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Agricultural system is highly dependent on the natural environment, thus even a slight climate change can have a significant impact on it. Climate change has already caused a series of problems for the agricultural system, which makes improving climate adaptation of the agricultural system extremely important. In order to clarify the current research status, cooperation network, research hotspots and trends in climate adaptation of the agricultural system, we adopt the bibliometric method via CiteSpace to analyze the data collected from the Web of Science (WoS) Core Collection. Through the analysis of a number of publications, we found that the current research in climate adaptation of the agricultural system has entered a rapid development stage. Moreover, the United State of America (USA) is the most impactful country with the most publications in this field. In terms of institutions, the University of Leeds contributes most to the research in climate adaptation of the agricultural system. And its faculty, A. J. Dougill, is the author who contribute most to this field. By cluster analysis and burst analysis, we confirmed conceptual studies, ecologically venerable areas, and climate adaptation strategies are the hotspot in climate adaptation of the agricultural system, while impact assessment, governance and decision-making, farming system, and climate information service are the research trend in this field. This review is expected to help researchers quickly grasp the research situation in climate adaptation of the agricultural system and provide a reference for future research in this field.
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1. Introduction

Over the past few decades, there has been a large amount of evidence proving that climate change has brought about many negative impacts on the agricultural system, among which the impacts on agriculture and animal husbandry are the most terrible. Farming and livestock production are both extremely sensitive to the shock of climate change due to their dependence on the natural environment. Drought, abnormal precipitation, floods, soil degradation, pest, and disease caused by climate change have changed the farming environment, which led to damage to agricultural production. Based on the future climate change scenarios projected by IPCC (The Intergovernmental Panel on Climate Change), Calzadilla et al. (2013) used the GTAP-W model to analyze the data and found that climate change will bring huge losses to global food production. This result is not isolated, there are some empirical studies at different levels that have also confirmed it (Calzadilla et al., 2014; Moore and Lobell, 2014; Chen et al., 2016; Hannah et al., 2017). As for animal husbandry, feed reduction, extreme heat, and animal disease caused by climate change have brought about a noticeable shock to livestock production. There are numerous empirical studies have proved it as well (Seo and Mendelsohn, 2007; Zhao et al., 2014; Hristov et al., 2018). Products obtained from agriculture and animal husbandry are the main source of carbohydrates, protein, and nutrition for humans. Meanwhile, agriculture and animal husbandry have the potential to mitigate climate change and improve climate adaptation. In this context, the research in climate adaptation of the agricultural system has drawn great attention.

Many review studies have been carried out on climate adaptation of the agricultural system and there have been some remarkable outcomes. In terms of agriculture, Anwar et al. (2013) reviewed agriculture adapting to climate change and identified four major priority areas (information generation and dissemination, research and development in agricultural technology, policy reformulation to be adopted to farm level, and strengthening partnerships among the relevant stakeholders) to relax constraints to climate adaptation at the farm level. Dang et al. (2019) reviewed empirical studies on the factors affecting farmers' adaptation to climate change and found that financial and technical support is critical to farmers' responses to climate adaptation, while social and psychological factors should be taken into account when promoting climate adaptation. Vermeulen et al. (2018) reviewed 23 empirical case studies of agricultural transformation in response to climate change. The result showed that current transformative climate adaptation has barely generated a more resilient agricultural system and the improvement in governance, and suggested that more comprehensive and long-term adaptation planning approaches, as well as financial and technical assistance, are needed to enhance the effectiveness of climate adaptation practices. In terms of animal husbandry, Nardone et al. (2010) reviewed the impact of climate change on animal husbandry from the perspectives of animal health, reproduction, animal production, and livestock production system. The results indicated that climate change would bring great losses to animal husbandry, and suggested that better information and technological iteration is needed for guiding the evaluation of the livestock production system to adapt to climate change. Rojas-Downing et al. (2017) reviewed the impact of climate change on livestock and vice versa, as well as how animal husbandry adapts and mitigates climate change. It is found that climate change adversely affects livestock production in terms of feed, water, livestock diseases, heat stress, etc. and livestock production also affects climate through land use change, feed production, animal production, manure, processing, and transport at the same time. Besides, it is suggested that diversifying livestock animals (within species) and crop varieties shifted to crop-livestock mixed systems is one of the most promising adaptation measures. In their review, Gaughan et al. (2019) argued that climate change would bring challenges to livestock production and pressure on animal fertility performance and also argued that improving climate adaptation in animal husbandry requires the integration of animal breeding, nutrition, housing, and health, as well as improving animal comfort and performance.

