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Abstract

:

Achieving sustainable socio-economic development in areas designated for ecological conservation is a challenge for many developing countries. The nexus between ecological conservation and socio-economic development is particularly complex in these areas for the reason that most of them are located in poor regions and their resource utilization is constrained by ecological conservation practices. A conceptual framework was proposed for examining the nexus between ecological conservation and economic development in a social-ecological system to explain the pathways and mechanisms of influence between the ecosystem and the social system. We chose the Lashihai watershed in Yunnan Province, China, as the case study area to explore whether a positive feedback loop between ecological conservation and socio-economic development has been formed, as well as how to promote the positive evolution of socio-economic and ecological status. The ecosystem and socio-economic system in the Lashihai watershed closely interact and form a dynamic system with a positive evolutionary trend. If negative factors, such as an uneven distribution of income and new population pressures, are not appropriately managed, they are likely to break the positive feedback loop and trap the system in a negative feedback loop. We discuss the main factors that contribute to the interactions between ecological conservation and livelihoods, and develop policy recommendations for governments in other countries and regions to promote conservation and better livelihoods in conjunction.
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1. Introduction


Ecological conservation and socio-economic development have always been the focus of academic research. In developing countries, the contradiction and conflict between ecological conservation and livelihood development are particularly prominent.



Ecological conservation and livelihood development are also urgent problems faced by China. In recent years, China has gradually formed a national vision called Ecological Civilization and Green Development, which represents the basic understanding of the relationship between ecological conservation and socio-economic development. However, there are still many difficulties in implementing this strategy. China’s unique natural and economic geography has created a strong correlation between ecologically important areas and undeveloped poor areas. About 72% of all 592 national poverty-stricken counties are distributed in the ecologically fragile zone, accounting for 74% of the poor population; 95% of the absolute poverty-stricken population live in the areas with an extremely fragile ecological environment [1]. Studies have shown that it is a regional characteristic in most poor areas of China that poverty is caused by deterioration of the ecological environment and natural endowments [2]. The conflict between ecological conservation and socio-economic development is the fundamental reason for the unbalanced nature and inadequacy of development in these areas. If economic development is restricted due to the requirements of ecological conservation, this may lead to a local economic recession and affect the motivation of local residents to conserve nature; if economic development is pursued without concern for the thresholds of ecosystems, it may affect and even destroy ecological resources. The question regarding how to achieve a balance and positive feedback between ecological conservation and economic development is an urgent problem faced by China.



There is a complex relationship between ecological conservation and socio-economic development [3]. Relevant studies can be divided into three categories. The first type of research focuses on the impact of the environment on development. On one hand, for example, a benign resource and environment may not be conducive to socio-economic development, as expressed by resource curse theory [4,5,6,7]. Resource-dependent economic growth may only create short-term prosperity rather than sustained development, as described by the effects of the Dutch disease [8,9,10,11]. On the other hand, numerous studies show the impact of a deteriorated ecological environment, such as pollution on economic recession and drought on productivity or conflicts [12,13]. The second type of research focuses on the impact of development on the ecological environment in terms of, for example, the environmental Kuznets curve and “pollution heaven” theory. Economic growth may lead to a deterioration in environmental quality or pollution transfer but may in turn provide economic incentives to promote reductions in pollution [14,15,16,17,18]. The third type of research has tried to illustrate the environment–economy linkage by using the concepts of the “virtuous circle” and “vicious circle” and the “poverty trap” process [19], which is simplistic and has been criticized as being unable to capture the many-patterned nexus between the environment and development [20].



With the popularization of the concept of sustainable development, research has focused more on the interactions between ecosystems and socio-economic systems [21]. Researchers have established various frameworks for analyzing social-ecological systems (SESs), but these frameworks differ significantly with respect to the conceptualization and structural criteria of ecological and social systems and their interrelations [22,23]. SESs are systems in which ecosystems and human societies are integrated and exhibit reciprocal feedback and interdependence, or so-called complex adaptive systems, which are gradually becoming one of the tools used for understanding and measuring the interactions and dynamic relationships between humans and nature [24,25,26]. Ostrom proposed a framework for the analysis of SESs that includes resource systems, government systems, natural resources, resource users, and other systems to identify the variables that affect the likelihood that self-organization will result in a sustainable SES [27,28,29,30]. Nassl and Löffler established a causal sequence and a closed cycle of ecosystem service provision and societal feedback by merging the core elements of the cascade model and the driver–pressure–state–impact–response framework [31]. Walker et al. emphasized the impacts of flexibility, adaptability, and convertibility on the trajectory of social ecosystem development [32]. Studies increasingly tend to view sustainable development as a constant process of change or adaptation in human interactions with natural ecosystems to ensure the survival of both human societies and these ecosystems, instead of being a final objective or static status [33,34].



Based on the complex relationship between ecological conservation and socio-economic development, two basic feedback loops can arise, which indicate two directions in which an SES may evolve. One is a desired feedback loop in the form of “economic development → improved environment → sustainable development.” That is, a local livelihood can maintain or improve their own capacities and assets without destroying the natural resource system [35,36], and ecological conservation can also benefit local residents’ livelihoods [37,38]. The other feedback loop is an undesired feedback loop in the form of “poverty → ecological deterioration → poverty.” The over-utilization of resources leads to environmental degradation, whereafter the inappropriate implementation of conservation policies further affects livelihoods and aggravates poverty [39].



Because complex adaptive systems have several essential features, such as nonlinear feedbacks, strategic interactions, individual and spatial heterogeneity, and varying timescales, and although the adaptive cycle heuristics are widely used, it is always difficult to model and estimate the trajectory of the dynamics of SESs [40,41]. A core challenge in diagnosing why some SESs are sustainable while others collapse is the identification and analysis of relationships within these complex systems [28]. Some emerging research aims to integrate SES with the Institutional Analysis and Development (IAD) framework to help overcome their individual limitations (SES framework being too static and the IAD framework being underspecified) to gain power in explaining the social and ecological processes that contribute to SES outcomes [42,43]. However, internal explanations of the patterns of interaction and triggers of change in complex SESs are still lacking [44].



Therefore, with the inspiration of a combined IAD-SES model [42], we have developed a conceptual framework in this paper that focuses on explaining how interactions in actions generate certain outcomes in a SES. To open this box, we organize sets of intuitive diagnostic inquiries that can serve as a logic chain to understand the interactions between ecological conservation and socio-economic development, and to predict the outcome or sustainability of the SES change [43]. We then chose the Lashihai (or Lashi Lake) watershed in Lijiang City, Yunnan Province, China, as the study area to observe the nexus and dynamics of this coupled SES on the occurrence of external shocks and over a period with empirical data.



This article is organized as follows: Section 2 establishes the conceptual framework to explain the interactions between ecological conservation and socio-economic development; Section 3 describes the basic setting of the study area and empirical design; Section 4 analyzes the status and evolution of the socio-ecological system; Section 5 examines the interactions between ecological conservation and socio-economic development, and explores the pathways and mechanisms that support adaptive action; Section 6 summarizes the results and discusses the possible influencing factors that lead to different dynamic patterns; and Section 7 proposes policy recommendations for sustainable development.




2. Conceptual Framework


This study has constructed a conceptual model of the relationships between ecological conservation and socio-economic development to explain their interactions, pathways, and links, which constitute the dynamics of a SES (Figure 1).



