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Abstract

:

Wetlands are unique ecosystems formed by the interaction between land and water on Earth. Poyang Lake, which is a part of China’s largest freshwater lake wetland, is well known for its ecological and economic importance. This study uses a social-ecological system (SES) framework that integrates watershed and human activities; we used action scenarios to analyse the influencing factors, solutions, and feedback mechanisms involved in the SES framework. We chose Nanchang, Jiujiang, and Shangrao in the Poyang Lake wetlands of the Jiangxi province as the study areas to provide a problem-oriented analytical strategy for the organic interface between ecological conservation and green development. The key issues indicate that the Poyang Lake region faces multiple problems, such as ecosystem structural changes and environmental pollution, caused by anthropological activities, inefficient implementation of conservation policies, and insufficient funding for pollution prevention and control. Our findings provide a systematic solution for major conservation and development issues in the Poyang Lake region and are adapted to the characteristics of the lake. We also provide a theoretical reference and direction for the implementation of green development and modernisation of ecological governance in the Great Lakes basin in China.
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1. Introduction


Ecological and environmental problems are becoming increasingly prominent worldwide, posing a serious threat to the sustainable development of human society. Protection of the ecological environment has not only become an urgent social need but a common challenge and everyone’s responsibility. In 1972, the Human Environment Declaration, which was adopted by the United Nations Conference on the Human Environment, became the policy of action for the ecological and environmental protection in several countries. In this conference, for the first time, environmental problems were considered a global problem. The search for solutions to environmental pollution problems related to industrial production has become the core of green development. In 2008, the United Nations urged countries around the world to actively implement the “Green Economy” and “Green New Deal”. In 2015, the United Nations Sustainable Development Goals (SDGs) for 2030 were launched, forming the basic framework for a total of 17 goals. Protecting, restoring, and promoting the sustainable use of terrestrial ecosystems are key elements of SDGs 15—the service functions of the ecosystem and its sustainability have always been emphasised and valued. The connotation of green development ideas is constantly evolving and improving.



China is also facing serious ecological challenges that may hinder its future development. China’s ecological function and fragile ecological zones mostly overlap with less developed regions, and they have a prominent ecological safety barrier function [1]. At the same time, these areas impose restrictions on the use of natural resources, which is an important cause of the conflict between conservation and development. In addition, the Chinese government has made a commitment to the SDGs by organically integrating the sustainable development agenda with China’s national medium and long-term development plan and have set out details and programmes for specific goals.



Therefore, in the context of the 2030 sustainable development goals, it is very relevant to study the relationship between ecological protection and green development. Poyang Lake provides a good case study for the research. At present, Poyang Lake is facing the same “development paradox” dilemma as other developing countries in the world; the ecological environment and fluctuation of ecological laws have been critically damaged in the process of economic development and income growth [2] and are troubled by the serious contradiction between protection and development. In terms of economic development, continuous population growth and irrational economic development patterns have exacerbated the degradation of the wetland ecosystem. In terms of ecological environment, the lack of policies related to wetland protection has caused frequent occurrences of tragedy of the commons in the Poyang Lake area. Poyang Lake is undergoing a period of overlapping and advancing economic development and ecological protection and converging history [3]. Therefore, realising the organic link between green development and ecological environmental protection in the Poyang Lake region has become an urgent and significant problem in reversing the decline of the ecosystem service function in the Yangtze River basin. This is also crucial for helping the ecologically fragile area of Poyang Lake to deal with its ecological management crisis and to realise the coordination between environmental protection and economic development.



We reviewed previous studies extensively and found that scholars have analysed the connotation of green development from the perspective of the relationship between the natural environment and human, social, and economic development. Charest analysed the relationship between green development and water resources, human health, and economic development during the study of the Canadian Green Plan and reported that a connotation of green development is the coordination of natural environment and human activities [4]. There are also several scholars who directly studied the embodiment of green development in the economy, expanded the connotation of green development concept from the perspective of the green economy, and analysed the connotation and mechanism of green economy from the perspective of environmentalism. “Green” is the symbol of healthy development of the environment and a green economy is the product of environmental protection. When discussing the development path of the green economy, many scholars have analysed the operating mechanism and internal requirements of the green economy and interpreted the characteristics of changes in economic development from red to green environmental management policies [5,6,7]. In addition, scholars have also analysed the basic characteristics and developmental requirements of the green industrial revolution and discussed the institutional thinking about the green economy; they have studied the impact of the green economic structure on the world using specific countries as examples and the relationship between green economy and smart growth under neoliberalism [8,9,10]. In the field of wetland conservation, in recent years, researchers have focused more on enhancing sustainable watershed management by developing policies to implement ecological restoration, assessing the impacts of conservation projects on wetland ecosystems using a conceptual model to define socio-economic vulnerability, and considering different stakeholder perspectives to enhance sustainable watershed management [11,12,13,14,15]. This provides an opportunity for organisations such as the Society of Wetland Scientists to raise the profile of wetlands and to initiate a discussion on how to respond to and change direction of the destructive development trajectory that led to wetland loss and degradation [16].



Additionally, the field of social sciences has begun to focus on ideological connotations, policy design, and adaptive governance to achieve green development of regional complex ecosystems. For example, scholars compared the differences and relationships between green and sustainable development and analysed the function and mechanism of green development. They believe that green development is the effective unity of the economic, social, and natural systems. This type of development proposition not only satisfies people’s material and cultural needs but also their ecological and environmental needs, and it goes beyond the proposition of sustainable development that focuses only on economic growth [17,18]. Ecological and environmental monitoring and watershed management can be implemented through the development of watershed regulations and compensation policies. The development of wetland ecotourism can effectively protect the resources environment and promote local social and economic sustainable development [19,20]. Green development in China has distinctive Chinese characteristics; it not only draws upon the characteristics of international green thinking, but also includes the national concept of development thinking that considers lucid waters and lush mountains as invaluable assets of China.



Traditional economic growth theory believes that the factors affecting economic growth are land, manpower, currency capital accumulation, economies of scale, technological progress, and human capital growth. In the short term, these factors affect the speed and quality of economic growth [21]. However, these studies show that there is still a lack of systematic and in-depth research on the internal relationship, feasibility, existing problems, and connection paths of the organic link between ecological environmental protection and green development; these issues are the key to the effective implementation of ecological civilization. As people’s understanding of human–environment interactions continued to deepen, they gradually realised the shortcomings of evaluation of the natural ecosystem only and focused on the comprehensive study of human–environment interactions. There is an increasing need to consider the integrated system of social environment and natural ecological environment as an important factor in the exploration and analysis of development issues [22]. In recent years, the social-ecological system analysis method and its framework construction have become topics of great interest in the field of international natural resource governance and sustainable development. The framework focuses on multiple interactions between natural ecosystems and social economic systems and explores the mechanism and evolution of this interaction. By solving multidimensional, multiscale, and multistage comprehensive problems, the framework provides a variety of governance methods and policy tools that are in line with the local reality of the sustainable development of the region [23,24,25,26,27,28]. Therefore, in this study, we aimed to construct a wetland social-ecological system framework in Section 2. In Section 3, we conduct an assessment to analyse the state, changes, and intrinsic relationships in the ecological and economic systems of Poyang Lake. In Section 4, we systematically analyse the internal problems and influencing factors in the process of convergence between green development and ecological environment protection, adopt ecological protection engineering and green development planning at the methodological level, and explore a practical avenue to realise the organic interdisciplinary convergence of the social system and the ecosystem in the lake area. Finally, in Section 5, conclusions and research recommendations are provided, focusing on the practical implications of our study results for advancing the organic integration of ecological protection and green development in the Poyang Lake area.



