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Abstract

:

With China’s rapid economic development in recent years, enhancing the sense of well-being among citizens has become a critical objective. However, the interests of various stakeholder groups are often overlooked in decision-making surrounding land use. In this study, Yongsheng County, Yunnan Province serves as a case study for land use scenario simulations. The equivalent factor method is combined with Participatory Rural Appraisal (PRA) to investigate the relationship between ecosystem multifunctionality (EMF) and the equity index of multiple stakeholder groups in various land use scenarios. We also explore whether an optimal combination of land use types exists. The results indicate that (1) The current ecosystem service value in Yongsheng County is primarily driven by climate regulation and biodiversity conservation, with a relatively high functional value index but a comparatively low equity index; (2) Different stakeholder groups mainly prioritize food production and ecosystem services impacting food production, such as water resource provision and climate regulation; (3) A land use allocation pattern of 20% farmland, 4% water bodies, 21% mixed forest, 20% coniferous forest, and 35% grassland appears to provide the optimal EMF index while simultaneously achieving the optimal equity index across stakeholder groups. This research may offer valuable insights for optimizing land use planning while taking into account the well-being of diverse stakeholder groups. It also may have practical implications for the formulation of innovative land use management strategies.
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1. Introduction


Ecosystem services are closely linked to human well-being [1], and land use is a primary determinant of the availability and efficacy of these services [2]. As the global demand for ecosystem goods and services continues to intensify, land resource scarcity has become increasingly prominent and land use patterns have shifted significantly. The value of ecosystem services differs across groups of varying needs and interests, so the scarcity of land resources and drastic changes in land use patterns are likely to trigger conflicts among various stakeholders [3].



In the context of ecosystem services research, “stakeholder groups” are defined as individuals or collectives of people that can influence or be influenced by ecosystem services [4]. Local residents who rely on resource extraction for their livelihoods, urban consumers, or local policymakers can all be defined as stakeholder groups [5], as they either manage ecosystems, benefit from ecosystems, or both [6,7]. The demands of different stakeholder groups for specific land use patterns and ecosystem services depend on their roles and interests within the ecosystem. If the interests of certain groups cannot be reconciled during the land use decision-making process, conflicts among groups become inevitable; these conflicts can indeed adversely impact the utilization of ecosystem services as well as the sustainability of economic and social development. Therefore, it is necessary to consider equity among different stakeholder groups in land use decisions [8]. However, this factor is rarely taken into account in assessments of ecosystem services in China.



Equity across multiple stakeholder groups is crucial for sustainable land resource development and should be a key consideration in formulating land use management strategies [9]. In ecosystem services research, equity is generally examined in two dimensions: procedural equity and distributive equity [10,11]. Procedural equity ensures that all groups have equal opportunities to participate in land use decisions, while distributive equity emphasizes the fair distribution of benefits based on individual needs, acknowledging the unique circumstances of certain groups [10]. Studies have shown that equity influences the willingness of different stakeholder groups to participate in land resource utilization and governance [12,13], through which they may benefit from subsequent land use transitions and support their livelihoods [14]. This willingness and resulting engagement create a positive feedback loop that reinforces and perpetuates participation.



The ecological environment of Yunnan Province’s mountainous canyon areas is highly fragile, featuring intricate and variable land use patterns. The degradation of the region’s ecosystem and severe economic development constraints are linked closely to the cultivation practices of ethnic minority groups and the area’s complex terrain and geology. Comprehensively enhancing ecosystem service functions in this area and promoting coordinated economic development across various ethnic groups have become urgent imperatives.



We conducted a case study in Yongsheng County, Yunnan Province to explore potential balance among multiple groups with varying interests in land use decision-making. We focused on unique ethnic minority stakeholder groups and specific land use patterns in Yunnan’s mountainous canyon regions, targeting the impact of land use changes on ecosystem multifunctionality (EMF) and a multi-stakeholder equity index and seeking to identify land use type combinations that balance these two factors. This work yields an in-depth analysis of the relationship between multi-stakeholder group equity and ecosystem services, offering a sound foundation for local governments to formulate scientific land use policies and promote the coordinated development of ecological protection, community participation, and economic growth.



By integrating the perspectives of diverse groups, it becomes possible to foster local residents’ sense of identification with and participation in land use planning, thereby making policy implementation more effective. Moreover, our findings may be useful in advancing land use optimization theory from a multi-stakeholder perspective supported by empirical data and interdisciplinary insights. This research provides scientific support for decision-makers while potentially contributing to further land use optimization research in similar regions.