According to the above literature, it is easy to find that the current review studies on climate adaption of the agricultural system mainly adopt the traditional review methods (scope review), and the bibliometric method is not usual, especially with visualization analysis. However, bibliometric analysis has unique advantages in grasping the current research statutes, hotspots, and trends. Thus, bibliometric analysis has been applied for reviewing climate adaptation because of its advantage and good fitness (Aleixandre-Benavent et al., 2017; Wang et al., 2018). Although there are bibliometric studies on climate adaptation, they have not been detailed to the field of agricultural system, as we mentioned above. In this study, based on the historically referenced publications, we conducted a bibliometric analysis with visualization via CiteSpace to analyze the number of publications, cooperation networks, research hotspots, and trends in climate adaptation of the agricultural system. Our objective is to assist researchers in getting a view of the current research situation quickly and provide a reference for further research in this field.



2. Data collection and method


2.1. Data collection

Web of Science (WoS) as the leading scientific citation search and analytical information platform, is widely used by researchers worldwide (Li et al., 2018). It is considered to be an ideal source for bibliometric investigation (van Leeuwen, 2006). Our data is collected from the Science Citation Index Expanded (SCIE) and Social Sciences Citation Index (SSCI) of the Web of Science Core Collection (WoSCC). In the search process, we restricted the search to the period between 2010 and 2021, and set TS = (Agriculture AND Climate Adaptation) OR TS = (Animal Husbandry AND Climate Adaptation), which means we use agriculture and climate adaptation or animal husbandry and climate adaptation as the topic. And then, we selected article types to articles and review articles. We conduct our search with Northeast Agricultural University Library and a total of 4,673 publications were returned. We stored these files in plain text file format to facilitate the next step of the bibliometric analysis (Figure 1 has shown the data selection process).


[image: Figure 1]
FIGURE 1
 The flow diagram of data selection.




2.2. Research method

As a bibliometric method, knowledge maps or knowledge mapping are a wide variety of approaches to organize and structure knowledge resources, knowledge application steps, insightful concepts, expert networks, or communities of practice (Eppler, 2008). This method offers great advantages in terms of connecting experts, accessing knowledge in time, identifying knowledge assets, and identifying knowledge flow (Balaid et al., 2016). There are a variety of knowledge mapping tools in common use, including CiteSpace, Ucinet, VOSviewer, Bibexcel, etc. CiteSpace is a Java application developed by Chen (2004, 2013) from Drexel University for visualizing co-citation networks, including co-citation references, co-authors, and co-occurring keywords. Compared with other mapping tools, CiteSpace is applicable to a wide range of data formats, rich in mapping types, and has better visualization effects (Cobo et al., 2011). Therefore, CiteSpace was adopted to assist us in our bibliometric analysis.

The parameters were set as follows: (1) the timespan is from 2010 to 2021, and the slice length is 1, which means 1 year per slice; (2) in selection process, we set different g-index for each knowledge map, k = 100 for country and author cooperation network, k = 50 for institution cooperation network, as for keywords cluster analysis, k = 12 (k equals to the number of results extracted from each time slice); (3) the node type was set as country/institution/author/keyword; (4) the pruning for country and institution cooperation network is set as Pathfinder, for author is none, and for keywords cluster analysis is set as MST; (4) the result of keyword burst detection analysis presents using Table form.




