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Abstract

:

To address the world’s ongoing environmental challenges, 193 countries have committed to 17 sustainable development goals (SDGs) concerning the economy, society, and the environment. However, there are gaps in our understanding of forests and forestry support SDGs. Through a systematized review, we identified which SDGs are relevant to forests and forestry at the target level, along with their interactions (synergies or tradeoffs). In addition, a bibliometric analysis of 377 papers was conducted worldwide between 2015 and 2020, to elucidate the status and development trends of SDG research related to forests and forestry in this study. The research results show that: (1) 11 SDGs and 19 targets are related to forests and forestry, and 47 are interactions between SDG15 and other targets, including 35 synergy effects and 12 tradeoff effects. (2) The USA is the highest publication output country, while the Chinese Academy of Sciences is the highest publication output institution, and Jianguo Liu of the University of Michigan is the highest publication output author. (3) The keyword co-occurrence analysis results show that the research hotspots mainly focused on the impacts of and responses to climate change, biodiversity conservation, land resource protection and management, remote sensing, the impacts of deforestation, and the promotion of sustainable development through governance. (4) The co-citation results reveal the existence of nine research themes: human well-being, food security, land use, land productivity, land tenure, tree loss, simulation models, criteria, and resilience.
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1. Introduction


Ecosystem services support human well-being, which is an endpoint and a core goal of sustainable development [1,2,3,4]. Forest ecosystems are critical for supporting human well-being because they fulfill functions such as water source conversion, soil retention, carbon fixation, oxygen release, air purification, forest products production, biodiversity support, forest recreation, and so on [5,6,7,8,9,10]. Forestry involves the management, protection, utilization, scientific research, practice, and planting of forests. Forestry, broadly, involves the protection of ecological environments to maintain an ecological balance and the management and protection of forests to produce wood and other forest products; forest characteristics play a protective role. The purpose of forestry includes the rational development and utilization of forests to improve ecosystem services and human well-being and promote sustainable development [11,12]. In 1987, the World Environment and Development Committee published the report, “Our Common Future” and clarified the concept of “sustainable development”. Sustainable development is defined as meeting the needs of the present without compromising the ability of future generations to meet their own needs [13]. Subsequently, with increasing concern for sustainable development, the concept of sustainable development is constantly improving and becoming clearer [14]. Thanks to the joint efforts of the world’s nations, humans have made substantial achievements in many aspects of hunger and poverty and have improved environmental quality but still face grim development problems [15,16]. To guide sustainable global development after the expiry of the Millennium Development Goals and to cope with increasing challenges, the United Nations adopted the 2030 Sustainable Development Agenda in September 2015. The 2030 Sustainable Development Agenda clarifies the 17 Sustainable Development Goals (SDGs) and 169 targets to guide sustainable global development. These SDGs involve all aspects of society, the economy, and the environment, aiming to protect, restore, and promote the ecosystem while achieving human well-being [17].



As the main body of terrestrial ecosystems, forest ecosystems play an important role in supporting the completion of SDGs. The sustainable development of forestry and improvement in the service functions of forest ecosystems conforms to the established SDGs. For instance, SDG15 (life on land) directly involves forestry and clearly states the goal is to “protect, restore, and promote the sustainable use of terrestrial ecosystems; sustainably manage forests; combat desertification; halt and reverse land degradation, and halt biodiversity loss”. Moreover, forest ecosystems can conserve water; this function is directly related to SDG6 (clean water and sanitation) [18,19]. The capture and storage of carbon by forests is conducive to adapting to and mitigating global climate change, contributing to SDG13 (climate action) [20]. In addition, the material products provided by forests, including wood, food, biofuel, etc., can support SDG1 (to end poverty) [21,22], are conducive to ensuring food security to support SDG2 (zero hunger), and allow sustainable and modern energy alternatives to reach SDG7 (affordable and clean energy) [23,24]. Simultaneously, forestry production and forest tourism provide employment opportunities, thus supporting SDG8 (decent work and economic growth) to a certain extent [25]. However, the relationships between different SDGs are complex. Changes in specific SDGs impact other relevant SDGs, and these feedback effects may be positive or negative. For instance, increasing the demand for food or bioenergy provided by forests increases the pressure on forest ecosystems [26,27,28]. Therefore, when studying forestry-related SDGs, it is necessary to comprehensively consider the relationship between different SDGs and balance forest sustainability with human needs.



