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Abstract

:

As an essential part of ecosystem services, the rural ecosystem service (rES) plays an irreplaceable role in sustainable development. However, research on rESs still needs improvement compared with urban ecosystem services. Aiming at analyzing the research and development trends in rES, three types of bibliometric analysis software, HistCite, VOSviewer, and CiteSpace, are applied to reveal and visualize the research status and the prospect of existing research. The results show that since 2015, there has been a significant increase in the number of countries, papers, and institutions studying rES. There are five main research areas, among which urbanization and nature’s contribution to people (NCP) are ongoing. Moreover, the research content gradually shifted from fundamental studies on the relationship between biodiversity and ecosystem services to the relationships between different stakeholders and rESs against the background of complex social relations and cultural settings in urbanization. However, there is still a lack of leading ancestor literature in the field, and this field still needs to be developed.
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1. Introduction


Human wellbeing is closely related to ecosystem services (ESs). Research on ES function and valuation dates back to the mid-1960s to the early 1970s [1]. Environmental or natural services, described as ES, were originally used to describe the advantages humans can obtain from natural ecosystems. In 1997, Constanza R. [2] further subdivided ES and evaluated the value provided by ecosystem services. Millennium ecosystem assessment (MA) [3] classified the ES into cultural services, supporting services, providing services, and regulating services, which promoted the conception worldwide and made it a vital instrument for sustainability research [4,5].



The increase in global population and the intensification of human activities has accelerated resource depletion, environmental pollution, and biodiversity losses [6]. Approximately 40% of the world’s population currently resides in rural areas [7], which serve as the primary agricultural production hub and supply the urban population with the different agricultural goods required for daily life. As an essential part of the ecosystem, the rural ecosystem has a unique value. It provides numerous indispensable ES for urban and rural residents, which include agricultural products, biodiversity conservation, nutrient cycling, climate and gas regulation, water conservation and purification, pollutant control, aesthetic value, and recreation. However, the research progress and concerns regarding rural ES (rES) need to be more evident in academic circles.



As centralized living areas with fast, varying environments and intensive problems due to rapid urbanization and social and economic change, cities are attracting increasing attention regarding their service value for the ecosystem and sustainable development [8]. The value of rES needs to attract more attention. With the increase in urbanization, rural areas are facing a worldwide decline [9]. As a result, more villages are facing severe challenges such as hunger, poverty, land degradation, water shortage, and an aging population [10]. These reduce rural ecosystems’ resilience in coping with environmental changes [11], which will have a direct impact on whether the Sustainable Development Goals can be achieved by 2030. As rES is an essential tool in guiding and constructing the future development model for rural areas, more research in this area is badly needed.



According to the search results of the Web of Science (WOS) core database, almost no reviews on rural ecosystem services have been performed. Jiao YM et al. [12] studied the impact of rural landscapes on biodiversity and ecosystem service functions in Japan, and identified relationships between biodiversity loss, ecosystem services, and human wellbeing. Other scholars summarized the agricultural production value of services provided by rural ecosystems from different perspectives and proposed future agricultural policy-making and research development trends [13,14,15,16,17]. Weninger T. and Acharya R.P. et al. [18,19,20] reviewed the ESs’ value of windbreaks and forests, respectively, in rural areas. They deeply understood the value of such elements in rural ecosystems. In summary, most current reviews focus on a particular type of rES, which primarily provides services including agriculture and some specific element of farmland. Comprehensive reviews of updates in rES developments are still lacking. In addition, most of the current literature reviews involving rES take the data analysis function of WOS as the primary analysis method, and few use different bibliometric software. Based on the WOS core database, this paper attempts to analyze the research and development trends in rES. Combined with three forms of bibliometric software, it reveals the previous development status of rES through an analysis of the time trends, regional trends, and changes in research hotspots; furthermore, it tries to announce the progresses it has achieved and the gap still exists. Based on the above analysis, it is possible to accomplish the following objectives: (1) to reveal the development trend according to publication numbers and subject categories; (2) to outline the distribution patterns according to the activities of countries and organizations; and (3) to look at topical issues and future prospects in the field. Our findings offer thorough details on the development of rES research over the last 30 years, a summary of current trends, and possible areas of further study in this area.