3. Results


3.1. Overview of publications

For an overview of publications, the annual distribution and the trend of publications are shown in Figure 2. From 2010 to 2021, there is an overall upward trend in the number of publications in the field of climate adaptation of agricultural system. As it is shown in Figure 2, 2020 is a rising year with the fastest speed. We can conclude that 2020 is a rapid development year in climate adaptation of agricultural system and the research in climate adaptation of agricultural system has entered a new stage. Meanwhile, based on Web of Science Categories, we found that the research in climate adaptation of agricultural system is mainly focused on Environmental Sciences, Environmental Studies, Meteorology Atmospheric Sciences and Green Sustainable Science Technology.


[image: Figure 2]
FIGURE 2
 The number and trend of publications on climate adaptation of the agricultural system (2010–2021).




3.2. Cooperation networks
 
3.2.1. Country cooperation

As it is shown in Figure 3, the network of cooperated countries consists of 147 nodes and 202 links. The top ten countries contributing the most publications are listed in Table 1. The U.S. is the leading contributor with 1,136 publications, followed by England with 519 publications. Among developing countries, China and India are prominent, ranking 5th and 7th respectively in terms of the number of publication outputs. As for quantity, the number of publications from the United States far exceeds that of other countries, which indicates that the United States is the most active and influential in the field of climate adaptation of the agricultural system. In addition, Italy (0.15), England (0.14), Australia, and Switzerland (0.13) have the highest betweenness centralities and play an important role in international cooperation. Cooperation in most countries has been established since 2010, yet the weak linkage between countries in Figure 3 means a low level of cooperation.


[image: Figure 3]
FIGURE 3
 A visualization of the country cooperation network. Each node represent a country, the larger the node, the more publication that country has. The line represent the connection between countries, the thicker the line, the closer relationship and the lighter color of the line, the later connection.



TABLE 1 Top 10 countries based on frequency.
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3.2.2. Institution cooperation

For the period 2010 to 2021, the institution cooperation network consisted of 270 institutions and 349 links as shown in Figure 4. Compared to country cooperation networks, the structure of the institution cooperation network is relatively dense, and inter-institutional connections are stronger. Among all institutions, Columbia University (0.44) and the Potsdam Institute for Climate Impact Research in Germany (0.28) have the highest betweenness centralities. The top 20 institutions with the most publications are presented in Table 2. The University of Leeds, is in first place with 145 publications, and the Chinese Academy of Sciences and Wageningen University are followed. Interestingly, the results of the institutions' cooperation analysis demonstrated that research institutions from the U.S. make up the majority of the top 20 institutions with the most publications, consistent with our findings in our country's cooperation analysis. University of Florida, Michigan State University, University of California, Davis, International Food Policy Research Institute, International Center for Tropical Agriculture, and Columbia University ranked 6, 9, 11, 14, 15, and 18, respectively. In addition, as we can see from Figure 4, all the impactful institutions' cooperate with each other, and the institutions from the same country have a stronger connection than the institution from different countries.


[image: Figure 4]
FIGURE 4
 A visualization of the institution cooperation network. Each node represent a institution, the larger the node, the more publication that institution has. The line represent the connection between insitutions, the thicker the line, the closer relationship and the lighter color of the line, the later connection.



TABLE 2 Top 10 institutions based on frequency.
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3.2.3. Author cooperation

As it is shown in Figure 5, the author cooperation network contributing to climate adaptation of the agricultural system consisted of 1,633 authors and 2,695 links. We can see that there is a large number of participants and close collaboration in the field. In addition, we are able to consume that there are many researchers from different fields involved in this research direction. A. J. Dougill, from the School of Earth and Environment, University of Leeds, UK, has the highest frequency of collaboration with other authors in the cooperation network as you can see in Table 3. The affiliations of other impactful authors are distributed around the world. Currently, most of the authors are still working in close collaboration for further research on climate adaptation of the agricultural system.


[image: Figure 5]
FIGURE 5
 A visualization of the author cooperation network. Each node represent an author, the larger the node, the more publication that author has. The line represent the connection between authors, the thicker the line, the closer relationship and the lighter color of the line, the later connection.