The existing research has used literature reviews to summarize the relationship between specific fields and SDGs [29,30]. In recent years, many studies of sustainable development have adopted bibliometrics because of their effectiveness in showing the general state of the art and changing the trajectory of a research field [31,32,33,34,35]. However, research on forestry and SDGs is lacking. Although forestry is closely related to SDGs, there are still many gaps in understanding the relationship between them. These gaps include what targets and SDGs are related to forests and forestry, the relationship between these SDGs, and the research status of forestry and SDGs. To fill the gap mentioned above, this study reviewed the literature on forestry and forest research related to the SDGs and employed bibliometric analysis for the literature on forestry and forest research, related to the SDGs, as published on the Web of Science core collection between 2015 and 2020. The aims of this study were to: (1) analyze which SDGs and targets are relevant to forestry and forests, assessing the interaction of these SDGs and targets; (2) identify the research characteristics of SDGs related to forests and forestry, including the number of publications, journals, and the cooperative network among representative countries, institutions, and authors in this field; (3) investigate the hot topics and variation research trends of research on SDGs, related to forests and forestry.




2. Methodology


This study is divided into three sections; the first section identifies what SDGs and targets are relevant to forests and forestry through a literature review. The second section assesses the interaction of these SDGs and targets, through the seven-point-scale framework [36]. The third section analyzes the status and development trend of SDG research related to forests and forestry since the publication of the SDG, through bibliometric methods. The specific workflow of Section 1 and Section 3 in this study are shown in Figure 1. For details on the Section 2, see methodology 2.2.



2.1. Identify SDGs and Targets Relevant to Forestry and Forests


The SDGs and the targets relevant to forestry and forests are determined based on the literature and expert judgment. Each target of the 17 SDGs is a sentence describing the criteria for achieving sustainable development by 2030. Keywords were extracted from the sentences of targets and matched with “forest” and “forestry” to retrieve the relevant literature. The research method and the keywords for each specific target reference the research of Wang et al.; keywords for each target are provided in Table S2 of the Supplementary Material [37]. A detailed description of how forests and forestry affect the target of SDGs is in Table S1 in the Supplementary Materials.




2.2. Assessing the Relationship between SDG15 and Other SDGs


The interactions (synergistic or tradeoffs) of the targets’ relevant forest and forestry topics are assessed in this study. Those interactions with the relevant targets are assessed for the seven-point-scale framework of Giggs et al. The interactions are divided into seven levels: (+3) indivisible, (+2) reinforcing, (+1) enabling, (0) consistent, (−1) constraining, (−2) counteracting, and (−3) canceling. The positive level refers to synergies, the negative levels refer to tradeoffs, and zero refers to neutrality. The seven levels of the interactions are defined and explained in Table S3 in the Supplementary Materials.




2.3. Bibliometric Analysis


The Web of Science is considered the primary quality-oriented database and can provide a more standardized record for retrieving research literature in global multidisciplinary fields [38]. Therefore, we used the Institute for Scientific Information (ISI) Web of Science Core Collection (WoSCC) database as the data source for this study. We employed the following string: (“Sustainable Development Goals*” OR SDG*) AND (forestry* OR forest* OR ecosystem* OR “ecological system”) to search for relevant documents in the WoSCC. We filtered the results with the following criteria: published within the 2015–2020 timespan, published in English, and published as an article document type. The initial literature search identified 678 published studies. These documents were further filtered by reading them; ultimately, 377 related documents were selected. The retrieved literature records were downloaded and saved as a plain text file in the “full record and cited references” format, for use as sample data in this paper. Bibliometrics applies statistical methods to analyze the academic literature quantitatively and can effectively describe the scientific activity in a particular field of research [32,39]. CiteSpace is a free software package that is commonly used for bibliometric analyses and was developed by Chen [40]; in this study, version 5.7.R5W was used. VOSviewer is a free software package, developed by Van Eck and Waltman [41]; version 1.6.16 was used in this study. The Bibliometrix R-package (RStudio v.3.4.1 software) is an application providing a web interface for Bibliometrix [42]. We analyzed the bibliometric data using the following methods: (1) building collaboration networks of institutions and countries by R Bibliometrix. In this study, “China” refers to the Chinese mainland only; (2) analyzing the co-occurrence of keywords, obtaining a keyword co-occurrence timeline view using VOSviewer; (3) a co-citation analysis in Citespace.