2. Materials and Methods


2.1. Data Collection


This paper focuses on the research progress of rES, and the relevant literature is retrieved and analyzed based on the core set WOS database. In order to ensure the authority and integrity of the data as much as possible, after preliminary retrieval and analysis, the filter criteria of this article are set as follows (Table 1). After that, a total of 3202 pieces of literature were retrieved. Then, the exported literature was imported into CiteSpace to conduct literature cleaning and de-rescreening. Finally, 3000 works from the literature were selected as research objects, and the retrieval time was: 2022.5.16.19:00.




2.2. Analytical Methods


The bibliometric analysis describes, evaluates, and predicts the academic research’s status quo and development trends by quantitatively utilizing mathematical statistics. Applying this method to analyses of the research status quo for rural ecosystem services helps to clarify this field’s research status, hotspots, and development trends. It lays a foundation for later research on rES studies. At present, many kinds of software can process bibliometric analysis, each of which has advantages. HistCite, VOSviewer, and CiteSpace will analyze rESs’ research status and trends in this study.



2.2.1. HistCite


HistCite is a free citation graph analysis software. It can analyze the author, publication year, and other contents and show the sequential relationship between papers in a specific field through topological graphs. This paper will fully use its advantages in analyzing the literature timing to study and organize existing research to explore whether there is groundbreaking literature in this field, thus, to accurately estimate the development state of this field [21].



The parameters of HistCite are set as follows: select by local citation score (LCS), with the count limit of 50.




2.2.2. VOSviewer


VOSviewer is a knowledge mapping software developed by Eck V. and Waltman, at the Science and Technology Research Center of Leiden University in the Netherlands. Its advantage lies in the expression of co-occurrence word clustering and hot-word density. This paper applies VOSviewer to analyze the high frequency word, so as to reveal the hot keywords in rES research [22].



The parameters of VOSviewer are set as follows: the minimum number of keyword occurrences was 30.




2.2.3. CiteSpace


Dr. Chen CM developed CiteSpace from the School of Information Science and Technology of Drexel University in the United States. It has superiority in generating co-citation maps. Therefore, It is used in this review to explore the key literature and conduct a cluster analysis to better reveal the main direction of current studies and the development status of different directions [23].



The version that was used is CiteSpace 5.8.R3, and the parameters of CiteSpace were set as follows: slice length = 1; g = 25.



Although the above software has similar functions, studies have proved that, as long as the database is the same, the results obtained by different types of software can confirm each other. Therefore, these three software will be comprehensively applied to complete this literature review using their respective strengths [24].




2.2.4. Path of Analysis


In this study, the bibliometric analysis method was adopted to discover the trends and prospects of rES studies. First, the key countries that published the literature at different research stages were investigated. Furthermore, HistCite was used to reveal the initial literature at early stages. Then, VOSviewer was applied to demonstrate the high frequency words in the rES field. Finally, CiteSpace was used to analyze the literature further. A total of 578 critical essays were discovered, read, and sorted using the co-citation relationship analysis. The progress in five specific topics was discovered.






3. Results and Discussion


3.1. Evolution of Publications on Rural ES


3.1.1. Temporal Trend


The number of publications can be divided into three stages (Figure 1). Between the years 1991 and 2007, there was stagnation. Then, a slow development stage occurred between 2008 and 2016, during which publications significantly increased and the development speed accelerated compared with the first stage. Furthermore, the third stage entered a phase of rapid development. Since 2015, the number of publications sharply increased, indicating that the popularity of this research field is constantly increasing. In 2005, the widespread use of the Millennium Ecosystem Assessment, which attracted more attention to ES, was the main factor in the first promotion. The Science Policy Platform on Biodiversity and Ecosystem Services (IPBES), established in 2012 by the United Nations Environment Programme (UNEP), took a big step in promoting research on ESs at the global and regional levels, and providing a scientific basis for governments at all levels to carry out ecosystem management. The Transforming Our World: The 2030 Agenda for Sustainable Development, established in 2016, also positively encouraged research on rural ES. Therefore, the investigation of rES was further accelerated and entered a new stage of development.