We hope that these results will provide a new analytical perspective for identifying and evaluating the problems involved in the regional ecological protection and socio-economic coordination. We also hope that our study aids in finding a feasible problem-oriented solution to the dilemma of coordinated social-ecological system development in the Poyang Lake region, providing effective theoretical support for organically linking ecological environmental protection and green development of wetland ecosystems in the great lake basins in China, and also providing the response strategies of China for achieving sustainable development on SDG.




2. Materials and Methods


2.1. Study Area


Poyang Lake, north of Jiangxi province (115°49′–116°46′ E, 28°24′–29°46′ N), which is the largest permanent freshwater lake wetland in China, is located on the south bank of the Yangtze River (Figure 1). It is located in the East Asian monsoon region and is characterised by a mild climate and abundant rainfall. The total area of Poyang Lake is 3519 km2, of which the wetland area is 3464 km2. There are 231 wetland patches, accounting for 95.21% of the lake wetland area in the Jiangxi province. Poyang Lake has a very important strategic position in the socio-economic development and ecological security pattern of the Yangtze River basin in China and is an important wetland with global influence.



We selected Nanchang, Shangrao, and Jiujiang near Poyang Lake in Jiangxi province as the case study sites. This region is an ecological and economic system according to the natural geographic area of Poyang Lake, which is composed of land and water ecosystem, and network-type economic region of Poyang Lake; the lake is at the centre. These sites are located at the intersection of the Yangtze River Economic Belt (Yangtze River Economic Belt covers 11 provinces and cities including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan, Yunnan, and Guizhou, with an area of 2,052,300 km2, accounting for 21.4 % of the total area and more than 40% of the population and gross domestic product (GDP) of the country) and the Economic Cooperation Zone of Jingjiu (economic cooperation zone of Jingjiu currently has 17 member cities, containing seven provinces and 127 counties (cities and districts), with a land area of 200,000 km2 and a total population of 80 million), which is adjacent to the Wuhan Metropolitan Area (Wuhan Metropolitan Area (WMA), also known as Wuhan “1+8” city circle, is a city cluster with Wuhan (largest city in central China) as the centre, covering eight large and medium-sized cities around Huangshi, Ezhou, Huanggang, Xiaogan, Xianning, Xiantao, Tianmen, and Qianjiang; WMA is the largest city cluster in central China), Changsha–Zhuzhou–Xiangtan city group (Changsha–Zhuzhou–Xiangtan city group, located in the east-central part of Hunan province, China, is an important part of the city cluster in the middle reaches of the Yangtze River. It includes Changsha, Zhuzhou, and Xiangtan and is the core growth pole of the economic development of Hunan province), and Wanjiang city Belt (Wanjiang city belt includes the entire territory of eight prefecture-level cities—namely, Hefei, Wuhu, Ma’anshan, Anqing, Chuzhou, Chizhou, Tongling, and Xuancheng, as well as the Jin’an district and Shucheng county of Lu’an city; it is the only regional development plan in China so far that focuses on the theme of industrial relocation). The location is the direct hinterland of several major economic plates located along the southeast coast of China and is becoming an important growth pole in central China.




2.2. Data Collection


From the perspective of social-ecological analysis, the degradation of the Poyang Lake wetland is rooted in the changes in the wetland ecosystem caused by population, economy, politics, science and technology, and culture, thereby affecting the wellbeing of the residents of the lake area. The development of the lake area is restricted by various conditions such as natural conditions, social conditions, policies, funds, and the ability of grassroots organisations [29]. Therefore, most of the problems related to ecological environment protection and green development can be analysed as multilevel collective actions and coupling relationships between the socio-economic system and the ecosystem in the lake area. With reference to the key attributes of each group of variables in Ostrom’s existing studies, we split the eight primary groups of variables described above into several secondary variables (or explanatory variables) [30,31], so that the social-ecological system (SES) framework can become a “diagnostic tool” that can identify the organic integration of conservation and development to form the Poyang Lake Ecological Protection and Green Development Organic Interface Analysis Variable Table (Table 1).



One of the important characteristics of the SES framework is its decomposability. Researchers can decompose the subsystems and variables in the framework horizontally or vertically according to the SES. In this study, RS refers to the main lake area of Poyang Lake, RU refers to the wetland ecosystem, GS refers to the institutional arrangements and systems related to various protection and development projects from the central government to the Jiangxi province-level design and policy system. “A” refers to individuals or organisations related to the protection and utilisation of wetlands, such as the government, society, public, and residents of the lake area; S and related ECO refer to the location of the social, economic, climate, geographical, and other background factors of the case at the city-scale. Table 1 presents the second-level variables of the SES framework. These variables provide diversified choices for action problems in different scenarios. Based on the data obtained from the field investigation and owing to the need of comparative analysis of the cases, we selected relevant variables for specific analysis, expanded a few secondary variables of the SES framework, and focused on the investigation of heterogeneous variables between different cities. Part of the research data comes from field research and the other part comes from the analysis of existing literature and statistics (see Appendix A for data source).




2.3. Social-Ecological System Framework (SES)


In the 1980s, many scholars pointed out that the reasons behind resource and environmental problems are “complex system problems” and these reasons are diverse, scattered, and complex [32,33]. In recent years, an increasing number of studies have shown that the interactions between human society and ecosystems are complex [23,25] and not a simple binary opposition. Ostrom proposed the social ecosystem (SES) framework that enables researchers to study the role of variables in complex social-ecological systems in greater depth and to diagnose key problems, analyse influences, set action scenarios, and assess the impact of outcomes [27]. The SES framework has been improved by theoretical researchers; the theory and analytical methods have evolved primarily for testing the effectiveness of community management of natural resources, such as fisheries and forests. However, the framework is still under development [30].



The SES framework is a general analysis framework composed of multiple levels of variables. We have adapted the analytical framework for the Poyang Lake area taking into account existing studies by Ostrom. Figure 2 presents the first-level variables of the SES framework. In the first level of the SES framework, four subsystems (resource system (RS), resource unit (RU), governance system (GS), and actor (A)) affect the interaction (I) and the outcome (O) of the action in the action scenario. The interaction (I) and outcome (O) combine the human system and the resource system, which constitutes the key action scenario in natural resource governance [30,34]. At the same time, the interaction and outcome of all variables are affected by two subsystems—namely, two macro-variable groups of the social, economic, political setting (S) and related ecosystem (ECO).