2. Study Area and Data Sources


2.1. Study Area Overview


Yongsheng County (100°22′–101°11′ E, 25°59′–27°04′ N) is situated in an ecologically fragile area typical of the northwest region of Yunnan Province, China. The county administers 18 townships, covering a total land area of 4950 km². Mountainous terrain comprises 92.42% of the total area, characterized by poor soil quality and severe soil erosion. High-altitude cold mountainous regions comprise nearly one-third of Yongsheng’s total area. The average annual precipitation is approximately 1000 mm, with mean annual temperatures ranging from 7.9 °C to 10.5 °C.



Yongsheng County is home to 10 indigenous ethnic minority groups, including the Mosuo, Lisu, and Naxi, with ethnic minorities constituting 30.49% of the total population [15,16]. Addressing the needs of these minority groups in land use decision-making is crucial for the socio-economic development of the Yongsheng region on the whole.




2.2. Data Sources


Land use data for Yongsheng County were obtained from the 2022 China 30 m land cover dataset published by the National Cryosphere Desert Data Center (http://www.ncdc.ac.cn, accessed on 1 October 2023). To analyze the ecological impacts of various land use types, land classifications were aligned with ecosystem types and integrated with China’s current land use classification system. Nine types were identified considering the current land use status and land resource characteristics of the area (Figure 1): Farmland, broadleaf forest, coniferous forest, mixed forest, shrubland, grassland, meadow, water bodies, and built-up land. The composition of these land use types in Yongsheng County is as follows: farmland (6%), meadow (6%), water bodies (4%), mixed forest (2.6%), broadleaf forest (3.5%), coniferous forest (40%), grassland (37%), built-up land (0.8%), and shrubland (0.1%).



Data for food crop planting areas, grain production, and net profit from grain production were sourced from statistical yearbooks, including the Yongsheng Statistical Yearbook 2022, China Statistical Yearbook 2022, and National Agricultural Product Cost–Benefit Data Compilation 2022 [17,18,19].





3. Methodology


We employed the Participatory Rural Appraisal (PRA) method in this study to investigate the interests of various stakeholder groups. The PRA method, widely recognized as a mainstream approach to field surveys in China [20,21], was applied across local government sectors including agriculture, resources, and environmental management. Informal interviews were conducted with local residents to gain insights into the actual conditions of the study area. Stakeholder groups were delineated according to the county’s diverse ethnic minority populations. We used the equivalent factor method to make ecosystem value (ESV) calculations and to comprehensively estimate trends in equity and multifunctionality indices under shifting land use conditions.



3.1. Stakeholder Group Survey and Reliability Testing


From May to July 2023, our team conducted field visits and distributed questionnaires in six villages across Yongsheng County. The primary respondents to the survey were long-term residents of the area. The rationale for selecting this group was their ability to provide accurate and clear insights into local conditions, ensuring reliable data for subsequent analyses.



The survey centered on assessing the demand–satisfaction levels for six major ecosystem services: food production, water supply, aesthetic value, biodiversity conservation, climate regulation, and raw material production. Participants from five ethnic minority groups, including the Han and Naxi, were involved, encompassing 38 households and 217 individuals.



The Cronbach’s alpha coefficient is a widely used indicator of the reliability of surveys in social science research [22,23]. We used the Cronbach’s alpha coefficient to measure the reliability of our questionnaire, where values closer to 1 indicate higher reliability. A coefficient of 0.6 is considered within the acceptable range, while values above 0.8 represent high reliability.




3.2. Ecosystem Service Value Assessment


As mentioned above, we evaluated six primary local ecosystem services: Food production, water supply, aesthetic value, biodiversity conservation, climate regulation, and raw material production. The assessment was designed with reference to the ESV coefficient data table proposed by Xie [24], which is tailored to Chinese ecosystems. To adapt this methodology to local conditions, the food production correction method [25] was employed to adjust the ESV equivalent per unit area. The results are listed in Table 1.
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where   λ   represents the regional adjustment coefficient for ecosystem service equivalence; and   Q   and     Q   0     denote the grain yield per unit area of farmland in the study area and the national average, respectively.



In Equation (2), Ei represents the adjusted ESV equivalent for the   i  -th land use type in the study area, and E0ij represents the national average ESV equivalent for the   i  -th land use type. The index   i   ranges from 1 to 9, corresponding sequentially to dry farmland, mixed coniferous and broadleaf forest, broadleaf forest, coniferous forest, shrubland, grassland, meadow, water bodies, and built-up land. The index j ranges from 1 to 6, corresponding sequentially to food production, raw material production, water supply, climate regulation, biodiversity, and aesthetic value.