The figure shows a social-ecological system at a certain time. Such an SES may be subjected to some external perturbations that break the system status at time 0 (SES0), and generate a series of interactions that drive the system to evolve to a new status or outcomes at time 1 (SES1). The evolution of the SES can also be described as a two-phase destruction–creation process: due to the occurrence of non-absorbable disturbances, the SES becomes unstable; then, a release and a reorganization process pushes the SES toward a new stability domain [44]. As a dynamic system, a coupled human–natural system must evolve and adapt to any perturbations to survive [33]. Some perturbations may trigger the system to shift from its original state to a contrasting state [24]. Depending on whether the path that the system follows to evolve is in an adaptive or destructive direction, it will form different dynamic patterns.



In the SES, the decisions of actors are aggregated to constitute patterns of interaction that produce observable outcomes [43]. From a market perspective, externalities are the main causes of ecological damage [45]. Therefore, in theory, if ecological factors are included in the welfare function of local households (in terms of either producer welfare or consumer welfare), there will be incentives for local residents to protect the environment. In other words, if ecological conservation can bring net benefits to local residents, more ecological conservation actions will be carried out, which will thus form a desired feedback loop between ecological conservation and development. On the other hand, if ecological conservation limits the utilization of resources, or conservation provides extensive spillover benefits, the system may follow a path that involves competition for natural resources or the presence of free-riding incentives, which would lead to an undesired feedback loop between ecological conservation and development [46]. It is the feedback loops between these processes in the interdependent SESs that determine their overall dynamics [24].



On the basis of these understandings, the interactions can be described as two causal chains/links between ecological conservation and local livelihood: chain A (from ecological conservation to local livelihood) reflects the various ways in which livelihood development is influenced by the ecosystem, and chain B (from local livelihood to ecological conservation) represents the influences of livelihood development on ecological conservation. In each chain, the underlying factors that could drive the interaction and explain the outcome are listed. Positive factors (indicated with “+”) drive the desired feedback loops, and negative factors (indicated with “−”) promote undesired feedback loops.



Chain A: From ecological conservation to local livelihood.



A1. Ecological conservation provides a resource base for livelihood development (+).



A2. The benefits of ecological conservation are shared by the local community (+).



A3. Ecological conservation may constrain or prohibit activities that are detrimental to the ecosystem (−).



Chain B: From local livelihood to ecological conservation.



B1. Alternative livelihood reduces the pressure on the ecosystem (+).



B2. Local livelihood improves the motivation and capacity for ecological conservation (+).



B3. Local livelihood brings about new pressures on the ecosystem that are not effectively mitigated (−).



To overcome the limitations of a simple model, such as the one mentioned by Patterson et al. [47], this model addresses adaptation and mitigation simultaneously by incorporating system feedbacks such that we can observe the interactions and dynamics between conservation and livelihood. The positive influencing factors constitute a desired feedback loop as follows: ecological conservation → provides resource base for livelihood (A1) → development of alternative livelihood → alleviates the pressure on resources (B1) → improved ecosystem → the ecological benefits are shared by local residents (A2) → improved livelihood → enhances the motivation and capacity for conservation (B2) → more ecological conservation actions. The negative influencing factors constitute an undesired feedback loop, or vicious circle, as follows: ecological conservation → restrictions on resource utilization (A3) → livelihood difficulties (income loss) → ecological pressures (B3) → ecological degradation. With the existence of such feedbacks, we can observe the direction and dynamics of the SES evolution.



To be exact, the key to whether a conservation action can trigger a desired feedback loop is whether an alternative livelihood can be developed through adaptation to the implementation of this conservation action. Similarly, whether the ecological pressure caused by livelihood development can be mitigated or kept under control is also critical. If local residents can benefit from ecological conservation without destroying the resource base, the motivation and capacity for ecological conservation will continue to increase, and thus a desired feedback loop will be formed. As Nadkarni has pointed out, a vicious circle can be transformed into a virtuous circle when the poor become protectors of the environment [20]. In contrast, people may intend to carry out intensified utilization of natural resources to obtain short-term economic benefits, which ultimately destroys the ecological base, reduces the potential for sustainable development of the local economy, and thus falls into a vicious circle [47,48].



Following this logic chain, in order to empirically test whether the above hypothesis about SES dynamics holds and whether a desired feedback loop between ecological conservation and socio-economic development has been formed in Lashihai, we employed a questionnaire survey and statistical analysis with the aim of answering the following questions: (1) Has the local livelihood been changed by ecological conservation actions, and how? (2) What impact has the change in the livelihood had on ecological system, and how? (3) What interactions and what type of feedback loop has been formed between the local livelihood and ecological conservation? (4) What are the underlying factors and concerns in the future evolution of the local livelihood and ecological conservation?




3. Study Area and Empirical Design


3.1. Basic Setting of the Study Area


The Lashihai watershed, China, was selected as the study area (Figure 2). This watershed has a drainage area of 24,100 ha, and consists of forests, lakes, and wetlands, forming a relative complete and integral ecosystem. It is located on the western edge of the Hengduan Mountains in western Yunnan Province, adjacent to the Yulong Snow Mountain. It is a typical plateau wetland ecosystem and home to 100,000 migrant birds each year. To conserve this valuable piece of wetland, the Lashihai Wetland Nature Reserve was established in 1998 and was designated as a national key ecological function zone. With its rich biodiversity, endemic species, and unique ecosystem, its high ecological significance and conservation values have also been internationally recognized, and it was listed as a Ramsar wetland in 2004. Its ecological importance makes the Lashihai watershed a key pilot site for implementing various conservation policies, including both national and local policies, since 2000. Up to now, the change in ecosystem has been obvious and can be clearly measured.



The Lashihai watershed belongs to the Lashi Township, Yulong County of Lijiang City in Yunnan Province. Yulong County is a province-level, poverty-stricken county. The minority population accounts for more than 98% of the total population and includes the Naxi, Yi, and Bai ethnical groups and other minorities. This watershed covers eight villages, but human activities are mainly concentrated in the six villages surrounding Lashi Lake, which consists of 65 village groups, 3194 households, and 13,031 villagers. In this area, the local economy has traditionally been dominated by agriculture, and people actively interact with the natural resources system (land, woods, and fish, etc.) to make their livings [49]. Meanwhile, each village has its unique characteristics in terms of natural endowments, levels of socio-economic development, the main sources of income, population mobility, public infrastructure, etc. For example, as shown in Figure 2, Meiquan Village has a good geographical location close to the lake and tourist market, such that it is favorable for tourism development, whereas Nanyao Village, which is located in a relatively remote mountain area, is still running traditional crop cultivation and animal husbandry [46].



These unique natural, cultural, and socio-economic characteristics provide a perfect setting for us to observe the complex nexus between ecological conservation and socio-economic development and its dynamics.




3.2. Empirical Design


Our conceptual model was set up based on a specific mode of reasoning, which allowed us to follow the logical chain of causation presented in the framework to figure out how some outcomes of SES are generated through certain interactions [42,50], such that we could observe the internal dynamic pattern between the ecosystem and human system. To adapt this conceptual model to our empirical study in the Lashihai watershed, we needed to first set up the spatial and temporal dimension to observe the change of both the ecosystem and human system, as well as the underlying interactions that help to explain those changes [44].



In terms of the time dimension, empirical cases of SES often face the challenge of defining a starting point and time length for observation of the evolution process. However, Lashihai watershed has a natural advantage in this aspect. As there were major conservation actions and economic booms in neighboring areas serving as external shocks for the Lashihai social-ecological system since around year 2000, we decided to focus on observations from 2000 to 2015. In terms of the spatial dimension, in order to observe the ecosystem change, we needed to consider the whole watershed as an integral ecosystem. However, the human activities, including human reactions to the conservation policy, mainly concentrate in the surrounding area of the Lashi Lake; therefore, we focused our social-economic survey in villages surrounding the lake.