The construction of the SES framework includes two main parts: one is to determine the problems in the ecosystem, and the other is to decide the corresponding action scenarios [35]. We have considered a comprehensive range of possible research methods, but through a comparison of relevant research literature, we found that qualitative comparative analysis was more appropriate for the problem. The quantitative research was not suitable due to the limitations of the indicator system and the amount of data [36,37,38], so we ultimately made our choice. The analytical steps are inspired by Lelie and Brondizio [34,38], who used the SES framework to operationalise the research and/or collective action problem.



As shown in Figure 3, four general steps are suggested to guide the analysis of Poyang Lake regions as SESs. Each part of the framework and its respective components are described in more detail in the following. The first step is to identify the priority problems to be diagnosed and studied in a given area. The second step should be carried out in a comprehensive way. The aim of it is to recognise the nature of the problem and understand the potential SES boundaries required by the problem through field research. As shown in Figure 3, for the second step, according to the relevant situation of the problem, we can use the seven types of coupling relationships described above to define the interaction between ecological conservation and green development issues. This interactive approach to defining issues and drivers should evolve with the change of the factors, locations and stakeholders involved. The third step is to define the key action scenario, i.e., the composition and nature of the particular issue or problem to be studied. Action scenarios can be defined at a particular level, but are always influenced by action scenarios at other levels. That is, at a particular level, there are actors and interest groups, their microbehaviours and ones influenced by informal rules, all of which influence a macro action scenario. The fourth step should focus on analysing the relevant outcomes and interactions that influence the action scenario. Action scenarios are characterised by interaction patterns within actors and with the resource units they draw on. These interaction patterns will produce social, economic and ecological outcomes. The SES framework is used on the premise that action scenarios for ecological conservation and green development issues are dynamic and evolving, where new alternatives and actions are generated to address particular issues, thus influencing the system as a whole. These outcomes should be evaluated against selected evaluation criteria, including efficiency and sustainability of resource use, distributional equity, social legitimacy, participation, accountability, financial equity, adaptability, and resilience to shocks, among other things [38].



We first determined the practical problems of ecological environmental protection and green development; then, we conducted an on-site investigation and analysis of the influencing factors of their organic linking. Second, we determined the protection and development of SES action scenarios, including the analysis of the component and nature of the action scenarios, to provide a basis for the analysis of the problems and the evaluation results. The key action scenarios mentioned here are the problems that need to be identified and the measures to be taken [39]. Each action scenario should include actors and stakeholders because their cognition, attitudes, and behaviours, and the degree of information obtained impacts a specific action scenario.



It can be seen that the process of solving development problems by protecting the ecological environment is complicated. We believe that developing ecological protection awareness among the actors will influence green development at the macro level by triggering changes in specific factors in the social ecosystem at the micro level. This requires an analysis of the complex relationships among the many variables contained in the SES of a specific area. Based on the SES framework, we combined the unique ecological protection and green development scenarios of the Poyang Lake area to conduct a social-ecological coupling analysis and develop a specific research idea and analysis logic.



Regarding the ecological system, the ecological environmental protection of Poyang Lake should not only consider the hydrological situation but also pay attention to the environmental pollution and water environment quality of the lakeside area, biological resources and biodiversity of wetlands in the core area of the lake, and the changes in the ecology of the lake. Hydrological conditions and air quality are primarily affected by the surrounding industrial planning, supporting infrastructure construction, and other factors, while the soil environment is affected by fertiliser application and irrigation methods. Biological resources include animals, plants, and microorganisms, which are mainly affected by human interference and environmental conditions [40].



For the social system, the socio-economic situation and governance system of Poyang Lake are the primary objects of analysis. Changes in the population, industrial economy, infrastructure, and social culture of Poyang Lake will have a direct impact on the regional ecological environment. Increasing population, rapid industrial development, and incomplete infrastructure challenge the carrying capacity of natural resources and threaten the ecological environment.



In November 2017, we identified the study site through interviews with the head of the Wildlife Conservation Authority of Jiangxi province. From 2018 to 2019, we conducted four interviews and surveys with staff from relevant management agencies in each of these three cities. We chose Poyang Lake National Nature Reserve, Nanji Wetland National Nature Reserve and Duchang Migratory Bird Provincial Nature Reserve as the sites for our field research and spoke with staff and some villagers who have extensive experience in conservation work. These key informants are frontline participants in the management and conservation of Poyang Lake wetlands and are actively involved in coordinating the relationship between economic development and the ecological environment. They could provide information on the status, history and causes of change of the wetlands of Poyang Lake, as well as the attitudes and behaviour of villagers. In the course of our research, we also collected statistical yearbooks from 2010 to 2019 for the cities of Nanchang, Jiujiang and Shangrao through library access and online information.





3. Results


3.1. Current Situation of Wetlands in Poyang Lake Region


3.1.1. Poyang Lake Wetland Ecosystem (ECO)


Jiangxi province has a typical humid subtropical monsoon climate (Table 2). Over the past 50 years, the average water level of Poyang Lake has shown a slight downward trend. According to the statistics, the average water level of Jiangxi province in the 2000s was significantly lower in September–November than in other years, especially in 2006, 2009 and 2011 (a drop of about 5 m compared to the multiyear average). The high volume of water flowing out of the lake to downstream rivers due to sand mining in the riverbed affects the amount of precipitation to evapotranspiration in the basin and the relationship between the river and lake. The average annual siltation of sediment in the 1990s was 544.2 × 104 t; in 2003, this dropped to the lowest value with a net loss of sediment of 1246.3 × 104 t. In the 2010s the average annual loss of sediment was 388.8 × 104 t [41]. Additionally, the cyclical climate change, i.e., the change in the cycle of dry and wet climates in the Yangtze River basin, has become prominent as well. These changes have led to a clear trend of frequent changes in water regime in Poyang Lake since 2006; however, its influence on the succession of wetland vegetation community structures is not obvious. For example, the number of phytoplankton species remained largely unchanged, and the average annual density is 10.7 × 104 ind./L, an increase of 523 % [41], but the average biomass of phytoplankton decreased, and the number of large phytoplankton decreased, showing a trend of miniaturisation.



Lake wetlands absorb water into mudflats when it rains; once the water level drops, the water absorbed by swamps and peat wetlands is slowly released. The total storage capacity of Poyang Lake is 24 billion cubic metres (Data source: 2015 Poyang Lake scientific research report). The sponge effect of wetlands in absorbing floodwater becomes more obvious upstream of the river ecosystem. Analysed from another perspective, Poyang Lake also ensures the buffer absorption of floods in the Yangtze River basin. The dry and wet alternation of the Yangtze River basin has the main period of 6 years and 20 years hypoperiod (https://www.thepaper.cn/newsDetail_forward_8751727 (accessed on 6 August 2020)). During wet periods, there can be large floods, such as in 1995, 1996, 1998, 2000 and 2020. When floods occur, Poyang Lake plays a buffering and absorbing role to ensure that the floods are prevented here and avoid directly hitting downstream. According to the ANOVA results, the 12-month average water level of Poyang Lake from 2010s and 2000s shows a statistically significant changes (p < 0.01) in the concentrated rise in May and the rapid fall in October (Data source: 2015 Poyang Lake scientific research report). The annual flooding period occurs in this period, the Anhui and Jiangsu provinces thereby suffered. There are fewer lake wetlands in these areas, so there is no place for the flood water to go, and it could only directly damage the local residents. However, due to the absorbing function of Poyang Lake, the loss of life and property in these provinces reduced a lot. Thus, protecting the complete Poyang Lake wetland ecosystem is very important as it plays critical role during floods in the Yangtze River. It is a green “infrastructure” that solves a series of ecological problems.