3.1.2. Nation Distribution


From 1991 to 2007, the top three countries were the USA, Australia, and China, and the USA had a total of 31 research results (Table 2; Figure 2). From 2008 to 2014, the overall research popularity of all countries significantly increased compared with that of the previous stage. England was one of the countries showing burstiness in this stage (burstiness: staged explosive growth), and the top three countries in this stage were the USA, England, and Germany. From 2015 to 2022, China’s research output showed a significant increase and was approaching first place, which was occupied by the USA.



In light of the actual situation, the countries who first put forward the concept of ecosystem services, England and USA, paid more attention to rES than the others. However, since China formally proposed the Rural Revitalization Strategy in 2017, China’s concerns about rES have significantly increased.




3.1.3. Evolution of Publications


In order to reveal the initial literature in the specific field, the top 50 ranked by LCS, were evaluated and visualized by HistCite. Although there were no outstanding papers (high LCS), the map initially presented grouping characteristics, and the characteristics of the academic community gradually emerged (Figure 3). The literature numbered 1–6 are literature with high centrality (Figure 3). The earliest of the top 50 LCS literature was published in 2007, while the earliest prominent representative literature was published in 2008, which complied with the publication popularity stages. Research in the rES field started late and lacked any literature with field leadership. The current research results show prominent grouping characteristics but a weak correlation, which means that the literature in each group is not prominent enough and is still in the preliminary stage of development.





3.2. Research Focus and Trend


3.2.1. Keywords Analysis


The VOSviewer was used to reveal the high frequency keywords. Firstly, the synonyms were replaced and united; then, 23 keywords, such as areas and schemes, were eliminated due to an ambiguous reference of pronouns. Finally, the keywords that appeared at least 30 times were selected to generate the cluster analysis diagram (Figure 4). As can be seen from the table (Table 3), the top five keywords are environmental science and ecology, biodiversity conservation, agriculture and agricultural landscape, and land-use changes. The top five words with the latest average publication year (Table 4) are demand, green infrastructure, cultural ecosystem services, security, and perception. The keywords most discussed are those related to the basic ecologies study, such as environmental sciences and ecology and biodiversity and conservation, or agricultural and forestry, closely related to the providing services of rural areas. The words that emerged recently involve sociology, economics, and other subjects, such as demand, CES, and perception. It can be inferred that the hot topics have undergone a process of multidisciplinary integration based on ecology-related research.




3.2.2. Cluster Analysis of Literature Co-Citation


The literature co-citation relationship diagram and cluster analysis diagram, generated based on the publications from 1991 to 2022 (Figure 5 and Figure 6), are shown in the following. This network contains 1257 reference nodes. A total of 61 cited clusters were obtained using these keywords as classification criteria, among which the most significant five clusters contained 574 nodes, accounting for 46% of all nodes. The modularity of the network is 0.746, and the silhouette is 0.8833, suggesting that the science mapping can clearly show the specialties in the target field. The nodes in each cluster have high unity and high reliability in clustering division [23].



In the co-citation network (Figure 5), the colors ranging from light to dark represent the citation years for the literature, from latest to earliest. The node with red annual rings represents the literature with high centrality (no less than 0.1), which is a crucial hub connecting two fields and the vital literature among the objects of analysis (Table 5). Centrality is used to discover and evaluate the importance of the literature [23].



To illustrate the changes in research topics and progress, the timeline view (Figure 7) was visualized based on the cluster map. From left to right, each horizontal axis shows the time, from latest to earliest. The three references with the most citations within a given year are marked below the time axis, and the most cited references are labeled in the lowest position. The most significant five clusters (Table 6 and Table 7) represent 46% of all nodes. Subject #3, countryside biogeography, was the first subject that appeared, and lasted from 1999 to 2015. Then came #1, payments for ecosystem services (PES), and #4, cultural ecosystem services, with a duration from 2002 to 2020 and from 2003 to 2019, respectively, indicating that interest has gradually shifted from rural ecosystem protection to derivative rES research, such as rES value and cultural ecosystem services. The last one is #2, nature’s contributions to people (NCP), which benefited from the introduction and establishment of IPBES. In the above clusters, #0 and #2 constantly remain, representing the fields that still attract attention. This paper will center around the largest five clusters.





3.3. Research Progress in Major Specialties


Next, this paper will elaborate on the research progress of the five maximum clusters obtained from the analysis that is co-cited in the final section (Table 7).