Under these time and spatial dimensions, we compared the ecosystem change over this period using biophysical measurements of the ecosystem services and biodiversity; comparing the human system change by mainly focusing on the local livelihood aspects, measuring the income level and income structure, etc.; and then to follow the conceptual framework to explore the interaction of the two systems by testing whether those causal chains work for the real case.



To implement this empirical strategy, we conducted a questionnaire survey to collect data. As we intend to observe how humans react to the external shocks by adjusting their behavior regarding the ecosystem, we need to collect socio-economic data about the behavior of decision-makers at the bottom level [51]. Through field investigation, we found that the village group is the ideal unit for the questionnaire survey in this area. In China, a village is the fundamental formal administrative organizational unit for a rural population, and a village group is a subordinate unit of a village. Rural households within a village group are normally geographically closer and share more similarity in terms of socio-economic and biophysical conditions. Especially in Lashihai watershed, partly due to the ethnic tradition, the behavior patterns within a given village group were highly homogeneous [46]. A village may consist of several village groups. The leader of each village group, normally the most informative person, was the direct respondent. Using this design, our survey covered all village groups in the core villages of Lashihai watershed, therefore we expect our data from the questionnaire to represent the whole population (all village groups in the core villages) rather than giving just a sample.



The questionnaire included questions regarding the basic socio-economic information of each village group, land use, total incomes, income structure, tourism scale, land area involved in ecological conservation, attitudes to conservation policies, environmental awareness, and so on. Based on this in-depth, bottom-up information, we conducted semi-quantitative analysis. For example, contingency analysis and ANOVA were applied to analyze the relationship between different types of variables, such as livelihood behavior and income level.



The earliest village-group-level survey data we collected was for the year 2005. Since the major shocks to the system happened around 2000, and it normally takes several years of lagging to view the outcome of conservation, as well as its impact on human side, we think it is acceptable to observe the livelihood change from 2005 to 2015. Furthermore, the 2005 survey only presents data from five out of six villages; therefore, to make a comparison with the same village groups in 2015, our observations finally included all village groups from the five core villages in the watershed. They were the Meiquan, Junliang, Nanyao, Hainan, and Jiyu villages, which consisted of 54 village groups (83% of all surveyed village groups), 2596 households (81% of all), and 10,686 villagers (82% of all). These villages covered the area where both economic and conservation activities were the most intensive in the whole watershed.



Besides the survey data, this study was also supported by two other sources of information. One was in-depth interviews with local experts and officials of government departments, including the Statistics Bureau, Environmental Protection Bureau, Wetland Nature Reserves Bureau, Forestry Bureau, Agricultural Bureau, Water Resources Bureau, etc. The in-depth interviews provided us with rich data and anecdotal information about the history, culture, ecological, social and economic status and development, policy context, and so on. We also collected second-hand data, including land-use data, water quality monitoring data, bird monitoring data, economic and social development statistical data, etc., to support our case study.





4. Evolution of the Coupled Social-Ecological System


People and nature in the Lashihai watershed form a coupled SES. Each of these two subsystems in our framework has evolved over time. What changes have happened to the human society and the ecosystem over the period that we observed? In this section, we will try to measure the outcome of those changes. Two prominent perturbations triggered the system to start the process and to evolve to a new state.



4.1. External Shocks


Before 2000, the main livelihoods in the Lashihai watershed were crop farming, forestry, and fisheries. Farming on steep slopes, clear-cutting of forests by the Yi minority people (following their traditional way of life), and overfishing posed serious threats to the fragile ecological environment, resulting in a reduction in forest cover, soil erosion, water loss, river siltation, and a significant reduction in species diversity, and also reduced the supply of basic ecosystem services such as water conservation, soil conservation, carbon sequestration, and biodiversity [52]. Unsustainable production and lifestyles, on the one hand, exacerbated this ecological deterioration. On the other hand, the increasing scarcity and declining quality of ecological resources in turn restricted the further development of the local socio-economic system and livelihoods. The SES’s internal controls locked the system into a pathway that reinforced undesirable outcomes [44,53].



At the turn of the 2000s, China initiated a series of national ecological conservation policies, which together with the booming development of tourism in the nearby city of Lijiang, altered the original social-ecological interactions and caused the SES in the Lashihai area to evolve into a new state.



External shock I: In 1998, after the great flood in the Yangtze River Basin, large-scale ecological conservation actions were initiated by the central government. The Lashihai watershed is an area where the country’s main ecological conservation policies and demonstration projects were implemented, such as the Sloping Land Conversion Program (SLCP), the Natural Forests Logging Ban, the Farmland to Wetland Conversion Program (FWCP), controls on the fishing season and fishing gear, compensation for crop damage due to wildlife, and pesticide bottle recycling (Table 1). Some of these conservation programs, such as SLCP, FWCP, etc., provided subsidies as a matching fund from the government for farmers or entities affected. Owing to the differences in their geographical location and natural endowments, the administrative villages that were involved in these projects varied. Meiquan, Junliang, and Hainan are near the lake and participated in the FWCP, whereas Jiyu and Nanyao are located in remote forested and mountainous areas and were mainly involved in the SLCP.



External shock II: The development of Lashi Township, as a small township with a specific geographical location, is deemed to be affected by the development of the nearby cities [39]. The Lashihai watershed is one of the sources of the water supply for Lijiang. With the rapid increase in the level of urbanization of Lijiang, especially with the rapid development of tourism in Lijiang, in order to guarantee the supply of water to the Lijiang area, the Lashi Lake and adjacent wetland were expanded for the first time in 1993. In December 1997, the Old Town of Lijiang, which is about 10 km north-east of Lashi Township, was designated as a World Cultural Heritage Site, which brought about a golden age of tourism in Lijiang and also caused explosive growth in the local tourist population from less than 3 million in 2000 to 46 million in 2018, and reach 200,000 per day during the peak season [54]. The Old Town of Lijiang is famous for its effective water system, which meets the needs of fire prevention, daily life, and industry in the town. Water also plays an important role in the Old Town’s unique architectural style, urban layout, and landscape. To ensure the supply of water to Lijiang, the Lashihai Water Regulation and Storage Project and a matching compensation project as part of the abovementioned FWCP were implemented from 2006, which expanded the wetland area, but also inundated a large area of cultivated land surrounding the lake. At the same time, the boom in tourism in Lijiang also created a demand for tourism in Lashi Township, as it provided complementary attractions, such as the plateau wetland landscape, horseback riding on the Ancient Tea-Horse Road (also known as China’s Southern Silk Road), and ethnic cultural experiences for tourists in Lijiang. The tourist population in Lashi Township increased from about 20,000 in 2006 to over 2 million in 2015 (Figure 3). The decrease in farmland and the increase in the tourist population may, on the other hand, bring about new pressures on the conservation of the Lashihai watershed.



Facing the above two shocks from the outside world, the SES in the Lashihai area was inevitably triggered to evolve to form a new interactive pattern. Will the Lashihai area fall into a positive or a negative feedback loop? How will this take place? We will answer these questions using observations for the period from 2000 to 2015.




4.2. Changes in Ecosystem


Since 2000, the ecological conservation of the Lashihai watershed has achieved great progress. Because the Lashihai area serves as an important habitat for migratory birds, the increase in its bird diversity provides sound evidence of improvements in the wetland ecosystem and its service functions. Bird monitoring statistics show that the number of migratory birds has reached more than 100,000 in 2015, which belong to 83 species, of which 34 species are listed as grade I and grade II state-protected birds. These numbers have increased by 100%, 8%, and 190%, respectively, in comparison with those in 2003 [55].



