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Abstract

:

Urban greenspace planning plays a crucial role in improving the quality of human settlements and the living standard of citizens. Urban public greenspace (UPGS) is an important part of urban greenspaces. Existing literature rarely includes a scientific evaluation of greenspace plans (including of UPGS) and plan implementation effects. To bridge this gap, this study evaluated and monitored the UPGS plan enacted in 2010 in Kunming, China. Object-based image classification and visual interpretation of satellite images and Google Earth imagery were used to quantify the different periods of UPGS implementation. Six indicators and monitoring at four classic sites were applied to explore the change at two scales (overall scale and district scale) for monitoring the UPGS plan execution. The results showed that UPGS structure greatly improved after plan implementation. However, UPGS provision per capita has not reached the level of greenspace planning and the connectivity was poor. Significant implementation inequalities existed in each district and implementation has lagged behind schedule. This study contributes to a better understanding of greenspace planning and urban planning in general, which can help improve future planning and planning decisions.
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1. Introduction


Contemporary urbanization differs markedly from historical patterns of urban growth in terms of scale, rate, location, and form, especially in developing countries [1,2,3,4,5,6]. The pressure of urban development results in the destruction of extensive greenspaces that provide a variety of environmental, economic, and social benefits for urban citizens [7]. The environmental benefits include offsetting carbon emissions [8], removing air pollutants and reducing noise, absorbing rainwater, regulating the microclimate [9,10,11], and maintaining biodiversity [12,13,14,15]. Other benefits of green space include esthetic, recreational, and relaxation opportunities [16,17], as well as increased property values [18,19,20,21] and protected public health [22,23]. Additionally, current research has shown that urban greenspaces are becoming a good measure for the sustainability of a city [18,24,25], so that the importance of urban greenspaces in an urban ecosystem is being increasingly recognized [24]. In this context, more attention has recently been paid in most developing countries to urban green space planning for enhancing citizens’ quality of life, and greenspace planning should be an integral component of any urban development or remodeling endeavor [25,26]. Urban public greenspace (UPGS) is an important part of the urban greenspace system, and also plays a major role in cities by providing aesthetic and recreational opportunities and improving physical and psychological well-being of citizens [16,27,28,29,30,31].



At present, the research into green space is mainly focused on urban green space planning based on the evaluation [32], adaptation and mitigation of climate change [33], environmental purification and improvement of air quality [7], urban rainwater management [34,35], ecosystem services and social well-being [36,37], and biodiversity conservation in foreign countries [14,15]. In China, scholars mainly focus on the theoretical framework, introduction of domestic and foreign practice cases, identification and extraction of green space, green space landscape design, and rainwater management [38].Urban greenspace planning is a passive or active strategy adopted by highly urbanized countries and regions to cope with urban problems. Since the mid-19th century, European and North American countries have widely incorporated UPGS (e.g., green belt, green heart, green corridor, greenway, ecological network, and ecological infrastructure) into urban planning [39]. In China, urban greenspace planning is an indispensable part of urban planning through which to protect the public interest, maintain fairness, and improve the living environment by the rational layout of UPGS and public infrastructure [25], and a series of relevant laws and regulations have been successively promulgated to promote its significance [25,40].



However, many problems still challenge urban green space planning practices, especially in Chinese cities [40,41,42]. First, high efficiency and high precision survey methods (e.g., 3S) are lacking in the greenspace research about inner cities because the time-consuming traditional research methods require a significant amount of labor [43]. Second, the intention of greenspace planning has been to satisfy rigid indices (the per capita park area, the green space ratio, and the green coverage ratio) at a whole-city level based on incomplete and one-sided information while ignoring the uniformity of layout [44,45,46]. For example, some studies have reported a serious shortage of UPGS area on a per capita basis in downtown zones of large cities [47,48]. Furthermore, the plan’s implementation effect often deviates from the original goal due to rapid urban expansion and decisions by policy makers [25]. Currently, planning evaluation, as an important part of optimizing the planning formulation and implementation mechanism, has gained a clear legal status. However, most of the planning implementation evaluation remains in the static and passive terminal evaluation; dynamic and real-time process evaluation is seldom carried out [49,50,51]. Some major cities (e.g., Shanghai and Beijing) have tried to establish a comprehensive planning evaluation system in the overall urban planning evaluation, but there is still a shortage of quantitative evaluation methods for the spatial effect of the planning, and little attention has been paid to the evaluation of the effectiveness and consistency of special planning (e.g., green space system planning) and urban public facilities (e.g., public green space [46].