3.3.1. Urbanization


In rapid urbanization, ES trade-offs are the direct inducement of environmental problems. In a high-providing services area, the loss of regulating and cultural services may undermine the sustainability of rES. Although the transformation of rural land-use type from wildness to single-function agricultural land can result in short-term economic benefits to particular groups, this will sacrifice the long-term wellbeing of most people. Therefore, it is necessary to thoroughly evaluate the relationship between ecosystem management and the provision of ESs, as well as the relationship between different management statuses regarding ecosystem services and the possible threshold [33], when making land-use-function planning decisions.



Nelson E. [35] proposed a model of spatial dominance based on the ecological production function and economic valuation method, which provided an essential theory for evaluating and realizing ecosystem service values. Based on GIS, a commonly used ES mapping method, two new methods, place-based mapping (PPGIS) and participatory mapping of ecosystem services (PGIS), were developed [36]. Subsequently, GIS was applied as a coupled study with ecosystem assessment models such as InVEST [37,38], Ca-Markov [39,40,41], CLUE-S [42,43], cellular automata (CA) [44], etc., to study and map urban-rural ES trade-offs. Now that various indicators are applied in studies, problems such as poor comparability, low accuracy, and the incomplete single-indicator system still need improvement [45,46]. Therefore, coupling multiple models and ES mapping can improve the spatiotemporal dynamic evolution and simulation prediction of rES, which is of great significance for the collaborative management of ecological security and sustainable social and economic development [47,48]. In addition, the developed areas attract more attention in existing studies, leading to a certain lag in resolving spatial conflicts during urbanization. So, the concern of the area to be developed can better guide the formulation of future urban and rural development policies.




3.3.2. Payments for Ecosystem Services


PES theory believes that market failure is the root cause of ecosystem destruction. Based on the balance between users and defenders of the environment, PES projects achieve a win-win situation of ecological protection and poverty reduction.



As potential providers of ecosystem services, low-income groups in rural areas are vital in promoting sustainable development and the rational utilization of ESs. In some programs, “pro-poor filters” were introduced to improve the equity in poverty reduction [49], which includes the application of a cap on land-registered acreage as a poverty criterion in prioritization models [50], a decrease of payments as the registered area increases [51,52], or by changing the payment method to promote the implementation of the PES project. Studies have proven that the PES projects at regional and community scales can better achieve the expected effect, as communities can better identify with actors and intermediaries, and costs and benefits can be jointly monitored [53,54]. PES projects with in-kind donations have a higher success rate than projects paid only in cash or with a combination of cash and goods donations [55]. Programs paid for by resource users tend to be more successful than those paid for by governments.



While widely sought after, only 16% of PES projects have achieved both environmental protection and poverty reduction goals. Firstly, a lack of an effective feedback path leads to the failure of timely project adjustment [56]. Secondly, besides the land use methods, many impacts such as the environment and climate change will have unpredictable impacts on the results [57]. Thirdly, different regional backgrounds and diverse stakeholders make PES valuation difficult [58]. Finally, it is not easy to ensure that the effects can be sustained after the end of a project [59]. Therefore, the subsequent research will focus more on the topics above [60].




3.3.3. Nature’s Contribution to People


The NCP framework describes the social and economic system’s characteristics better than the initial ES framework [61]. It illustrates how humans and nature work together and highlights the relevance of their socio-cultural relationship, which has both positive and destructive impacts [62]. As a result, NCP is linked to relational values derived through our interactions with and obligations to nature but does not directly derive from nature [63]. Currently, many resource-based rural communities are enduring substantial outmigration, and the existence of previous social relations will continuously promote the rural environment’s protection [64]. The rural poor, who live directly on rES, are always highly vulnerable to natural or contrived variations that affect their livelihood and resources, or the ESs’ ability to monitor the livability of settlements [65]. A traditional production activity is not just a job but a unique lifestyle and social identity for farmers [66,67,68]. Hence, it is unhelpful to admonish or pressure them to abandon their traditional mode of production. Wellbeing losses add challenges to their lifestyle and lead to a sense of injustice, resulting in conservation policy failure [68]. In these circumstances, considering heterogeneity in living habits is essential. However, this cannot be addressed by referring to scientific evidence but by permitting or enabling open negotiation processes between the value systems [65].