Several key ecosystem services (water conservation, water purification, soil interception, and carbon sequestration) were also assessed by applying biophysical models over the period 2000–2015, as shown in Table 2 [56,57]. The total amounts of nitrogen and sediment transported to the Lashi Lake decreased by 12.14% (7.93 tons) and 14.95% (16,300 tons), respectively. The annual amount of carbon stored in the basin increased by 119,900 tons. This means that through the implementation of conservation measures in the basin, the retention capacity for nutrients and soil increased, which helped to alleviate nutrient pollution in the lake and soil erosion in the basin. The increase in carbon storage is also a good sign for improvements in forest coverage. However, the water conservation capacity of the basin decreased by 29.32%, from 59,000 m3 in 2000 to 41,700 m3 in 2015; the reason for this is discussed in Section 5.2.3. When the overall status of the ecosystem is improving, this brings concerns regarding the emerging ecological pressure in this area.




4.3. Changes in Livelihoods


Since 2005, local livelihood activities have also greatly changed in terms of both income levels and livelihood structures.



4.3.1. Income Levels


As shown in Table 3, the per capita income in all five villages in 2015 was significantly higher than that in 2005. The growth rate in Nanyao was the lowest, but the increase was greater than 80%. The per capita income in Meiquan and Junliang increased by 443.9% and 457.2%, respectively. These increases were much greater than the increases in rural per capita incomes in Lijiang (231%) and Yunnan Province (181%), and much higher than the inflation rate of 35.6% in the same period.




4.3.2. Income Structures


In all five villages, the proportion of income derived from traditional crop farming, animal breeding, and fisheries declined during the period 2005–2015, while alternative livelihoods, such as tourism and fruit cultivation, contributed more to the increase of income. By 2015, in contrast with Nanyao, which was still dominated by crop farming, the major livelihoods in the four other villages have changed: tourism became the leading livelihood in Meiquan and Junliang, and fruit cultivation became the leading livelihood in Jiyu and Hainan. Meiquan was particularly prominent in that the proportion of income due to tourism had increased substantially. Tourism had replaced traditional agriculture, forestry, animal breeding, and fisheries overall. The income from tourism in Junliang and Nanyao had also increased to a certain degree in comparison with that in 2005 (Table 4).



We also found that the villages were in different stages of the livelihoods transition, and the villages could be divided into three groups: Meiquan and Jiyu had completed the livelihood transition, and the dominant income sources in their revenue structures were replaced by new livelihoods, namely tourism and fruit cultivation; Juliang was undergoing the transition, as its tourism revenue has grown rapidly in recent years; and Hainan and Nanyao had not changed significantly.






5. Interactions between Ecological Conservation and Livelihood


The above analysis presents an overall picture that both the ecological environment and livelihood in the Lashihai watershed underwent generally positive changes over the period 2000–2015. To understand why this has happened, we need to examine in more detail how ecological conservation and livelihood interacted in this transition process.



5.1. Chain A: From Ecological Conservation to Livelihood


According to the abovementioned analytical framework, to understand the impact of ecological conservation on livelihoods, we were concerned with whether ecological conservation actions limited traditional way of resource utilization, promoted the transformation of livelihoods, and promoted the abovementioned changes in economic status.



5.1.1. Have Conservation Actions Restricted the Utilization of Resources for Traditional Livelihoods?


Ecological conservation policies have restricted the use of land, water, forests, and other resources, and limited the development of traditional livelihoods. For example, the Lashihai Water Regulation and Storage Project raised the water level of the Lashi Lake to an elevation of 2447 m from the original level of 2442 m, expanded the wetland area, and inundated a large area of cultivated land surrounding the lake. A total of 343.2 ha of cultivated land was converted to wetland, which accounted for 25% of the total farmland in the villages surveyed, which directly affected the traditional crop farming activities of local farmers. The SLCP in mountain areas also reduced the area of cultivated land by 283.3 ha, which accounted for 46% of the total farmland in the village involved in this program. To protect migratory birds and the fish stock, fishing was prohibited for the whole winter, which was traditionally the peak fishing season; this greatly reduced the income from fishing.




5.1.2. Has Conservation Provided a Resource Base for the Transition to New Livelihoods?


Ecological conservation also provided a new resource base. In particular, the improved environment provided unique wetland landscape resources for tourism, as well as a good production environment for the high-quality and high-value-added forestry and fruit industries.



Taking tourism as an example, there was a significant relationship between village groups that were involved in the FWCP and village groups that had developed tourism (Table 5). Of the 22 village groups that were involved in the FWCP, 14 (63.6%) had developed tourism, whereas only 9 (28.1%) of the 32 village groups not involved in the FWCP had developed tourism. This shows that the village groups within the scope of the FWCP were more likely to have developed tourism. The analysis of the contingency table showed a significant relationship (χ2 = 6.724, p = 0.01) between the FWCP and tourism.



Large-scale fruit cultivation emerged from 2005 as it brought higher profits in comparison with traditional crop farming. The unique environment and climate in the Lashihai watershed provided excellent conditions for the cultivation of high-quality fruit. Since 2005, when new fruit species were cultivated in this watershed, together with the improvements in the environment and land condition as a result of conservation, the famous reputation of local fruit brands was successfully established. At the same time, the rise in tourism also increased the demand and added value to the fruit products, which made fruit cultivation a profitable business in the Lashihai area.




5.1.3. Have the Local People Shared the Benefits of Conservation?


There are two ways in which local residents share the benefits of ecological conservation: directly, via receiving conservation subsidies, and indirectly, via an increase in income as a result of resource-based livelihood development. The former is paid by the government, whereas the latter is paid via the market. Most ecological conservation actions, such as the SLCP and FWCP, are subsidized to compensate for the direct loss of income caused by the restrictions on resources utilization, although the opportunity cost and welfare loss cannot be fully compensated for, especially in a fast-growing economy.



However, if local people could generate income from livelihood supported by an improved ecological environment, this might become a main channel whereby local residents could share the benefits of ecological conservation. Our survey showed that the village groups involved in the FWCP had a per capita income of 8159.7 yuan in 2015, which was significantly higher (p = 0.003) than that of the groups not involved in the FWCP (6327.3 yuan per year). Among the village groups involved in the FWCP, the per capita income of those involved in tourism (8742.8 yuan) was significantly higher than the per capita income of those not involved in tourism (2847.8 yuan) (p = 0.027). Furthermore, a one-way analysis of variance showed that the 14 groups with tourism businesses had a per capita income growth rate of 470.9% from 2005 to 2015, which was significantly higher than that of the 8 groups without tourism businesses (226.2%) (F value = 3.99, p = 0.004). This implies that, although conservation exacerbates human–nature conflicts, if village groups affected by conservation actions can successfully develop substitute businesses, the pressure caused by conservation can be mitigated, and people can capture the value of conservation and share the benefits via the market.



However, it should also be noted that the benefits of conservation shared by the village groups were unevenly distributed. That is, as incomes increased after the livelihood conversion, the income gap also increased. According to the income data for the village groups, The Gini coefficient was calculated using an open-order cumulative method. The Gini coefficient for the surveyed village groups was 0.40 in 2005 and rose to 0.49 in 2015; the Gini coefficient for the administrative villages was 0.23 in 2005 and rose to 0.30 in 2015. These results indicate that some villages or village groups may not really benefit from conservation actions, although they may have suffered the same pressure or potential welfare loss from the conservation restrictions. It is easy to understand that as the conditions that are required to boost livelihood conversion, such as endowments for tourism, capital, skills, or other resources, may vary greatly among villages, the capacities of villages to capture the benefits of conservation via alternative livelihoods will differ significantly.





5.2. Chain B: From Livelihood to Ecological Conservation


To understand the influence of livelihood development on ecological conservation, we investigated whether a new livelihood can alleviate the pressure on resources. Furthermore, does livelihood development increase local people’s willingness and capacity to protect the environment? Have changes in livelihoods brought about new ecological pressures, and are these pressures effectively controlled and managed?