As per the Yongsheng Statistical Yearbook 2022, China Statistical Yearbook 2022, and National Agricultural Product Cost–Benefit Data Compilation 2022 [17,18,19], we determined that wheat, rice, and corn were the main grain crops in Yongsheng County during the study period. Data on the sowing area, yield, and prices of these major crops were obtained (Table 2). The ESV equivalent factor method defines the economic value of one ESV equivalent factor as one-seventh of the market value of the average annual grain yield per unit area in the study region. Calculations revealed that the ESV of one standard equivalent factor in the Yongsheng area is 2309.49 yuan/ha.
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where P represents the ESV of one standard equivalent factor,   i   is the type of grain crop, j is the total number of main grain crop types, mi is the sowing area of the   i  -th grain crop, pi is the average yield of the   i  -th grain crop, qi is the average price of the   i  -th grain crop, and M is the total sowing area of the main crops.




3.3. Ecosystem Service Index Evaluation


To define various combinations of land use types, we comprehensively simulated land use scenarios while assigning values from 1 to 10 to each land use type. An EMF was calculated for the various services and total value corresponding to each simulated scenario. The specific calculation formula is as follows:
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(4)
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where ESVj is the value of the j-th ecosystem service, Ai is the area of the i-th ecosystem type, and Rij is the equivalent factor coefficient of the j-th ecosystem service for the i-th ecosystem type. In Equation (5), ESV is the sum of



ESVj. The multifunctionality for each stakeholder group was derived by multiplying the normalized ecosystem service provision value by the stakeholder group priority score:


    M   i   =  ∑       E v   m   i j   −   E v 1   j     ∗ α     E v 1   j         



(6)




where Mi is defined as the aggregate ecosystem value of the i-th simulated scenario, Evmij is the ESV of the j-th category for the i-th simulated scenario, and Ev1j denotes the ESV of the j-th category under the existing ecosystem configuration. The term α signifies the prioritization score assigned to each stakeholder group cohort.




3.4. Assessment of Ecosystem Service Equity


To better assess the fairness in land use allocation across the study area, we introduced the Gini coefficient to analyze the supply–demand relationship of ecosystem services among multiple stakeholder groups and to quantify the equity of ecosystem service acquisition for each group [26]. The ecosystem services potentially obtained by each group were weighted according to priority scores. The Gini coefficient for each group under each scenario was then calculated using the Gini function in R-4.2.1. A larger Gini coefficient indicates weaker fairness, while a smaller Gini coefficient reflects greater fairness. Accordingly, we used the 1−Gini coefficient to represent the fairness score for each scenario.





4. Results and Analysis


4.1. Demographic Profile of Surveyed Residents


Table 3 outlines the demographic characteristics of the surveyed residents. The sample exhibits ethnic diversity, with relatively balanced representation across various groups. Educational attainment among residents was predominantly concentrated at the primary or lower secondary level. Specifically, 37.04% of respondents had completed primary education, 29.63% had attained lower secondary education, 25.93% had completed upper secondary or vocational education, and 7.41% held tertiary qualifications.



The age distribution of the sample was skewed towards residents aged 45 and above. The age cohort distribution was as follows: 3.7% were under 18 years of age, 11.11% were between 25 and 34, 14.81% were between 35 and 44, 25.93% were between 45 and 54, and 44.44% were 55 years old or older.



The sample was predominantly composed of long-term local inhabitants. With respect to duration of residence, 4.55% had resided in the area for 11–20 years, 13.64% for 31–40 years, and 81.82% for more than 40 years. The preponderance of residents with over 40 years of local residency suggests a more nuanced and comprehensive understanding of the temporal changes in local natural and economic conditions among the survey respondents.




4.2. Ecosystem Service Satisfaction Levels among Diverse Stakeholder Groups


Yongsheng County, located in the northwestern mountainous area of Yunnan Province, is home to a diverse range of ethnic groups, including the Lisu and Mosuo minorities. Each group has distinct lifestyles, cultural backgrounds, and production methodologies. Differences in geographical environments, historical contexts, and economic conditions have led to divergent approaches to land utilization among these groups.



To address the unique land use needs and satisfaction of various ethnic minorities, we stratified households of different ethnicities into discrete stakeholder groups (farmers, local governments) concerning the six major ecosystem services of food production, water supply, aesthetic value, biodiversity conservation, climate regulation, and raw material production.



In terms of demand, groups such as the Mosuo and Naxi exhibit significant needs for food production and the associated services of water supply and climate regulation. The Lisu show a much higher demand for biodiversity conservation compared to other groups. In Yongsheng County overall, minority groups display high levels of need for climate regulation services and water supply, reflecting the fact that local agricultural production is a crucial source of livelihood among these minority populations (see Table 4).



The satisfaction survey results suggest that the majority of groups have sufficient access to food production services. However, with the exception of the Lisu, all other groups reported inadequate access to water supply services from the ecosystem, highlighting the salience of water-related issues in the Yongsheng region. Notably, entities such as the Forestry and Grassland Bureau and the Agriculture and Rural Affairs Bureau exhibit relatively low levels of satisfaction with aesthetic values. The Mosuo demonstrate consistently low satisfaction levels across all six categories of ecosystem services evaluated. This may be attributable to the comparatively low living standards currently prevalent in Mosuo-concentrated areas, which potentially impede their ability to meet basic production and livelihood needs (Table 5).