3. Results


3.1. SDGs and Targets Are Relevant to Forestry and Forests


The research results show that there are 11 SDGs and 19 targets related to forestry and forests. We believe that SDG15 is particularly important for forests and forestry. There are five targets of SDG15 related to forests and forestry, of which 15.1 and 15.2 explicitly refer to the protection and management of forests. Target 6.6 is about protecting and restoring water-related ecosystems, including forest ecosystems, also directly referring to forests and forestry (Figure 2 and Table S1 in the Supplementary Materials). It shows that the contribution of forestry and forests is not limited to environment-related goals but also contributes to other goals related to society and the economy.




3.2. Interaction between SDG15 and Other SDGs


Because SDG15 is closely related to forests and forestry, this study uses SDG15 to represent forests and forestry and assess the interaction of other targets. This study identified 47 interactions between the targets of SDG15 and other targets, including 35 synergistic effects and 12 tradeoff effects (Figure 3 and Table S3 in the Supplementary Materials). Tradeoff interactions have been identified between SDG15 and SDG1 (no poverty), SDG2 (zero hunger), and SDG7 (affordable and clean energy). However, SDG15 may be a synergy or a tradeoff with other goals (SDG1, SDG2, SDG7), as shown in Figure 3. A reasonable overall arrangement of the objectives is the key to promoting synergies and reducing tradeoffs.




3.3. Research Characteristics of SDGs Related to Forests and Forestry


3.3.1. Source Analysis


The largest source journal is Sustainability (n = 40), followed by Ecosystem Services (n = 14) and Forests (n = 14). The number of publications obtained from the top 10 source journals was 134, accounting for 35.54% of the sample size (Table 1). The source journals mainly represented the natural sciences, such as environmental science, ecology, and forestry. This result shows that social science articles are lacking in this research field.




3.3.2. Changes in the Annual Number of Publications


Since the 2015 Sustainable Development Goals were proposed, the number of annual publications on SDGs related to forests and forestry has been rising. Since the publication time of a paper affects the number of citations, the average number of citations cited per year was used to eliminate the influence caused by the different publication times. As shown in Figure 4, the highest number of citations was 10.83 in 2016, and the lowest value was 3.09 in 2015. The average annual citation number between 2017 and 2019 was between 6 and 8; in 2020, the number fell to 5.89. It can be seen from Figure 4 that the attention paid to this area of research, in general, is increasing year by year.




3.3.3. Regional Productivity and Cooperation


We analyzed the corresponding authors to determine national cooperation in the research of SDG related to forests and forestry in different countries. As shown in Figure 5, the single-country publication (SCP) number is the total number of articles published by authors in a given country, while multiple-country publication (MCP) represents the total number of articles completed through country cooperation. The top 10 most-published countries demonstrate national cooperation in SDG research related to forests and forestry. Australia had the highest frequency of international cooperation at 77.3%, while Sweden had the lowest frequency, at 44.4%, of the top 10 countries.



In the current study, 377 forest ecosystem research articles involving SDGs were found to have been published in 59 countries. The USA, China, the UK, Australia, Germany, Austria, Italy, the Netherlands, Switzerland, and Sweden were the top 10 productive countries that published the most research on SDGs related to forests and forestry over the last 5 years. Among these top 10 countries, only China is a developing country, while the rest are developed countries (Table 2).



