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Abstract

:

Green spaces are an essential aspect of building an eco-livable city and play an important role in building for eco-livability in the central Yunnan urban agglomeration. However, there are relatively few studies evaluating the eco-livability of green spaces. The establishment of a green-space eco-livability assessment system may help researchers to analyze the eco-livability of urban green spaces more effectively. To address this research gap, we constructed an ecological livability-evaluation index system for green spaces that incorporates three determinants—economic development, social life, and the ecological environment—using the green spaces of the urban agglomeration in central Yunnan as a case study. We used the entropy method to calculate the suitability for ecological livability of the green spaces in each district and county in the central Yunnan urban agglomeration for 2010, 2015 and 2020. We used the spatial autocorrelation analysis function of ArcGIS 10.8 software to explore the spatial clustering characteristics of the suitability for ecological livability of green spaces in the central Yunnan urban agglomeration. The results showed that, from 2010 to 2020, the suitability for ecological livability of green spaces of the 49 districts and counties in the central Yunnan urban agglomeration increased in some districts and decreased in others. The spatial characteristics were high in the central districts and counties and low in the peripheral districts and counties. The spatial characteristics of the suitability of the target layers for economic development and ecological-environment target were consistent with the overall suitability. Through a spatial autocorrelation analysis, we observed that the suitability of green spaces for ecological livability had a positive spatial correlation and demonstrated significant spatial clustering. In this study, we propose recommendations to improve the suitability for ecological livability of green spaces from two dimensions of government policy and urban development, using a combination of the three target layers. The results of the study provide a reference for decision-making in the construction of eco-livable cities in the central Yunnan urban agglomeration.
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1. Introduction


Green spaces are an extremely important foundation of building an ecologically livable city. They include all areas in a region where plants grow [1]. Urbanization is an inevitable trend in urban development that has resulted in significant changes to economies, social structures, production, and lifestyles [2,3]. It has also resulted in substantial negative impacts, pressures, and challenges for green spaces [4,5,6,7,8]. In view of the prominence of these urban problems, researchers have begun to consider the disadvantages of traditional urbanization models by proposing a goal of building ecologically livable cities as a new approach to urban development.



For this study, we searched the China Knowledge and Web of Science platforms using the keywords “ecological and livable city”, “eco-livable city”, and “livability city”. According to our literature analysis, the current research on ecological livability focuses on four main aspects: the definition of ecological livability, evaluation index systems, evaluation methods, and construction measures. In terms of definition, the concept of eco-livability was proposed at the beginning of the 21st century. Different researchers have different views. Lu [7] posited that eco-livability includes all aspects of economic development, social development, and ecological environmental quality and that these factors objectively and realistically reflect the eco-livability of cities. Li [9] argued that eco-livability encompasses the natural environment, the spiritual humanistic environment, and the soft environment of the social life of residents. Xie [10] considered an eco-livable city to be one in which the natural and human environments are perfectly integrated, where the social system and the ecosystem co-exist in harmony. Evidently, a unified concept of eco-livability has yet to be developed. By synthesizing the views of most researchers, we defined eco-livability as a composite system that encompasses economic prosperity and social development, as well as a clean and beautiful ecological environment. This concept involves the sustainability and coordination of the economy, society, and the environment [11]. It reflects the degree of civilization and the sustainable development of an area. It is also an essential requirement for urban development [12].



At present, the literature on the construction of an ecological-livability indicator system mainly considers two factors: the construction of subjective indicators and the construction of objective indicators. Subjective indicators are constructed mainly through questionnaires and interviews and are used to construct a comprehensive assessment of resident satisfaction. Objective indicators assess the ecological livability of a city mainly through quantitative measurements. Subjective indicators have the advantage of measuring the ecological livability of a city primarily from a human perspective and are often used in surveys of individual areas. The advantage of objective indicators is that they can be studied from multidimensional and multiregional perspectives [13]. It is well known that the indicators for assessing eco-livability are diverse. However, there is general agreement that economic, social, and environmental factors are the main factors determining eco-livability [12]. For example, Li constructed evaluation indexes based on five factors: population, society, environment, support, and residence [14]. Fan built evaluation indexes based on three factors: citizen, ecology, and city [15]. Barrera-Roldán constructed evaluation indexes based on three factors: economy, society, and nature [16]. Ghasemi constructed evaluation indexes based on residential land, urban infrastructure, health facilities, green spaces, industry, commerce, military, etc. [17]. Zanella constructed the evaluation indexes from two factors: human well-being and environmental impact [18].



In the research on the methods of evaluating ecological livability, scholars mainly use subjective evaluation methods, objective evaluation methods, or a combination of subjective and objective methods. Subjective evaluation methods mainly include questionnaire surveys [19,20] and the analytic hierarchy process (AHP) [21,22]. Objective evaluation methods mainly consist of principal component analysis (PCA) [23], grey correlation analysis [24], the technique for order of preference by similarity to ideal solution (TOPSIS) [25], and the entropy method [26]. The main method of combining subjective and objective methods is to use a questionnaire survey combined with objective evaluation methods [27].



Researchers have evaluated the ecological livability of cities [28], urban agglomerations [29], regions [13], and provinces [30], as well as of places on other geographic scales [31]. Several researchers have evaluated ecological livability from the perspectives of innovative urban development [32], suitable industry [33], ecological space [34], and Sansheng space [35]. The scope of research on eco-livability assessments mainly focuses on individual cities; there are relatively few studies on the eco-livability of urban agglomerations. Research on the construction of an ecological-livability evaluation index system from the perspective of green spaces is relatively limited, and the scope of this research is confined to a small scale [36].