Reliability analysis was conducted on the questionnaire using SPSS software (https://www.ibm.com/spss, accessed on 1 October 2023), yielding a Cronbach’s alpha coefficient of 0.611. This value exceeds the commonly accepted threshold of 0.6, indicating the acceptable internal consistency of the measurement instrument (Table 6).




4.3. Quantitative Assessment of Ecosystem Multifunctionality


The ESV for Yongsheng County was quantified using the unit area equivalent factor method, creating a comprehensive valuation of ecosystem services under the existing landscape configuration (Table 7). Climate regulation and biodiversity conservation services hold comparatively high values in the region. This is largely due to the implementation of the Grain for Green Program at the turn of the century, which has resulted in a substantial increase in forest cover in Yongsheng County relative to the previous century. Furthermore, the significant proportion of aesthetic value enhances the region’s capacity to attract tourists, thereby generating economic value [27].




4.4. Land Use Multi-Scenario Analysis


In this study, we juxtaposed the multifunctionality of ecosystem services and the equity indices of 107 simulated scenarios with those derived from the current landscape composition for analysis, observing notable disparities in these values between them, as illustrated in Figure 2. The vertical axis in the figure represents the multifunctionality index; the horizontal axis represents the equity index, with the origin denoting the multifunctionality index and equity index provided by the current landscape composition. Relative to the present landscape composition, most multifunctionality indices are concentrated below the zero point for multifunctionality, implying that the current landscape configuration provides a relatively high level of EMF.



To determine the optimal land use type combination, we assigned equal weight to multifunctionality and equity to seek the configuration with the highest overall value. Under these conditions, the optimal land use type composition was determined to be 20% farmland, 4% water bodies, 21% mixed forests, 20% coniferous forests, and 35% meadow. This configuration, marked with a red star in Figure 2, results in a 4.2% decrease in EMF but an 8.5% increase in the equity index compared to the current land use scheme.



Changes in land use types directly affect both the multifunctionality of ecosystem services and the equity index. By simulating landscape scenarios and assessing these factors comprehensively, we sought to identify configurations maximizing both multifunctionality and equity simultaneously.



In the simulated scenarios, when the proportion of other landscape types remains constant and forests consist equally of coniferous and broadleaf types, with no mixed types, the equity index decreases by 0.8% while the multifunctionality index increases by 5% compared to the current landscape composition. When all forests are converted to broadleaf forests, the equity index decreases by 1.5% while the multifunctionality index increases by 12% relative to the current landscape. These results indicate that in the Yongsheng area, as the proportion of broadleaf forests increases, the equity index decreases while the multifunctionality index increases.



With the proportion of other landscape types kept constant, with mixed and coniferous forests occupying equal proportions of all forested areas, the equity index increases by 1% while the multifunctionality index decreases by 8% compared to the current landscape. When all forests are converted to mixed forests, the equity index decreases by 2.2% and the multifunctionality index increases by 17% compared to the current landscape. These findings suggest that in the Yongsheng area, there is an initial increase and subsequent decrease in the equity index as the proportion of mixed forests increases from small to large.



When the proportion of other landscape types remains unchanged while meadow and shrubs occupy equal proportions, the equity index decreases by 0.06%, and the multifunctionality index increases by 7% compared to the current landscape composition, where meadow coverage currently far exceeds shrub coverage. When all meadow land is converted to shrub land, the equity index decreases by 1.5% while the multifunctionality index increases by 15% compared to the current landscape. These results indicate that meadows exert a more positive effect on the equity index than shrubs, though they provide a lower multifunctionality index.



In summary, the Yongsheng area has a fragile ecological environment [28]. Increasing the proportion of coniferous forests and meadows as land use types may improve the equity index in this region, fostering equality among multiple stakeholders in Yongsheng, though at the expense of some loss of ecosystem service multifunctionality.





5. Discussion


5.1. Selection of the Optimal Land Use Type


According to our simulations, increasing the equity index tends to decrease the level of multifunctionality. However, the level of equity must be appropriately improved to reduce social conflicts and promote long-term stability and sustainable development, although this may sacrifice some multifunctionality in the short term. Research by Simion et al. supports this view [29], emphasizing that in mountain ecosystems, more equitable resource management can lead to a more stable and coordinated social environment even if it briefly reduces versatility. This suggests that a modest increase in equity can lead to greater social and ecological benefits, which are not necessarily visualized in the figure. The current landscape configuration provides a relatively high level of multifunctionality but a relatively low level of equity; improving equity should be prioritized over improving multifunctionality. In view of this, the optimal land type combination as per the findings of this case study is, effectually, the optimal land use type combination for the Yongsheng area.