TABLE 3 Top 10 authors based on frequency.
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3.3. Research hotspots and trends
 
3.3.1. Research hotspots

Keywords allow us to quickly capture the main content of the article, and it is able to reflect the hotspot in a research field. Figure 6 shows the keyword cluster in climate adaptation of the agricultural system, which can help us recognize the research interest and hotspot in this field. According to Figure 6, we summarized three main research hotspots:

1) Conceptual studies

Based on the keyword cluster network analyzed by CiteSpace, the conceptual studies on climate adaptation of the agricultural system mainly focus on # 0 climate change, # 1 climate adaptation, # 6 food security, and # 9 adaptive capacity. The concept of climate adaptation was put forward in the context of climate change, and the key factor in improving climate adaptation is ensuring food security. Therefore, adaptive capacity is proposed to evaluate and manage climate adaptation. The definition of adaptive capacity is essential to assess climate adaptation, but it is also complex and vague, which makes it difficult to pin down. IPCC, the leading international organization for assessing the impact of climate change, defined the adaptive capacity as the ability of systems, institutions, humans, and other organisms to adjust to potential damage, take advantage of opportunities, or respond to consequences (AR5, 2014). Engle (2011) reviewed the concepts and assessment approaches of adaptive capacity, and acknowledged the centrality of the concept of adaptive capacity and its unique position in improving linkages between vulnerability and resilience research. Both vulnerability and resilience frameworks can help foster the applicability of adaptive capacity in climate adaptation research.


[image: Figure 6]
FIGURE 6
 Cluster analysis of keyword co-occurrence.


2) Ecologically venerable areas

The impact of climate change on ecologically venerable areas is most noticeable. Through keyword cluster analysis, it is found that Southeast Asia and sub-Saharan Africa are hotspots. Climate change will bring warming, abnormal precipitation, floods, droughts, wind storms, and other extreme weather, causing many problems to the agricultural system (Deng et al., 2022). In Southeast Asia, a study by Thirumalai et al. (2017) showed that climate change had exacerbated extreme temperatures and adversely affected agricultural production in Southeast Asia. A study by Loo et al. (2015) indicated that climate change would affect the distribution of monsoon rainfall in Southeast Asia, resulting in floods in some areas and leading to serious consequences on agricultural production. Regarding to sub-Saharan Africa, is the most vulnerable region in the world to climate change, and it is extremely sensitive to changes in weather and climate variables (like temperature, precipitation, and light) (Kotir, 2011). Extreme temperatures and reduced rainfall brought by climate change in sub-Saharan Africa will have disastrous results in local agricultural and livestock production (Müller et al., 2014; Serdeczny et al., 2017). Therefore, Southeast Asia and sub-Saharan Africa have become research hotspots due to their vulnerability to climate change.

3) Climate adaptation strategies

Improving climate adaptation is one of the issues that the agricultural system must face. Figure 6 shows that #3 adaptation strategies, #4 climate-smart agriculture, #5 water management, and #7 smart agriculture are research hotspots. Smart agriculture and climate-smart agriculture are both adaptation strategies, while water management is one practice of smart agriculture and climate-smart agriculture. In a literature review by Mizik (2021) smart agriculture and climate-smart agriculture are discussed and distinguished and it claims that smart agriculture is a comprehensive adaptation strategy involving small-scale farmers, weather and market information, etc. while climate-smart agriculture is included in smart agriculture. Water management is one of the practices of smart agriculture and climate-smart agriculture to adapt and adjust the agricultural system in response to climate change.



3.3.2. Research trends

The changes in keywords can reflect the latest research topics and are able to help the researcher to grasp the research trends. Keyword burst detection (Table 4) illustrated the research hotspots in a specific period. By analyzing the keywords and their corresponding red lines (heat bar, representing the strongest period of burst), we conclude the current research trends in climate adaptation of the agricultural system:


TABLE 4 Top 67 keywords with the strongest citation bursts.
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1) Impact assessment