The central Yunnan urban agglomeration is the bridgehead of Yunnan to Southeast Asia and the gateway support area of the Belt and Road construction project in China. In the Central Yunnan Urban Agglomeration Plan (2016–2049), one of the development goals is the construction of an urban agglomeration that is ecologically livable with respect to the mountains and the watershed. With the accelerated urbanization of the central Yunnan urban agglomeration, the size and number of green spaces are gradually decreasing. Green spaces play an important role in building an ecologically livable central Yunnan urban agglomeration.



Based on the above factors, we constructed an innovative assessment of the suitability for ecological livability of the urban agglomeration in central Yunnan from the perspective of green spaces. The research innovations and main contributions of this study include the following: (1) a eco-livability evaluation index system for green spaces constructed using three factors: economic development, social life, and the ecological environment. Constructing the ecological livability index system for green space is rarely addressed in other studies; and (2) the identification of the spatial and temporal changes and spatial distribution of green spaces’ suitability for ecological livability in the central Yunnan urban agglomeration. In this study, we propose suggestions for development to improve the suitability for ecological livability of green spaces in the central Yunnan urban agglomeration. The results of this study may provide a reference for the development of the ecological livability of green spaces in the urban agglomeration of central Yunnan.




2. Analysis of the Methodological Framework


Figure 1 presents the methodological framework used to evaluate the ecological livability of green spaces in the study area. The framework consisted of three main aspects: (1) the construction of an evaluation indicator system for the ecological livability of green spaces; (2) the spatial and temporal evolution of the suitability for ecological livability of green spaces and the spatial clustering of the urban agglomeration in central Yunnan; and (3) recommendations to improve the suitability for ecological livability of green spaces in the urban agglomeration of central Yunnan.




3. Materials and Methods


3.1. Study Area


The urban agglomeration in central Yunnan has a lake basin karst plateau landscape, with mountains and intermountain basins as the main terrain. The climate is mild and humid, with abundant precipitation. The region experiences a low-latitude plateau mountain monsoon climate. According to the Central Yunnan Urban Agglomeration Plan (2016–2049), the scope of the area includes Kunming, Qujing, Yuxi, Chuxiong, and seven districts and counties in the north of Honghe, which comprises 49 districts and counties (Figure 2). It is one of the urban agglomerations cultivated by the state and is a key area for the development of the western region. Its land area accounts for 29% of the land area of Yunnan Province, approximately 111,400 square kilometers. According to existing statistics, the resident population of the central Yunnan urban agglomeration was 21.4376 million at the end of 2019. The urbanization rate was over 60%, and the regional GDP was CNY 14,091.72 trillion, accounting for 60.68% of the GDP of Yunnan Province.




3.2. Construction of the Evaluation System and Data Sources


3.2.1. Construction of the Evaluation System


We constructed an eco-livability evaluation system for green spaces based on three factors, namely, economic development, social life, and the ecological environment, from the perspective of “green spaces” and of eco-livability. The specific steps were as follows.



1. Based on the “Scientific Evaluation Criteria for Livable Cities (2007)” and the relevant studies of more than 40 researchers in China and abroad, we derived evaluation indicators related to ecological livability and integrated green-space land use from the perspective of green spaces (Figure 3). In this study, green spaces included four land-use types. These were forest land, farmland, grassland, and water bodies [1].



2. We distributed an expert questionnaire to construct eco-livability indicators for green spaces. We designed a questionnaire format in which a scoring system was combined with open-ended modifications. In total, 29 questionnaires were returned. Of these, 28 were valid. The main areas of expertise of the participants in this study included landscape architecture, gardening, urban and rural planning, human geography, and urban ecology.



3. Based on the expert questionnaire survey and data accessibility in the study area, we selected 25 indicators as the eco-livability evaluation indicators for green spaces (Table 1).




3.2.2. Data Sources


The data required for the seven subsystems of economic strength, economic structure, social security, population structure, greening level, climate environment, and environmental pollution were sourced from various official publications. These sources included the Yunnan Province Statistical Yearbook, the Kunming City Yearbook, the Qujing City Yearbook, the Chuxiong Prefecture Yearbook, the Honghe Prefecture Yearbook, the Yuxi City Yearbook, and the yearbooks and statistical yearbooks of different districts and counties from 2010 to 2020. The land-use data for 2010, 2015, and 2020 required by the land-use subsystem were sourced from the Center of Resources and Environmental Science and Data, Chinese Academy of Sciences (http://www.resdc.cn (accessed on 2 August 2022)). We used the interpolation method to complete the missing data and deleted the evaluation indicators that were missing a very large number of datapoints [15,37,38].





3.3. Methods


3.3.1. Entropy Method


The entropy method is an objective evaluation method that can eliminate the influence of cognitive biases, making the process of determining the weights of indicators more rational and the evaluation results more scientific compared with the subjective method [39]. Compared with other objective methods, the entropy method algorithm is simple and easy to understand and has a wide range of applications. It can be applied to a variety of decision problems and different types of data [40]. The entropy method uses the degree of aggregation of the raw data of an indicator to determine its weight, which is used to indicate the degree of importance of an indicator among all indicators. In the entropy method, the sum of the weights of all indicators is equal to 1. Usually, the greater the weight of an indicator, the more it affects the results [41]. We used the entropy method to determine the weights of the indicators (Table 1). The steps were as follows.



(1) The data were normalized.


  Positive   index :    Y  i j   =      x  i j   −  x  m i n          x  m a x   −  x  m i n        



(1)






  Negative   index :    Y  i j   =      x  m a x   −  x  i j          x  m a x   −  x  m i n        



(2)




where Yij refers to the values of the positive and negative indicators after data normalization, with Yij ∈ [0, 1]; xij refers to the original positive and negative indicator values; and xmax and xmin refer to the maximum and minimum values of the original indicators, respectively.



(2) The data were shifted: Because “0” values remaining after normalization would affect subsequent calculations, order to eliminate them, a shifting of 0.0001 was carried out on the indicators after the normalization of the data [42].