5.2. Major Ecosystem Services Affecting Farmers’ Equity


The PRA survey revealed that the primary income source for farmers in the Yongsheng area is the sale of agricultural products. Consequently, farmers prioritize ecosystem services such as food production and water supply over others. Scholars have made similar observations in other regions of China, where changes in food production services more significantly impact farmers’ equity than other services [30,31]. This is primarily because farmers’ economic livelihoods are dependent on provisioning and regulating such services [32]. Therefore, increasing the EMF of provisioning and regulating services can enhance equity across different groups of farmers in a given region [33]. However, excessively high forest coverage can lead to increased plant evapotranspiration, resulting in reduced water availability, indirectly affecting farmers’ equity [34].




5.3. Land Use Optimization Strategies


From the perspective of ESV, Yongsheng County’s water supply multifunctionality is not tremendously low, and precipitation has trended upward in recent years, maintaining relatively high levels over the past decade [35]. However, the survey results indicate that, aside from the Lisu ethnic group, residents are unable to obtain sufficient water supply services from the ecosystem. This suggests that prominent issues in water use for food production and an uneven spatial distribution of water resources have led to low water utilization efficiency in Yongsheng. The county has some of the lowest national water resource utilization rates statistically, leading to low satisfaction with water supply services on the whole despite higher precipitation levels compared to previous years. Further, our survey indicates that the low satisfaction with water supply services among most groups is primarily due to an inability to fully satisfy the demands for agricultural production. Therefore, improving water resource utilization efficiency in agricultural production specifically may positively impact equity levels in Yongsheng County.



Additionally, Yongsheng County exhibits a very high multifunctionality index, largely due to its significant forest cover. Between 2000 and 2020, Yongsheng County implemented the Grain for Green Project and Natural Forest Protection Policy, adhering to strict ecological protection measures that led to a substantial increase in forest areas. Despite this large-scale afforestation, however, several challenges remain. For instance, there is a high proportion of young and middle-aged forests, suboptimal forest stand structures, and an oversized proportion of monoculture forests compared to mixed forests [36]. These factors reduce the stability, resistance, and biodiversity of forest stands, increasing the risk of fires and pest outbreaks and threatening the overall health of forest resources. They also limit the ecological benefits (e.g., biodiversity conservation) that forests can provide [37]. Through appropriate afforestation efforts, aimed at increasing the proportion of mixed forests in the Yongsheng area, it may be possible to improve both EMF and equity indices as a viable strategy for enhancing ecological as well as social outcomes.





6. Conclusions


In this study, we analyzed the relationship between EMF and equity in Yongsheng County, Yunnan Province, China by simulating different land use scenarios and exploring various impacts on diverse stakeholder groups. We found that the current EMF in Yongsheng County is primarily reflected in climate regulation and biodiversity conservation, with a relatively high multifunctionality index but a comparatively low equity index. Integrating existing theoretical frameworks, this study’s results support a trade-off between the multifunctionality of ecosystem services and equity among residents. The findings highlight a need to consider both factors in decision-making surrounding land use patterns.



We determined an optimal land use type by comprehensively considering equity and multifunctionality indices across numerous simulated scenarios: 20% farmland, 4% water bodies, 21% mixed forests, 20% coniferous forests, and 35% grassland. Yongsheng County can achieve this optimal land use combination by appropriately converting pure forests to mixed forests and increasing overall afforestation to increase the coverage of mixed forests. Agricultural investment can also be increased, improving agricultural production conditions in suitable areas while enhancing water resource utilization efficiency. Land use decisions should be made in consideration of not only multifunctionality indices but also residents’ equity, as combining these factors allows for a more comprehensive understanding of land use dynamics and supports the sustainable development of land resources. This approach would align with China’s current rural revitalization strategy and the urgent need to improve the quality of its forests.



The results of this study may provide policymakers with workable insights into the comprehensive effects of different land use types on ecosystem services and residents’ equity, enabling them to formulate more balanced land use strategies. Moreover, this study not only offers a scientific basis for land use optimization in Yongsheng County but also may serve as a valuable reference for land management strategies in similar regions. Future research could further explore the relationship between multifunctionality and equity in different regions and across broader scenarios to further validate and refine the recommendations we propose.







Author Contributions


Writing—original draft, H.F.; writing—review and editing, J.H.; investigation, L.S. and J.J. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the National Key Research and Development Program of China [2022YFF1302905].




Data Availability Statement


The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.