Figure 6 shows the number of articles published in each country and the level of cooperation between countries. The darker the blue color is, the more articles are published. The red line represents cooperation; the denser this line is, the closer the cooperation was. In the field of SDG-related forest and forestry international collaboration, the USA has carried out frequent cooperation with China, Australia, Canada, the UK, Germany, and the Netherlands. In addition, the European countries of the UK, France, Germany, Austria, and the Netherlands have cooperated frequently.




3.3.4. Productive Institutions and Cooperation


The institution with the largest number of studies on SDG-related forest and forestry topics during 2015–2020 was the Chinese Academy of Sciences (n = 21), followed by the Joint Research Centre of the European Commission (n = 14), Stockholm University (n = 12), the University of the Chinese Academy of Sciences (n = 11), Michigan State University (n = 10), the Center for International Forestry Research (n = 7), the University of Cambridge (n = 7), the University of Queensland (n = 7), and the University of Minnesota (n = 6) (Table 3). Figure 7 shows the cooperation relationships among the top 10 institutions with the highest number of publications.




3.3.5. Productive Authors


In Table 4, the number of publications is listed as productivity and the number of citations is listed as the influence of the top contributing authors in SDG research related to forests and forestry research. Jianguo Liu (7), Johan Bouma (6), Luca Montanarella (5), and Pete Smith (4) were the most productive authors. The remaining authors published 3 articles each. The top three influences were Pete Smith, Luca Montanarella, and Bouma Johan, with 730, 675, and 655 total citations, respectively.





3.4. Hot Topics and Variations in the Trends of Research into SDGs Related to Forests and Forestry


3.4.1. Keyword Co-Occurrence


Keywords reveal the core content of publications and the development of research frontiers over time. The keyword co-occurrence analysis performed in this study shows that the keyword network consisted of 44 nodes and 218 links (Figure 8). The size of nodes indicates the frequency of keywords, and the thickness of links indicates the tightness between keywords. The highest-frequency keyword was “ecosystem services” (frequency = 40). The keywords with the top-ten frequencies also included “sustainability” (29), “climate change” (29), “biodiversity” (19), “remote sensing” (16), “deforestation” (14), and “land degradation” (13), “redd+”(10), “indicators” (10), “agenda 2030” (10); the subject word in the frequent keyword analysis did not include “SDGs” or “forests” (Table S7 in the Supplementary Materials). In Figure 8, different colors represent different keyword clusters.



Publications with keywords in the sky blue cluster describe links between climate change and forest-related SDGs. The main keywords include “renewable energy,” “climate change,” “restoration,” “resilience,” and “adaptation.” These studies have focused on the impact of climate change on forest ecosystem services, such as carbon storage, thus affecting sustainable development [43,44,45]. The relationship between forestry and other sustainable development goals in the context of climate change is also discussed, such as forest protection and the mitigation of climate change synergies, along with the tradeoffs between afforestation and water supply [46].



Publications with keywords in the purple cluster were mainly related to deforestation. The main keywords included “deforestation,” “REDD+,” “land use change,” “food security,” “poverty reduction,” and “Bangladesh.” These studies mainly addressed the contradictions among forests, agriculture, urbanization, and the social economy, and explored how to weigh the interests of all parties to promote sustainable development [47]. Studies also include deforestation and how to reduce deforestation, including policies and management improvements [48].



Publications with keywords in the yellow cluster were mainly related to governance and the promotion of sustainable development through consensus and policies among governments. The main keywords in this cluster included “agenda 2030,” “community forestry,” “governance,” “Paris agreement,” “policy,” and “social-ecological systems.” The policy effectiveness evaluation, impact factor evaluation, and future scenario analysis to promote SDGs are research issues of concern in this cluster [49,50,51].



Publications with keywords in the dark blue cluster were mainly related to land degradation and mainly included “land degradation,” “land degradation neutrality,” “land use,” “soil organic carbon,” and “sustainable land management.” Preventing land degradation is the goal of SDG15, and our results show that monitoring and assessing land degradation conditions is a research hotspot. The studies covered land degradation assessment, land degradation cause research, prediction of land degradation, and measures to improve land degradation [52,53,54,55].