3.1.2. Social, Economic, and Political Setting (S) of Poyang Lake Wetland


Compared with other economically developed regions in China, Jiangxi province has a weak comprehensive economic strength and weak regional competitiveness. Twenty-five of the poverty-stricken counties in the province are key old districts and counties (http://www.gov.cn/xinwen/2020-04/27/content_5506419.htm (accessed on 27 April 2020)). At the end of 2019, the population that faces poverty decreased from 3.46 million at the end of 2013 to 96,000 according to the current standards of the province, and the poverty incidence dropped from 9.21% to 0.27% in the same time period. Thus, the overall regional poverty rate decreased, which led to new changes in the rural human settlement environment. From the perspective of economic development, the economies of Nanchang and Jiujiang, along with the lake counties located in the west of the ring lake, have become stronger, while the overall development level of the vast area to the east of the ring lake is lagging behind compared to the west (Table 3).



From the perspective of political factors, at present, the central government and Jiangxi provincial government attach great importance to the organic linking between green development and the ecological environmental protection in the Poyang Lake area. Through major ecological projects, ecological compensation and development of ecological industries, and other ecological poverty alleviation measures, national nature reserves have been established in Nanchang and Jiujiang; the employment of bird guards, forest rangers, and the policy of “work instead of support” has been adopted to stimulate the internal motivation of disadvantaged groups. The burden of pollution related to economic development often falls disproportionately on vulnerable groups—the problem of drinking water safety owing to wetland pollution may be even more serious for these groups.




3.1.3. Poyang Lake Wetland Resource System


The wetland resources in Jiangxi province are very rich and have significant local and global influence. Poyang Lake, which is the largest freshwater lake in China, along with five major rivers—Laijiang, Fuhe, Xinjiang, Raohe, Xiuhe—and their tributaries, form the complete water system network of the entire province. From the perspective of RSs, three cities in the Poyang Lake district have similarities (Table 4). More importantly, Poyang Lake is located on the south bank of the middle reaches of the Yangtze River. The lake plays an important role in regulating the floods in the Yangtze River and maintaining the ecological environment of the river. It is regarded as an internationally important wetland by the World Wide Fund for Nature and is an ideal habitat and foraging place for winter migratory birds. It is also a world-famous protected and viewing area for rare birds [42] and is a ground for biodiversity conservation.



Poyang Lake is the spawning and growing ground for high-demand fishes in the Yangtze River and is an important fishery production base in the Jiangxi province; it is also the largest freshwater fishery resource bank in the province. Jiujiang has the most wetland resources, Shangrao has the most fish farming areas, and Nanchang has the highest fish farming aquaculture yield. As an important indicator of biodiversity conservation, the monitoring results of migratory birds have shown that, since 2003, the populations of 10 key protected species, including the Siberian Crane and the Oriental White Stork, have a steady upward trend (according to the field research and interview of the project team in Poyang Lake National Nature Reserve). The unreasonable prolonged use of wetland resources has not caused a significant reduction in the population of key protected species; however, it has caused changes in the structure of the ecosystem and degradation of ecological service functions.




3.1.4. Poyang Lake Wetland Governance System (GS)


The goal of ecological environmental protection is not only green development, but also attracting investments in leading industries with ecological resources and increasing the wellbeing of the population with an improved environment. It also provides the foundation for a harmonious symbiosis virtuous circle for the development of industries, talents, and culture. For the wetland ecological environmental protection governance system, we primarily identified the implementation of a series of ecological protection projects and measures at the state and local scales (Table 5).



With the continuous progress of urbanisation in Jiangxi province, the socio-economic structure of the lake area has been altered. The continuous flow of urban and rural populations and the continuous differentiation of peasant groups have gradually weakened the concept of rural production and community living in the Poyang Lake district. In the short term, special stages of development can be achieved through unconventional methods by mobilising resources to a centralised organisation to achieve rapid development, so that the problem of diminished capacity for collective action is not fully apparent. However, green development is long-term and of a complex nature. The decline in governance capacity is not only insufficient for poverty alleviation but also ineffective at adequate resource mobilisation for the completion of green development in the Poyang Lake area. In particular, the implementation of the precise assistance policy has provided a disproportionate amount of assistance to the poor, leading to a disruption of the balance of interests within existing communities in some areas [43].





3.2. Changes in the Ecological and Social System of Wetlands in Poyang Lake


There are serious conflicts between protection and development in this area, relating to water ecological environment, soil erosion, soil pollution, biodiversity, and human–bird competition for plant resources, all of which need to be resolved to realise the green development of Poyang Lake. For this reason, it is first necessary to adopt certain standards at the macro- and microscales to identify and diagnose problems in the natural, economic, and social element systems in the basin. With reference to existing research results [13,14], we provide an SES framework for the dynamic analysis of green development and ecological protection of the Poyang Lake area in the Jiangxi province, as shown in Figure 4.



Between the ten years from 2009 and 2017, the economic situations in Nanchang, Jiujiang and Shangrao grew significantly, while the total emissions of the industrial wastewater, gas and residue were declining. The total population of each municipality is increasing and the rural population is decreasing (data compiled according to “Jiangxi Statistical Yearbook 2018” and “Jiangxi Statistical Yearbook 2010”). The persistent dryness of Poyang Lake has caused water supply and irrigation crises for the 12.4 million inhabitants of the region [44].




3.3. Inter-Relationships in the Ecological and Social System of Wetlands in Poyang Lake


To integrate green development and ecological protection organically, it is necessary to design relevant indicators based on the SES action scenario framework mentioned above [33,45]. At the macroscale, we first divided the area for protection and development, setting the improvement of the regional social, economic, and ecological coupling coordination as the main goal, and determined the priority protection areas that have important values for maintaining the ecological security and social economy of Poyang Lake. Then, we focused on the comprehensive social and ecological benefits to promote the green development of the lake area. At the microscale, we paid more attention to the residents of the lake area through the identification of residents’ protection behaviours and development willingness and developed a targeted development model. It is important to note that the eco-environmental protection and green development at the macro- and microscales should be implemented simultaneously to ensure that every aspect is effective and coordinated, and a dynamic feedback mechanism is formed during the implementation process; continuous monitoring and evaluation should be conducted in the time dimension, and a dynamic feedback mechanism should be formed during the implementation process. We set the driving factors, solutions, participants, coordination mechanism, expected results, and feedback mechanism of natural resource dependence involved in the SES framework (of ecological environmental protection and green development in the Poyang Lake area) and conducted a social-ecological system analysis of the study area (Figure 5).