To reveal the relationship between rES and human wellbeing, socio-cultural mapping and photo voice method are used to get more stakeholders involved. To ensure the evaluation method is in line with the value systems of all stakeholders, their preferences, interests, perceptions of nature, and ideas for future generations’ heritage should be taken into account. Multiple valuations should also be applied to construct NCP evaluation frameworks with different cultural backgrounds [61]. Besides, the multiple values of NCP need to be quantified further and monitored systematically. The existing method is mainly conducted from the perspective of biophysical values. However, the socio-cultural perspective can help the evaluation of spatial synergies, trade-offs, and ES bundling to improve the evaluation index system of NCP [69,70,71]. Though the foundation of NCP evaluation has been laid on abundant research of rES, improving the framework and basic principles of NCP still requires sufficient scenario simulation research. In addition, NCP has provided a new perspective for other directions in this field.




3.3.4. Countryside Biogeography


Whether and how rural biodiversity has an impact on rES is critical on this topic at the early stage. Combined with rural biogeography, many scholars have investigated these topics from the perspectives of different species [72,73,74,75]. Studies have shown that tillage patterns are related to the decline in farmland biodiversity, and agricultural intensification is the main reason for biodiversity losses [73,76]. Thus, the key to improving biodiversity is to increase farmland heterogeneity.



As the basis of rES, scholars define the balance between agriculture and biodiversity as the trade-off between different agricultural models. Some researchers argued that land-saving farming allows for higher yields in smaller areas, thereby preserving nearby species-richness. Wildlife-friendly farmland tends to have lower yields per unit area and wastes land instead [72,77,78]. Then, Letourneau D.K. and Oerke E.C. et al. [78,79] provided evidence that varied agroecosystems have more natural enemies, fewer herbivores, and less insect damage than diversified cropping systems. Eco-agriculture has more non-provisioning ES than traditional agriculture [80,81]. High natural value farmland is widely practiced in Europe because it helps maintain habitats and populations of wildlife species with the highest conservation value [82,83]. The debate on the advantages and disadvantages of different agricultural models will continue. Although a high level of biodiversity is good for the sustainability of rES, finding a general approach to improve farmland ecosystem services and preserve biodiversity simultaneously is difficult. First, the connectivity-based threshold of various habitats at different scales needs more research; secondly, the emphasis on rESs varies between different groups due to their varied understanding of beneficial ESs [84]. In addition, it will be a challenge to quantify the overlapping space of different agricultural types. Perhaps the trade-offs and synergies between ES and disservices can better reveal the impact of different types on rES [85].




3.3.5. Cultural Ecosystem Services


Aesthetics has always been mentioned as a part of cultural ecosystem services (CES) [86]. During urbanization, the aesthetic value of nature becomes more and more prominent, while the importance of functional representation rapidly declines. At the same time, agriculture’s physical and economic importance is declining, while the value of the leisure industry is increasing [87]. Studies on landscape aesthetics looked at landscape contexts from the perspective of varied cultural and stakeholder groups, including urban, agricultural, and even wilderness environments. Individuals, demographics, nationalities, and other groups have different aesthetic preferences, particularly in environments with strong cultural influences [26,88,89]. Compared with urban residents, the rural population has a more comprehensive and direct understanding of ESs because their wellbeing is more closely related to ESs. In contrast, the urban population perceives CES better (tourism, aesthetics, environmental education, etc.) than other ESs [90]. Moreover, a number of studies have revealed that individuals generally favor heterogeneous landscapes, underscoring the significance of spatial patterns in sociocultural values [91,92,93].



Benefiting from the demand increase of urban residents for outdoor recreation, rural tourism, and environmental education [94,95], the tertiary industry was pushed as a form of revenue diversification in underdeveloped areas [96]. One way to assess CES for agriculture is to evaluate the payments for recreational activities, such as wildlife viewing, hunting, and fishing [97]. The socio-cultural valuation is a commonly used evaluation technique with high sensitivity in detecting the cognitive preferences of stakeholder groups [98]. Many research studies show that the farming lifestyle represents more than just economic value, but also shapes cultural heritage, identity, and sense of place, becoming an essential part of CES [61,99]. Therefore, CES should be evaluated from the regional perspective because the demand and comprehension of CES varies from place to place, and the way of measuring the entertainment revenues is not applicable to all places [100]. With the advent of the big data era, research based on remote sensing and social network has provided a new path with relatively high precision for CES supply-demand assessment and land management [101]. In the future, the evaluation research based on supply (service potential), demand (social demand), and flow (actual use of service beneficiaries) will become the focus. The post-pandemic era will likely create greater demand for cultural services, especially in natural and remote areas [102]. To avoid conflicts with other types of ES, reinforcing the connection between different stakeholders is essential [103].






