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Abstract

:

Forest ecological products are closely related to ecological balance, and an in-depth understanding of the development dynamics of these products is crucial to the realization of sustainable development that integrates ecological, economic, and social benefits. Based on the Web of Science (WOS) and China National Knowledge Infrastructure (CNKI) databases, this study conducted a comprehensive econometric analysis of the number of articles, journals, research institutions, author collaborations, research hotspots, and research trends of forest ecological products globally during the period of 2003–2023 with the help of CiteSpace software (Philadelphia, PA, USA). The study’s results revealed the following insights: (1) The research on forest ecological products in recent years showed a general upward trend, but the research interest in foreign countries was higher than that in China. (2) The literature within the WOS database primarily focused on the field of ecology, whereas the literature in the CNKI database predominantly emphasized the field of forestry. (3) In both databases, the Chinese Academy of Sciences was the organization with the highest number of articles. Globally, Chinese institutions had the largest proportion of articles issued. The high percentage of articles issued by specialized agricultural and forestry schools in China showed clear domain relevance. (4) In both databases, author collaborations were relatively decentralized, and no significant core group of authors had been formed. (5) The research hotspots in foreign countries focused on the ecological regulation of forest ecological products, while the research hotspots in China focused on the realization of the economic value of forest ecological products. (6) “Machine learning”, “river basin”, and “health” are the future research frontiers in foreign countries, while “ecological function” and “forest ecosystem service” are the future research frontiers in China. The results of both databases indicate that the sustainability of forest ecological products is a research trend for the coming period. Finally, the outlook for future research on forest eco-products is presented in four aspects: promoting the establishment of a unified international standard certification system for forest eco-products, developing diversified products, strengthening the function of policy support and guidance, and establishing national partnerships.
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1. Introduction


Global forest resources are undergoing profound changes. As environmental concerns grow, the importance of forests and the positive contribution of forest ecological products to ecosystem health are being recognized [1,2,3]. Overharvesting and resource exploitation have led to the depletion of forest resources in some areas [4]. Increased climate change has also brought frequent forest fires and persistent droughts [5,6]. Failure to manage forests sustainably will inevitably result in serious economic and environmental damage. In response to growing global challenges, the United Nations General Assembly (UNGA) proposed 17 sustainable development goals (SDGs) in 2015, two of which address forests: combating climate change and protecting biodiversity and ecosystems [7,8,9]. Meanwhile, consumer preference for green, organic, and natural products is gradually increasing, driving the growth of the eco-products market. Forest ecological products are favored by consumers as representatives of natural resources [10]. In order to promote the sustainability of forest ecological products, the State Forestry Administration of the People’s Republic of China (National Forestry and Grassland Administration) issued a Circular on the Implementation of the Forest Ecological Labeling Product Construction Project in 2017 and adopted the first batch of quality forest products eligible for recognition in 2019. This shows that China has made substantial progress in the field of forest ecological products [11].



Forest ecological products are a special category of forest products based on China’s national conditions, including concrete material products in the forest ecosystem and abstract intangible products that provide services to the ecosystem [12]. Internationally, the mechanism by which forest ecological resources are transformed into value is commonly referred to as “forest ecosystem services”, which mainly emphasizes the natural environmental conditions and ecological benefits of forest ecosystems that are indispensable for the maintenance of human existence [13,14,15]. Forest ecological products differ from forest ecosystems in that they are a concrete manifestation of the functions of forest ecosystems, and they place greater emphasis on the relationship between supply and consumption, recognizing the economic value of ecological services [16,17,18,19]. There is no uniform standard for the classification of forest ecological products, and there are two mainstream classification methods. One is to categorize forest ecological products into tangible and intangible products according to their material form. Tangible products include mainly timber and wood products, food and medicinal herbs, plant fibers, non-food plant products, wildlife products, and processed forest products. Intangible products mainly include ecological regulation services, climate regulation and forest carbon sink services, biodiversity conservation, water resource protection, forest landscapes, and cultural tourism values [12,20,21]. Another is to categorize forest ecological products into public ecological products, operational ecological products, and quasi-public ecological products according to their nature. Public eco-products emphasize public benefits to society and ecosystems as a whole and usually cannot be traded privately. They mainly include ecological regulation, water resource protection, climate regulation, and biodiversity maintenance. Operational ecological products refer to tradable commodities with economic value, including eco-forestry products, eco-industrial products, and eco-tourism services [22]. Quasi-public eco-products are products that are partly public in nature but also have a certain market nature and can be transformed to a certain extent, mainly carbon emission rights and sewage rights. It is worth mentioning that, with the signing of the Kyoto Protocol and the introduction of the REDD-plus mechanism, forest carbon sinks, as a kind of forest ecological product, have begun to enter the carbon market, being endowed with the ability to be traded and realizing the transformation of public products into private products. This also indicates that the future development of forest ecological products will be closely centered on the goal of sustainable development [23,24].



Although scholars have explored the functions of forest ecosystems over the years [25], so far there is no systematic literature that comprehensively compares and analyzes the research process and development of China and the world regarding forest ecological products. In order to systematically grasp the research dynamics in the field of forest eco-products and rationally examine the research status of forest eco-products over the past 20 years, this paper adopts the bibliometric analysis methodology to sort out and discuss the current status of research, research hotspots, and cutting-edge trends. It is hoped that it can provide theoretical support and a new thinking path for realizing the integrated development of the ecological, economic, and social benefits of forest ecological products.




2. Materials and Methods


2.1. Materials


This research paper analyzed and studied the literature related to forest ecological products during the period from 1 January 2003, to 30 June 2023. In order to make the data of the study more comprehensive, rigorous, and comparative, the data sources were categorized into English literature data and Chinese literature data. English literature data were selected from the Science Citation Index Expanded (SCIE) and the Social Sciences Citation Index (SSCI) in the core collection of WOS databases. Chinese literature data were selected from the Chinese Social Sciences Citation Index (CSSCI) and Chinese Science Citation Database (CSCD) in the CNKI database. Considering that foreign scholars generally referred to the mechanism for transforming the value of forest ecological resources as “forest ecosystem service function”, the keyword “forest ecosystem service function” was added to the term “forest ecological products”. The search formula was ((((TS = (forest ecological products)) OR TS = (forest ecosystem service function)) AND DOP = (2003-01-01/2023-06-30)) AND DT = (Article OR Review)) AND LA = (English). Chinese literature was searched using CNKI’s advanced search function, limited to academic journals. After manually de-weighting, organizing, and screening the acquired data, a total of 5051 valid English documents were obtained, and 259 Chinese documents were used for research and analysis.