Acknowledgments


The authors would like to thank B.L. and Y.L. for their assistance in this research.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Costanza, R.; d’Arge, R.; de Groot, R.; Farber, S.; Grasso, M.; Hannon, B.; Limburg, K.; Naeem, S.; O’Neill, R.V.; Paruelo, J.; et al. The value of the world’s ecosystem services and natural capital. Ecol. Econ. 1998, 25, 3–15. [Google Scholar] [CrossRef]

	



Wang, Y.; Cai, Y.; Xie, Y.; Gao, Y.; Lin, X.; Li, J.; Wu, Z. Dissecting ecosystem services distribution and inequality of typical cities in China. J. Clean. Prod. 2023, 415, 137001. [Google Scholar] [CrossRef]

	



Hilson, G. An overview of land use conflicts in mining communities. Land Use Policy 2002, 19, 65–73. [Google Scholar] [CrossRef]

	



Hein, L.; van Koppen, K.; de Groot, R.S.; van Ierland, E.C. Spatial scales, stakeholders and the valuation of ecosystem services. Ecol. Econ. 2006, 57, 209–228. [Google Scholar] [CrossRef]

	



Paavola, J.; Hubacek, K. Ecosystem Services, Governance, and Stakeholder Participation: An Introduction. Ecol. Soc. 2013, 18, 42. [Google Scholar] [CrossRef]

	



Felipe-Lucia, M.R.; Martin-Lopez, B.; Lavorel, S.; Berraquero-Díaz, L.; Escalera-Reyes, J.; Comín, F.A. Ecosystem Services Flows: Why Stakeholders’ Power Relationships Matter. PLoS ONE 2015, 10, e0132232. [Google Scholar] [CrossRef] [PubMed]

	



Barnaud, C.; Corbera, E.; Muradian, R.; Salliou, N.; Sirami, C.; Vialatte, A.; Choisis, J.-P.; Dendoncker, N.; Mathevet, R.; Moreau, C.; et al. Ecosystem services, social interdependencies, and collective action: A conceptual framework. Ecol. Soc. 2018, 23, 15. [Google Scholar] [CrossRef]

	



Dawson, N.M.; Grogan, K.; Martin, A.; Mertz, O.; Pasgaard, M.; Rasmussen, L.V. Environmental justice research shows the importance of social feedbacks in ecosystem service trade-offs. Ecol. Soc. 2017, 22, 12. [Google Scholar] [CrossRef]

	



Sachs, J.D.; Schmidt-Traub, G.; Mazzucato, M.; Messner, D.; Nakicenovic, N.; Rockström, J. Six Transformations to achieve the Sustainable Development Goals. Nat. Sustain. 2019, 2, 805–814. [Google Scholar] [CrossRef]

	



McDermott, M.; Mahanty, S.; Schreckenberg, K. Examining equity: A multidimensional framework for assessing equity in payments for ecosystem services. Environ. Sci. Policy 2013, 33, 416–427. [Google Scholar] [CrossRef]

	



Pascual, U.; Phelps, J.; Garmendia, E.; Brown, K.; Corbera, E.; Martin, A.; Gomez-Baggethun, E.; Muradian, R. Social Equity Matters in Payments for Ecosystem Services. Bio Sci. 2014, 64, 1027–1036. [Google Scholar] [CrossRef]

	



Schreckenberg, K.; Franks, P.; Martin, A.; Lang, B. Unpacking equity for protected area conservation. Parks 2016, 22, 11–28. [Google Scholar] [CrossRef]

	



Martin, A.; Coolsaet, B.; Corbera, E.; Dawson, N.; Fraser, J.; Lehmann, I.; Rodriguez, I. Justice and conservation: The need to incorporate recognition. Biol. Conserv. 2016, 197, 254–261. [Google Scholar] [CrossRef]

	



He, J.; Sikor, T. Notions of justice in payments for ecosystem services: Insights from China’s Sloping Land Conversion Program in Yunnan Province. Land Use Policy 2015, 43, 207–216. [Google Scholar] [CrossRef]

	



Peng, J.; Wang, Y.; Zhang, Y.; Jiang, Y.; Ye, M. Dynamic Evaluation and Analysis of Sustainable Land Use in Northwest Yunnan Mountainous Areas: A Case Study of Yongsheng County, Yunnan Province. Geogr. Res. 2006, 25, 406–414. [Google Scholar]

	



Wang, H.; Li, H. A Psychological Survey of Ethnic Minority Farmers in Remote Mountainous Areas in the Construction of New Rural Areas: A Qualitative Study Taking Songping Lisu Township of Yongsheng County, Yunnan Province as an Example. J. Gansu Open Univ. 2012, 22, 62–65. [Google Scholar]

	



National Bureau of Statistics of China. China Statistical Yearbook 2022; China Statistics Press: Beijing, China, 2022. [Google Scholar]

	