4. Conclusions


The research on rES has entered a relatively rapid development stage; however, the lacking of a leading literature represents that research has not reached the mature stage, and further research and practices are urgently needed. Countryside biogeography provides the foundation for the development of other hot fields (Figure 8). Based on this, the subject has developed from natural science to a multi-disciplinary integration. Furthermore, the research field has changed from macro-biodiversity conservation to more detailed aspects, such as agriculture, poverty reduction, and CES. As an innovative method of economic intervention, PES is the hub and bridge of urbanization and NCP (Figure 8), which can reduce or offset the loss of global biodiversity and ecosystem functions in rural development and provide an effective method for measuring and evaluating the value of rES. As a relatively new topic, NCP will provide a new perspective for other research fields.



In the future, the coupling of multiple models and ES mapping can improve the spatiotemporal dynamic evolution and simulation prediction of rES, which is of great significance for the collaborative management of ecological security and sustainable social and economic development. However, the model constraints need to be optimized based on the status of social and economic development to promote the disclosure of the internal mechanism and interaction between different types of rES trade-offs, both between urban and rural areas and among rural areas. Strengthening the research on the relationship between rES stakeholders and supply-demand relationships will promote the formulation of PES project prediction, feedback, and implementation mechanism more effectively. As a new concept proposed by IPBES, the current NCP research is still at the macro-level. Due to the need for a better understanding of the rural indigenous and local knowledge, and the lack of comprehensive scenario simulation studies, the multiple values of rural NCP need to be further quantified and comprehensively monitored. The driving factor of the constant change of the rES system lies in the balance and game between different kinds of ES. The concern on a particular type of ES is periodical, and the ultimate goal is to clarify the relationship between different ES and achieve coordinated development. The reintegration of multiple disciplines will become the final destination of this field. Future in-depth research on rES should be conducted based on the above research to obtain more fruitful achievements.
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Figure 1. Numbers of publications by year. 
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Figure 2. Geographic distribution of publications at different stages. 
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Figure 3. The top 50 LCS directly cited references’ temporal network by HistCite. (1–6: six high-centrality literature; A–D: four prominent groups). 
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Figure 4. Keywords cluster analysis by VOSviewer. 
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Figure 5. A landscape view of the co-citation network between 1991 and 2022. (LRF = 2, LBY = 8, and e = 50) [23]. 
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Figure 6. A landscape view of the co-citation clusters between 1991 and 2022. (LRF = 2, LBY = 8, and e = 50) [23]. 
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Figure 7. A timeline view of the largest 11 clusters [23]. 
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Figure 8. Relationship flow between five main topics. 
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Table 1. Data retrieval condition applied in WoS.
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	Iterms
	Filter Criteria





	Topic
	“ecosystem services “AND” rural”

“ecosystem services “AND” village”

“ecosystem services “AND “countryside”



	Language
	English



	Literature Type
	“article “AND” early access”










[image: Table] 





Table 2. Top 10 most productive countries in rural ES (rES) research, ranked in descending order of publications over three decades.
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1991–2007

	

	
2008–2014

	

	
2015–2022

	




	
Country

	
Publications

	
Country

	
Publications

	
Country

	
Publications






	
USA

	
31

	
USA

	
159

	
USA

	
454




	
Australia

	
5

	
England *

	
82

	
China

	
434




	
China

	
4

	
Germany

	
46

	
England

	
244




	
England

	
4

	
Australia

	
42

	
Germany

	
219




	
Sweden

	
4

	
Netherlands

	
38

	
Spain

	
185




	
South Africa

	
3

	
China

	
38

	
Italy

	
165




	
Italy

	
3

	
Spain

	
35

	
Australia

	
160




	
Canada

	
2

	
Canada

	
28

	
Netherlands

	
125




	
Turkey

	
2

	
France

	
27

	
France

	
120




	
England

	
2

	
Sweden

	
20

	
Brazil

	
104








Note: * means the country’s publications show a burst at different stages.
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Table 3. Top 5 keywords of the highest frequency.