We evaluated the two dimensions of social economy and ecological environment. Socio-economic indicators include industrial structures, primary industry output values, demographic trends, political factors, public funds, and public satisfaction, which primarily consider the social and cultural background, subjects involved, and social benefits brought about by the upgrade to green industries. Natural ecological indicators include related indicators, such as the climatic characteristics and biodiversity of Poyang Lake, and pay more attention to the possible ecological, economic, and social benefits as well as the possible external effects brought by wetland protection, thereby reflecting the concept of green development. Concurrently, we need to pay attention to the degree of coupling of the system indicators to characterise the coordination of the development of the social system and the ecosystem.





4. Discussion


Ostrom argues that different institutional arrangements will enhance or hinder the mechanisms of cooperation between individuals, and social capital could fully exploit the subjectivity of individual autonomy [26,27,28]. Therefore, based on the theoretical background and the above research results, this paper discusses the factors affecting the relationship between ecological environmental protection and economic development of Poyang Lake and analyses the action plans that could make an organic connection between ecological environmental protection and green development.



4.1. Analysis of Influencing Factors


4.1.1. Insufficient Investment in Rural Areas in the Lakeside Area


Although public finance investment in agriculture, rural areas, and farmers in China has continuously increased in recent years, there is still a large financial gap between the investments made and the requirements for achieving regional green development goals. Particularly, in the context of the current slowdown in macroeconomic growth, the investments that can be raised are more limited, and there are several shortcomings in the three cities of the Poyang Lake district [46] that need to be addressed; additionally, limited capital investment increases the challenge of balancing regional development.



Though agricultural pollution discharges in the lake area are large, capital investment is small. Compared to investments on industrial enterprises, the funds for pollution control and environmental management capacity building in rural areas from fiscal channels are relatively limited. In terms of policy support, capital investment and capacity building, the management of pollution from agricultural sources has not received as much attention as that from industrial sources.



In 2018, Jiangxi province received CNY 50 million as wetland protection subsidies from the central government. The scope of wetland compensation has increased from three counties (cities and districts) to 10 counties (cities and districts), CNY 20 million as central wetland compensation funds have been obtained, and 266 community ecological restoration and environmental remediation projects have been implemented, which can benefit the Poyang Lake district and its population of 140,000 people (data compiled according to “Jiangxi Statistical Yearbook 2019”.).




4.1.2. Contradictions between Protection and Development of Lakeside Area


To effectively alleviate the decline of the biological resources of the Yangtze River and its biodiversity, the Jiangxi Aquatic Biological Reserve has implemented a long-term ban on fishing. The productive fishing of natural fishery resources in the Jiangxi section of Yangtze River and Poyang Lake has been completely banned for up to 10 years from 1 January 2020. All aquatic life reserves, the main stream of the Yangtze River Jiangxi, and Poyang Lake are covered under this ban (http://jx.people.com.cn/n2/2019/0826/c186330-33286892.html (accessed on 31 December 2019)).



Large-scale fishing still happens in the Poyang Lake area. According to statistics, many fishing villages have been affected by the fishing ban; among them, there are more than 300 traditional fishing villages. More than 25,000 fishing households are present in the entire lake area, and the total fishery population is approximately 150,000 [47]; of this total population, the majority are couples who fish together. Only a small population of young fishermen exists, as the younger generation either go to school or choose other occupations; the average age of the fishing population is high. The fishing ban, older age, narrow information channels for re-employment, lack of skills other than fishing, and low level of education are the barriers for the sustainable livelihood of the fishing population [48]. Along with the implementation of ecological protection policies such as the ban on fishing, it is also important to address issues such as ensuring the livelihood of fishermen after the ban, smooth transition from production to business, and providing local residents new livelihoods through ecological industries.




4.1.3. Difficulty in Implementing Grassroots Policies


Whether it is environmental protection or green development, the ecological environment is both a foundation and an opportunity for development. The effective implementation of conservation policies determines whether the two strategies can be linked [49]. In the survey, it was found that due to the weak grassroots implementation, lack of technology, and system defects, some environmental protection policies have produced “prohibition instead of governance” and “excessive law enforcement” phenomena in their implementation. We consider that there has been poor regulation of the ecological damage caused by regional economic development compared to the regulation of individual resident behaviour. These phenomena are against the interests of residents and the protection of the ecological environment; they weaken the willingness of the residents of the lake area to protect the environment and intensify conflicts at the grassroots level.




4.1.4. Outflow of Rural Labour in Poyang Lake Area


With the acceleration of urbanisation and the difference in economic development levels between urban and rural areas, a large number of young and middle-aged labourers have migrated to first-tier cities such as Shanghai and Guangzhou, and “hollow villages” have appeared in many areas of Poyang Lake. According to the sixth national census, among the total permanent population of Jiangxi province, the population aged 65 and above accounted for 7.60% of the total (data source: bulletin of the sixth national census of Jiangxi province in 2010.). A high percentage of elderly people reside in the rural areas. Related research indicates that the rural population is expected to decrease from the current 600 million to 450 million in 2035, which means that the process of urbanisation is far from over [50] and the population aging problem will continue to constrain the development of Poyang Lake for a long time.



The loss of rural population from the lakeside area will inevitably cause serious contradictions between the demand and supply of labour with modern agricultural skills. The elderly rural population is more dependent on natural resources and traditional and extensive agricultural and forestry management, causing tremendous pressure on the ecological environment because this population cannot undertake activities with high returns [51]. If no practical measures are taken, the ongoing mass exodus of labour will lead to a labour shortage crisis and a lack of successors, adversely affecting the organic convergence of ecological environmental protection and green development in rural areas. This will inhibit the possibility of a virtuous cycle of green development in rural areas, making it more difficult to implement the strategy of rural revitalisation, thereby causing a series of social and environmental problems [52].





4.2. Action Scenario Setting


Human activities are the primary cause of ecological environment deterioration in the Poyang Lake area. To achieve the organic integration between ecological protection and green development, it is necessary to achieve a harmonious symbiosis between man and nature. Therefore, the implementation of ecological environment protection and green development in the Poyang Lake area will inevitably involve many stakeholders, which is a typical social-ecological system case. Every protection project and development project implementations in the important ecological protection area of the Poyang Lake district should systematically analyse the problems and challenges of the economic, social, and ecological environment of the region. Additionally, the projects must mobilise all participants, improve the ecological governance system, monitor the status of and dynamic changes in Poyang Lake resources [53], environment, and ecosystems, and conduct a dynamic evaluation of their effectiveness to ensure the coordinated development of the ecological environment and social economy in the region.