The impact of climate change on the agricultural system is sophisticated and there are a large number d studies focusing on the impact assessment of climate change. Nardone et al. (2010) followed the theory of global warming and reviewed the effect of climate change on livestock. The result indicated that climate change would harm animal health, reproduction, and animal production. Calzadilla et al. (2013) assess the impact of climate change on global agriculture based on the predicted changes in the magnitude and distribution of global precipitation, temperature, and river flow under the IPCC SRES A1B and A2 scenarios and found that climate change could modify regional water endowments and soil moisture, with negative impacts on global agricultural production, welfare, and GDP. Aggarwal et al. (2019) conducted a systematic review, comparing the projected yield with observed yield, and found that technology growth is not taken into account in existing impact assessments of climate change, which provide a reference for optimizing current impact assessment methods. Since agricultural production is extremely dependent on the natural environment and sensitive to climate change, it is of great significance to assess the impact of climate change for realizing sustainable development and improving climate adaptation of the agricultural system.

2) Governance and decision making

Considering the cannot-ignored impact of climate change, improving climate adaptation of the agricultural system is the priority in global governance. Governance and decision-making are forefront topics in the field of climate adaptation of agricultural systems based on the keyword burst detection via CiteSpace. Joly et al. (2022) proposed that applying appropriate modeling methods in decision-making is beneficial to livestock production in response to external climate shocks. Valencia et al. (2022) analyzed the problems of the agriculture network in urban governance and found identifying the priority by clustering analysis from environmental, social, and economic is useful for better governance. This decision-making method function well under climate change scenarios. Ashton (2022) developed a framework to evaluate and organize governance systems that influence natural climatic solutions in agriculture to achieve the intended benefits of natural climatic solutions and this framework is used to assess the Canadian agriculture sector's efforts to promote natural climatic solutions, finding that Canada's current governance ecosystem meets the criteria to some extent. Adaptation to environmental change is an inevitable process of human evolution. Global warming, uneven distribution of precipitation, frequent extreme weather, and other problems caused by climate change have increased the vulnerability of an agricultural system, which requires intervention by governments and policymakers. In the context of climate uncertainty, governance and decision-making are challenging, so research on governance and decision-making in the field of climate adaptation of the agricultural system is extremely necessary to improve climate adaptation in governance.

3) Farming system and climate information service

The usage of climate information services is considered a key step toward increasing climate adaptation of the agricultural system to the threat of climate change. Djido et al. (2021) take Ghana as an example and explore the relationship between the climate information service and the adoption of climate-smart agriculture practices, finding that the usage of climate information services has a positive impact on the adoption of water management and multiple cropping practices for farmers. Anshul et al. (2022) carried out a study in Bihar, India to investigate the role of climate information in building resilience. The results showed that farmers benefit from climate information and can increase climate resilience by adjusting production practices. Warner et al. (2022) conducted a systematic review of the literature concerning climate information services to identify the common factors that affect the usage of climate information services by farmers and agriculture practitioners. It was found that user participation and engagement was the most frequently mentioned factor. Meanwhile, trust and credibility of climate information services and their providers, multi-modal communication channels, and timely delivery are also the factors that are most often cited as influencing the usage of climate information services. The application of climate information services in agricultural systems will help alleviate climate threats to agricultural systems and thus improve the climate adaptation of the agricultural system. Therefore, there are real demands and prospects for research on relevant topics.