Yongsheng Statistics Bureau. Yongsheng Statistical Yearbook 2022; Yongsheng Statistics Bureau: Yongsheng, China, 2022. [Google Scholar]

	



National Development and Planning Commission. Compilation of National Agricultural Products Cost-Benefit Data; National Statistics Press: Beijing, China, 2002. [Google Scholar]

	



Zhou, D.; Xiao, M. New Developments in Anthropological Methods for Complex Social Research. Ethno-Natl. Stud. 2022, 43, 82–93, 140–141. [Google Scholar]

	



Meng, B. Study on Village Community Consciousness and Sustainable Livelihood Capacity. Master’s Thesis, Yunnan Minzu University, Kunming, China, 2023. [Google Scholar]

	



Li, Y.; Tian, X. A Study on the Reliability of iWrite 2.0 Online English Composition Scoring System. Mod. Educ. Technol. 2018, 28, 75–80. [Google Scholar]

	



Yan, X. Research on the Impact of Intellectual Capital on Innovation Performance of Construction Enterprises Based on Knowledge Management. Master’s Thesis, Xihua University, Chengdu, China, 2023. [Google Scholar]

	



Xie, G.; Zhang, C.; Zhang, C.; Xiao, Y.; Lu, C. The Value of Ecosystem Services in China. Resour. Sci. 2015, 37, 1740–1746. [Google Scholar]

	



Xu, L.; Xu, X.; Luo, T.; Xu, G.; Ma, Z. Revision Method of Ecosystem Services Value Equivalent Based on Land Use: A Case Study in Coastal Areas of Bohai Bay. Geogr. Res. 2012, 31, 1775–1784. [Google Scholar]

	



Neyret, M.; Peter, S.; Le Provost, G.; Pérez-Soba, M.; Teixeira, L.H.; Westman, A.; Fischer, M.; Wehrden, H.V.; Hanspach, J. Landscape management strategies for multifunctionality and social equity. Nat. Sustain. 2023, 6, 391–403. [Google Scholar] [CrossRef]

	



Liu, H.; Sun, Z.; Wu, J.; Yu, H.; Yang, X.; Zhou, D. Aesthetic Assessment and Spatial Differentiation Characteristics of Natural Landscapes in Tibet from the Perspective of Ecosystem Services. Prog. Geogr. 2023, 42, 1961–1972. [Google Scholar] [CrossRef]

	



Huang, Y. Research on Geological Environment Vulnerability and Countermeasures in Lijiang City. Master’s Thesis, Kunming University of Science and Technology, Kunming, China, 2011. [Google Scholar]

	



Simion, H.; Giombini, V.; Tasser, E.; Marsoner, T.; Egarter Vigl, L. Enhancing understanding of ecosystem multifunctionality in mountain regions. Ecol. Solut. Evid. 2023, 4, e12265. [Google Scholar] [CrossRef]

	



Qiu, J.; Yu, D.; Huang, T. Influential paths of ecosystem services on human well-being in the context of the sustainable development goals. Sci. Total Environ. 2022, 852, 158443. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, J.; Li, X.; Bao, T.; Li, Z.; Liu, C.; Xu, Y. Linking Demographic Factors, Land Use, Ecosystem Services, and Human Well-Being: Insights from a Sandy Landscape, Uxin in Inner Mongolia, China. Sustainability 2021, 13, 4847. [Google Scholar] [CrossRef]

	



Bruley, E.; Locatelli, B.; Lavorel, S. Nature’s contributions to people: Coproducing quality of life from multifunctional landscapes. Ecol. Soc. 2021, 26, 12. [Google Scholar] [CrossRef]

	



Jiang, C.; Wang, F.; Zhang, H.; Wang, X.; Zhang, L.; Wu, Z.; Yin, Y. Quantifying changes in multiple ecosystem services during 2000–2012 on the Loess Plateau, China, as a result of climate variability and ecological restoration. Ecol. Eng. 2016, 97, 258–271. [Google Scholar] [CrossRef]

	



Huang, T.; Yu, D. Water-soil conservation services dynamic and its implication for landscape management in a fragile semiarid landscape. Ecol. Indic. 2021, 130, 108062. [Google Scholar] [CrossRef]

	



Yu, S.; Luo, Y.; Li, J. Climatology and Changes of Different Intensity Precipitation in Yunnan Province from 1982 to 2016. Torr. Rain Disast. 2020, 39, 363–371. [Google Scholar]

	



Wang, L.; Zhang, J.F.; Ma, J.Z. Research Progress on Pinus yunnanensis with Degradation Status and Ecosystem Functions of the Forest Stands. J. W. China For. Sci. 2018, 47, 121–130. [Google Scholar]

	



Wang, W.; Zhang, J.; Yang, D. Key Technologies for Multifunctional and Close-to-nature Forest Management of Yunnan. J. West China For. Sci. 2018, 47, 1–6. [Google Scholar]








[image: Land 13 01593 g001] 





Figure 1. Land use types in Yongsheng County. 
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Figure 2. Scenario analysis of land use in Yongsheng County. The red star symbol means optimal land use type. 
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Table 1. Ecosystem multifunctionality equivalent per unit area.