   X  i j   =  Y  i j   + 0.0001  



(3)




where Xij is the indicator after the shifting process, with Xij ∈ [0, 1].



(3) The weight of j indicator in i city was calculated as follows:


   P  i j   =    X  i j       ∑   i = 1  m   X  i j      



(4)







(4) The entropy of j indicator was calculated as follows:


   e j  = −  1  I n  m      ∑   i = 1  m   P  i j   I n    P  i j      



(5)







(5) The coefficient of variation dj for indicator j was calculated as follows:


   d j  = 1 −  e j   



(6)







The greater the value of dj, the more important indicator j is in the calculation.



(6) The weights of the indicators were calculated as follows:


   W j  =    d j      ∑   k = 1  n   d k     



(7)







(7) The composite livability was calculated as follows:


  R =   ∑   j = 1  n     W j  ∗  Y  i j      



(8)








3.3.2. Moran’s I


Moran’s I index includes a global Moran’s I index and a local Moran’s I index [43]. We used the spatial statistical analysis tools of ArcGIS 10.8 software—namely, spatial autocorrelation (global Moran’s I index) and cluster and outlier analysis (local Moran’s I index)—to analyze the spatial correlation of the ecological livability of green spaces in the urban agglomeration of central Yunnan. We explored the spatial clustering of the ecological livability of green spaces in the central Yunnan urban agglomeration by calculating the global and local spatial autocorrelations. The formulas were as follows.


  Global   Moran ’ s   I   index :    I 1  =     ∑   i = 1  N    ∑   j = 1  N   W  i j      G i  −  G P       G j  −  G P        ∑   i = 1  N    ∑   j = 1  N   W  i j     ∑   i = 1  N       G j  −  G P     2     



(9)






  Local   Moran ’ s   I   index :    I 2  =      G i  −  G P        ∑   i = 1  N       G i  −  G P     2      ∑   j = 1  N     G j  −  G P     



(10)




where N is the number of cities in the central Yunnan urban agglomeration; Wij represents the spatial weight matrix; Gi is the suitability for ecological livability of the green spaces of each city; Gj indicates the suitability for ecological livability of the green spaces of the neighboring cities of city i; and GP is the average value of the suitability for ecological livability of the green spaces of each city. The value of I is in the range of [−1, 1]. The closer the value of I is to 1, the greater the positive correlation between cities; the closer the value of I is to −1, the greater the negative correlation between cities; and if the value of I is close to 0, this result indicates that there is no correlation between cities [44,45,46].






4. Results


4.1. Characteristics of the Spatial and Temporal Evolution of the Suitability for Ecological Livability of Green Spaces


4.1.1. Characteristics of Temporal Evolution


Based on Formulas (1)–(8), this study assessed the suitability for ecological livability of green spaces in the 49 districts and counties of the central Yunnan urban agglomeration from 2010 to 2020 (Figure 4 and Table 2). From the perspective of temporal evolution, the three time periods of 2010–2015, 2015–2020 and 2010–2020 all showed increasing or decreasing trends in the suitability for ecological livability of their green spaces. From 2010 to 2015, some districts and counties in the northwest and south of the central Yunnan urban agglomeration showed a decrease, whereas others showed an increase. The largest decrease was in Chengjiang, where the value changed from 0.499 to 0.397, a decrease of 0.102. The largest increase was in Wuhua, where the value changed from 0.258 to 0.366, an increase of 0.107. From 2015 to 2020, the suitability for ecological livability of green spaces in Xundian and Shuangbai decreased, but it increased in the other districts and counties. The largest decrease was in Xundian, where the value changed from 0.198 to 0.187, a decrease of 0.011. The largest increase was in Anning, where the value changed from 0.297 to 0.390, an increase of 0.093. From 2010 to 2020, certain districts and counties in the northwestern part of the central Yunnan urban agglomeration showed a declining trend, whereas the remaining areas showed an increasing trend. Yuanmou had the greatest decrease, from 0.299 to 0.274; this was a decrease of 0.025. Panlong had the greatest increase, from 0.253 to 0.423; this was an increase of 0.170.




4.1.2. Characteristics of Spatial Evolution


This study visualized the suitability for ecological livability of green spaces in the 49 districts and counties of the central Yunnan urban agglomeration from 2010 to 2020. The comprehensive suitability for ecological livability of green spaces was classified into five levels using the natural breakpoint grading method [47]. These levels were high, relatively high, medium, relatively low, and low (Figure 5). In the three phases of 2010, 2015 and 2020, the suitability for ecological livability of the central districts and counties of the urban agglomeration was higher than that of the peripheral districts and counties. In 2010, the zones with green spaces rated as having high and relatively high suitability for ecological livability in the central Yunnan urban agglomeration were mainly located in its central and northwestern regions, while the zones rated low and relatively low were widely distributed. In 2015, the zones rated high and relatively high were mainly located in the central part of the urban agglomeration, while the zones rated low and relatively low were mainly located in the northern, northwestern and northeastern parts. In 2020, the zones rated high and relatively high were primarily located in the central region, with a reduced extent of zones rated low and relatively low, mainly in the northern and northwestern regions of the urban agglomeration.





4.2. Analysis of Variability under a Single Target Layer of the Suitability for Ecological Livability of Green Spaces


In this study, the suitability for eco-livability of green spaces in 49 districts and counties in the central Yunnan urban agglomeration was calculated under the three single target layers of economic development, social life, and ecological environment, considering data from 2010 to 2020. Our aim was to explore the spatial variability of the green spaces’ suitability for ecological livability according to each objective layer.