2.2. Methods


The utilization of scientific research software for analysis presented the advantage of enabling us to analyze data from extensive datasets, thereby achieving a more intuitive comprehension of the research dynamics in interconnected fields. This facilitation aided us in identifying points of entry and innovative orientations for scientific progress, as well as in pinpointing appropriate avenues for research exploration. CiteSpace (Philadelphia, PA, USA) is a powerful literature visualization and analysis tool that was developed and launched by Chen, Chao M, and his research team in 2004 and has subsequently been continuously improved and promoted [26,27]. For the study of the characteristics of the change in the number of literature and the main publishing journals, we used the data processed by CiteSpace and then processed and organized the data to make visual charts for bibliometric analysis. The distribution of authors, research institutions, and keywords was visualized using CiteSpace. This article used CiteSpace 6.1.6R the advanced version.



The CiteSpace visualization parameters and operational procedures were configured as follows: “Time Slicing” was set to encompass the period “From January 2003 to June 2023”. The “Years Per Slice” was specified as “1”. Within the “g-index” calculation, K was set at 25, with larger values of K resulting in more nodes. “TOP N” represented the number of entities within each time slice and was set to 50. “TOP N%” denoted the percentage of top-ranked entities within each time slice and was configured at 10%. Co-authorship and keyword co-occurrence networks were constructed for both the WOS and CNKI databases. Subsequently, keyword clustering analysis was performed to ascertain the distribution of research topics. Concurrently, keyword burst detection was employed to gain insights into the evolutionary trends and development dynamics within the field of forest ecological products. Figure 1 is a technology roadmap for this paper.





3. Results and Analysis


3.1. Analysis of the Change in Characteristics of Literature Quantity


Through an analysis of alterations in the literature volume, the alterations in research outcomes within the domain of forest ecological products for the period 2003 to 2023 could be visualized. Over these two decades, the quantity of foreign publications concerning forest ecological products exhibited an exponential growth trend (Figure 2a). Simulations were conducted on the data, yielding a fitness function in the form of an exponential function. Its computational formula was:


Y = 33.923e0.1448x + c,











R2 = 0.952, being close to 1, indicating a good fit. The research conducted abroad was divided into three distinct stages. The first stage (2003–2009): The annual count of publications consistently remained below 100 articles, culminating in a total of 430 articles being published. However, there was a gradual increase in this count, albeit at a slow pace. The second stage (2010–2019): Starting in 2010, the annual publication count exceeded 100 articles, maintaining this elevated level throughout and resulting in a total of 2429 articles being published. During this phase, the growth rate picked up momentum compared to the initial stage, although the overall progression exhibited a relatively stable trajectory. The third stage (since 2020): characterized by a marked surge in growth, the overall trend of publication count was notably rapid, contributing to a total of 2192 articles being published. Subsequent to 2021, a minor decline was observed; however, the magnitude of this decline remained insignificant.



Over a span of 20 years, the quantity of Chinese publications concerning forest ecological products underwent a fluctuating pattern of growth (Figure 2b). Intriguingly, the analysis of variations in publication count revealed that these changes were more aligned with a moving average function, indicating that the data fluctuations did not exhibit regularity. The phases of research within the Chinese context were classified into three distinct periods: In the initial phase (2003–2008), the publication count remained relatively low, totaling 17 articles, which reflected a reduced interest in the investigation of forest ecological products. The subsequent phase (2009–2019) witnessed an annual publication count exceeding 5 articles, aggregating to a total of 184 articles published throughout this timeframe. Notably, there was a significant surge in publications between 2009 and 2016, followed by a slight decline post-2016; nevertheless, the count consistently remained above five articles. The third phase (2020–2023) encompassed a cumulative total of 58 articles, symbolizing a rejuvenated upswing in research activity. Despite this, the level of research interest observed in this phase was marginally lower in comparison to the preceding stage.



A comparison of publication counts from two databases revealed that the overall trend for both datasets indicated an increase (Figure 3). However, foreign research concerning forest ecological products exhibited significantly higher levels of research interest compared to Chinese research. The periods of fluctuation in publication counts for both foreign and Chinese research roughly corresponded. Both foreign and Chinese research showed lower levels of interest during the period 2003–2008, signifying an exploratory phase in the field. Following a surge in research interest abroad commencing in 2009, there was a subsequent rise in Chinese interest in 2010. A phase of substantial growth was witnessed between 2019 and 2021 in both contexts, followed by a slight reduction in intensity post-2021.




3.2. Analysis of Journals Published


The research concerning foreign forest ecological products was mainly focused on areas such as environmental sciences, ecology, forestry, biodiversity conservation, science and technology, other topics, and other relevant fields. Among these, the ecological field had the largest share, accounting for 58.39%. The leading journals that published articles on forest ecological products from 2003 to 2023 encompassed Forest Ecology and Management, Forests, Ecological Indicators, and Remote Sensing, among others. Figure 4a provides an illustration of the top 10 journals ranked according to publication volume within the WOS database.



Within the scope of Chinese research regarding forest ecological products, emphasis was predominantly directed towards fields including forestry, agricultural economics, environmental science and resource utilization, agricultural basic science, and biology. Remarkably, forestry emerged as the most notable domain, constituting 66.96% of the research focus. From 2003 to 2023, noteworthy journals that published research on forest ecological products comprised Acta Ecologica Sinica, Journal of Central South University of Forestry & Technology, World Forestry Research, Chinese Journal of Ecology, and Journal of Northwest Forestry University. Figure 4b depicts the top 10 journals ranked by publication volume within the CNKI database, centered on the subject of forest ecological products.