Publications with keywords in the green cluster were mainly related to remote sensing and included “human well-being,” “machine learning,” “modeling,” “monitoring,” “protected areas,” “remote sensing,” and “biodiversity conservation.” The techniques to monitor the SDG-related indicators are an indispensable step to achieving SDG. The studies in this cluster explore how to combine remote sensing to effectively monitor SDG-related indicators, such as land-use change, forest area, species distribution, forest carbon stocks, etc. [56,57].



The keywords in the red cluster were mainly related to biodiversity and included “biodiversity,” “conservation,” “indicators,” “protected area,” “sustainability,” “sustainable forest management bioeconomy,” and the “circular economy”. The SDGs cover biodiversity conservation, and it is reasonable that the study of biodiversity and biodiversity conservation status assessment is a hot topic in this research area [58,59]. At the same time, biodiversity conservation may conflict with human needs, so evaluating the relationship between biodiversity conservation and human needs and how to balance the two are research hotspots [60]. In addition, we simulate changes in biodiversity under different scenarios to explore sustainable development paths in terms of the relevant research questions [61].



VOSviewer software cannot recognize different expression forms of the same word. Thus, the UN Sustainable Development Goals, Sustainable Development Goals, SDGs, and Sustainable Development Goals in Figure 8, all represent the subject words “Sustainable Development Goals.” Visually (Figure 8), the biggest node is the subject word “SDGs” followed by “ecosystem service” and the two keywords are close together. It shows that ecosystem services are important for the SDGs because forests support the SDGs by providing ecosystem services. The red cluster (biodiversity) and purple cluster (deforestation) are adjacent, indicating that research on deforestation and biodiversity is usually related to deforestation.




3.4.2. Keywords Timeline Visualization


In Figure 9, the average publication years of all keywords are identified by color. Among them, yellow represents more recent keywords, indicating that these keywords have become hot topics in the research into forestry and SDGs in recent years. In contrast, the purple words are slightly less popular. Green indicates that the average publication year of the keyword is in the middle and that the corresponding keyword has thus always been a key point of research in this field.



The 2030 agenda is the beginning of SDGs, so it is one of the earliest keywords. As shown in Figure 9, some important keywords in the field of SDG-related forest and forestry research began to appear over time, including “ecosystem services,” “biodiversity,” “climate change,” and “deforestation.” Recent keywords include “bioeconomy,” “food security,” and “policy.” According to the result of the keywords co-occurrence timeline view, from the keywords of the original concept of SDGs, more turned to concrete realizations along the way.




3.4.3. Analysis Co-Citation Reference


The co-citation reference collection results were clustered into nine classes using the log-likelihood ratio (LLR) algorithm (Figure 10). The quality of the cluster structure was measured using the modularity (Q) and silhouette values. Q values of greater than 0.3 and silhouette coefficients of greater than 0.5 indicated reasonable data clustering (Chen 2006). The silhouette coefficients of the nine clusters exceeded 0.7, indicating that each of these clusters was homogeneous. The nine salient clusters were sorted by the number of members (Table S4 in the Supplementary Materials). Representative publications were identified as the documents with the greatest co-citation frequency in each cluster; these documents influence the labeling of each cluster to reveal the research frontier. The results show that the reference collection could be divided into nine categories: human well-being, food security, land use, land productivity, land tenure, tree loss, simulation models, criteria, and resilience. Human well-being shows the largest number of clusters in Figure 9, which is consistent with the core purpose of sustainable development. The conflicts between forestry and other SDGs have attracted much attention. These conflicts can cause competition for land resources and the driving of economic interests.