Table 1. Ecosystem multifunctionality equivalent per unit area.





	
Primary Classification Categories

	
Secondary Classification Categories

	
Farmland

	
Mixed Forest

	
Broadleaf Forest

	
Coniferous Forest

	
Shrubland

	
Grassland

	
Meadow

	
Water Bodies

	
Built-Up Land






	
Provisioning services

	
Food production

	
0.39

	
0.14

	
0.13

	
0.10

	
0.09

	
0.05

	
0.10

	
0.36

	
0




	
Energy production

	
0.18

	
0.32

	
0.30

	
0.23

	
0.19

	
0.06

	
0.15

	
0.10

	
0




	
Water supply

	
0.01

	
0.17

	
0.15

	
0.12

	
0.10

	
0.36

	
0.08

	
3.73

	
0




	
Regulating services

	
Climate regulation

	
0.16

	
3.16

	
2.93

	
2.28

	
1.90

	
0.60

	
1.36

	
1.03

	
0




	
Supporting services

	
Biodiversity

	
0.06

	
1.17

	
1.09

	
0.85

	
0.71

	
0.25

	
0.57

	
1.15

	
0.01




	
Cultural services

	
Aesthetic value

	
0.03

	
0.51

	
0.48

	
0.37

	
0.31

	
0.11

	
0.26

	
0.85

	
0











 





Table 2. Grain production price, output, and sown area statistics for Yongsheng County.
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	Major Crops
	Price (CNY/t)
	Average Yield (t/ha)
	Sown Area (ha)





	Wheat
	2461.2
	3.3
	1613



	Rice
	2711.4
	8.6
	6615



	Corn
	2531.6
	5.7
	19767










 





Table 3. Basic demographic information of respondents.
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	Demographics
	Group
	Percentage





	Gender
	Male
	70.37%



	
	Female
	29.63%



	Ethnicity
	Han
	27.65%



	
	Lisu
	25.39%



	
	Mosuo
	26.71%



	
	Naxi
	20.25%



	Education level
	Primary school or below
	37.04%



	
	Junior high school
	29.63%



	
	High school
	25.93%



	
	Undergraduate degree or higher
	7.41%



	Age
	<18
	3.7%



	
	18–24
	0%



	
	25–34
	11.11%



	
	35–44
	14.81%



	
	45–54
	25.93%



	
	>55
	44.44%



	Length of residence
	<5 year
	0



	
	5–10 years
	0



	
	11–20 years
	4.55%



	
	21–30 years
	0



	
	31–40 years
	13.64%



	
	>40 years
	81.82%










 





Table 4. Degree of demand by stakeholder group.
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Group

	
Food Production

	
Water Supply

	
Aesthetic Value

	
Biodiversity

	
Climate Regulation

	
Energy Production






	
Farming households

	
Lisu

	
1

	
4

	
2

	
6

	
5

	
3




	
Mosuo

	
6

	
5

	
2

	
1

	
3

	
4




	
Han

	
3

	
4

	
2

	
1

	
6

	
5




	
Naxi

	
6

	
5

	
3

	
1

	
4

	
2




	
Local government

	
Forestry and Grassland Bureau

	
6

	
4

	
1

	
3

	
5

	
2




	
Agriculture and Rural Affairs Bureau

	
6

	
1

	
5

	
2

	
3

	
4




	
Natural Resources Bureau

	
5

	
3

	
6

	
2

	
4

	
1








Note: 1–6 represent the degree of demand, with higher numbers indicating a higher degree of demand.













 





Table 5. Satisfaction levels by stakeholder group.
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Group

	
Food Production

	
Water Supply

	
Aesthetic Value

	
Biodiversity

	
Climate Regulation

	
Energy Production






	
Farming households

	
Lisu

	
Basically satisfied

	
Basically satisfied

	
Exceeded satisfaction

	
Exceeded satisfaction

	
Basically satisfied

	
Basically satisfied




	
Mosuo

	
Difficult to satisfy

	
Difficult to satisfy

	
Difficult to satisfy

	
Difficult to satisfy

	
Difficult to satisfy

	
Difficult to satisfy




	
Han

	
Exceeded satisfaction

	
Difficult to satisfy

	
Basically satisfied

	
Exceeded satisfaction

	
Basically satisfied

	
Exceeded satisfaction




	
Naxi

	
Basically satisfied

	
Difficult to satisfy

	