Kunming, the capital city of Yunnan Province in southwest China, was used as a case study to evaluate the UPGS plan within Kunming’s current green space planning, which was ongoing for 9 years as of 2019, and to assess whether the plan had encountered the common problems that plague greenspace plans in China (e.g., uneven layout patterns and planning implementation lag). The research was accomplished by quantifying the different periods (initial status in 2010, midterm-plan implementation in 2015, current plan implementation in 2019, and projected status in 2020) of UPGS implementation in the tricyclic metropolitan area (populated areas) of Kunming city. To address the research question, we defined the following research objectives: (1) developing and testing methods for evaluating and monitoring UPGS planning; (2) assessing the UPGS plan effect and implementation against the initial UPGS (2010), the actual midterm-UPGS (2015) and the actual status (2019) with appropriate indicators at two scales (the entire area within the “3rd Ring Road” and four different administrative districts); and (3) checking the local implementation of the plan with image contrast analysis at sites.




2. Study Area


The study area was the central portion of Kunming City (102°10′–103°40′ E, 24°23′–26°33′ N; 1890 m elevation), which is the capital and only mega-city of Yunnan Province in southwestern China. Kunming is located in central Yunnan Province and encompasses a total area of about 21,000 km2, which is a typical example of where local authorities have paid special consideration to urban greenspace. Due to the successful declaration of Kunming as a “National Garden City” in 2010 and “National Forest City” in 2013, the importance of urban green spaces is increasingly recognized in urban ecosystems. Various campaigns and activities were therefore implemented from 2006 to 2010 to allocate more green areas and corridors within urban areas, resulting in a significant plan called Green Space System Planning of Kunming 2010–2020 [52]. This plan was developed through a special planning action under the master plan during the period 2008–2020 of Kunming City and is a guiding document for the development and construction of greening in Kunming. The ultimate goal of the plan is to build Kunming City into a plateau lake eco-city that incorporates forestry, landscape design, environmental protection, and sustainable development.



The city’s high population growth rate has resulted in 6 million permanent residents living in a small mountain city environment. The main urban areas are concentrated within a tricyclic road network (consisting of three main “ring roads”) and are densely populated (>10,000 people per km2). The study area covers 144 km2 and includes the administrative divisions of Wuhua District, Panlong District, Guandu District, and Xishan District (Figure 1).



According to Kunming statistical yearbooks [53,54,55], the land area of the four districts was 381.60 km2 (Wuhua), 343.71 km2 (Panlong), 632.92 km2 (Guandu), and 881.32 km2 (Xishan). The permanent population of the four districts was 0.87 million (Wuhua), 0.67 million (Panlong), 0.77 million (Guandu) and 0.72 million (Xishan) in 2010; 0.87 million (Wuhua), 0.83 million (Panlong), 0.87 million (Guandu) and 0.76 million (Xishan) in 2015; and 0.88 million (Wuhua), 0.84 million (Panlong), 0.90 million (Guandu) and 0.79 million (Xishan) in 2018. In terms of real estate investment, Wuhua district had the largest amount in 2010, followed in decreasing order by Xishan district, Panlong district, and Guandu district. After 2015, Guandu district had the largest amount of investment, followed by Xishan district, Guandu district, and Wuhua district.



According to the Green Space System Planning of Kunming 2010–2020, the central urban area (including the study area) at the end of the planning period should achieve a 45% greening rate, 50% green coverage, and 6829.6 hm2 of UPGS area (15.88 m2/person). Figure 2 shows the UPGS patterns of the central urban area and the study area.



Seventy-nine comprehensive parks, community parks and special parks have been planned for construction in the central urban area, and there currently 25 parks (comprehensive parks, community parks and special parks) in the study area, of which 15 parks are planned for new construction and 10 parks are planned for expansion.




3. Materials and Methods


Figure 3 shows the methodological framework for evaluating and monitoring UPGS planning in the study area. The specific processes are elaborated below.



3.1. Data Collection


Data used in this study were derived from Advanced Land Observing Satellite (ALOS) imagery, Google Earth (GE) imagery, Kunming green space system plan maps, and field surveys (including the sampling of image interpretation and accuracy evaluation, and the verification of the UPGS sites monitoring). The following cloud-free remotely sensed images were used: ALOS image (sensor AVNIR-2) acquired on 22 March 2010; ALOS image (sensor PRISM) acquired on 22 March 2010; and a GE image acquired on 4 May 2015. The AVNIR-2 (AV) image had a resolution of 10 m in multispectral bands. The PRISM (PS) image had a resolution of 2.5 m in a panchromatic band. The freely accessible GE image was downloaded using the GetScreen software [56] at a resolution of 1.08 m and was used in the study as a direct data resource that has been documented to have great advantages for land use/cover mapping and good spatial characteristics. The green space planning map of the period 2010–2020 from Kunming Planning Bureau [52] was used to extract the UPGS plan map of the period 2010–2020. Field survey data included the ground control points collected using global positioning systems for geo-referencing satellite images and photographs for assisting in image interpretation.