4. Discussion


Our research results show that SDGs are inseparable from forests and forestry. There are 19 targets of the 11 SDGs relating to forests and forestry, which targets SDGs 15.1 and 15.2, along with the SGD 6.6 direct reference to forests and forestry. However, forests and forestry affect other targets, mainly in an indirect role; for example, forests may support target 2.1, improving agricultural productivity by improving environmental quality [62,63]. This indirect contribution is often easily underestimated. Therefore, it is necessary to determine which targets can be supported by forests and forestry in what ways, which is the purpose of this study. Thirty-five synergistic effects were found between SDG15 and other SDGs, which, while pursuing the realization of SDG15, can promote the realization of multiple SDGs. The core of SDG15 is to protect and restore the forest ecosystem, which is consistent with SDG6 (clean water and sanitation), SDG11 (sustainable cities and communities), and SDG13 (climate action). The forest itself is an important water source, a carbon pool, and part of a sustainable city [64,65,66]. Tradeoff effects occur between SDG15 (life on land) and SDG1 (no poverty), SDG2 (zero hunger), and SDG7 (affordable and clean energy). The potential tradeoffs occur with the goals related to economic and social levels, which aim to ensure food security, develop renewable energy, and reduce poverty. Forest protection and sustainable management may conflict with the above goals because of land and economic interest, and so on. For example, agricultural land expansion, mining, excessive access to forest products, and infrastructure construction, including renewable energy production facilities, will cause the destruction or occupation of forests [67,68,69,70]. Conversely, forest protection and sustainable forest management may hinder them. Therefore, how to balance the relationship between the achievement of forest-related SDGs and human needs is an important research topic in this research field.



Forest ecosystems are closely related to SDGs, and our results show that the number of publications on forestry and SDGs increased from 2015 to 2020, suggesting that the research field is receiving more attention. SDGs benefit from ecosystem protection, restoration, and sustainable use [71,72]. For the forestry sector, the supply level of forest ecosystem services is the key to supporting SDGs. Therefore, the keywords “ecosystem services” are always a critical topic in the research of SDGs related to forestry and forests. Regarding the average annual number of citations, Keesstra’s article [73], which discussed how soil science can help to reach the recently adopted SDGs most effectively, received a high number of citations after its publication in 2016, when only 16 articles were published. Therefore, the average annual number of citations in 2016 was the highest. The number of articles published in 2020 was the highest, but many articles have low citations, resulting in a lower number of average annual citations in 2020.



Regarding the research topic, this study identified the main research hotspots through a keyword co-occurrence analysis. These hotspots mainly focused on the impacts of and responses to climate change, biodiversity conservation, land resource protection and management, remote sensing, deforestation, and SDG promotion through governance. The results of the analysis of the co-cited reference also cover these research topics. In terms of climate change, tackling climate change is the main aim of SDG 13. The forestry sector plays an irreplaceable role in climate change mitigation. Sustainable forest management and climate change mitigation share common approaches, and promoting synergistic interaction between goals is key to policy development. The published articles on climate change mainly addressed adapting to climate change and the role played by forests in climate change mitigation measures [74]. The development of renewable energy is an effective way to mitigate climate change and promote sustainable development. However, the development of renewable energy may negatively impact other SDGs, such as the land conflict between renewable energy facilities and biodiversity conservation areas [75,76,77]. Therefore, research is being conducted to evaluate the impacts of the development of renewable energy on the functions of forest ecosystems [78,79,80]. In terms of deforestation, forest deforestation hinders sustainable forestry development and is an important topic in forestry and SDG research. The keyword “REDD+” (reducing emissions from deforestation and forest degradation) relates to forest degradation. REDD+ aims to reduce global greenhouse gases (GHGs) in the atmosphere while promoting forest conservation, along with the sustainable management of forests and carbon stocks by reducing deforestation [81]. Therefore, the research has addressed the tradeoffs among REDD+ projects, food security, land use, and poverty reduction [82]. Deforestation is threatening the health of forest ecosystems, and human factors are one of the significant causes of deforestation. The root cause could be poverty, urban expansion, and other social problems. Therefore, it is necessary to integrate social science to address these problems, which is also the development direction of this research field. Remote sensing has been widely used in forestry and SDG research as a research method to monitor and evaluate forest ecosystem services and, thus, track sustainable development target processes, such as land use changes, land degradation, and biodiversity conservation [83,84,85]. In terms of biodiversity and land resources, preventing and reversing land degradation and halting biodiversity losses are the purposes of SDG 15. Therefore, determining how to protect biodiversity and curb land degradation through forest management has attracted much attention. In terms of governance, achieving the established SDGs will require efforts at different levels, including at the global, national, and individual levels. For example, the “Paris Agreement” and “2030 Agenda” keywords are representative of global-level governance programs.