4.2.1. Characteristics of Temporal Evolution


The three single target layers of economic development, social life, and ecological environment showed increases or decreases in the three time periods of 2010–2015, 2015–2020, and 2010–2020 (Figure 6). From 2010 to 2015, the economic-development target layer showed an increasing trend in all districts and counties except in areas in the northwest, center, and south of the urban agglomeration. The social-life target layer showed an increasing trend in all districts and counties except for the southwestern and central regions of the urban agglomeration. The ecological-environment target layer showed a decreasing trend in all districts and counties except for the central and eastern regions. From 2015 to 2020, all districts and counties except for Mouding showed an increase in the economic-development target layer. The districts and counties that showed an increase in the social-life target layer were mainly located in the central, northwestern, and southwestern regions of the urban agglomeration. The districts and counties that showed an increase in the ecological-environment target layer were mainly located in the northwest and south of the urban agglomeration. From 2010 to 2020, the districts and counties in the northwestern part of the urban agglomeration and other areas showed a decrease in the economic-development target layer, while the rest of the areas showed an increase. In the social-life target layer, the districts and counties in the north and southwest of the urban agglomeration showed a decreasing trend, while those in the northwest showed an increase. The districts and counties showing a decrease in the ecological-environment target layer were mainly located in the central and southern regions of the urban agglomeration, while the remaining districts and counties showed an increase.




4.2.2. Characteristics of Spatial Evolution


As presented in Figure 7, the economic-development target layer and the ecological-environment target layer showed high suitability in the middle of the region and low suitability in the surrounding areas in 2010, 2015, and 2020. The social-life target layer showed high suitability in the surrounding areas and low suitability in the middle. In 2010, the areas with high or relatively high suitability according to the economic-development target layer were mainly distributed in the central and southern regions of the urban agglomeration. In 2015, the areas with high or relatively high suitability were mainly distributed in the central area of the urban agglomeration. In 2020, the areas with high or relatively high suitability were mainly distributed in the central and southeastern regions of the urban agglomeration, as well as in other areas. The values in the economic-development target layer were high in the middle of the region and low in the surrounding areas because the central districts and counties of the urban agglomeration were the core areas of the central Yunnan urban agglomeration; their economic development was higher than that of the peripheral districts and counties. In 2010, 2015, and 2020, the areas with high or relatively high suitability in the social-life target layer were mainly distributed in the northern, northwestern, and southwestern regions of the urban agglomeration. The values for social life were low in the middle and high in the periphery because the urbanization rate, the urban unemployment rate and the natural population growth rate were higher in the central cities than in the peripheral cities. In 2010, 2015, and 2020, the areas with high or relatively high suitability according to the ecological-environment target layer were mainly distributed in the middle of the urban agglomeration because the weight of the indicator “Water bodies as a proportion of land-use area” is greatest in the ecological environment. Therefore, the cities with a high proportion of water bodies were in areas with a high or relatively high suitability for the ecological-environment target layer.





4.3. Spatial Correlation Analysis of Suitability for Ecological Livability of Green Spaces


This study used ArcGIS 10.8 software to conduct a spatial autocorrelation analysis on the ecological livability of green spaces in the 49 districts and counties of the central Yunnan urban agglomeration in 2010, 2015, and 2020. The global Moran’s I index was positive and passed the 5% significance test. This result indicates that there is a positive spatial correlation in the ecological livability of green spaces in the 49 districts and counties (Table 3). During 2010–2020, the Moran’s I index first increased and then decreased and increased overall, which means that the spatial correlation of the suitability for ecological livability of green spaces in the 49 districts and counties of the central Yunnan urban agglomeration gradually increased and that there is a spatial agglomeration effect in terms of geographical location.



Based on the analysis presented in Figure 8, the spatial clustering of the suitability for ecological livability of the green spaces in the central Yunnan urban agglomeration revealed high–high clustering in the middle of the urban agglomeration and low–low clustering at the edge. The high–high clustering and the low–low clustering were significant. The cause of this phenomenon was that the districts and counties with relatively high levels of suitability for ecological livability of green spaces were mainly concentrated in the core areas of the central Yunnan urban agglomeration, whereas the districts and counties with relatively low levels of suitability were mainly distributed in the peripheral areas. From 2010 to 2020, the high–high cluster areas were mainly located in the central region of the Yunnan urban agglomeration. These regions had a positive spatial spillover effect during development and increased the suitability of the neighboring districts and counties. In 2010, the low–high outlier areas were mainly located in the central region of the urban agglomeration. In 2010 and 2015, the high–low outlier areas were mainly located in the eastern region of the urban agglomeration; in 2020, they were mainly located in the western region of the urban agglomeration. In 2010, the low–low cluster areas were mainly located in the northeastern region of the central Yunnan urban agglomeration; smaller numbers were located in the southwestern and eastern regions. In 2015, these areas were mainly located in the northern and northwestern regions of the urban agglomeration. In 2020, they were mainly located in the northern and southwestern regions of the urban agglomeration. The suitability of the districts and counties in the low–low agglomeration areas was relatively low; the suitability of the surrounding counties was also low. These cities have the potential to develop the suitability for ecological livability of green spaces, which is crucial for improving the green spaces of the central Yunnan urban agglomeration. Therefore, cooperation between districts and counties should be strengthened and the development of the cities at the top level should be promoted to enhance the development of the cities at the bottom level, thus improving the overall livability of the central Yunnan urban agglomeration.





