. Keyword Analysis


3.4.1. Keyword Timeline View Analysis


The use of Citespace software was utilized to conduct a temporal analysis of keywords from 2006 to 2022, resulting in 11 clusters of distinct topics (Figure 4). The keywords belonging to the same cluster were displayed in a timeline format based on their frequency over time. This timeline view provided a visual representation of the evolution of research on farmers’ climate change risk (CCRF). The cluster with the longest time span was “#1 water conservation measures”, covering literature from 2006 to 2021. Subsequently, in terms of time span, the categories were “#3 feed gap”, “#2 fish farmer”, “#4 land-lost farmer”, “#7 heavy metal pollution”, “#6 protection motivation theory”, “#5 meteorological information”, “#0 risk source”, “#8 farmers’ livelihood strategies”, “#10 risk experience”, and “#9 dss development”.



Cluster #1, which pertained to “water conservation measures”, exhibited the longest publication duration among the clusters analyzed in this study. This highlights the significance of this topic in the realm of CCRF research. In contrast, Cluster #9 demonstrated the shortest publication duration. The main keywords associated with the cluster of water conservation measures included “climate change”, “adaptation”, “strategies”, “drought”, and “rainfall”. This suggests that droughts resulting from climate change pose significant risks to farmers [47] and that water conservation measures represent a prevalent adaptation initiative [48]. The “feed gap” cluster (Cluster #3) was focused on investigating the impact of environmental changes on farmers and how they perceive these changes at a local level. The cluster was characterized by the keywords “environmental change”, “local perception”, and “temperature”. This highlights the significance of local environmental changes and their perception by farmers, particularly in relation to temperature [49]. This information sheds light on the unique challenges faced by farmers and the role of local perception in shaping their experiences and responses to environmental changes [50]. Cluster #2, “Fish Farmer” was the third largest cluster in terms of the time span of the studies included. This cluster was focused on the risk attitudes, preferences, and coping strategies of fish farmers. The keywords associated with this cluster were “risk attitude”, “risk preference”, and “resilience”, which suggests that fish farmers have a distinct perspective on risk management and are seeking ways to enhance their ability to cope with the consequences of climate change [51,52,53].



The current state of research in the field of CCRF was derived from the keyword analysis and focused on several key areas, including the vulnerability of land-lost farmers (Cluster #4), farmers’ use of meteorological information (Cluster #5), sources of risk for farmers (Cluster #0), and the barriers to implementing conservation agriculture. Other research topics included farmers’ attitudes and behaviors related to heavy metal pollution (Cluster #7), and the use of protection motivation theory (Cluster #6) in the context of agricultural adaptation to climate change. The results of these studies suggest that land-lost farmers are in need of community-level support and management systems to address the impacts of climate change [54], that farmers rely on their own experiences [55,56] and meteorological information [57] to shape their understanding and response to climate change, and that farmers are aware of the multiple sources of risk they face and are seeking ways to mitigate these risks through changes in performance and food production choices [58,59,60]. Additionally, farmers are aware of the benefits of conservation agriculture but face challenges in implementing this approach, and that local knowledge can play a crucial role in overcoming these barriers. The use of protection motivation theory is a useful framework for understanding farmers’ motivations for adapting to the impacts of climate change and can be used to design effective conservation and adaptation strategies [61,62,63]. This theory, which has emerged frequently in recent years, has good explanatory power for farmers’ adaptive behavior to climate change risks and is a focus of future CCRF research. The study of farmers’ attitudes and behaviors related to heavy metal pollution shows that they are aware of the impacts of this issue on their livelihoods and are actively seeking ways to mitigate these impacts through changes in behavior and the adoption of new policies and management systems. In conclusion, the academic research on CCRF provides a comprehensive understanding of the challenges faced by farmers in adapting to the impacts of climate change and provides valuable insights into effective adaptation strategies.




3.4.2. Theme Evolution Analysis


The literature on the topic of farmers’ climate change risk has shown a noticeable increase in recent years, with 2015 being the year in which it received the highest number of citations. To analyze the evolution of the subject, this paper took 2015 as the first cut-off point and 2020 as the second cut-off point. Figure 5 uses the Bibliometrix package (4.0.1) to depict the development of the theme from 2006 to 2022. The results reveal that in the early years (2006–2015), the main keywords were “policy”, “Kenya”, “impacts”, and “Africa”. This highlights that initially, the research was primarily centered in Africa.



However, in 2016, the focus shifted towards studying the issues of “drought”, “land use”, and “food security” in relation to climate change. This has since become the main area of interest for researchers. With the advancement of technical and theoretical models, theories such as the theory of planned behavior and protection motivation theory have become increasingly utilized in studies after 2020. This shift has led to a greater emphasis on empirical studies in future research.