3.3. Analysis of Research Institutions


To enhance the clarity of institutional analysis, we integrated institutions that had undergone name changes, merging the pre-renamed entities with the post-renamed ones. Additionally, subsidiary secondary institutions were consolidated into singular entities, and geographical regions were ranked for analysis based on the primary institutions’ locations. For example, the School of Economics and Management at Northeast Forestry University was incorporated into Northeast Forestry University. Table 1 provides a comprehensive listing of the top 10 institutions derived from the WOS and CNKI databases, outlining their publication counts and corresponding countries or regions for analysis.



In the WOS database, the top ten institutions in terms of publication volume within the realm of forest ecological products were drawn from China, the United States, Mexico, Brazil, Sweden, and Germany during the examined period. Drawing on the Global Forest Resources Assessment 2020 (FRA 2020), three out of the six countries consistently held positions within the top five globally with regards to forest area. The collective forested expanse of these three nations—Brazil, the USA, and China—stood at an impressive 25% of the total global forest coverage. Among these, Brazil secured the second rank, boasting approximately 497 hectares of forests, which accounted for 12%. The USA attained the fourth rank, with an approximate 310 hectares of forests, representing 8%. China, on the other hand, clinched the fifth rank with around 220 hectares of forests, contributing 5% (Figure 5). This highlighted the advantageous resource endowment in forest research that these countries possessed. Among these ten institutions, four were located in China, achieving the foremost position both in terms of the number of institutions and publication volume. These four Chinese institutions collectively contributed 52% of the total publications among the top ten, surpassing half of the overall publication volume. The United States secured the second position, accounting for 22% of the total. The Chinese Academy of Sciences plays a leading role as one of the most extensive and comprehensive research organizations in China. During the preceding two decades, the institution conducted extensive research in the domains of forest resource utilization and sustainable development [28], valuation and development of forest eco-products [29,30], climate change and forest eco-products [31], and eco-technology and innovation [32]. The University of Chinese Academy of Sciences, as an institution of higher learning in China dedicated to nurturing research talents, also generated a plethora of research outcomes in the realm of forest ecological products. These encompassed various aspects, including the preservation of forest biodiversity [33], the impact of land use on the realization of forest ecological product values [34], ecosystem value assessment indicators and their application [35], and the synergistic effect of plants on forest ecosystem service functions [36]. In addition, the United States Forest Service, the second-highest-ranked organization in the United States, as the national forest management agency, made important research and contributions to the development of urban forests [37], the role of forest management in sustainable forestry development [38,39], and the value assessment of forest ecosystem functions, such as forest water conservation [40,41] and forest carbon sinks [42].



The Chinese statistical results revealed that the institution with the highest publication volume was also the Chinese Academy of Sciences. Over the past two decades, it has contributed a total of 73 articles in the field of forest ecological products. Following closely was the Chinese Academy of Forestry, which produced 57 articles. Furthermore, Beijing Forestry University ranked third in terms of publication count, with 28 articles. Among the top ten institutions, five were situated in Beijing, accounting for 77% of the total publication count among these ten institutions. This indicated a robust overall research capability in the field of forestry in the Beijing region, with collaborations primarily revolving around these institutions. Beyond the Beijing region, other institutions were distributed across areas such as Heilongjiang, Zhejiang, Jiangsu, and Shaanxi—regions known for housing a higher concentration of research institutions in China. Additionally, it is noteworthy that almost all of the top ten institutions were closely related to forestry research. Among the seven universities, six were specifically focused on agriculture and forestry, showcasing a clear domain relevance. Over the past approximately 20 years of research, these universities have also achieved notable research outcomes. For instance, Beijing Forestry University made significant progress in various research domains, including the realization of value in forest ecological products [43], urban forest construction [44,45], and forest water conservation functions [46,47]. Likewise, Northeast Forestry University, apart from its research on realizing the value of forest ecological products [22,48], demonstrated a relatively rich research portfolio in areas such as forest tourism and cultural products [49,50], as well as the impact of climate change on ecosystem functions [51].




3.4. Analysis of Authors’ Collaborative Networks


The aim of collaborative research between different authors is to be able to explore new areas of research or new scientific knowledge in a specific field through teamwork in order to come up with a solution to the problem under study. Therefore, it is necessary to study the number of publications and the collaborative network relationships of authors. The authors were visualized and analyzed using CiteSpace to obtain the top ten authors, year, and number of publications in the WOS and CNKI databases, respectively (Table 2).



When analyzing the author collaboration network in the WOS database, we obtained the number of nodes N = 789 in the co-linear mapping (Figure 6). The nodes for Bruelheide, Helge, and Muys, Bart, were more prominent, indicating that they published most frequently. The number of connecting lines E = 1005. The connecting lines between nodes reveal the collaborative relationship between the authors, and the thickness of the connecting lines represents the closeness of the collaborative relationship; the thicker the connecting lines, the more frequently the authors appear in the same document [26,27]. Furthermore, due to the global scope of authors included in WOS, the cardinality of the author count is substantial, encompassing diverse countries and teams, resulting in a more intricate collaborative network involving multiple dispersed teams and individual authors. The indicated “Density = 0.0032” also corroborates the dispersed nature of its density. From the authors’ co-linearity mapping, we could observe that several collaborative network groups were encompassed within the WOS database.



Bruelheide, Helge, was situated at the center of the core group of authors, and he was also the author with the highest publication count, boasting 14 publications. His team’s primary research focus revolved around the role of biodiversity in forests in enhancing ecosystem resistance. Bruelheide, Helge argued that increased biodiversity protected the Earth’s environment by stabilizing the productivity of ecosystems while also enhancing resistance to severe weather [52,53,54]. The other two top three publishers were Muys, Bart and Sun, Ge with 13 and 12 articles, respectively, and Bauhus, Juergen tied for third place. From the author co-linearity mapping, it could be noticed that Muys, Bart, Bauhus, Juergen, and Bruelheide, Helge appeared in the same author collaboration network. This indicated that they all had close collaborations with Bruelheide, Helge and shared a common research direction, namely, the impact of biodiversity on ecosystem functioning. They have both conducted collaborative research on a number of different aspects with European forests in mind, including the mechanisms behind the influence of species diversity on ecosystem functioning [55] and the impact of forest management on the realization of ecosystem multifunctionality [56]. In addition, Muys, Bart and Bruelheide, Helge have conducted collaborative research on the effects of tree species richness on forest ecosystem functioning in Europe [57]. Bauhus, Juergen and Bruelheide, Helge have conducted collaborative research on the conservation status of primary forests in Europe and the service outputs to ecosystem functioning that can result from the adoption of forest conservation [58]. Sun, Ge was the more independent author at the center of another relatively small sub-network. His research focused on the interrelationships between climate, forest change, and water resources, as well as the role of water resources in forest ecosystem service functions. He argued that active forest management measures should be taken to ensure the service capacity of the aquatic systems of forests in response to increasing environmental threats and to ensure that forest ecosystem services are maintained [59,60,61]. In addition, apart from several other smaller collaborative network clusters, we can also observe some isolated nodes, which signify that these authors’ research is relatively independent.