5. Discussion and Recommendations


5.1. Discussion


We observed that the economic-development layer was weighted most heavily among the target layers, indicating that economic development plays a substantial role in the suitability for ecological livability of green spaces. This result was consistent with that of a previous study [48]. The suitability for eco-livability of green spaces according to the three dimensions of economic development, social life and ecological environment in 2010–2020 showed a decreasing trend in certain districts and counties. The districts and counties with the largest decreases in the suitability for ecological livability of green spaces according to the economic-development target layer during 2010–2020 included Yongren, Yuanmou, Wuding, Muding, Yaoan, Chengjiang and Malong. This effect was observed because these cities showed a decrease in tourism revenue as a proportion of GDP and in the social investment in fixed assets as a proportion of GDP. Among all the economic-development indicators, only these two indicators showed negative suitability values (Figure 9a). The districts and counties with a relatively large decrease in the suitability for ecological livability of green spaces under the social-life target layer during 2010–2020 included Xinping, Wuhua, Xundian, and Dongchuan. This change occurred because these cities showed a small decrease in the suitability of the natural population growth rate and the suitability of the urbanization rate. The change in the urban unemployment rate was negligible (Figure 9b). The districts and counties with large decreases in the suitability for ecological livability of green spaces as shown by the ecological-environment target layer during 2010–2020 included Xishan and Huaning. This change was due to a decrease in the suitability of indicators such as water bodies as a proportion of land-use area, farmland area as a proportion of land-use area, and per capita public green space (Figure 9c).



The spatial correlation of the suitability of green spaces for ecological livability in the city cluster of central Yunnan was positive, and the spatial-agglomeration results showed high–high clustering in the middle of the urban agglomeration and low–low clustering at the edge. Therefore, it is necessary to strengthen cooperation among districts and counties. The cities with the most advanced economic development should lead the cities with the least advanced economic development in order to enhance the overall ecological livability level of green spaces in the central Yunnan urban agglomeration, as well as the coordinated development of the region.




5.2. Recommendations


Based on an analysis of the above research results, we formulated the following recommendations.



(1) Economic construction: The central Yunnan urban agglomeration should speed up the formation of the central Yunnan urban economic circle of “one region, two belts, four cities and several points” to obtain a pattern of regional integration. For cities like Yongren, Yuanmou, Wuding, Muding, Yao’an, Chengjiang and Malong, whose suitability declined according to the economic-development target layer, should focus on economic development, accelerating the construction of a modern ecotourism industry, improving auxiliary tourism services, creating cultural and tourism products, and promoting the modernization and development of the economy. This development will provide economic support for the rational use and planning of green spaces in the central Yunnan urban agglomeration.



(2) Social life: Improvements to the standards of social life play an important role in promoting economic development and optimizing the ecological environment. The government should improve the level of public services to enhance the public sense of wellbeing. Cities such as Xinping, Wuhua, Xundian, and Dongchuan, which demonstrated a decline in suitability according to the social-life target layer, should encourage entrepreneurship and employment, provide skill-training opportunities, increase employment opportunities, reduce urban unemployment, moderately extend the retirement age, and direct young talent to urban areas with lower suitability ratings.



(3) Ecological environment: The government should strictly control the three zones and three lines, strengthen the protection and management of highland lakes, and enhance the monitoring and regulation of the ecological environment. Cities like Xishan and Huaning, which showed a decline in suitability according to the ecological-environment target layer, should pay greater attention to the protection of the ecological environment, especially to the protection of the water systems of Dianchi, Fuxian Lake, Yangzonghai and Qilu Lake. The protection of green spaces should be strengthened, the green coverage rate should be increased, urban green spaces should be rationally planned, and the policy of three zones and three lines should be strictly adhered to.





6. Conclusions


In this study, we constructed a green space eco-livability evaluation index system using an expert questionnaire survey. This evaluation index system was used to effectively assess the suitability for eco-livability of the green spaces in the urban agglomeration in central Yunnan. Due to the feasibility of the methodology and data sources, it can be applied to other urban agglomerations. We assessed the eco-livability suitability of the green spaces in central Yunnan urban agglomeration using an entropy weight method. A spatial autocorrelation analysis revealed the spatial clustering of the suitability for ecological livability of green spaces in the central Yunnan urban agglomeration. According to the composite model, the suitability for ecological livability of green spaces in the urban agglomeration of central Yunnan showed varying degrees of spatial variability and temporal fluctuation. We observed that the suitability of green spaces for ecological livability showed positive spatial correlation and significant spatial-aggregation characteristics. Based on these results from a combination of the three target layers, we propose recommendations to improve the suitability for ecological livability of green spaces based on two dimensions of government policy and urban development. The identified spatial differences can help to accurately assess the suitability for ecological livability of green spaces in each district and county in the urban agglomeration. Such results are of great significance in promoting the development of ecological livability in the urban agglomeration in central Yunnan and provide a reference for planners and managers.



Innovation, Shortcomings, and Outlook



In this study, an expert questionnaire survey was used to construct an eco-livability evaluation index system for green spaces in terms of three factors, namely economic development, social life and ecological environment, which were combined to assess eco-livability. In an improvement on existing studies [35], this indicator system avoided the influence of individual subjective views to the greatest extent possible. Due to the flexibility of the methods and data, the evaluation index system for green-space ecological livability that was constructed in this study could be applied to other regions.



Most studies choose hierarchical analyses and questionnaires to determine indicator weights [19,20,21,22]. These methods are not applicable to multiple cities, and the weighting is subjective. We adopted the entropy method to solve the problem of subjectivity of weighting. This method is also applicable to multi-dimensional and multi-regional research [39].



This study involved the innovative construction of an eco-livability evaluation index for green spaces and showed that the indicator reflecting the proportion of water bodies to overall land use was important in determining the suitability of green spaces for eco-livability. This result represents the difference between this study and other studies.