As determined from the timeline, the “2030 Agenda” was one of the earliest keywords published. Subsequently, the ecosystem service functions related to SDGs were referred to as the research focus, and several research directions, such as adaptation to climate change, biodiversity conservation, and deforestation reductions, were established. On this basis, the literature began to link specific SDG targets, such as poverty reduction, food security, and land degradation, to forests. In response to the literature addressing how to promote SDG implementation, some new research directions have arisen, such as the development of the bioeconomy and policy research aiming to promote SDGs. To sum up, the research on monitoring and implementation approaches at the target level is a crucial research direction in the future. As can be seen from the results of the bibliometric analysis in this study, forests and forestry are related to multiple SDGs. The published research covers many SDGs, including those corresponding to the protection of forest resources, the prevention of land degradation and biodiversity loss, the mitigation of climate change, the reduction of poverty, the promotion of food security, and the promotion of renewable energy development. However, some SDGs are less concerned even though they are closely related to forest ecosystems. For example, forest tourism can promote SDG 8, which aims to create employment through sustainable tourism [86]. Forests have the effect of cultivating and purifying water, thus contributing to SDG 6 [87].




5. Limitations


This study provides new perspectives for forestry and SDG research, but there are still limitations. First, assessing which SDGs are relevant to forests and forestry and their interaction is based on existing literature and expert judgment. Such an approach is subjective; however, it also provides an opportunity for researchers to refine those results, based on new research literature and accumulated expertise. Second, bibliometric analysis in this study selected only articles in English, and all of the literature was obtained from the Web of Science Core Collection database, which also has its limitations. SDGs are significant political issues that are not limited to scientific research. Therefore, a systematized analysis of policy outlines and assessment reports on SDGs, especially those from authoritative international organizations, is necessary to overcome the lack of data due to language and database limitations. At the same time, while the study of SDGs involves both natural science and social science, insufficient analyses of the social sciences have been performed; thus, this gap in the literature will be the direction of future research.




6. Conclusions


In this work, we identify which SDGs are related to forests and forestry, which can support the SDGs at the target level, and in what ways. In addition, we assess the relationships between these SDGs. Meanwhile, a comprehensive bibliometric analysis of SDG research related to forests and forestry was carried out, based on 377 publications retrieved from the Web of Science. The number of publications on forestry research and SDGs has shown an increasing trend since 2015, with the fastest growth recorded in 2020. Except for China, the top 10 most productive countries were all developed countries. This shows that this research field is mainly concerned with developed countries, even if the SDGs are intended for all countries in the world.



Furthermore, the keyword co-occurrence analysis described the main key research themes: ecosystem services, biodiversity, conservation, climate change, and management. While earlier keywords referred to the forest ecosystem services related to SDGs, recent research keywords included specific SDGs. Finally, the nine largest clusters were obtained by a co-citation analysis, and the most critical cluster concerned human well-being. This is in accordance with the core intention of sustainable development, which is to promote human well-being. Sustainable development is a complex issue involving the economy, society, and the environment. Hence, it also needs the support of integrated sociocultural studies in this research field, and should reasonably balance different sustainable development goals, reduce conflicts, and promote coordinated development, which could help support policymaking.
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Figure 1. Research framework design. 
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Figure 2. The Sustainable Development Goals (SDGs) and the targets that are relevant to forests and forestry. 
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Figure 3. Interactions between SDG15 and other SDGs at the target level. Goal A represents SDG15 and Goal B represents other SDGs related to forestry. 
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Figure 4. The number of publications and times cited per year in 2015–2020. 
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Figure 5. Top 10 corresponding authors’ nationalities regarding the research of SDGs related to forests and forestry. SCP indicates a single-country publication, and MCP indicates a multiple-country publication. 
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Figure 6. The cooperation network of the most productive countries. 
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Figure 7. The cooperation network of the most productive institution. 
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Figure 8. Keyword co-occurrence network. The size of each keyword (node) represents the number of occurrences in the documents analyzed. The colors represent different clusters. 
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Figure 9. Keywords co-occurrence timeline view. The size of each keyword (node) represents the number of occurrences in the documents analyzed. Colors represent different clusters. The color represents the year when the keyword first appeared, and the color from blue to yellow represents early to late. 
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Figure 10. Clustering analysis of co-cited references. 
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Table 1. Top 10 productive journals in the research of forestry and SDGs.
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	Journal
	TP
	Proportion of TP (%)
	TC
	IF (2021)
	InitialYear