3.2. Data Processing


Images were first geo-referenced to the Universal Transverse Mercator coordinate system. Six evenly distributed ground control points were selected for geometric correction using a second-order polynomial transformation and the nearest neighborhood resampling method. Then, the intensity-hue-saturation fusion was adopted to integrate the geometric detail of the PS image and the color information of AV image to produce a high-resolution multispectral (MS) image [57,58,59]. To facilitate the landscape metrics analysis, the map of the green space system plan was converted into the shapefile format used in ArcGIS 10.2 software [60,61], and experienced the same geographical processing process. Finally, the MS image, GE image, and the map of green space planning were resampled to a resolution of 2.5 m to achieve matching spatial resolution for all data (Figure 4).




3.3. Classification and Extraction of UPGS


Object-oriented remote sensing image classification is an effective approach to greenspace information extraction and has been shown to improve land classification accuracy [62,63,64,65]. This technology has a powerful capability in spatial analysis and visualization, and may be an appropriate tool for evaluating Kunming’s UPGS plan. In this study, a hierarchical classification and the neighboring classification rules in eCognition 8.7 [66] were used in the image classification. The land use in the study area was classified into roads, agricultural land, building land, green space, water, and unutilized land [67]. The various types of green space were characterized according to the different surface textures and color information.



Statistical indices of training samples for images were analyzed to ensure that different land use classes could be separated. Moreover, 50 sampling points in the synchronized GE image (2010, 2015, and 2019) for each land-use class were randomly selected to assess the classification accuracy (Figure 4b,c). At the same time, ALOS images (Figure 4a) in 2010, the green space map in 2010, the field survey data, and local knowledge and experience of the study area were used as reference data for the accuracy assessment. Minor adjustments were made to correct the misclassified classes through field verification.



For the classification result, UPGS within the scope of the study area was extracted by visual interpretation. In the end, the study area was classified as UPGS and non-UPGS. In this analysis, 110 polygon samples for each category in the two synchronized GE images were randomly selected to determine the accuracy of visual interpretation. The error matrix analysis of the samples was made for the UPGS after extraction, for which the overall accuracy was 0.98 (2010 image) and 0.99 (2015, 2019) and the overall kappa was 0.89 (2010), 0.95 (2015), and 0.97 (2019). However, for the UPGS map of the period 2010–2020, the attribute of the green space system planning was directly extracted as a shapefile.




3.4. Quantifying UPGS Pattern by Landscape Metrics


Scholars in the planning field have tried to create effective quantitative evaluation indexes, and these have gradually become an important technical means for the formulation, implementation, and evaluation of urban plans. Additionally, landscape metrics integrated with GIS are useful tools for quantifying spatial land cover characteristics [67]. Kong and Nakagoshi [18] and Rafiee et al. [68] applied landscape metrics for quantifying and capturing changes in green space patterns. Mas et al. [69] analyzed the sensitivity of 85 landscape metrics to different image classification methods. Zhou and Wang [64] and Ghaffari, and Monavari [62] also used common landscape indexes to investigate the dynamic changes green space. M’Ikiugu [70] introduced a process of analyzing and identifying the potential development areas of urban greenspace using landscape metrics. Uuemaa et al. [71] provided an overview of the trends in the usage of landscape metrics as indicators for land use changes, habitat functions (biodiversity, habitats), landscape regulating functions (fire control, microclimate control, etc.), and information functions (landscape aesthetics). The landscape index may be better used to monitor the spatial dynamics of planning implementation. In this study, five classical landscape metrics were selected to quantitatively evaluate the spatial structural effectiveness of UPGS planning at different spatial and temporal scales. The metrics were selected to promote the application of ecological principles to planning practice, and make up for the deficiency of the park area per capita index. Therefore, six indicators (including per capita park area) were selected (Table 1). The classical metrics of patches (NP), class area (CA), percentage of landscape (PLAND), patch density (PD), and CONNECT were analyzed using the FRAGSTATS 4.2 software. NP represents the number of park patches, which quantitatively expresses the intensity of park patches. CA reflects the total area of the UPGS. PLAND describes the relative abundance of UPGS in general. PD is associated with the degree of patch fragmentation in the traditional sense, and is sensitive to the serviceability of UPGS in this study, e.g., the high fragmentation fortunately represents the high radiation capability service of UPGS. CONNECT reflects the connectivity among patches [18,60,62,66]. Per capita park area is a rigid index of urban green space system planning and reflects the per capita provision of park area, in which the population is based on data from 2010, 2015 and 2019, and the Kunming Population Development Plan Outline 2011–2020 [53,54,55,72].