There were several limitations to this study. First, the study had limitations regarding the construction of composite indicators. The subjectivity of a single composite indicator may be compensated for in the future by constructing interval-based composite indicators [49,50]. With the wide use of composite indicators, their quality becomes a major issue. In the future, we intend to optimize our composite-indicator system by analyzing the uncertainty and sensitivity of each composite indicator [51,52,53]. Secondly, there were limitations of objective conditions such as the large amount of missing data. We deleted indicators with particularly high numbers of missing values, which resulted in our having fewer relevant indicators for social life. Different methods of inputting missing values will lead to different results. In the future, data on social life could be collected from multiple sources to rationally adjust the correspondence among indicators of economic development, social life, and the ecological environment. The advantages and disadvantages of different methods of compiling missing values could also be explored to ascertain the most suitable method. Finally, we explored only the spatial and temporal evolution and spatial distribution of the suitability for ecological livability of green spaces in the urban agglomeration of central Yunnan. In the future, we will continue to explore the mechanisms by which economic development, social life, and the ecological environment influence the suitability for ecological livability of green spaces in the urban agglomeration of central Yunnan through regression modelling.
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Figure 1. The methodological framework of the study. 
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Figure 2. Location of the study area. 
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Figure 3. Original indicators. 
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Figure 4. Changes in suitability for ecological livability of green spaces in the central Yunnan urban agglomeration. 
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Figure 5. Spatial distribution of suitability for ecological livability of green spaces in the central Yunnan urban agglomeration. 
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Figure 6. Changes in the suitability for ecological livability of green spaces in the central Yunnan urban agglomeration according to the three target layers: economic development (a); social life (b); and the ecological environment (c). 
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Figure 7. Spatial-distribution map of suitability for ecological livability of green spaces in the central Yunnan urban agglomeration according to the three target layers: economic development (a); social life (b); and the ecological environment (c). 
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Figure 8. Local autocorrelation of suitability for ecological livability of green spaces in the central Yunnan urban agglomeration. 
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Figure 9. Changes in indicator suitability during 2010–2020: economic development (a), social life (b), and the ecological environment (c). 
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Table 1. Weights of the evaluation indicators for the ecological livability of green spaces in the central Yunnan urban agglomeration.
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Target Layer

	
Standardized Layer

	
Index Layer

	
Index Weights






	
Economic development

	
Economic strength

	
GDP

	
0.108




	
Per capita financial income

	
0.046




	
Per capita disposable income of rural residents

	
0.045




	
Per capita disposable income of urban residents

	
0.028




	
General public budget revenue

	
0.084




	
Economic structure

	
Proportion of tertiary industry

	
0.015




	
Tourism revenue as a proportion of GDP

	
0.103




	
Social investment in fixed assets as a proportion of GDP

	
0.060




	
Social life

	
Social security

	
Urban registered unemployment rate

	
0.002




	
Population structure

	
Urbanization rate

	
0.019




	
Rate of natural population growth

	
0.025




	
Ecological environment

	
Greening level

	
Green coverage in built-up areas

	
0.005




	
Green-space ratio in built-up areas

	
0.009




	
Per capita public green area

	
0.055




	
Forest coverage

	
0.025




	
Climate environment

	
Annual rainfall

	
0.032




	
Annual average temperature

	
0.024




	
Number of annual sunshine

	
0.008




	
Environmental pollution

	
Air-quality excellence rate

	
0.003




	
Sewage treatment rate

	
0.020




	
Rate of harmless trash disposal

	
0.005




	
Green-space land use

	
Farmland area as a proportion of land-use area

	
0.034




	
Water bodies as a proportion of land-use area

	
0.184




	
Grassland as a proportion of land-use area

	
0.034




	
Forest as a proportion of land-use area

	
0.028











 





Table 2. Green-space eco-livability scores of 49 districts and counties in the central Yunnan urban agglomeration and the degree of change in their scores, 2010–2020.
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District/County