5.2.1. Have the New Livelihoods Alleviated the Pressure on Resources?


In comparison with traditional agricultural livelihoods, new livelihoods have significantly eased pressures on resources. For example, the transition to tourism will release the natural resources occupied by traditional livelihoods, such as farming, fisheries, logging, etc. Tourism represents an opportunity toward a non-consumptive use of natural resources if the tourism resources are used sustainably and the tourism scale is controlled within the ecological capacity limits. Although fruit cultivation still directly uses land and woodland resources, it allows farmers to use marginal land or use fewer chemicals, such as fertilizers and pesticides, due to its special climate and fruit species. These new livelihoods are generally eco-friendlier if they are managed in a sustainable way.




5.2.2. Have Farmers’ Motivation and Capacity for Conservation Been Improved?


A good ecological environment is crucial for new livelihoods, such as tourism and the cultivation of high-quality fruit. Therefore, local residents could share more benefits from an improved ecological environment and hence may show stronger motivations for ecological conservation. Our survey shows that of the 32 village groups that explained the reasons for the improvement in their conservation awareness, 11 (78.6%) of the 14 groups that had developed tourism believed that getting benefits from conservation was the main reason for the improvement in farmers’ conservation awareness. This proportion was significantly higher than the total of 3 (16.7%) village groups among the 18 village groups that had not developed tourism (χ2 = 12.26, p = 0.001). Among the village groups without tourism, the increase in conservation awareness was largely attributed to environmental publicity and education (83.3%), which are the traditional ways of raising awareness (Table 6). The results indicate that the development of tourism enabled local residents to share the benefits of conservation and therefore to have incentives that are compatible with ecological conservation.



Ecological conservation requires not only motivation, but also capacity, which is mainly related to income levels. The increase in income brought about by new livelihoods, such as tourism, has increased the ability and potential of villagers to protect the environment in many ways. For example, the increase in income has directly changed the way of life of local residents, which has reduced the consumption of natural resources, such as wood for fuel. At the same time, the increase in income has enabled village groups to pay for environmental cleaning and sanitation. In the long run, the construction of environmental infrastructure, such as sewage treatment and garbage collection facilities, has also been included in the development plans of some administrative villages.




5.2.3. Have the New Livelihoods Brought about Negative Impacts on the Ecological Environment?


It is undeniable that the new livelihoods and corresponding socio-economic development have also brought about pressure on the environment. As noted in Section 4.2, we observed trade-offs among different ecological services driven by human activities in the process of pursuing livelihoods. Changes in the type of land use caused by a change in livelihoods may give a clear explanation. Spatial statistics for land use types in 2000 and 2015 are presented in Table 7.



It can be seen from Table 7 that from 2000 to 2015, residential land increased by 115.57%, which was the largest increase in all type of land coverage. The land use types that exhibited the greatest decreases were grassland and irrigated land, which were reduced by 26.8% and 11.34%, respectively. Although the local water conservancy project expanded the water storage capacity, the areas of lakes and tidal flats did not increase, but actually decreased by 0.33% and 2.91%, respectively, owing to a decline in rainfall and the expansion of human activities.



The rapid rise in tourism can explain these changes in land use patterns, which cause certain potential threats to the environment. First, the trampling of horses along the lakeside destroyed the surface vegetation of the lakeside and the original landscape. Second, when the rainy season came, horse excrement flowed into the lake with rainwater, which caused a decline in the water quality and affected the type and quantity of aquatic species. Third, the increasing number of tourists brought more waste and noise, and interfered with bird habitats, but no effective action has yet been taken to mitigate these impacts.



Although the fruit forestry has not become a big concern as a negative impact in observed period, large-scale fruit cultivation could also be an unsustainable extractive activity that brings higher profits for a few years until the soil is exhausted, unless sustainable farming practices are adopted.






6. Results and Discussion


The above analysis shows that the SES in the Lashihai watershed exhibited a clear dynamic pattern. Historically, the Lashihai watershed was a traditional agricultural area with low productivity. The impacts of traditional agriculture, forestry, animal husbandry, and fishery products were low, and the pressure on the ecological environment was relatively slight. The society was self-sufficient at a low level, and the balance between the ecosystem and livelihoods was fragile. External perturbations in the form of conservation policies and economic growth triggered the evolution of the Lashihai SES along two causal chains.



As we have observed, in general, a virtuous circle between ecological conservation and socio-economic development has taken shape in some villages in the Lashihai watershed. On the one hand, the national and local ecological conservation policies have driven the livelihood transition by directly restricting the traditional way of resource utilization, while at the same time, they have stimulated the development of alternative livelihoods by providing a new resource base. The transformation of livelihoods has enabled farmers to share the benefits of ecological conservation directly and indirectly. Therefore, positive feedback has occurred ranging from ecological conservation to livelihood development. On the other hand, the substitution of traditional livelihoods by tourism and the cultivation of high-value-added fruit has released resources that were traditionally used for crop farming, which has mitigated ecological pressures. At the same time, these new livelihoods strongly rely on a good ecological environment, which enhances residents’ motivation to protect the ecosystem. The growth in income brought about by the new livelihoods has increased farmers’ capacity for ecological conservation. Positive feedback has thus occurred from livelihood change to ecological conservation. The combination of positive feedback from both sides constitutes a complete virtuous circle between ecological conservation and livelihood development.



Whether such a virtuous circle can be initiated and the SES will evolve along this track depends on many deeper underlying factors that drive the feedback loop. We found that factors such as population, location, natural endowments, matching policies for conservation actions, governance structure, and social capital all had important impacts on the formation of the interactions between ecological conservation and livelihoods.



First, population pressure, especially external population pressure due to the development of tourism in Lijiang, was the main driving factor that initiated the continuous evolution of the causal chain between ecological conservation and livelihoods in the Lashihai wetland. The rapidly increased number of tourists exacerbated the scarcity of water resources, which directly led to the establishment of the water conservancy project and the FWCP. This project reduced the area of cultivated land and resulted in conflicts between the population and the land. Therefore, the original balance between the ecosystem and livelihoods in the Lashihai area was broken. The conversion of traditional agriculture to tourism acted as a way to seek a new balance between the ecosystem and livelihoods, which reduced the demand for land resources for cultivation on the one hand, but on the other hand, further stimulated the development of tourism in the Lashihai area, which posed new threats to the ecosystem of the Lashihai wetland.



Second, whether a virtuous circle can be established largely depends on whether the affected communities can successfully convert their livelihoods from vulnerable traditional livelihoods to emerging eco-friendly livelihoods. If no successful conversion is achieved, conservation policies are likely to restrict the utilization of resources and therefore lower income levels. In contrast, if the conversion is successful, ecological conservation may have a positive impact on income levels. Whether a suitable livelihood can be developed is further determined by natural endowments, as well as the capacity for conservation. As mentioned before, in the case of the villages near the lake and closer to the tourist market, although the area of farmland was reduced as a result of conservation, the recreational value of the wetland increased significantly due to the tourist market, and the potential for developing tourism is very high. However, in the remote areas affected by the SLCP, it was difficult for farmers to convert the pressure from land loss caused by conservation into opportunities for the development of tourism, and the benefits of ecological conservation cannot be captured by the affected groups.