3.5. Monitoring the UPGS Plan Implementation in Local Areas


Temporal and spatial monitoring is useful for determining whether a given plan is achieving its goals and targets [51]. The GE images of different historical periods at the local scale can clearly show changes in land use. To test whether there was planning inconsistency in the actual implementation of planning land (e.g., implementation lag), 25 UPGS sites planned to be built or expanded were selected to examine the implementation (Figure 1, Table S1). The GE images for 2010, 2015, and 2019 were used to visually compare the land use change for monitoring the UPGS plan execution.





4. Results


4.1. Evaluation on UPGS Plan at Overall Scale


The analysis of the whole study area provided an overall characterization of UPGS composition and configuration during the plan implementation. By comparing the results of the UPGS plan to 2020 with the initial status of 2010, the UPGS pattern at an overall scale was expected to change greatly in the next decade after the implementation of the 2010–2020 plan (Figure 5). Significant increases in value were manifested in all indicators except CONNECT (Table 2). By the end of plan (2020), NP and CA should increase significantly in the entire tricyclic area, resulting in the PD increasing from 2.08 to 9.33, and the PLAND increasing significantly from 1.85% to 11.09%. The per capita park area also should increase from 1.63 m2 to 8.69 m2. However, the CONNECT index is projected to decline from 0.81 to 0.30 due to the emergence of highly fragmented parks. Furthermore, the per capita UPGS is projected to be much lower than the target of 15.88 m2. The per capita index implies that the UPGS supply in the inner-city is offset by the UPGS in surrounding areas.



From the perspective of dynamic plan implementation, the actual UPGS pattern following the midterm (2015) and current (2019) plan implementation showed only modest changes (Figure 5) in which each index shifted slightly relatively to its value in 2020 (Table 2). The number of UPGS patches (NP) was 485 in 2015 and 519 in 2019, achieving only 38.70% of the planned. The UPGS area (CA) within the study area reached 1598.82 hm2 at the end of the plan implementation period and 336.56 hm2 in 2015, 438.59 hm2 up to now (only 27.43% of the end goal). The proportion of UPGS (PLAND) was 2.35% in 2015 and 3.05% in 2019, while will be 11.09% for the planned value. Per capita park area shows no sign of continuing increase, as it was 1.90 m2 in 2015 and 1.89 in 2019, which is far below the planned target. CONNECT increased from 0.81 to 0.97 in 2015 and decreased to 0.75 in 2019. Overall, no index reached half of the projected value for 2020. Furthermore, there was a dramatic decline in connectivity, which may have been related to the implementation of linear public spaces (river greening projects).




4.2. Evaluation of the UPGS Plan at the District Scale


Figure 6 and Figure 7 clearly show that the pattern of UPGS in each district should change greatly after the “Green Space Planning of Kunming 2010–2020” is fully implemented. It shows the same trend as the overall scale, as all indexes except CONNECT in each administrative district experienced increases between before and after the planning.



However, only minor changes of indicators were achieved following the medium term (2015) and current plan implementation (2019). In addition, the CONNECT index in each district showed a consistent declining trend. The value of the NP index showed the pattern of Xishan > Guandu > Panlong > Wuhua in 2015 and 2019, CA showed the pattern of Wuhua > Xishan > Guandu > Panlong in 2015 and 2019, PLAND experienced a maximum value in Xishan, followed by Wuhua and Guandu, and lastly Panlong in 2015, as well as varied in decreasing order as Xishan > Panlong > Guandu> Wuhua in 2019, the metrics of PD and CONNECT in each of the plan implementation times showed the same trend, i.e., Xishan > Panlong > Guandu > Wuhua for PD, Panlong > Guandu > Wuhua > Xishan for CONNECT, the per capita park area index value of Xishan was larger than that of the other districts, and followed a consistent trend: Xishan > Guandu > Wuhua > Panlong in 2015, Xishan > Wuhua > Guandu > Panlong in 2019. From each administrative district perspective, Wuhua maintains the maximum CA and the minimum PD during the implementation of UPGS, and Panlong has the largest value in CONNECT, but the lowest value in CA and per capita park area, whilst Guandu shows a mediocre performance among the four regions, however, Xishan exhibits an absolute superiority in NP, PLAND, PD and per capita park area, and the worst performance in CONNECT. This result is mainly affected by the natural, economic and demographic factors of the four regions, for instance, the existing wetlands in Xishan and forests in Wuhua can contribute to the UPGS area, furthermore, the UPGS pattern was affected by the policy of river greening, which was concentrated in Panlong, which has the highest population density. In general, the landscape metrics identify obvious differences among districts in terms of UPGS patterns at each implementation stage.