	
Score

	
Change in Score




	
2010

	
2015

	
2020

	
2010–2015

	
2015–2020

	
2010–2020






	
Wuhua

	
0.258

	
0.366

	
0.412

	
0.108

	
0.046

	
0.154




	
Panlong

	
0.253

	
0.342

	
0.423

	
0.089

	
0.081

	
0.170




	
Guandu

	
0.312

	
0.415

	
0.459

	
0.103

	
0.044

	
0.147




	
Xishan

	
0.418

	
0.495

	
0.545

	
0.077

	
0.050

	
0.127




	
Chenggong

	
0.360

	
0.399

	
0.420

	
0.039

	
0.021

	
0.060




	
Jinning

	
0.270

	
0.325

	
0.342

	
0.055

	
0.017

	
0.072




	
Dongchuan

	
0.186

	
0.199

	
0.225

	
0.013

	
0.026

	
0.039




	
Anning

	
0.264

	
0.297

	
0.390

	
0.033

	
0.093

	
0.126




	
Songming

	
0.196

	
0.220

	
0.241

	
0.024

	
0.021

	
0.045




	
Fumin

	
0.191

	
0.221

	
0.250

	
0.030

	
0.029

	
0.059




	
Shilin

	
0.265

	
0.251

	
0.267

	
−0.014

	
0.016

	
0.002




	
Yiliang

	
0.187

	
0.229

	
0.253

	
0.042

	
0.024

	
0.066




	
Xundian

	
0.182

	
0.198

	
0.187

	
0.016

	
−0.011

	
0.005




	
Luquan

	
0.172

	
0.193

	
0.208

	
0.021

	
0.015

	
0.036




	
Qilin

	
0.198

	
0.272

	
0.316

	
0.074

	
0.044

	
0.118




	
Zhanyi

	
0.184

	
0.205

	
0.233

	
0.021

	
0.028

	
0.049




	
Malong

	
0.237

	
0.208

	
0.241

	
−0.029

	
0.033

	
0.004




	
Xuanwei

	
0.182

	
0.211

	
0.252

	
0.029

	
0.041

	
0.070




	
Huize

	
0.182

	
0.208

	
0.247

	
0.026

	
0.039

	
0.065




	
Luliang

	
0.193

	
0.198

	
0.258

	
0.005

	
0.060

	
0.065




	
Fuyuan

	
0.168

	
0.190

	
0.226

	
0.022

	
0.036

	
0.058




	
Luoping

	
0.206

	
0.234

	
0.253

	
0.028

	
0.019

	
0.047




	
Shizong

	
0.188

	
0.196

	
0.223

	
0.008

	
0.027

	
0.035




	
Hongta

	
0.231

	
0.275

	
0.308

	
0.044

	
0.033

	
0.077




	
Jiangchuan

	
0.350

	
0.340

	
0.355

	
−0.010

	
0.015

	
0.005




	
Chengjiang

	
0.499

	
0.397

	
0.476

	
−0.102

	
0.079

	
−0.023




	
Huaning

	
0.214

	
0.212

	
0.224

	
−0.002

	
0.012

	
0.010




	
Tonghai

	
0.242

	
0.248

	
0.303

	
0.006

	
0.055

	
0.061




	
Yimen

	
0.193

	
0.238

	
0.253

	
0.045

	
0.015

	
0.060




	
Eshan

	
0.188

	
0.201

	
0.227

	
0.013

	
0.026

	
0.039




	
Xinping

	
0.192

	
0.241

	
0.264

	
0.049

	
0.023

	
0.072




	
Yuanjiang

	
0.185

	
0.210

	
0.229

	
0.025

	
0.019

	
0.044




	
Chuxiong

	
0.225

	
0.264

	
0.303

	
0.039

	
0.039

	
0.078




	
Shuangbai

	
0.192

	
0.211

	
0.207

	
0.019

	
−0.004

	
0.015




	
LuFeng

	
0.212

	
0.223

	
0.268

	
0.011

	
0.045

	
0.056




	
Wuding

	
0.258

	
0.212

	
0.238

	
−0.046

	
0.026

	
−0.020




	
Yuanmou

	
0.299

	
0.226

	
0.274

	
−0.073

	
0.048

	
−0.025




	
Yongren

	
0.241

	
0.204

	
0.234

	
−0.037

	
0.030

	
−0.007




	
Dayao

	
0.201

	
0.202

	
0.255

	
0.001

	
0.053

	
0.054




	
Yao’an

	
0.211

	
0.184

	
0.221

	
−0.027

	
0.037

	
0.010




	
Mouding

	
0.240

	
0.222

	
0.225

	
−0.018

	
0.003

	
−0.015




	
Nanhua

	
0.207

	
0.190

	
0.232

	
−0.017

	
0.042

	
0.025




	
Mengzi

	
0.227

	
0.239

	
0.270

	
0.012

	
0.031

	
0.043




	
Gejiu

	
0.202

	
0.228

	
0.253

	
0.026

	
0.025

	
0.051




	
Kaiyuan

	
0.183

	
0.247

	
0.288

	
0.064

	
0.041

	
0.105




	
Mile

	
0.174

	
0.241

	
0.300

	
0.067

	
0.059

	
0.126




	
Luxi

	
0.220

	
0.234

	
0.266

	
0.014

	
0.032

	
0.046




	
Jianshui

	
0.252

	
0.233

	
0.270

	
−0.019

	
0.037

	
0.018




	
Shiping

	
0.169

	
0.227

	
0.266

	
0.058

	
0.039

	
0.097











 





Table 3. Change in the global Moran’s I for the suitability for ecological livability of green spaces in the central Yunnan urban agglomeration from 2010 to 2020.
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	Year
	Global Moran’s I
	Z-Value
	p-Value





	2010
	0.350179
	4.413019
	0.000010



	2015
	0.534096
	6.393320
	0.000000



	2020
	0.475889
	5.675392
	0.000000
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













nav.xhtml


  sustainability-15-15964


  
    		
      sustainability-15-15964
    


  




  





media/file8.jpg





media/file11.png
(a)

Legend

I 0. 088 - —0.074
[ ] -0.073--0.012
[ ]-0.011 - 0.000
[ ]o.001 - 0.062

B 0. 063 - 0. 107

Legend

B 0. 003 - 0.000
[ ] o.001 - 0.025
[ ]o.026 - 0.032
[ ]o0.033 - 0.054
B 0. 055 - 0.097

Legend

B 0. 037 - 0.000
[ ]o.001 - 0.037
[ ]o.038-o.076
[ o077 -0.119
B 0. 120 - 0.167

Legend

B 0. 018 - -0.009
[ ] -0.008 - -0.001
[ ]-0.001 - 0.000
[ Jooo1-0.004
B 0. 005 - 0.011

Legend

B 0.010 - -0.006
[ ] -0.005 - -0.002
[ ]-0.001 - 0.000
[ Jo.001 - 0.003
I 0. 004 - 0.008

Legend

B 0.018 - —0.010
[ ] -0.009 - -0.005
[ ]-0.004 - -0.001
[ ] -0.001 - 0.000
B o. 001 - 0.010

Legend

B -o. 014 - -0. 004
[ ] -0.003 - 0.000
[ ]o.001 - 0.008
[ Jo.009 -o0.013
B 0. 014 - 0.025

Legend

B o021 - -0.016
[ ] -0.015 - -0.005
[ ]-0.004 - —0.001
[ ] -0.001 - 0.000
B 0. 001 - 0.021

Legend

B -0.027 - -0.015
[ ] -0.014 - 0.000
[ ]o.001 - 0.008
[ o009 - 0.015
I 0.016 - 0.029

2010-2015

2015-2020

2010-2020






media/file6.jpg





media/file18.png





media/file1.png
Construction of the indicator The spatial and temporal evolution
system and the spatial clustering
characteristics