4.2.1. Ecological Environmental Protection Projects


In the Poyang Lake district, solving the outstanding ecological and environmental problems should be considered as a priority; further, the environmental protection responsibility system should be fully implemented, supervision and law enforcement of environmental protection should be increased, comprehensive management of outstanding environmental problems should be strengthened, and people’s expectations of a good living environment must be met. Based on our study, we deduced the following information:




	(1)

	
Ecological compensation and implementing the return of farmland to wetland is crucial. After the 1998 flood in the Yangtze River basin, according to the plan of the “project of returning farmland to wetland” and the actual situation of Poyang Lake, it was necessary for the farmland surrounding the lake to be completely returned to wetland to increase the flood storage capacity and enhance the wetland ecosystem service function of Poyang Lake. Hence, farming and livestock breeding in the dike region was banned [54]. Therefore, the key to implementing the policy of returning farmland to wetlands and providing ecological compensation lies in scientifically determining the compensation standard and mode of compensation to effectively increase the enthusiasm of farmers to participate in the transformation of farmland to wetlands [55]. As a micro-decision-making body for wetland protection, the farmers’ willingness to transform farmland to wetland is the basic premise and key to actively promote wetland protection [56].




	(2)

	
Wetland ecological restoration management restores the wetland plant communities at a large scale and rewilds wetlands with native species, such as apex predators, to rebuild the balanced ecosystem in large areas of permanent and intermittent wetlands in the Poyang Lake area. In the process of ecological restoration and management, we can consider adding value to macrobenthos to quickly restore the health and stability of the ecosystem, improve the quality of the ecosystem, and enhance ecosystem services [57]. Developing and adopting adequate policy instruments are crucial for reversing the loss of wetland fauna (caused by overfishing and poaching) and exploitation and trade of threatened species, so as to conserve biodiversity and aid in restoration activities [58]. In addition, we proposed lakeshore naturalisation by considering the topographic features of Poyang Lake, reintegrating waterways and bays through wetland systems, promoting habitat restoration, improving water quality, and strengthening flood control mechanisms.




	(3)

	
A long-term mechanism for cross-basin protection and pollution prevention and control should be established. In 2018, in Jiangxi province, 1.33 km2 of farmland was transformed to wetlands; a total of 102 new wetland protection sites were added, including 97 wetland protection communities and five water source protection sites; 131 km2 of area was newly developed to wetlands; the wetland protection rate increased by 1.45%. However, the influence of administrative division makes it difficult to realise the protection of the whole basin of Poyang Lake. In the future, it will be necessary to protect the Poyang Lake wetlands and cooperate with the cities of Nanchang, Jiujiang, and Shangrao as a whole to strive for environment policy-related, project implementation-related, and financial support. There have been studies that have concluded that water resources governance could be managed through a river chief system [59]. We further consider that through four levels of cooperation (city, county, township, and village), the individual protection measures such as the water quality, flood control, and drainage will be combined and upgraded to a long-term pollution prevention and control mechanism covering rivers and lakes, water function areas, and water ecology for the complete management of the Yangtze River, Poyang Lake, and other tributaries. We also recommend creating a benign ecological cycle system, harmonisation across jurisdiction [60], and an ecological safety barrier in the wetlands of Poyang Lake to provide an ecological environment that will ensure green development.










4.2.2. Ecological Priority to Green Development


It will be more beneficial to adopt a new method for coordinated development of ecology and economy and focus on transforming the green ecological advantages into economic development advantages to enhance the ecological wellbeing of the people. Based on our study, we recommend the following points:




	(1)

	
We suggest establishing a Poyang Lake National Park. By breaking the boundaries of administrative regions and industries and coordinating natural resources and ecological management within the Poyang Lake region, a National Park must be built covering the upstream and downstream areas of Poyang Lake. In the national park, unified restoration and protection of various ecosystems of mountains, rivers, and lakes can be implemented, along with in situ monitoring and protection of rare and endangered wild animals and plants, such as migratory birds and large aquatic creatures. The areas with unique natural landscapes and rich biodiversity can be protected, and green development of the Poyang Lake basin [61] can be promoted to shift the focus from a “resource economy” to an “ecological economy” and realise the harmonious coexistence between man and nature.




	(2)

	
Scientific and technological support systems for coordinated development can be improved using big data, 3S, the Internet of Things, and other information technologies; a dynamic monitoring system is being built for the internal features, which includes mountains, water, forest, farmland, lake, and grass to strengthen the dynamic monitoring capacity of the Poyang Lake ecosystem. Scientific research must be encouraged to assess the ecological health of wetlands and ecosystem service functions and the impact of industrial development on the environment within the ecological economic zone. These technical solutions should also be applied to other ecologically fragile areas. This is because only with a clear understanding of the basics can these areas be better equipped to formulate conservation and development policies.




	(3)

	
Promoting the service industry with green development is crucial. The Poyang Lake area is rich in tourism resources, complete in various tourism elements, and has a strong tourism reception capacity, which is the basis for the development of the modern service industry. First, we need to integrate the tourism resources in nature (including humanities, health, and wellness) from Nanchang, Jiujiang, and Shangrao as well as the surrounding cities. Attention must be given to designing cross-regional religious culture boutique theme tourist routes, with Longhu Mountain (Longhu Mountain is located 20 km southwest of Yingtan city, Jiangxi province, and is the birthplace of Chinese Taoism, a world natural heritage and a world geological park) and Sanqing Mountain (Sanqing Mountain is located at the junction of Yushan county and Dexing city in Shangrao city, Jiangxi province, China; Sanqing Mountain is a famous Taoist mountain, a world natural heritage site, a world geological park, and the source of the Xinjiang River) as the core, to enhance the influence of the all-for-one tourism concept in the Poyang Lake region at regional and global levels. Second, on the basis of the ecological functional zoning of the Poyang Lake basin, a rational division of labour between upstream and downstream counties will be carried out [62], including wetland ecotourism and recreation, ecological agriculture and forestry, fishery breeding, and ecological characteristic industries. Both models, if they could be adopted in other developing countries, would reduce direct damage to local natural resources and would also develop local economies.




	(4)

	
We propose developing modern agriculture and building “beautiful villages” in the region. First, it is important promote modern agriculture, devise and promote green technologies, and adopt renewable energy sources, such as photovoltaic (PV) and wind power, which do not adversely impact wetlands [63]. Second, it is important to optimise the spatial layout of agriculture and build a national supply base (for bulk high-quality green agricultural products) and an aquaculture base. Third, production and transaction costs should be lowered through collective cooperative organisations to reduce the contradiction between the decentralised operation of small farmers and the standardised development of agriculture at a large scale. Fourth, we must improve the condition of rural roads, ensure the safety of water sources, and improve rural infrastructure. Implementation of agricultural modernisation in the Poyang Lake area not only increases the income of farmers, but also encourages young people to return to the villages. Additionally, competitive green agricultural industry chains of grains, fruits and vegetables, and fish and shrimp can be maintained along with the natural environment and “beautiful villages”. This approach is in line with the Chinese government’s commitment to the UN sustainable development goals for 2030.










4.2.3. Organisation and Implementation of Organic Linking between Ecological Protection and Green Development


On the basis of field investigation and understanding of the ecological protection system and mechanism of Poyang Lake in Jiangxi, it is necessary to re-examine the ecological protection and economic development measures implemented in Poyang Lake in the past two decades and analyse the key problems of its incompatibility. It is best to clarify the reformed direction and mechanism of the system and put forward a protection and development system guarantee.