Table 3. Top 5 keywords of the highest frequency.





	Serial Number
	Keywords
	Total Link Strength
	Occurrences
	Average Publication Year





	1
	environmental sciences and ecology
	11,900
	1983
	2017.1645



	2
	ecosystem services
	9152
	1465
	2017.6821



	3
	biodiversity and conservation
	8171
	1274
	2016.9976



	4
	agricultural and agricultural landscape
	3536
	552
	2016.9088



	5
	forestry
	3243
	526
	2017.124
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Table 4. Top 5 keywords of the latest publication year.
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	Serial Number
	Keywords
	Total Link Strength
	Occurrences
	Average Publication Year





	1
	demand
	293
	37
	2019



	2
	green infrastructure
	276
	42
	2018.9762



	3
	cultural ecosystem services
	603
	86
	2018.9176



	4
	security
	230
	33
	2018.9091



	5
	perception
	305
	40
	2018.6667
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Table 5. Top 10 references of the highest centrality.






Table 5. Top 10 references of the highest centrality.





	Serial Number
	Centrality
	Cluster ID
	References
	Topic





	1
	57
	0
	Raudsepp-Hearne C., 2010 [25].
	Ecosystem service bundles



	2
	54
	4
	Martin-Lopez B., 2012 [26].
	Bundling ecosystem services through social preferences



	3
	48
	4
	Plieninger T., 2013 [27].
	Assessing, mapping, and quantifying cultural ecosystem services



	4
	44
	4
	Daniel T.C., 2012 [28].
	Cultural ecosystem services



	5
	43
	1
	Muradian R., 2010 [29].
	Payments for ecosystem services



	6
	43
	0
	Fagerholm N., 2012 [30].
	Participatory mapping of culture ecosystem services



	7
	39
	0
	Fisher B., 2009 [31].
	Classification of ecosystem services



	8
	39
	4
	Milcu A.I., 2013 [32].
	Cultural ecosystem services



	9
	38
	0
	de Groot R.S., 2010 [33].
	Valuation of ecosystem services



	10
	38
	4
	Chan K.M.A., 2012 [34].
	Cultural ecosystem services and valuation
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Table 6. Temporal properties of major clusters.
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	Cluster ID
	From
	To
	Duration
	Median
	Activeness
	Theme





	0
	2004
	2020
	16
	2012
	+
	Urbanization



	1
	2002
	2018
	16
	2010
	−
	Payments for ecosystem services



	2
	2009
	2020
	11
	2014
	+
	Nature’s contributions to people



	3
	1999
	2015
	16
	2007
	−
	Countryside biogeography



	4
	2003
	2019
	16
	2011
	−
	Culture ecosystem services



	5
	1999
	2008
	9
	2003
	−
	Floodplains



	7
	2005
	2019
	14
	2012
	−
	Household income



	8
	2003
	2011
	8
	2007
	−
	Driving forces



	9
	2010
	2020
	10
	2015
	+
	Functional trait



	10
	1995
	2001
	6
	1998
	−
	United States forest services



	13
	2004
	2012
	8
	2008
	−
	Flower diversity
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Table 7. Detailed information of the largest five clusters.
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	Cluster ID
	Size
	Mean (Year)
	Silhouette
	Top 5 Core Noun Terms in the Cluster





	0
	142
	2012
	0.774
	urbanization; participatory mapping; mapping; payments for ecosystem services; landscape metrics



	1
	132
	2011
	0.907
	payments for ecosystem services; payments for ecosystem services; payments for environmental services; pes; ecosystem services



	2
	104
	2015
	0.864
	nature’s contributions to people; relational values; payments for ecosystem services; ecosystem services; rural landscape



	3
	98
	2005
	0.921
	countryside biogeography; biodiversity; land-sparing; sustainable intensification; wildlife-friendly farming



	4
	98
	2013
	0.861
	cultural ecosystem services; aesthetics; social perception; landscape preferences; landscape values
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