Similarly, when analyzing the authors in the CNKI database, we obtained an author co-linearity graph with the number of nodes N = 437, the number of connections E = 561, and density = 0.0059 (Figure 7). From the depicted graph, it becomes evident that collaboration among authors was characterized by a notable degree of decentralization, leading to the formation of multiple distinct clusters within the collaborative network. Notably, the collaborative network centered around Wang, Bing emerged as the most expansive sub-network, accommodating the largest cohort of researchers. Wang, Bing, as the foremost contributor, boasted a commendable output of 22 published papers. His scholarly endeavors were principally directed towards unraveling the complexities of realizing the value inherent in China’s forest ecological products. This pursuit involved quantitative analyses of said products across diverse Chinese provinces, culminating in the identification of pathways conducive to their value maximization within distinct geographical contexts. Wang, Bing’s tenet underscored the paramount importance of forest resources within the realm of natural assets. He posited that the appraisal of forest ecological product value bore the dual potential of ushering in sustainable forest development and procuring substantial economic gains [62,63,64]. Worth mentioning is the fact that Niu, Xiang and Song, Qing F, securing the second and third positions, respectively, in terms of publication volume, shared significant collaborative affiliations with Wang, Bing [65,66]. Furthermore, an observation of interest pertains to the collaborative network spearheaded by Kong, Fan B, ranking as the second most substantial network cohort after Wang, Bing’s. A noteworthy detail highlighted by the nodal coloring scheme indicated a recent surge in Kong, Fan B publication frequency, indicative of his burgeoning prominence within the domain of forest ecosystem product research. Kong, Fan B scholarly pursuits predominantly revolved around assessing the reverberations of forest ecosystem product value realization on the dichotomy between urban and rural landscapes. His investigation notably focused on the topography of Zhejiang Province in China [67]. Through meticulous analysis encompassing non-agricultural employment, forestry, and water-related expenditures, as well as the per capita transfer income of rural residents, Kong, Fan B discerned avenues through which the efficacy of forest ecosystem product value realization could be bolstered, consequently ameliorating the disparities prevailing between urban and rural sectors [68].



Through an in-depth analysis of both Chinese and international author collaboration networks, it was observed that the foremost authors in the field of “forest ecological products” exhibited a roughly equivalent volume of publications in the two databases. In the CNKI database, Wang, Bing secured the first position with a tally of 21 documented works. However, a noticeable divergence in publication volume began with the fourth-ranking author, with domestic output merely amounting to half of that observed in foreign counterparts. Simultaneously, upon scrutinizing the corpus of authored literature, disparities in research emphasis between the two databases surfaced. Notably, the leading authors in the WOS database primarily focused on the ecological domain within the natural sciences, delving into aspects such as biodiversity and the stability of ecosystem functionality. In contrast, authors within the CNKI database exhibited a predilection for research within the economic realm. Their endeavors centered around optimizing the economic value of forest ecosystem products while simultaneously fostering environmental preservation.




3.5. Research Hotspot


3.5.1. Keywords Co-Linear Network Analysis


By analyzing the keyword covariance mapping, we could access the research hotspots about forest ecological products in the last 20 years. We could understand the dynamics of its development through the acquired cutting-edge issues, emerging concepts, and application areas. In this way, we could not only promote the development of the discipline but also the generation of innovation after grasping the dynamics. Using CiteSpace to analyze the keywords and then filtering the acquired data, the sixteen most frequently used terms in the WOS database (Table 3) were compiled by removing common terms such as forest and the concepts studied in this paper, such as ecosystem service.



Upon analyzing foreign keywords, we derived a keyword co-occurrence graph with the number of nodes N = 806, the number of connections E = 8541, and density = 0.0263 (Figure 8). The observed density suggests a notable aggregation and diversity within research pertaining to forest ecological products within the WOS database. Analyzing the colors of growth rings facilitated the determination of the earliest appearance year for each keyword; deeper colors indicated earlier years of introduction. Additionally, by assessing the thickness of the growth rings, we could infer the years with a higher keyword frequency. Similarly, node size denotes the frequency of keyword appearances. Noteworthy high-frequency keywords within the WOS database encompassed terms like “biodiversity”, “climate change”, “conservation”, “management” and “impact”. Predominantly, these terms explored forest ecological products from the perspective of ecological benefits.



When analyzing the keywords for China, we obtained the keyword co-linear contribution map N = 378, E = 698, density = 0.0098 (Figure 9). Its density was smaller than that of foreign keywords, indicating that the concentration and richness of keywords were not as good as those of foreign countries. The high-frequency keywords in the CNKI database mainly included “value assessment”, “water conservation”, “ecological function”, “service function” and “forest ecology”. Among these, the keyword “value assessment” appeared with the highest frequency, indicating that research and discussions on forest ecological products in the economic domain were the most active.