Topic evolution analysis was first proposed by Cobo [64], and subsequently many scholars have given different methods of detecting and analyzing research topics [65,66]. In this paper, we chose to use the Bibliometrix package for strategic diagrams. In this study, a two-dimensional strategic diagram for three time periods was constructed by two dimensions of centrality and density. According to the analysis of Chen [34], the first quadrant is robustly established and holds significance for the composition of CCRF, as evidenced by its high degree of centrality and concentration. The second quadrant is similarly established, but its relevance to the current research domain is comparatively limited. The third quadrant is underdeveloped, with a low concentration and low centrality of themes, signifying that these themes are either in the nascent stages or in the process of becoming obsolete. The themes within the fourth quadrant are critical to the field of study, but they are not well-established and typically remain at the theoretical level. Each circle in the visualization represents a group of related themes. The larger the circle, the higher the frequency of keywords within that particular group.



The strategic diagrams obtained are depicted in Figure 6, Figure 7 and Figure 8. A comparison between Figure 6 and Figure 7 reveals that the keywords “determinants”, “risk perceptions”, and “responses” are located in the fourth quadrant. This quadrant encompasses the fundamental research scope of the second stage and indicates the presence of these keywords in the study. A progression from the second to the third stage is evidenced by the shift of the keywords “climate-change” and “adaptation” from the intersection of the first and fourth quadrants to the fourth quadrant. This shift highlights the significance of studying farmers’ adaptive behaviors to climate change as the primary research scope of this topic. The inclusion of the keywords “food security”, “adaptive capacity”, and “level of adaptation” in the first quadrant of the third stage suggests a recent shift in the focus of CCRF research. The focus has shifted from understanding the determinants and risk perceptions of climate change to the impact of climate change on farmers’ food security and adaptive capacity. This shift in focus highlights the increasing concern of researchers to investigate the ability of farmers to maintain their food security in the face of climate change and the impact of their adaptive capacity on their ability to respond to these changes. This highlights the importance of considering the food security and adaptive capacity of farmers in developing strategies to address the challenges posed by climate change.



In conclusion, the study of farmers’ climate change risk and their adaptive behaviors has evolved over the years, as shown in the strategic diagrams obtained. From the analysis of the strategic diagrams, it can be observed that the research has shifted from the basic research phase to a more focused study on the adaptive behavior of farmers to climate change, including their risk perceptions and responses. Keywords such as “climate change”, “adaptation”, “food security”, “adaptive capacity”, and “level of adaptation” indicate that the focus of the research has shifted towards understanding the impact of climate change on farmers and their adaptive strategies. The appearance of keywords such as “heavy metals”, “perspective”, and “reuse” in the second quadrant of the third stage of the strategic diagram suggests that future research on farmers’ climate change risk and adaptation may focus on these areas.






4. Discussion


The summary of the research on climate change risks faced by farmers in this paper reveals several important findings. First, there is growing academic interest in the vulnerability of the agricultural sector to climate change, with a particular focus on understanding the role of farmers in managing the associated risks. This research is driven primarily by the need to understand how climate change affects farmers and how they respond to these challenges.



Notably, highly cited publications by Thomas [37] and Abid [38] have significantly contributed to this field, with their work focusing on understanding farmers’ perceptions of climate change risks and their adaptation strategies. This research indicates that farmers are indeed aware of climate change and are making adjustments to their farming practices in response. These adjustments include altering crop varieties, changing planting dates, introducing shade trees, and modifying fertilizers. As emphasized in the study by Mandi [67], climate change remains a substantial impediment. Particularly, those in resource-constrained settings often grapple with inadequate access to climate information services, hindering their capacity to make informed decisions about planting times, crop choices, and resource allocation. Bridging this information gap is paramount to enabling farmers to proactively respond to shifting climate patterns. In addition, the constraints posed by limited resources are a huge barrier to effective climate adaptation, as confirmed by the research of many scholars. Resource-poor farmers face enormous challenges in purchasing essential agricultural inputs [68], accessing credit [69], and investing in climate adaptation technologies [70]. These resource constraints need to be addressed if farmers are to be empowered to implement sustainable adaptation strategies and increase their resilience to disasters.



Furthermore, the analysis of keywords and the thematic evolution over time sheds light on the evolution of research in the field of CCRF. Initially, research in this area was primarily centered in Africa, with a focus on policy, impacts, and related issues. However, over time, the focus shifted towards studying the impacts of climate change on farmers’ food security and adaptive capacity, with an emphasis on understanding their risk perceptions and responses. Additionally, there is an emerging interest in topics such as heavy metal pollution [71,72] and farmers’ perspectives [44,73].



Now, the current research primarily focuses on understanding the impact of climate change on farmers, their risk perceptions, and their adaptation strategies. It has evolved from basic research to a more concentrated examination of farmers’ adaptive behavior in response to climate change. This shift in focus highlights the increasing concern among researchers regarding farmers’ ability to maintain food security and adapt to climate change challenges. Future research directions may include exploring the impacts of heavy metal pollution on farmers and gaining further insights into their perspectives and strategies for coping with climate change [74]. Additionally, research in this field may continue to investigate the barriers hindering the widespread adoption of adaptation strategies by farmers [75]. It is worth noting that a critical aspect of farmers’ health, in the context of rising temperatures due to climate change, remains an area in need of substantial research attention. Factors such as heat-related illnesses [76,77] and reduced labor capacity [78] due to extreme heat can all have significant repercussions for farmers, their families, and their communities. The impact of prolonged exposure to high temperatures on farmers’ health [79] is a risk that deserves further exploration.