Third, favorable matching policies for conservation actions will mitigate the negative impact of conservation and further boost livelihood development. For various conservation actions, different matching policies have been introduced to mitigate the negative impact on farmers’ incomes. For example, in the Lashihai watershed, the FWCP was a local compensation policy that paid about 10,500 RMB/ha, with a 750 RMB increase every five years, to farmers who lost cultivated land due to the expansion of the wetland. Local government has signed land leases with farmers to guarantee this commitment, which can compensate farmers for direct losses of income caused by reduced land and release redundant labor to develop alternative businesses. Another compensation policy was introduced as part of the national SLCP, with a subsidy of RMB 3750 RMB/ha in 2003–2011 and 1875 RMB/ha after 2012, which is far less than the income loss experienced by farmers, and there was no mention of boosting a smooth transition to new livelihoods. It is difficult to adapt such a top-down policy design to the local situation and make it an integral part of an adaptive management system.



Finally, the formation of a virtuous circle depends on the local governance structure and the amount of social capital. The Lashihai area is a region where ethnic minorities have gathered. Its tourism organizations employ a typical model of self-governance, which is supported by abundant social capital and highlighted by the cooperative operation of their tourism businesses and co-management of common pooled resources within the village groups. Our previous study found that if villagers’ organizations are relatively complete or more highly developed, it will be easier for villagers to use natural resources effectively to achieve sustainable development [38]. Our survey statistics from 2015 also provide supporting evidence that about 60% of the village groups that had formed villagers’ organizations within the villages had developed tourism, whereas only 22% of the village groups without such organizations had developed tourism. The societies self-organize, learn, and adapt after perturbations, and increase their capacity to adjust to disturbances and reorganize while undergoing change [44,58].



In addition, it should be noted that the virtuous circle between ecological conservation and socio-economic development in the Lashihai area also faces some potential threats, of which one is the imbalance in the distribution of income. The villages in Lashi Township near the lake have already formed a virtuous social-ecological circle, while the villages far from the Lashi Lake are not yet in a positive feedback loop and need the government or other agencies (such as NGOs) to provide support to boost their livelihood transitions. A second threat is that the rapid development of new livelihoods has brought about some new pressures on the ecosystem, which requires appropriate regulatory interventions to ensure they are run in a sustainable way. Third, with the increase of income, the lifestyle of local residents is also changing from a traditional pattern to a high-consumption and high-discharge pattern, which also poses a potential threat to the ecosystem. In other words, the current virtuous or vicious cycle is a short-term one rather than a long-term one.




7. Conclusions


The main contributions of this paper are to propose a conceptual framework for examining the nexus and its dynamics between ecological conservation and economic development in a SES, and to explain the pathways and mechanisms of influence between these two processes in the real case of the Lashihai watershed. With this semi-quantitative empirical analysis, we observed trade-offs among different ecological services driven by human activities in the process of pursuing livelihoods, as well as transformations of livelihoods driven by conservation practices. Some insights can be derived such that other countries and regions may promote conservation and better livelihoods in conjunction.



First, the ecosystem and socio-economic system closely interact with each other and form a dynamic evolution. Both conservation practices and economic growth can act as perturbations that drive the evolution process, but the interactions between the ecosystem and socio-economic system may determine the direction of evolution of a SES along a virtuous or a vicious feedback loop.



Secondly, although conservation actions have limited the utilization of resources, in general they have also provided a resource base for the development of alternative livelihoods, which generated income for the local communities, enabled them to share the benefits of ecological conservation, and motivated them to invest more in conservation. This indicates that the SES in the Lashihai watershed underwent a generally positive evolution. However, such trends are still fragile and unstable. If negative factors, such as an uneven distribution of income or new ecological pressures, cannot be effectively alleviated or controlled, they would be very likely to break the positive feedback loop and start a vicious circle.



Third, the key mechanism in the establishment of a positive feedback loop in a SES largely depends on whether the affected communities can successfully convert their livelihoods from vulnerable traditional livelihoods to emerging eco-friendly livelihoods. Ecological conservation practices have restricted traditional livelihoods, but such pressure could be converted into an impetus for future development if adaptive changes in livelihoods could be successfully promoted.



Fourth, government should play an important role in balancing the multiple objectives of managing the complex SES by promoting conservation actions to guarantee that environmental targets are met, facilitating communities in capturing the benefits of conservation, and providing a clear regulatory base to ensure that the development of local communities’ livelihoods will not exceed the limits of the ecological capacity.



Finally, each system and each state of a SES is unique, and hence there is no one-size-fits-all “win-win” solution. It is worthwhile carrying out long-term monitoring and observations of changes in both the ecosystem and the social system to understand the interactions between them and their evolutionary trends.







Author Contributions


Conceptualization, J.W.; methodology, J.Z. and J.W.; software, Y.G.; validation, J.Z.; formal analysis, J.Z. and J.W.; investigation, J.W., Y.G. and J.Z.; resources, J.W.; data curation, Y.G.; writing—original draft preparation, J.W., J.Z. and Y.G.; writing—review and editing, J.W. and J.Z.; visualization, Y.G.; supervision, J.W.; project administration, J.W.; funding acquisition, J.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by China National Natural Science Foundation Project, grant number 41571519 and China National Social Science Funding of Major Projects, grant number No. 18VSJ100.




Acknowledgments


The authors express their appreciation to Junjie Wu from Oregon State University, Xiaoxia Wang, Yazhen Gong, Haiping Li and Hu Lei from Renmin University of China, and Li Chuanzhong from Uppsala University for their instructions or support in this research; to Xiong Ping, Yang Zhang, Li Zhihong, and other staff from the Lijiang and Lashihai local governments for their kind assistance with field surveys; and to editors and anonymous reviewers for their constructive comments on the draft of this manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Qi, X.H.; Ye, S.L.; Cheng, Y.; Lin, R.P. The game analysis between poverty and environment in ecologically fragile zones. Acta Ecol. Sin. 2013, 33, 6411–6417. [Google Scholar]

	



Qi, W.; Wang, Y.; Zhao, W.; Liang, C.X.; Cheng, X. Multidimensional poverty measurement of poverty- stricken counties in China’s 14 contiguous destitute areas considering ecological environment. Chin. J. Appl. Ecol. 2018, 11, 3760–3772. [Google Scholar]

	



Lei, M. Two Mountains Theory and Green Poverty Reduction. Rev. Eco. Re. 2015, 2696, 21–22, 28. [Google Scholar]

	



Dasgupta, S.; Deichmann, U.; Meisner, C.; Wheeler, D. Where is the poverty–environment nexus? Evidence from Cambodia, Lao PDR, and Vietnam. World Dev. 2005, 33, 617–638. [Google Scholar] [CrossRef]

	



Auty, R.M. Resource-Based Industrialization: Sowing the Oil in Eight Developing Countries; Oxford University Press: New York, NY, USA, 1990. [Google Scholar]

	



Auty, R.M. Industrial policy reform in six large newly industrializing countries: The resource curse thesis. World Dev. 1994, 22, 11–26. [Google Scholar]

	



Badeeb, R.A.; Lean, H.H.; Clark, J. The evolution of the natural resource curse thesis: A critical literature survey. Resour. Policy 2017, 51, 123–134. [Google Scholar] [CrossRef]

	



Chen, Y.; Jayaprakash, C.; Irwin, E. Threshold management in a coupled economic–ecological system. J. Enciron. Econ. Manag. 2012, 64, 442–455. [Google Scholar] [CrossRef]

	



Krueger, A.O. Virtuous and vicious circles in economic development. Am. Econ. Rev. 1993, 83, 351–355. [Google Scholar]

	



Dubé, J.; Polèse, M. Resource curse and regional development: Does Dutch disease apply to local economies? Evidence from Canada. Growth Chang. 2015, 46, 38–57. [Google Scholar] [CrossRef]

	



Nülle, G.M.; Davis, G.A. Neither Dutch nor disease—Natural resource booms in theory and empirics. Miner. Econ. 2018, 31, 35–59. [Google Scholar] [CrossRef]

	