3.5.2. Keywords Cluster Analysis


Cluster analysis of keywords could determine the distribution of research topics. When performing cluster analysis of keywords, we obtained six categories in the WOS database through the Timeline function (Figure 10) and used the Cluster Summary function to output the cluster analysis table (Table 4). The categories with more than 10 occurrences of the keywords were filtered out, and then the five main themes of the research on the field of forest ecological products were summarized based on the literature study of the research on the field of forest ecological products:




	
Application of science, technology, and assessment models to forest ecological products: The advancement of science and technology played a crucial role in the development of forest ecosystem products. By compiling and analyzing statistical data, it was possible to gauge the developmental status of forest ecosystem products. This approach also facilitated a more in-depth exploration of innovation within forest ecosystem products, thereby ensuring their sustainable development. For instance, the application of remote sensing technology enabled the monitoring of the health status and trends of forest ecosystems. This timely detection of issues allowed for prompt interventions, such as in cases of forest fires, ensuring the sustainability of forest ecosystem products [69]. Additionally, remote sensing technology could be combined with other techniques to simulate ecosystems, investigating the relationship between the diversity of forest ecosystem functions and productivity [70]. Various other technologies, such as geographic information systems (GIS) and sensor technology, were extensively employed in the study of forest ecosystem products [71,72,73,74]. Furthermore, while researching forest ecosystem products, models were often employed for data analysis and forecasting. These models aided in the formulation of more scientific and feasible forest management plans. For instance, machine learning algorithms and random forests were commonly employed [75,76,77,78].



	
The main products and by-products of forests are: The principal and by-products of forests, as part of the material product supply within forest ecosystem products, have long been the focus of researchers’ attention. The study encompasses various aspects, including trade pricing and sustainable development of timber and non-timber forest products [79,80,81,82,83]. In terms of research on timber product trade, Zhang, and Ying argued that the implementation of China’s new logging ban policy in natural forests would reduce China’s timber supply and consequently impact the international timber market. For instance, Viola, Di C examined individual consumption intentions towards non-wood forest products, using three European countries as examples. The study revealed that people’s motivation for consuming non-wood forest products like mushrooms was primarily for recreational purposes. As a result, consumers exhibited a high degree of demand elasticity, implying that their consumption intentions would not substantially decrease even with higher prices [84].



	
Urban forest ecosystem services: The research on urban forest ecosystems not only addressed climate change and environmental challenges but also provided habitats for plants, microorganisms, and animals within urban areas, simultaneously offering psychological healing to humans. These ecosystems also held significant economic value, generating income through eco-tourism in urban settings. In recent years, an increasing number of scholars have incorporated urban forest ecosystems into sustainable urban planning [37,85,86,87].



	
Interactions Between Ecosystem Function and Biodiversity: The reciprocal mechanisms between biodiversity and ecosystem function have been a prominent subject of research [33,52,54,55]. Ecosystem functions encompass a range of services provided to human society, and biodiversity safeguards the realization of these services. The loss of biodiversity may result in impaired ecosystem functionality, subsequently affecting the services rendered by the ecosystem, such as water source protection and air purification [88,89,90,91].



	
Sustainable forest management: Sustainable forest management encompasses a number of research aspects, including ecological conservation and restoration, sustainable use of wood and non-wood resources, and maintenance of ecosystem services. It was more of a concept that human beings adhered to in order to maintain forest resources and ensure that the ecological, economic, and social well-being of forests could be enjoyed in the future as well, and research on it covered all aspects of forest ecological products. Forest certification has also received much attention recently as an indicator of sustainable management objectives [92,93].








Similarly, the Chinese keywords were categorized into three research themes by means of the keyword timeline mapping of the CNKI database (Figure 11) and the cluster analysis table (Table 5):




	
Research on the economic value of forest ecological products: Chinese scholars’ investigations into forest ecological products have predominantly focused on their economic benefits. The study of the economic value of forest ecological products has emerged as a primary area of interest in recent years. This encompasses two main aspects: firstly, the economic valuation of forest ecological products, and secondly, research into the mechanisms and pathways for realizing the economic value of these products. Apart from assessing the overall value of forest ecological products in China [62,65], Chinese researchers have also provided corresponding economic valuation estimation data and implementation pathways based on the varying endowments of forest resources and policies across different regions in China [63]. Additionally, the unexpected emergence of the concept of an “ecological bank” has lent robust support to the pathways for realizing the value of forest products [22].



	
Research on the economic value of forest ecological products: This research encompassed associations between the functional characteristics of plants and the services provided by forest ecosystems [94], the efficacy of microbial applications in forestry production [95], the positive role of measuring water conservation functions in assessing forest ecological value [30,96], and the role of soil retention in restraining soil erosion and thereby maintaining the security functions of the ecosystem [97]. Furthermore, with the carbon neutrality target proposed by China, research related to forest carbon sequestration has garnered increasing attention [98].



	
Sustainable Forest Management: Research on sustainable forest management within the country primarily focused on studies related to the restoration of degraded forest ecosystems [99]. Additionally, ZHU, Jiao J conducted research on the impact of secondary forest ecological conservation systems in Northeast China as an experimental subject, contributing significantly to the theory of sustainable forest development and its crucial role in ecosystem restoration [100].










3.6. Research Evolution Trends


Analyzing emergent keywords from a large sample of the literature data aids in gaining deeper insights into the developmental trends and evolutionary tendencies in the field of forest ecological products. By utilizing CiteSpace to detect emergent keywords, a graph illustrating the 20 most prominent emergent keywords related to forest ecological products within the WOS database from 2003 to 2023 was generated (Figure 12). In the figure, “Year” signifies the year when keywords first appeared. “Strength” represents the burst strength of keywords. “Begin” corresponds to the starting year of keyword bursts, and “End” denotes the concluding year of keyword bursts. Blue lines on the graph indicate the time span of keyword bursts, while red lines indicate the frequency of keyword bursts. From the graph, it is evident that the term “non-timber forest product” exhibited the strongest emergence (Strength = 20.93) and had the longest duration, spanning twelve years (2003–2015). This indicates sustained scholarly attention during this period.



Furthermore, based on the graph, we can observe the evolutionary trajectory of research on forest ecological products over these two decades. Initially, the study of forest ecological products aimed at pursuing the material supply from forests. However, the intensification of human activities led to ecological degradation and a series of environmental issues. As a result, a series of policies prohibiting deforestation were enacted, and there was a growing emphasis on maintaining biodiversity to uphold ecological balance. Gradually, people began to realize that forests not only impact their own ecosystems but also provide crucial environmental services such as water conservation, soil retention, and climate regulation. These services are vital to both human society and other ecosystems. Consequently, efforts were made to strike a balance between utilizing forest resources and meeting human needs, leading to the introduction of the concept of sustainable development.