5. Conclusions


Based on the analysis of the impact of climate change risks on farmers, it is clear that climate change poses a significant threat to farmers and their livelihoods. The studies reviewed showed that farmers are exposed to various types of climate change risks, including the increased frequency and intensity of extreme weather events, changes in precipitation patterns, and increased temperature variability. These climate change risks can have negative impacts on crop yields, soil fertility, and water availability, which can in turn result in decreased food security and increased poverty levels.



The findings of the studies reviewed also showed that farmers have adopted various adaptation strategies to mitigate the impacts of climate change risks. These strategies include changes in cropping patterns, the use of drought-resistant crops, and the adoption of water-saving technologies. However, the effectiveness of these strategies is limited by various factors, including the availability of financial resources, access to information and knowledge, and the absence of supportive policies.



The analysis of the content of the articles reviewed showed that there has been a growing trend in the study of farmers’ adaptive behaviors to climate change risks. The research has evolved from basic studies that focus on farmers’ perceptions and responses to climate change risks, to more sophisticated studies that explore the determinants of adaptation and the relationship between climate change risks and food security.



In conclusion, the findings of the studies reviewed highlight the need for policymakers to prioritize the development of strategies and policies that support farmers’ adaptive behaviors in response to climate change risks. This includes the provision of financial and technical resources, the creation of an enabling environment for the development of adaptive capacities, and the promotion of information sharing and knowledge building. By addressing these challenges, it is possible to mitigate the negative impacts of climate change on farmers and contribute to the achievement of sustainable agriculture and food security.
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Figure 1. Distribution of the number of publications and citations in CCRF. 
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Figure 2. The average annual number of citations for CCRF papers. 
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Figure 3. Collaboration World Map. 
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Figure 4. Timeline view of keywords. 
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Figure 5. The thematic evolution of the three phases of the CCRF study. 
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Figure 6. Strategic diagrams of CCRF research in period 1 (2006–2015). 
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Figure 7. Strategic diagrams of CCRF research in period 2 (2016–2020). 
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Figure 8. Strategic diagrams of CCRF research in period 3 (2021–2022). 
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Table 1. Top ten sources for the number of publications studied by CCRF.
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	Element
	h-Index
	IF (2021)
	TC
	NP
	PY_Start





	Sustainability
	7
	3.889
	205
	27
	2015



	Climatic Change
	9
	5.174
	695
	22
	2007



	Climate and Development
	10
	4.653
	338
	19
	2014



	Climate Risk Management
	11
	5.266
	641
	18
	2017



	Land Use Policy
	11
	6.189
	642
	17
	2010



	International Journal of Disaster Risk Reduction
	10
	4.842
	361
	14
	2015



	Environment, Development and Sustainability
	5
	4.080
	147
	14
	2018



	Environmental Management
	9
	3.644
	587
	13
	2009



	Journal of Cleaner Production
	8
	11.07
	208
	11
	2016



	Regional Environmental Change
	7
	4.704
	388
	10
	2013










 





Table 2. Top ten countries in the number of CCRF research publications.
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	Country
	Articles
	Proportion
	MCP
	MCP_Ratio





	China
	70
	0.164
	29
	0.414



	USA
	61
	0.143
	14
	0.23



	Australia
	29
	0.068
	18
	0.621



	Iran
	23
	0.054
	5
	0.217



	United Kingdom
	21
	0.049
	8
	0.381



	Germany
	18
	0.042
	9
	0.5



	India
	18
	0.042
	8
	0.444



	South Africa
	16
	0.038
	4
	0.25



	Ethiopia
	14
	0.033
	6
	0.429



	Netherlands
	14
	0.033
	3
	0.214










 





Table 3. Top ten institutions in terms of the number of CCRF research publications.
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	Institution
	Articles
	Country
	Proportion





	Beijing Normal University
	21
	Peoples R China
	0.0493



	University of Vermont
	17
	USA
	0.0399



	Addis Ababa University
	16
	Ethiopia
	0.0376



	Huazhong Agricultural University
	15
	Peoples R China
	0.0352



	Agricultural Sciences and Natural Resources University of Khuzestan
	14
	Iran
	0.0329



	Vrije Universiteit Amsterdam
	14
	Netherlands
	0.0329



	Iowa State University
	13
	USA
	0.0305



	University of Twente
	13
	Netherlands
	0.0305



	Purdue University
	12
	USA
	0.0282



	Charles Darwin University
	10
	Australia
	0.0235










 





Table 4. The cooperation among countries.
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	From
	To
	Frequency





	China
	Pakistan
	14



	China
	Australia
	8



	Australia
	Vietnam
	7



	Australia
	Bangladesh
	6



	China
	Bangladesh
	6



	Germany
	Pakistan
	6



	China
	United Kingdom
	5



	Iran
	Belgium
	5



	Netherlands
	Ethiopia
	5



	China
	Germany
	4
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