4. Discussion

By the analysis of the number of publications, cooperation networks, research hotspots, and research trends in the field of climate adaptation of the agricultural system, we identified some problems for future research. As for cooperation, there is only a little cross-country cooperation, and cooperation among institutions is often limited within a country. Besides, the major contribution in this field is still from developed countries based on publication counting. This is not denying the efforts that developing countries made to mitigate and adapt to climate change. On the contrary, developing countries have made a lot of contributions in this regard, though we can observe from the evidence that the main responsibility for climate change lies with the developed countries with high greenhouse gas emissions, and the consequences of climate change tend to be borne by the developing countries whose agricultural sector are the pillar of their economy (Roberts, 2001; Mertz et al., 2009; Hansen and Cramer, 2015; Althor et al., 2016). In the co-occurrence analysis at the country level, we found that China and India have a large number of publications in this field, ranking 5th and 7th respectively. In addition, through reviewing the previous peer-reviewed articles, we can see evidence shows that developing countries have made many efforts to improve climate adaptation. Since the United Nations Framework Convention on Climate Change was agreed upon in 1992, there have been studies on the efforts made by developing countries, which have confirmed the contribution of developing countries to mitigate climate change (Reid and Goldemberg, 1998). Earlier this decade the Center for Climate Energy Solutions (2002) examined six developing countries (Brazil, China, India, Mexico, South Africa and Turkey) to mitigate climate change. The results showed that over the past three decades, the actions taken by these six countries had reduced the growth of their combined annual greenhouse gas emissions by nearly 300 million tons a year (n.d.). Studies in recent years have also shown that developing countries are making effort to improve climate adaptation. For example, the Nigerian government is trying to adjust the energy mix to mitigate climate change (Elum and Momodu, 2017). In addition to governments, individuals are also taking action to mitigate climate change. Tan-Soo et al. (2023) found that individuals and households in China are also taking adaptation actions to mitigate climate change. Back to international cooperation, we hope that developed countries with more academic resources will cooperate more with developing countries, especially those in ecologically vulnerable areas (such as those countries around the equator that are more sensitive to climate change).

In terms of the research trend, there is an interesting trend that the current research hotspots are shifting from natural sciences to social sciences. The reason why this shifting is happening is sophisticated. We assumed that there was a time lag between impact of climate change on natural system and on economic and social aspects, even though it was inevitable that climate change would affect the economy and society eventually. Moreover, as the development of all studies is gradual, we thought the reason why the concentration of research in climate adaptation of agricultural system is transferring from natural system to social and economic perspectives might be people had a better understanding of natural science characteristics of climate change so that they could attribute more economic and social phenomena to climate change. As climate change effects are complex, as well as the agricultural system, it is necessary to focus beyond the natural production environment and take economic and social factors into consideration. Via the burst keyword analysis, we found that governance, social science, and food insecurity have all become research frontiers. These studies on social science will be essential if the agricultural system wants to improve climate adaptation comprehensively. Consequently, improving climate adaptation from natural, economic, and social aspects can as an effective approach to achieving sustainable development for the agricultural system under complicated climate scenarios.

Although analysis by knowledge mapping and bibliometric methods can get some meaningful results, it still has some limitations. First of all, most articles from the Web of Science are relevant to the sole language (English), so relevant studies written in other languages are ignored. Secondly, due to the large number of data we collected, the difference in presenting formats of authors' information greatly challenged statistical analysis. Thirdly, as the database of articles is constantly updated, we can never represent the latest research status. Fourthly, we do not deny that more scope reviews and systematic reviews are necessary in order to more accurately grasp the research situation in relevant subfields.



5. Conclusion

Based on the core database of the Web of Science, this paper used CiteSpace to analyze the literature in the field of climate adaptation of agricultural systems from 2010 to 2021. It is found that the current research in this field showed a rising trend, and the development has been particularly rapid in recent years, and the main research catalogs environmental sciences, environmental studies, meteorology atmospheric sciences, and green sustainable science technology. In terms of cooperation networks, at the country level, the United States has far more publications than other countries and has a great influence in this field. Furthermore, most countries have established cooperation. Italy, the United Kingdom, Australia, and Switzerland are more involved in international cooperation and play an important role in the connection between countries and international cooperation in this field. At the institutional level, the institutions have built a strong connection. The University of Leeds has published a large number of papers in this field, and Columbia University and the Potsdam Institute for Climate Impact Research have played an active role in institutional cooperation. At the author level, American scholars were most involved, and A. J. Dougill from the University of Leeds collaborated with other authors the most frequently. Through the keyword cluster, we concluded that the current research hotspots in the field of climate adaptation of agricultural systems are conceptual studies, ecologically venerable areas, climate adaptation strategies. In combination with keyword burst analysis, we thought the research trends in this filed would be impact assessment, governance and decision-making, and farming system and climate information service. Interestingly, we found that the focus of research is shifting from the natural systems to the social and economic dimensions.
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