Lastly, we observe that the emergence rates of “machine learning”, “river basin”, and “health” have persisted from 2021 to the present. This indicates that employing machine learning for data analysis and predictive modeling in monitoring and managing forest ecosystems, investigating water resources within forest ecological products, and safeguarding the health of forests are the primary directions of scholarly research on forest ecological products within the WOS database. Furthermore, it is anticipated that the prominence of these trends will continue in the coming years.



The keyword emergent graph from the CNKI database revealed that “water conservation” exhibited the highest emergence rate (Strength = 2.94) (Figure 13). The terms “forest ecology”, “canopy interception”, “nature forest protection project”, “water conservation”, “service function”, and “forest ecosystem service” had the longest duration, each spanning two years. From the graph, we could discern the evolutionary context of research related to forest ecological products: initially, scholars recognized the value of forest ecological products and conducted research focusing on various provinces across China. Subsequently, the emphasis of Chinese research funding shifted towards practical aspects, such as the establishment of projects like Chinese fir plantations and nature forest protection projects, leading the research towards practical applications. In recent years, studies related to forest ecological products have increasingly concentrated on their economic valuation and implementation. Additionally, the persistent emergence of “ecological function” and “forest ecosystem service signified that these areas represented the cutting edge of research within the domain of forest ecological products and are expected to be significant research trends in the forthcoming years.





4. Discussion


In the realm of research, scientific tools serve as valuable aids in our investigative process. However, it is paramount to underscore that their primary role is to assist researchers. What holds greater significance is the researcher’s profound contemplation, characterized by a rational and analytical mindset, directed towards the underlying complexities of research questions.



Within the Section 4 of this paper regarding research institutions, it is evident that the top ten institutions in terms of publication volume are situated in six countries, all of which possess abundant forest resources. Nevertheless, upon juxtaposing the forest coverage of each nation, an unexpected revelation emerged: China, despite leading in terms of article count and organizational presence, exhibited the smallest forest coverage among these nations, standing at a mere 23.34%. It was discovered that the Chinese government was dedicated to ecosystem restoration and biodiversity conservation, having formulated a range of national forestry policies to attain this objective. For example, the Returning Farmland to Forest Program [101], China’s Natural Forest Conservation Program [102], the Three-North Shelter Forest Program, and other significant ecological projects contributed to a noteworthy augmentation in forest cover [103]. Simultaneously, these policies prompted Chinese institutions and scholars to not only expand research on forest ecological products horizontally but also to delve more profoundly into the research content within this domain [104,105,106]. It is worth mentioning that in recent years, the Chinese government has introduced the Dual Carbon Goals, which have propelled the forest ecological products field to greater research prominence. Under the guidance of this policy, institutions and scholars in China have not only expanded the breadth of research in the forest ecological products domain but have also significantly enhanced its depth. We also conducted an analysis of the European Union (EU) as one of the earliest adopters of green environmental labeling. The findings revealed that since the EU introduced the ecological label system through Regulation (EC) No 1980/2000 in 1992, the system has employed a variety of mechanisms, including the establishment of environmental standards, the provision of market incentives, regulatory oversight and certification, information dissemination, and policy coordination, to further enhance its role in guiding green products. This led to a gradual development of consumer trust and recognition for products bearing the ecological label, resulting in a distinct competitive advantage in the market [81,107]. Additionally, a comprehensive examination of scholars’ research revealed that the impact of policies related to sustainable development on forest ecological products in countries like Australia, the United States, and Brazil was evident. Policy formulation played a pivotal role in adjusting the dynamics of supply and demand in forest ecological products and influencing the industry structure, all while striving to strike a crucial balance between resource development and ecosystem preservation [108,109,110,111]. Consequently, we contend that government policies in the realm of forest ecological products not only contribute to environmental improvement and sustainable resource utilization but also drive the advancement and deepening of relevant research, thereby providing a robust foundation for achieving sustainable development goals.



Moreover, through the analysis conducted in this study, it can be affirmed that scholars have indeed recognized the significance of sustainable development in the realm of forest ecological products. They are actively striving to contribute to its advancement in their respective research domains. The evolving trends in research related to forest ecological products underscore this realization. However, we believe that research solely from ecological or economic value realization perspectives is no longer sufficient to meet the requirements of sustainability. Future research should focus on integrating the relevant achievements from various research domains and identifying approaches that can harmonize the tripartite synergy of ecological, economic, and social benefits for forest ecological products. This holistic approach aims to discover a more sustainable development path for forest ecological products.




5. Conclusions


This study conducted a systematic review of relevant literature on forest ecological products from 2003 to 2023, utilizing the CiteSpace literature visualization analysis software and drawing data from both the WOS and CNKI databases. The comprehensive analysis encompassed six key dimensions, including publication volume, journals, affiliations, author collaboration networks, research themes, and evolutionary trends. This interdisciplinary and all-encompassing analysis provides an overarching perspective for understanding research in the field of forest ecological products, shedding light on its historical development and future trajectories. It serves as a valuable guide for scholars engaged in forest ecological product research. Furthermore, the findings of this study have broader implications as they can provide valuable insights to government bodies, businesses, and relevant organizations involved in forest ecological product research, thereby assisting them in making informed decisions.



An extensive review of literature in the WOS and CNKI databases concerning forest ecological products reveals a consensus among scholars hailing from diverse disciplines. This consensus revolves around a common objective: the preservation of forest well-being. It entails ensuring the consistent delivery of ecological, economic, and societal value by forests, all of which contribute significantly to the overall health of both humanity and the global ecosystem. Given the current research landscape, which predominantly emphasizes ecological regulation and economic value, often neglecting the exploration of the societal benefits associated with forest ecological products, we propose four strategic developmental recommendations. These recommendations aim to facilitate the harmonious integration of ecological, economic, and social benefits within the context of forest ecological products.