Recommendations

Economic

| Spatial correlation analysis
development |

Moran's I
Entropy
method

Ecological livable suitability of green
spaces

Economic
structure

I

I

I

I

! I
Construction |
of the Evaluation |
indicator methodology |
I

I

I

I

I

I

system Policy

suggestions

|
I
|
|
|
|
|
|
|
I
'
development W
|
|
|
|
|
|
I
|
|
|

Social security

Social life

survey method and the data pollution

|
| Ecological
I. environment |

ibility principl
accessibility principle Green spaces land

c
)
(¢]

|
|
|
|
|
|
|
|
|
|
|
|
|
structure |
|
|
|
|
|
|
|
|
|
|
|
|
|
|

B
L
Population |
The construction of index | | - : ,
system of green spaces | | |Characteristics of | | Analysis of spatial ——
| spatial and and temporal Social life
Greening level | temporal variability under a Ecological
| | evolution single target layer environment
Climate I |
‘ environment | |
Ecological | | I_ Economic
The expert questionnaire environment | : | development |
i
L

L
|I
|I
| |
e
L
II
L






media/file13.png
N

0 20 40 80 120 160
[ = - — U]

(a)

Legend

P

[ retatively low
[ ] Vedium

[ ] relatively hign
B ien

Legend

B o

[ relatively low
|:| Medium

[ relatively high
B iien

Legend

B Lo

[ relatively low
[ ] Vedium

[ ] Relatively high
B ien

Legend

B o

[ relatively low
|:| Medium

[ ] relatively high
B vien

Legend

B o

[ relatively low
|:| Medium

[ Relatively high
B sien

Legend

B o

[ ] Relatively low
[ ] Vedium

[ Relatively high
B ien

Legend

B Lo

[ ] retatively low
[ ] Vedium

[ Relatively hign
B :ien

Legend

P

[ Retatively 1ow
|:| Medium

[ Relatively high
e

Legend

B o

[ relatively tow
:| Medium

[ ] Relatively hign
B et

2010






media/file10.jpg





media/file7.png
80 120 160
Km

Legend

B 0. 102 - -0.073
[ ]-0.072 - -0.010
[ ]-0.009 - 0.000
[ o001 - 0.067
B o. 068 - 0. 107

Legend

I 0.011 - 0.000
[ Jo.001 - 0.024
[ ]o.025 - 0.039
[ ]o0.040 - 0.059
B 0. 060 - 0.093

Legend

B -0.025 - 0. 007
~0. 006 ~ 0.000
[ Jo.001 - 0.056
[ o057 - 0.007
B o. 098 - 0. 169

2010-2015






media/file12.jpg





media/file9.png
Legend

B Lo

[ ] Relatively low
[ ] Medium

[ ] Relatively high
B dicn

Legend

B o

[ Relatively low
\:I Medium

[ ] Relatively high
[

Legend

B Lo

[ ] Relatively low
I:I Medium

[ ] Relatively high
B sich

2010

2015

2020






media/file14.jpg





media/file16.jpg





media/file5.png
Farmland area as a proportion of land use area

Water bodies as a proportion of land use area

Green space land use

Grassland as a proportion of land use area

Forest as a proportion of land use area

Air quality excellence rate Economic strength

Road traffic noise level

Sewage treatment rate

Industrial solids combined utilisation rate Environmental pollution

Harmless disposal rate of trash

Annual average concentrations of SO2, NO2, PM2.5 and PM10

Annual rainfall

Annual average temperature
Climate environment

Number of annual sunshine

Green coverage in built-up areas

Eco-livability
evaluation

Green space ratio in built-up area

indicat
Per capita public green area mdicators

NDVI

Greening level

Forest coverage

Per capita library collection

Patents per 10,000 population

Total number of full-time teachers in primary and secondary

schools Educational technology

Proportion of primary and secondary school students in school

Number of university students per 10,000 persons

Economic structure

GDP

Per Capita GDP

Per capita financial income

General public budget revenue

Per capita disposable income of rural residents

Per capita disposable income of urban residents

General per capita public budget income

Proportion of tertiary industry

Percentage of secondary industry

Tourism revenue as a proportion of GDP

Social investment in fixed assets as a proportion of GDP

Accessibility of green space

Density of drainage pipes in built-up areas

Number of hospital beds per 10,000 people

Number of doctors per 10,000 persons

Number of buses per 10,000 people

Proportion of sports facilities per 1000 metres

Number of libraries for 10,000 people

Number of people with recorded offences

Lifeline project completion rate

Number of fire accidents

Traffic Accident Incidence Rate

Per capita domestic electricity consumption

Urbanization rate

Gas penetration rate

Rate of natural population growth Population structure

Engel’s coefficient

Quality of Life

Water penetration rate

Urban registered unemployment rate

Per capita housing space for urban residents

Social security

Social security coverage rate






media/file15.png





media/file3.png
Study area






media/file17.png
Value of change in score

. 040

. 020

. 020

. 040

. 060

. 080

(a)economic development

- Yongren

L Yuanmou

I:] Wuding
- Mouding
- Yaoan

I:I Malong
- Chengjiang

Index
T T T T T T T T
GDP Per capita Per capita Per capita  General public Proportion of Tourism Social
inancial disposable dlsposabl budget rtiary revenueasa investment in
income income of revenue industry proportion of  fixed assets as
rural residents urb GDP

a proportion of
residents GDP

Value of change in score

0. 000

(b) social life

-0. 005

-0. 010

- Xinping

il - Wuhua
:] Xundian
- Dongchuan

Index

T
Urban registered
unemployment rate

T
Urbanization rate

T
Rate of natural
population growth

Value of change in score

0.010 4~

0. 000

(c) ecological environment

- Xishan
- Huaning

-0.010

-0. 020

T ¥ T o T " T ¥ T g T L T ¥ l ] T 2 T B T o 4 T T
Green Green Per Forest Annual Annual  Number of Sewage Harmless Farmland  Water Grassland I"orest as
coverage  space capita coverage rainfall average annual qualuy trealment dnnosdl as a  bodies as as a
in ratio in public temperaturesunshine excellenc

of proportion a proportiompr