	Sustainability
	40
	10.61
	335
	3.251
	2017



	Ecosystem Services
	14
	3.71
	327
	5.454
	2016



	Forests
	14
	3.71
	119
	2.633
	2015



	Mountain Research and Development
	12
	3.18
	97
	1.194
	2017



	Remote Sensing of Environment
	10
	2.65
	108
	10.164
	2019



	Science of the Total Environment
	10
	2.65
	116
	7.963
	2019



	Ecological Indicators
	9
	2.39
	156
	4.958
	2018



	Environmental Science & Policy
	9
	2.39
	322
	5.581
	2017



	Sustainability Science
	9
	2.39
	52
	6.367
	2018



	Ecology And Society
	7
	1.86
	165
	4.403
	2017







Note: TP: number of publications; TC: total citation counts of a journal; IF: impact factor (JCR 2021), the international journal’s impact factor is from the respective official website in 2016. Initial year: the year when the article in the particular journal was first published.
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Table 2. Countries with the highest number of publications (Top 10).
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	Countries/Territories
	TP
	TC
	TC/TP





	USA
	49
	834
	17.02



	China
	44
	534
	12.14



	UK
	38
	592
	15.58



	Australia
	22
	1034
	47.00



	Germany
	22
	257
	11.68



	Austria
	13
	107
	8.23



	Italy
	13
	834
	11.23



	Netherlands
	13
	834
	64.15



	Switzerland
	12
	172
	14.33



	Sweden
	9
	126
	14.00







Note: TP: the number of publications; TC: the total citation counts of a journal.
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Table 3. Institutions with the highest number of publications (Top 10).
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	Institutions
	Region
	TP
	TC
	TC/TP





	Chinese Academy of Sciences
	China
	21
	621
	29.57



	European Commiss (JRC)
	IO
	14
	810
	57.86



	Stockholm University
	Sweden
	12
	267
	22.25



	University of Chinese Academy of Sciences
	China
	11
	54
	4.91



	Michigan State University
	USA
	10
	362
	36.20



	Center for International Forestry Research
	IO
	7
	103
	14.71



	University of Cambridge
	UK
	7
	175
	25.00



	The University of Queensland
	Australian
	7
	236
	33.71



	University of Minnesota
	USA
	6
	349
	58.17







Note: TP: number of publications; TC: total citation counts of a journal; IO stands for international organization, European Commission (JRC) stands for the Joint Research Center of the European Commission.
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Table 4. Most prolific authors (Top 10).
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	Author
	TP
	TC
	Country
	Institution





	Liu, Jianguo
	7
	347
	USA
	Michigan State University



	Bouma, Johan
	6
	655
	Netherlands
	Wageningen University



	Montanarella, Luca
	5
	675
	Italy
	European Commission (JRC)



	Smith, Pete
	4
	730
	UK
	University of Aberdeen



	Crossman, Neville D
	3
	387
	Australian
	University of Adelaide



	Keesstra, Saskia
	3
	347
	Netherlands
	Wageningen University



	Ciais, Philippe
	3
	164
	France
	LSCE



	Lal, Rattan
	3
	129
	USA
	Ohio State University



	Mao, Dehua
	3
	97
	China
	Chinese Academy of Sciences



	Wang, Zongming
	3
	97
	China
	Chinese Academy of Sciences







Note: TP: number of publications; TC: total citation counts of a journal.
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