First and foremost, facilitating the establishment of a unified international standard certification system is crucial for advancing the sustainable development of forest ecological products. The forest certification system typically comprises two main components: Forest Management Certification (FM) and Chain of Custody Certification (COC). FM certification is usually carried out by independent certifying bodies for specific forest areas or operators, ensuring sustainable management practices are implemented in timber harvesting, non-timber forest product collection, and ecosystem protection. CoC certification, on the other hand, involves certifying the entire supply chain from the forest to the final product, encompassing production, processing, distribution, and sales of forest products. By tracking and documenting the origin of forest products, it ensures they originate from sustainably managed forests certified through forest management certification. Currently, there are several international forest certification systems in existence, with the Forest Stewardship Council (FSC) and the Programme for the Endorsement of Forest Certification (PEFC) being the two most widely adopted certification systems [112,113]. Additionally, there are several other influential international certification standards systems, such as the Sustainable Forestry Initiative (SFI), the Canadian Standards Association (CSA), the Australian Forestry Standard (AFS), the China Forest Certification Council (CFFC), and the Malaysian Timber Certification Scheme (MTCS), among others [114,115,116,117]. However, due to the influence of factors like national policies, geographical locations, and market preferences, a unified and universally applicable forest standard system has not been fully established across all countries. Therefore, international organizations like the United Nations (UN) can coordinate various factors and stakeholders to facilitate collaboration among different forest certification standard organizations [118]. This would gradually lead to the development of a consistent international standard certification system for forest ecological products. This approach would not only enhance consumer trust and elevate the market competitiveness of forest ecological products but also promote sustainable management of these products [119,120].



Secondly, diversifying product development is of paramount importance for the forest ecological products industry. Traditional forest ecological products have primarily encompassed the principal and ancillary outputs of forests, specifically timber and non-timber commodities. To enhance the diversification of both primary and secondary outputs, avenues such as product branding, quality elevation, and functional expansion can be pursued to amplify product value [121,122]. Concurrently, the expansion of market channels, encompassing digital commerce platforms and local markets, is essential. Facilitating community engagement in the production and stewardship of forest ecological products can engender a comprehensive value chain, foster employment opportunities, and yield a mutually beneficial outcome encompassing economic and sociocultural dividends. Furthermore, in tandem with economic progress, an augmented emphasis on the experiential and cultural dimensions has emerged. This trend extends to the sphere of forestry. Consequently, propelling the development of multifarious forest ecological products is pivotal to accommodating the manifold requisites of a diverse marketplace. This encompasses innovations in ecotourism, sylvan-based wellness offerings, and related ventures. Traditional forest ecological products are primarily [123].



Additionally, enhancing policy support and guidance functions is a critical component of this endeavor. On one hand, enacting relevant legislation and regulations can constrain the excessive exploitation of ecosystems, ensuring the long-term sustainability of forest resources. On the other hand, considering the public attributes of forest ecological products, the formulation of policies that strike a balance between individual interests and public benefits becomes particularly significant. Policies can facilitate the rational allocation of forest resources while bolstering the ecosystem’s ecological service value to society through mechanisms such as fiscal support, tax incentives, and legal protection [124,125].



Lastly, fostering national collaborative partnerships stands as a pivotal strategy for propelling the forest ecological products industry forward. By establishing international collaborative platforms, governments, businesses, and relevant organizations from different countries can exchange experiences, formulate cooperative plans, integrate resource advantages, and propel the development of forest ecological products. Firstly, cross-border cooperation can achieve a balance between the conservation and utilization of forest ecological environments, advancing the sustainable development of forest ecological products [126,127]. Secondly, regional partnership initiatives help mitigate potential barriers and constraints, reduce trade barriers, and promote the development and trade of transnational forest ecological products. Empirical evidence demonstrates that regional collaborative partnerships not only stimulate economic growth but also drive industrial structural upgrades. Finally, innovation in forest ecological products and related technologies can be facilitated through transnational research and development projects, along with the establishment of international scientific collaboration networks [128]. Concurrently, this can advance tangible industrial cooperation, enhance employment prospects, and mitigate unemployment rates.
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Figure 1. The technology roadmap in this paper. 






Figure 1. The technology roadmap in this paper.



[image: Forests 14 02008 g001]







[image: Forests 14 02008 g002] 





Figure 2. Plot of WOS (a) versus CNKI (b) database of core journal publications on forest ecological products. The dotted line in the figure is the trend line. 
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Figure 3. Comparison of Domestic and International Publications. 
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Figure 4. Top 10 core journals in terms of the number of publications on forest ecological products in the WOS database (a) and CNKI database (b) between 2003 and 2023. 
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Figure 5. Comparison of forest cover, forest area, and land area has been undertaken for the six countries hosting the top ten organizations within the WOS database. Source: Food and Agriculture Organization of the United Nations (FAO). 
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Figure 6. Mapping of author collaboration networks in the WOS database: N = 789, E = 1005, Density = 0.0032. 
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Figure 7. Mapping of author collaboration networks in the CNKI database: N = 437, E = 561, Density = 0.0059. 
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Figure 8. Keyword co-linear network mapping for the WOS database: N = 806, E = 8541, Density = 0.0263. 
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Figure 9. Keyword co-linear network mapping for the CNKI database: N = 378, E = 698, Density = 0.0098. 
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Figure 10. Timeline mapping of the WOS database yielded a total of six clustering labels. 
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Figure 11. Timeline mapping of the CNKI database yielded a total of six clustering labels. 
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Figure 12. Keyword burst map of the literature on forest ecological products in the WOS database for the period 2003–2023. 
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Figure 13. Keyword burst map of the literature on forest ecological products in the CNKI database for the period 2003–2023. 
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Table 1. The top 10 institutions in WOS and CNKI, respectively, along with their number of publications and the country and region in which the institution is located.
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Rank