	(1)

	
The supply of a new system is the core element for achieving organic convergence between ecological protection and green development. Some studies have concluded that one of the important advantages of China’s national governance system is that, when faced with major problems, it provides new institutional supplies to cope with rapid changes in the ecological environment and socio-economic conditions [64,65]. On this basis, we believe that for the ecological protection and green development of Poyang Lake, it is extremely important to introduce a new system, improve the ecological protection policy, improve the capacity building of the grassroots staff, and encourage social subjects in the lakeside area to participate in environmental protection and green development.




	(2)

	
Credible commitment is a key condition for the system to operate. As the ecological governance system in China is dominated by the administrative authorities, the provincial government of Jiangxi province can act as the leading authority to define the ownership of the Poyang Lake wetland as public property and identify the limits of its resources. In addition, the use of performance appraisal and environmental monitoring enables the effective supervision of the involved entities, which avoids the recurrence of excessive law enforcement. A commitment system covering provinces, cities, counties, and townships can be formed to determine the boundaries of authority and responsibility of units at all levels, solve the problems in the implementation of policies at the grassroots level, and lay the foundation for the change of ecological governance in the Poyang Lake basin.




	(3)

	
Implementing a dynamic assessment system is suggested to strengthen assessment and supervision. In the four-level administrative system of the Chinese Government, the central government and higher-level governments always hold the power of supervision and inspection [65]. Therefore, the utilisation of performance appraisal and environmental monitoring will enable the effective monitoring of participating subjects by higher levels of government. When the ecological environment generates externalities, as environmental performance is integrated into the hierarchical system of government operation at all levels, the monitoring mechanism within the administrative system can also work effectively, despite the specificity of the ecological and environmental problems in the large-scale space and time of the Poyang Lake basin in Jiangxi province [64]. Intergovernmental management of ecological problems through administrative subcontracting can solve the problem of ensuring regional development through ecological protection.




	(4)

	
We recommend estimating capital investment and formulating a fund-raising plan, including increasing and implementing government funding at all levels. This will help in dynamically adjusting the funding to favour urgent projects. The funds can first be dissolved to the three municipalities in the lakeside regions, and after achieving results in utilising the funds aids to strengthen the responsibilities of local entities, allocated to the Poyang Lake Ecological Economic Zone and the entire Jiangxi province. The economy of residents of the lake area should be decentralised to reduce wealth inequality by assisting more people in relative poverty and it must be ensured that prices, taxation, and incentive systems take into account the real costs imposed by consumption patterns on wetlands [16]. Further, we can accelerate the promotion of the market-oriented allocation of resources and environment in the Poyang Lake basin, make full use of market mechanisms to broaden financing channels, and ensure the implementation of ecological environmental protection and green development in the lake area.




	(5)

	
In addition, public participation should be encouraged. Past models of conservation and development have produced a large number of experienced individuals with a wide range of skills and experience, which is an advantage that is not available worldwide. Outdoor wetland education should be increased for children and adults, along with the involvement of society, including local and indigenous communities, for the management of wetlands in the future. The role of individual residents in solving the multitasking problems in the protection and development of Poyang Lake is very important because it requires rich accumulation of human capital.










5. Conclusions


Therefore, at the theoretical level, promoting the coordination of protection and development in Poyang Lake basin is not simply to restrict the development of economy in the region, but more to promote the transformation of economic development mode to industrial ecology and ecological industrialization, focus on the development of social public utility fields and promote the modernization level of the ecological governance system and the improvement of governance capacity in Jiangxi province. At the practical level, the process of promoting the organic connection between ecological environmental protection and green development should avoid simple policy orientation and realistic orientation and needs to take the whole Poyang Lake ecosystem as a whole, scientifically plan the ecological protection measures and economic development policies, narrow the gap between urban and rural areas, and reduce the destruction of the ecological environment.



Previous studies using the SES framework were limited by their scales and did not focus enough on the external political, economic and social environment, but more on analysing the relationship between the internal state variables of the system. This study, however, expands on previous research by including the external environment as an object of study and paying more attention to the influence of the governance system on the relationship between ecological protection and green development. Additionally, wetland ecosystems are very special ecosystems, and it is relatively rare to study the relationship between wetland conservation and economic development, especially using the SES framework. Therefore, this study also enriches the scope of application of the SES framework. The analysis method for the social-ecological system of Poyang Lake portrays a new paradigm for analysing complex governance systems. However, in the case study, the interaction process between actors (As) was not analysed in depth. This is because the design of the SES framework (I and O) does not reflect a few typical characteristics of the protection and development efforts. Future research based on this work should apply our framework to a more suitable analytical framework for China’s national conditions, which will allow policy-makers and researchers to conduct more discussions, analyses, and practices in terms of policy discourse, policy tools, working mechanisms, and green development strategies. This will promote the early improvement and implementation of ecological environmental protection and green development through the integration of practical policy implementation and academic discussions.
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Table A1. Sources of data in the article.






Table A1. Sources of data in the article.





	Variable
	Data Source





	Annual average temperature
	Jiangxi Statistical Yearbook 2018



	Annual precipitation
	Jiangxi Statistical Yearbook 2018



	Annual relative humidity
	Jiangxi Statistical Yearbook 2018



	Type of pollution
	Jiangxi Statistical Yearbook 2018



	Total industrial wastewater discharge
	Jiangxi Statistical Yearbook 2018



	Total industrial emissions
	Jiangxi Statistical Yearbook 2018



	Average water level
	2015 Poyang Lake Scientific Research Report



	Average annual siltation of sediment
	Chen Minkun, Xu Xibao (2021) as [41]



	Number of phytoplankton species
	Chen Minkun, Xu Xibao (2021) as [41]



	Total storage capacity
	2015 Poyang Lake Scientific Research Report



	Population that faces poverty
	http://www.gov.cn/xinwen/2020-04/27/content_5506419.htm



	Regional GDP
	Jiangxi Statistical Yearbook 2018



	Primary industry
	Jiangxi Statistical Yearbook 2018



	Total fiscal revenue
	Jiangxi Statistical Yearbook 2018



	Total grain output
	Jiangxi Statistical Yearbook 2018



	Per capita disposable income of urban residents
	Jiangxi Statistical Yearbook 2018



	Per capita disposable income of rural residents
	Jiangxi Statistical Yearbook 2018



	River wetland
	Jiangxi Statistical Yearbook 2018



	Lake wetland
	Jiangxi Statistical Yearbook 2018



	Swamp
	Jiangxi Statistical Yearbook 2018



	Artificial wetland
	Jiangxi Statistical Yearbook 2018



	Fish farming area
	Jiangxi Statistical Yearbook 2018



	Fishery aquaculture yield
	Jiangxi Statistical Yearbook 2018
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Figure 1. Study area. 
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Figure 2. Framework of social-ecosystem system (SES) analysis. 
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Figure 3. Problem-oriented social-ecological system (SES) framework setup. 
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Figure 4. Problem-oriented social-ecological system (SES) dynamic analysis framework. 
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Figure 5. Action scenario setting based on social-ecological system (SES) framework. 
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Table 1. Analysis variable table of organic integration between ecological environment protection and green development in Poyang Lake wetland.
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Related Ecosystem (ECO)