Freire-González, J.; Decker, C.; Hall, J.W. The Economic Impacts of Droughts: A Framework for Analysis. Ecol. Econ. 2017, 132, 196–204. [Google Scholar] [CrossRef]

	



Almer, C.; Laurent-Lucchetti, J.; Oechslin, M. Water scarcity and rioting: Disaggregated evidence from Sub-Saharan Africa. J. Environ. Econ. Manag. 2017, 86, 193–209. [Google Scholar] [CrossRef]

	



Grossman, G.M.; Krueger, A.B. Environmental Impacts of a North American Free Trade Agreement; National Bureau of Economic Research: Cambridge, MA, USA, 1991. [Google Scholar]

	



Stern, D.I.; Common, M.S.; Barbier, E.B. Economic growth and environmental degradation: The environmental Kuznets curve and sustainable development. World Dev. 2004, 24, 1151–1160. [Google Scholar] [CrossRef]

	



Dinda, S. Environmental kuznets curve hypothesis: A survey. Ecol. Econ. 2004, 49, 431–455. [Google Scholar] [CrossRef]

	



Cropper, M.; Oates, W. Environmental Economics: A Survey. J. Econ. Lit. 1992, 30, 675–740. [Google Scholar]

	



Taylor, M.S. Unmasking the Pollution Haven Effect. Int. Econ. Rev. 2010, 49, 223–254. [Google Scholar]

	



Prakash, S. Poverty and Environment: Linkages in Mountains and Uplands: Reflection on the ‘Poverty Trap’ Thesis; CREED Working Paper Series No. 12; International Institute for Environment and Development: London, UK, 1997. [Google Scholar]

	



Nadkarni, M.V. Poverty, environment, development: A many-patterned nexus. Econ. Political Wkly 2000, 35, 1184–1190. [Google Scholar]

	



Guo, J. Analysis of the interactive relationship between ecological protection and economic development. Jiangxi Soc. Sci. 2008, 6, 13–17. [Google Scholar]

	



Scholz, R.W.; Binder, C.R. The Paradigm of Human-Environment Systems. In Natural and Social Science Interface; Swiss Federal Institute of Technology: Zürich, Switzerland, 2003. [Google Scholar]

	



Binder, C.R.; Hinkel, J.; Bots, P.W.G.; Pahl-Wostl, C. Comparison of frameworks for analyzing social-ecological systems. Ecol. Soc. 2013, 18, 26. [Google Scholar] [CrossRef]

	



Folke, C.; Carpenter, S.R.; Walker, B.; Scheffer, M.; Chapin, T.; Rockström, J. Resilience thinking: Integrating resilience, adaptability and transformability. Ecol. Soc. 2010, 15, 20. [Google Scholar] [CrossRef]

	



Folke, C.; Carpenter, S.; Elmqvist, T.; Gunderson, L.; Holling, C.S.; Walker, B. Resilience and Sustainable Development: Building Adaptive Capacity in a World of Transformations. Ambio J. Hum. Environ. 2002, 31, 437. [Google Scholar] [CrossRef]

	



Holling, C.S. Understanding the complexity of economic, ecological, and social systems. Ecosystems 2001, 4, 390–405. [Google Scholar] [CrossRef]

	



Ostrom, E. A diagnostic approach for going beyond panaceas. Proc. Natl. Acad. Sci. USA 2007, 104, 15181–15187. [Google Scholar] [CrossRef]

	



Ostrom, E. A general framework for analyzing sustainability of social-ecological systems. Science 2009, 325, 419–422. [Google Scholar] [CrossRef]

	



Gunderson, L.H.; Holling, C.S. Panarchy: Understanding Transformations in Human and Natural Systems; Island Press: Washington, DC, USA, 2002. [Google Scholar]

	



Ostrom, E.; Cox, M. Moving beyond panaceas: A multi-tiered diagnostic approach for social-ecological analysis. Environ. Conserv. 2010, 37, 451–463. [Google Scholar] [CrossRef]

	



Nassl, M.; Löffler, J. Ecosystem services in coupled social–ecological systems: Closing the cycle of service provision and societal feedback. Ambio 2015, 44, 737–749. [Google Scholar] [CrossRef]

	



Walker, B.; Holling, C.S.; Carpenter, S.R.; Kinzig, A. Resilience, adaptability and transformability in social–ecological systems. Ecol. Soc. 2004, 9, 5. [Google Scholar] [CrossRef]

	



Newman, L. The virtuous cycle: Incremental changes and a process-based sustainable development. Sustain. Dev. 2007, 15, 267–274. [Google Scholar] [CrossRef]

	



Jokinen, P.; Malaska, P.; Kaivo-Oja, J. The environment in an ‘information society’: A transition stage towards more sustainable development? Futures 1998, 30, 485–498. [Google Scholar] [CrossRef]

	



Powell, J.; Selman, P.; Wragg, A. Protected areas: Reinforcing the virtuous circle. Plan. Pract. Res. 2002, 17, 279–295. [Google Scholar] [CrossRef]

	



Roberts, M.G.; Yang, G. The international progress of sustainable development research: A comparison of vulnerability analysis and the sustainable livelihoods approach. Prog. Geogr. 2003, 22, 11–21. [Google Scholar]

	



Su, F.; Xu, Z.; Shang, H. An overview of sustainable livelihoods approach. Adv. Earth Sci. 2009, 1, 61–69. [Google Scholar]

	



Sims, K.R.E. Conservation and development: Evidence from Thai protected areas. J. Environ. Econ. Manag. 2010, 60, 94–114. [Google Scholar] [CrossRef]

	



Watmough, G.R.; Atkinson, P.M.; Saikia, A.; Hutton, C.W. Understanding the Evidence Base for Poverty–Environment Relationships using Remotely Sensed Satellite Data: An Example from Assam, India. World Dev. 2016, 78, 188–203. [Google Scholar] [CrossRef]

	



Levin, S.; Xepapadeas, T.; Crépin, A.-S.; Norberg, J.; de Zeeuw, A.; Folke, C.; Hughes, T.; Arrow, K.; Barrett, S.; Daily, G.; et al. Social-ecological systems as complex adaptive systems: Modeling and policy implications. Environ. Dev. Econ. 2013, 18, 111–132. [Google Scholar] [CrossRef]

	



Dadson, S.J.; Hall, J.W.; Murgatroyd, A.; Acreman, M.; Bates, P.; Beven, K.; Heathwaite, L.; Holden, J.; Holmanl, I.P.; Lane, S.N. A restatement of the natural science evidence concerning catchment-based ‘natural’ flood management in the UK. Proc. R. Soc. A 2017, 473, 20160706. [Google Scholar] [CrossRef] [PubMed]

	



Cole, D.H.; Epstein, G.; McGinnis, M.D. Toward a New Institutional Analysis of Social-Ecological Systems (NIASES): Combining Elinor Ostrom’s IAD and SES Frameworks. In Indiana Legal Studies Research Paper Series; Indiana University Bloomington: Bloomington, IN, USA, 2014. [Google Scholar]

	



McGinnis, M.D.; Ostrom, E. Social-ecological system framework: Initial changes and continuing challenges. Ecol. Soc. 2014, 19, 30. [Google Scholar] [CrossRef]

	



Bolognesi, T.; Gerlak, A.; Giuliani, G. Explaining and Measuring Social-Ecological Pathways: The Case of Global Changes and Water Security. Sustainability 2018, 10, 4378. [Google Scholar] [CrossRef]

	



Pigou, A.C. Some problems of foreign exchange. Econ. J. 1920, 30, 460–472. [Google Scholar] [CrossRef]

	