	
WOS

	
CNKI




	
Institution

	
Quantity

	
Country

	
Institution

	
Quantity

	
Region






	
1

	
Chinese Academy of Sciences

	
342

	
China

	
Chinese Academy of Sciences

	
73

	
Beijing




	
2

	
United States Forest Service

	
187

	
USA

	
Chinese Academy of Forestry

	
57

	
Beijing




	
3

	
University of Chinese Academy of Sciences

	
121

	
China

	
Beijing Forestry University

	
28

	
Beijing




	
4

	
Universidad Nacional Autónoma de México

	
83

	
Mexico

	
National Forestry and Grassland Administration

	
22

	
Beijing




	
5

	
Beijing Normal University

	
80

	
USA

	
Northeast Forestry University

	
19

	
Heilongjiang




	
6

	
Universidade de São Paulo

	
75

	
Brazil

	
University of Chinese Academy of Sciences

	
18

	
Beijing




	
7

	
University of Florida

	
74

	
USA

	
Central South University of

Forestry and Technology

	
16

	
Hunan




	
8

	
Swedish University of Agricultural Sciences

	
73

	
Sweden

	
Zhejiang A&F University

	
9

	
Zhejiang




	
9

	
Beijing Forestry University

	
70

	
China

	
Nanjing Forestry University

	
8

	
Jiangsu




	
10

	
Technical University of Munich

	
67

	
Germany

	
Northwest A&F University

	
6

	
Shaanxi











 





Table 2. Top 10 authors, years, and number of publications in the WOS and CNKI databases, respectively. In the table, “Year” represents the year in which the authors first published research articles on forest ecological products, and “Quantity” denotes the number of publications by the authors.
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Rank

	
WOS

	
CNKI




	
Author

	
Year

	
Quantity

	
Author

	
Year

	
Quantity






	
1

	
Bruelheide, Helge

	
2013

	
14

	
Wang, Bing

	
2010

	
21




	
2

	
Muys, Bart

	
2013

	
13

	
Niu, Xiang

	
2013

	
13




	
3

	
Sun, Ge

	
2015

	
12

	
Song, Qing F

	
2013

	
10




	
4

	
Bauhus, Juergen

	
2018

	
12

	
Kong, Fan B

	
2022

	
5




	
5

	
Penuelas, Josep

	
2015

	
11

	
Ren, Xiao X

	
2010

	
4




	
6

	
Verheyen, Kris

	
2013

	
11

	
Zhang, Biao

	
2009

	
4




	
7

	
Edwards, David P

	
2014

	
11

	
Xu, Cai Y

	
2023

	
4




	
8

	
Ammer, Christian

	
2019

	
10

	
Shao, Quan Q

	
2012

	
4




	
9

	
Pretzsch, Hans

	
2015

	
10

	
Yu, Li Z

	
2013

	
3




	
10

	
Eisenhauer, Nico

	
2018

	
9

	
Zhou, Ya D

	
2015

	
3











 





Table 3. The sixteen most frequently used keywords in the WOS database and the CNKI database. In the table, “Year” represents the year when the keywords first appeared, and “Quantity” indicates the frequency of keyword occurrences.
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Rank

	
WOS

	
CNKI




	
Quantity

	
Year

	
Keywords

	
Quantity

	
Year

	
Keywords






	
1

	
834

	
2003

	
biodiversity

	
21

	
2011

	
value assessment




	
2

	
670

	
2003

	
climate change

	
13

	
2009

	
water conservation




	
3

	
615

	
2003

	
conservation

	
9

	
2009

	
ecological function




	
4

	
614

	
2003

	
management

	
9

	
2010

	
service function




	
5

	
498

	
2004

	
impact

	
6

	
2009

	
forest ecology




	
6

	
403

	
2004

	
land use

	
6

	
2022

	
value realization




	
7

	
365

	
2003

	
dynamics

	
6

	
2009

	
soil conservation




	
8

	
355

	
2003

	
vegetation

	
6

	
2004

	
economic value




	
9

	
323

	
2003

	
pattern

	
4

	
2011

	
urban forest




	
10

	
286

	
2005

	
community

	
4

	
2014

	
nature forest protection project




	
11

	
272

	
2005

	
model

	
4

	
2011

	
nature reserve




	
12

	
249

	
2003

	
growth

	
4

	
2011

	
canopy interception




	
13

	
242

	
2006

	
landscape

	
4

	
2012

	
invest model




	
14

	
226

	
2004

	
tropical forest

	
3

	
2009

	
forest resource




	
15

	
198

	
2007

	
carbon

	
3

	
2012

	
integrated storage capacity method




	
16

	
183

	
2003

	
area

	
3

	
2010

	
sustainable development











 





Table 4. The six clusters of the WOS database correspond to keywords and their frequency of occurrence. The frequency of the sixth keyword was only four.
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	Label
	Size
	Keywords





	0
	171
	remote sensing; machine learning; random forest; google earth engine; modis



	1
	165
	non-timber forest products; traditional ecological knowledge; ethnobotany; non-timber forest products; climate change



	2
	145
	ecosystem services; urban forestry; urban forest; social–ecological systems; land use change



	3
	143
	functional diversity; ecosystem function; climate change; ecosystem functioning; biodiversity



	4
	89
	boreal forest; forest restoration; aboveground biomass; allometry; tree mortality



	5
	79
	microbial community; nutrient cycling; plfa; phosphorus; nitrogen



	6
	4
	environment; Bacillus thuringiensis; Pinus taeda; risk assessment; somatic embryogenesis










 





Table 5. Keywords corresponding to the nine clusters of the CNKI database and their frequency of occurrence.
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	Label
	Size
	Keywords





	0
	65
	forest ecosystem; economic value; value assessment; ecosystem services; ecosystem services value



	1
	37
	ecosystem services; landscape pattern; forest ecosystem; ecosystem service; atmospheric pollution



	2
	28
	ecosystem service function; ecological service value; ecosystem service value; value assessment; urban forest



	3
	27
	water conservation; soil conservation; integrated storage capacity method; forest vegetation type; upper Tailan river



	4
	25
	forest ecology; forest rehabilitation; industrial integration; functional services; forest environmental resources



	5
	23
	service function; periodical inventory; carbon fixation; oxygen released; forest eco-system; continuous observation



	6
	14
	forest ecosystem services; forest ecosystem service; Wuning county; ecological effect; ecological model



	8
	12
	ecological benefit; nature forest protection project; sustainable development; function index; ecological service function



	9
	12
	water conservation function; in-vest model; Chinese fir plantation; non-capillary porosity; forest ecological system
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