	
Resource System (RS)

	
Actor (A)






	
ECO1 Climate characteristics *

  -ECO11 Hydrothermal conditions

  --ECO111 Average annual temperature

  --ECO112 Average annual precipitation

  --ECO113 Annual relative humidity

  -ECO12 Physical geography

  --ECO121 Altitude

ECO2 Type of pollution *

ECO3 Flow of resources *

	
RS1 Resource Type *

  -RS11 Types of wetland resources

RS2 Clear resource boundaries

RS3 Size of the resource system*

  -RS31 Fish farming area

  -RS32 Wetland area per capita

RS4 Output of resource system*

  -RS41 Fishery aquaculture yield

RS5 Balance

RS6 System dynamic predictability

RS7 Position

	
A1 Number of relevant actors

A2 Socio-economic attributes

A3 History or past experience

A4 Social status

A5 leadership

A6 Social capital

A7 Social Ecosystem Concept

A8 Dependence on resources

A9 Available technology




	
Social, Economic, Political Setting (S)

	
Resource Unit (RU)

	
Interaction (I)




	
S1 Economic development *

  -S11 Regional economic level

  --S111 Gross Domestic Product (GDP)

  --S112 Primary industry output value

  --S113 Revenue

  --S114 Total grain output

  --S115 Urban residents’ income

  --S116 Rural residents’ income

S2 Demographic trends *

  -S21 Total population

  --S211 Agriculture and forestry population

  --S212 Fishery population

S3 Political stability *

  -S31 Central government attention

  --S311 Impact on the Yangtze River

  -S32 Local government attention

S4 Other governance systems

S5 Market

S6 Technology

	
RU1 Resource unit mobility

RU2 Renewal or growth rate

RU3 Interaction between resource units

RU4 Economic Value

RU5 Scale

RU6 Notable mark

RU7 Temporal and spatial distribution

	
I1 The harvest volume of different users

I2 Information sharing among us-ers

I3 Negotiation process

I4 Conflicts between users

I5 Investment Activities

I6 Self-organising action




	
Governance System (GS)

	
Outcome (O)




	
GS1 Government organisation

GS2 Non-Governmental Organisations (NGO)

GS3 Property structure

GS4 Implementation plan (province, city)

  -GS41 Ecological migration (local funds)

GS5 Collective selection rules (province, city)

  -GS51 Local financial support

GS6 Protection policy (national) *

  -GS61 Ecological protection project and policy

  --GS611 Returning farmland to wetland (returning farmland to lake) Project

  --GS612 Wetland ecological compensation mechanism

  --GS613 No fishing season subsidy

GS7 Green development project

GS8 Monitoring and inspection process

	
O1 Social performance evaluation

O2 ecological performance evaluation

O3 Other SES system externalities








Variables in the table are sorted and revised based on the results of McGinnis and Ostrom (2014) [30]. Note: Variables marked with * are heterogeneous variables that affect the organic linking of ecological protection and green development.
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Table 2. Comparison of Poyang Lake wetland Ecosystem (ECO).
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	Variable
	Nanchang City
	Jiujiang City
	Shangrao City





	ECO1 Climate characteristics (2017)
	
	
	



	-ECO11 Hydrothermal conditions
	
	
	



	--ECO111 Annual average temperature (°C)
	19
	17
	19



	--ECO112 Annual precipitation (mm)
	1611
	1967
	1866



	--ECO113 Annual relative humidity (%)
	73
	81
	73



	ECO2 Type of pollution (2017)
	
	
	



	-ECO21 Total industrial wastewater discharge (10 kilotons)
	3861
	7904
	6318



	-ECO22 Total industrial emissions (TMC)
	1876
	2601
	1317







Data compiled according to “Jiangxi Statistical Yearbook 2018”. Note: - at secondary variable, -- at explanatory variable, respectively.
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Table 3. Comparison of Poyang Lake wetland social, economic, political setting (S).
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	Variable
	Nanchang City
	Jiujiang City
	Shangrao City





	S1 Economic Development (2017)
	
	
	



	-S11 Regional economic level
	
	
	



	--S111 Regional GDP (100 million yuan)
	5003
	2414
	2024



	--S112 Primary industry (100 million yuan)
	192
	193
	247



	--S113 Total fiscal revenue (100 million yuan)
	783
	461
	319



	--S114 Total grain output (10,000 tons)
	238
	173
	352



	--S115 Per capita disposable income of urban residents (yuan)
	37,675
	32,592
	31,853



	--S116 Per capita disposable income of rural residents (yuan)
	16,364
	13,303
	12,174



	S2 Demographic trends (2017)
	
	
	



	-S21 Total population (ten thousand people)
	546
	487
	678



	S3 Political factors
	
	
	



	-S31 Central importance
	High
	High
	Middle



	--S311 Impact on Yangtze River basin
	High
	High
	Middle







Data compiled according to “Jiangxi Statistical Yearbook 2018”. Note: - at secondary variable, -- at explanatory variable, respectively.
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Table 4. Comparison of Poyang Lake wetland resource system (RS).
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	Variable
	Nanchang City
	Jiujiang City
	Shangrao City





	RS1 resource type:
	
	
	



	-RS11 wetland resource type:
	
	
	



	River wetland (ha)
	33,842
	40,824
	47,083



	Lake wetland (ha)
	95,603
	174,597
	96,927



	Swamp (ha)
	9452
	1766
	14,156



	Artificial wetland (ha)
	14,375
	47,632
	33,065



	Total (ha)
	153,272
	264,819
	191,231



	RS3 Scale of Resource System:
	
	
	



	-RS31 Fish farming area (ha)
	53,605
	78,001
	79,530



	RS4 Output of resource system:
	
	
	



	-RS41 Fishery aquaculture yield (kg/ha)
	6328
	4836
	5580







Data compiled according to “Jiangxi Statistical Yearbook 2018”. Note: - at secondary variable, respectively.













[image: Table] 





Table 5. Comparison of Poyang Lake wetland governance system (GS).






Table 5. Comparison of Poyang Lake wetland governance system (GS).











	Variable
	Nanchang City
	Jiujiang City
	Shangrao City





	GS1 Government organisation
	YES
	YES
	YES



	GS2 Non-Governmental organisations (NGO)
	YES
	YES
	YES



	GS5 Collective selection rules (province, city)
	
	
	



	-GS51 Local financial support
	YES
	YES
	YES



	GS6 Protection policy (national) *
	YES
	YES
	NA



	-GS61 Ecological protection project and policy
	YES
	YES
	YES



	--GS611 Returning farmland to wetland (returning farmland to lake) project
	YES
	YES
	YES



	--GS612 Wetland ecological compensation mechanism
	YES
	YES
	NA



	--GS613 No fishing season subsidy
	YES
	YES
	YES



	GS7 Green development project
	YES
	YES
	YES







Note: - at secondary variable, -- at explanatory variable, Variables marked with * are heterogeneous variables that affect the organic linking of ecological protection and green development, respectively.
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