Wu, J.; Gong, Y.; Zhou, J.; Wang, X.; Gao, J.; Yan, A. The governance of integrated ecosystem management in ecological function conservation areas in China. Reg. Environ. Chang. 2013, 13, 1301–1312. [Google Scholar] [CrossRef]

	



Patterson, T.M.; Bastianoni, S.; Simpson, M. Tourism and climate change: Two-way street, or vicious/virtuous circle? J. Sustain. Tour. 2006, 14, 339–348. [Google Scholar] [CrossRef]

	



Wu, J.; Ma, Z. The relationship between environment and poverty in the context of public finance. Environ. Prot. 2012, 10, 28–31. [Google Scholar]

	



Wu, J. Subject Report on Reconciling Socio-economic Development and Ecological Conservation in Lashihai, China. UNEP-GEF Project on Nature Conservation and Flood Control in the Yangtze River Basin; MEP: Beijing, China, 2011. [Google Scholar]

	



Srinivasan, V.; Lambin, E.F.; Gorelick, S.M.; Thompson, B.H.; Rozelle, S. The nature and causes of the global water crisis: Syndromes from a meta-analysis of coupled human-water studies. Water Resour. Res. 2012, 48. [Google Scholar] [CrossRef]

	



Thomann, E.; Maggetti, M. Designing Research with Qualitative Comparative Analysis (QCA). Soc. Methods Res. 2017, 10, 1–31. [Google Scholar] [CrossRef]

	



FECO. Final Report on the Upper Yangzi River Ecological Monitoring and Early Warning System. UNEP-GEF Project on Nature Conservation and Flood Control in the Yangtze River Basin; MEP: Beijing, China, 2011. [Google Scholar]

	



Fath, B.; Dean, C.; Katzmair, H. Navigating the adaptive cycle: An approach to managing the resilience of social systems. Ecol. Soc. 2015, 20. [Google Scholar] [CrossRef]

	



Hu, X.Y.; Li, Z.H.; Li, L.Y.; Li, H.P.; Wu, J. Dynamics and Influencing Factors of Waterfowl in Winter in Lashihai Wetland of Yunnan During 2013–2016. J. Ecol. Rural Environ. 2018, 34, 419–425. [Google Scholar]

	



Li, Z. Annual Report on Water bird Monitoring; Lashihai Provincial Wetland Nature Reserve Protection Administration: Lijiang, China, 2015.

	



Wu, J. Final Report on Understanding the Spatially-explicit Costs and Benefits of Providing Ecosystem Services for Watershed Eco-compensation Policy Design; National Natural Science Foundation of China: Beijing, China, 2019.

	



Hu, L.; Wu, J.; Li, H.-P. The coupling relationship between ecosystem services and residents’ income and its impact factors: A case study of the Lashihai basin in Lijiang, Yunnan. Acta Ecol. Sin. 2018, 38, 6402–6411. [Google Scholar]

	



Berkes, F.; Turner, N.J. Knowledge, learning and the evolution of conservation practice for social-ecological system resilience. Hum. Ecol. 2006, 34, 479–494. [Google Scholar] [CrossRef]








[image: Water 12 00663 g001 550] 





Figure 1. Interactions between ecological conservation and local livelihood. 
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Figure 2. Map of Lashihai watershed and surveyed villages. 
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Figure 3. Development of tourism in Lijiang and Lashi Township. 
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Table 1. Ecological conservation actions carried out in villages in the Lashihai watershed.
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	Ecological Conservation Action
	Meiquan
	Hainan
	Jiyu
	Nanyao
	Junliang





	Natural Forests Logging Ban (1998)
	√
	√
	√
	√
	√



	Sloping Land Conversion Program (2000)
	
	
	√
	√
	



	Crop damage subsidies (2003)
	√
	√
	√
	√
	√



	Farmland to Wetland Conversion Program (2006)
	√
	√
	
	
	√



	Fishing season/gear control (2008)
	√
	√
	√
	√
	√
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Table 2. Changes in ecosystem services over the period 2000–2015.
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	Ecosystem Service
	2000
	2015
	Change
	Proportional Change (%)





	Water conservation capacity (1000 m3)
	59.0
	41.7
	−17.3
	−29.32



	Nitrogen output (tons)
	65.34
	57.41
	−7.93
	−12.14



	Soil outflow (1000 tons)
	109.0
	92.7
	−16.3
	−14.95



	Carbon storage (1000 tons)
	9176.2
	9296.1
	119.9
	+1.31
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Table 3. Changes in per capita income in the surveyed villages in Lashi Township from 2005 to 2015.
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	Increase in Per Capita Income (RMByuan)
	Proportional Increase (%)
	Standard Deviation
	Minimum
	Maximum





	Meiquan
	9270.1
	443.9
	4689.0
	6323.2
	16,396.5



	Jiyu
	4911.4
	263.5
	1363.7
	1389.6
	7015.9



	Junliang
	4215.9
	457.2
	6875.0
	1007.5
	25,937.6



	Hainan
	3013.3
	207.2
	1112.0
	1636.8
	5380.9



	Nanyao
	1425.0
	87.6
	882.3
	−1202.4
	2388.1



	Total
	4624.3
	291.6
	4173.9
	−1202.4
	25,937.6
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Table 4. Changes in the income structures of the surveyed villages in Lashi Township from 2005 to 2015.
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	Livelihood
	Meiquan
	Jiyu
	Junliang
	Hainan
	Nanyao





	Crop farming
	−66%
	−42%
	+2%
	−18%
	+8%



	Fruit cultivation
	−8%
	+62%
	−1%
	+15%
	+17%



	Fisheries
	−6%
	0%
	−12%
	0%
	0%



	Animal breeding
	−1%
	−25%
	−19%
	−20%
	−11%



	Tourism
	+85%
	0%
	+37%
	+1%
	+29%



	Subsidies
	+3%
	0%
	−9%
	+8%
	−21%



	Other
	0%
	0%
	0%
	0%
	−5%
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Table 5. Contingency table of the Farmland to Wetland Conversion Progam (FWCP) groups and tourism.
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Whether Tourism Was Developed

	
Total




	
No

	
Yes






	
Whether village was involved in FWCP

	
Yes

	
8

	
14

	
22




	
No

	
23

	
9

	
32




	
Total

	
31

	
23

	
54
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Table 6. Contingency table between tourism groups and willingness for protection.
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Whether Village Groups Had Developed Tourism

	
Total




	
Yes

	
No






	
Environmental publicity and education

	
3

	
15

	
18




	
Getting benefits from conservation

	
11

	
3

	
14




	
Total

	
14

	
18

	
32
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Table 7. Land use changes from 2000 to 2015.






Table 7. Land use changes from 2000 to 2015.





	
Land Use Type

	
2000

	
2015

	
Change (%)




	
Area (ha)

	
Proportion (%)

	
Area (ha)

	
Proportion (%)






	
Horse paddock

	
0

	
0

	
0.47

	
0.002

	
-




	
Road

	
674.68

	
2.83

	
725.47

	
3.05

	
+7.53




	
Forest land

	
14319.43

	
60.13

	
14818.48

	
62.24

	
+3.49




	
Grassland

	
1442.09

	
6.06

	
1055.66

	
4.43

	
−26.80




	
Dry land

	
2375.15

	
9.97

	
2216.22

	
9.31

	
−6.69




	
Residential land

	
299.03

	
1.26

	
644.62

	
2.71

	
+115.57




	
Irrigated land

	
3399.96

	
14.28

	
3014.49

	
12.66

	
−11.34




	
Shoals

	
378.35

	
1.59

	
367.33

	
1.54

	
−2.91




	
Lake

	
925.10

	
3.88

	
922.05

	
3.87

	
−0.33




	
Park

	
0

	
0

	
45.61

	
0.19

	
-
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