4.3. Visual Monitoring of UPGS Plan Implementation at the Local Scale


To monitor the implementation of the “Green Space Planning of Kunming 2010–2020” at the local scale, the real-time visual monitoring of GE images from 2010, 2015, and 2019 for these UPGS planned to be built or expanded were examined. This study carried out the dynamic supervision of 25 UPGS, showing three kinds of implementation phenomena for the UPGS plan.



The first phenomenon is full implementation. According to the images of initial status (2010), after midterm-plan implementation (2015) and current plan implementation (2019), two of the 25 UPGS were fully implemented in 2019, namely Hongqiao Park and Baiyi Temple. Hongqiao Park experienced the process of none implementation in 2010 and partial implementation in 2015 to full implementation in 2019, while Baiyi Temple went through a process of partial implementation in 2010 and 2015 before full implementation in 2019 (Figure 8).



The second phenomenon is partial implementation. Fifteen UPGSs showed this pattern by comparing the images in three periods, Most of them were in this state with partial implementation, and delayed implementation for the rest, such as Lianhuachi park, Green Lake Park, Yuantong Buddhist Temple, Tanhuasi Park, Xihua Park, Daguan Park, Dongfeng square, Dashuying Park, Heye Mountain, Hongshan Park, Yushan Park and Rixin Park. However, three sites presented another status with partial implementation, and new housing estates for the rest. For example, most of the Guilonghu park consisted of real estate development projects (as of 2015 and 2019), and another part consisted of small gardens with water (Figure 9(15)); the Shihuguan park was composed of two brownfield sites in 2010 (Figure 9(17)), and was also to become the planned urban park. In 2019, only two small sites were transformed into UPGS; the other sites were also replaced by a local housing estate project (Figure 9(17)).



The third phenomenon is non-implementation. Eight planned parks were investigated and supervised, Five of them showed no change during the three planning implementation points (Figure 10(18)–(22)): for example, the roadside greenspace site in 2010 consisted mainly of village land and farmland; however, as of 2015 and 2019, this site exhibited almost no change and residential land partly without any signs of demolition and construction for UPGS (Figure 10(22)). Three of them illustrate areas planned to partly become non-UPGS area, for instance, Wujiaba park planning was based on transforming the dismantled old airport site, however, the comparison of GE images from 2010 and 2015 shows that this plot has not changed and no progress has been made towards UPGS implementation; in fact, part of the site was changed into real estate construction in 2019 (Figure 10(23)).





5. Discussion


5.1. Pattern of Planned UPGS


Indicators were used to assess the results of implementing the “Green Space Planning of Kunming 2010–2020” UPGS in 2010, 2015, and 2019, which were compared for the overall study area and four administrative districts within the study area. For the overall study area, the UPGS pattern was greatly improved after the implementation of the UPGS plan. However, the connectivity was poor and the UPGS provision per capita was still not up to the planned level in Kunming City. The main reason for these deficiencies was the long delay of UPGS implementation and the lack of corridors and/or linear UPGS planning from a landscape ecological perspective. Furthermore, although the UPGS provision per capita in the tricyclic area (with its high density population and relatively limited amount of UPGS) was countervailed by the UPGS in surrounding areas, the effect was not strong enough to achieve the planned per capita UPGS for the study area as a whole. At the district level, imbalances in the UPGS pattern were clear. Xishan District had the maximum values for the indexes NP, PLAND, PD and per capita park area and was identified as the most suitable living district for local residents by having more UPGS. Xishan District was followed in order by Guandu and Wuhua districts. In contrast, Panlong District exhibited inferior values for most of the indicators.



The analysis revealed that Kunming’s 2010–2020 UPGS plan mainly used idle, low-value land for UPGS; thus, the natural resources and development status of districts (e.g., population) were the main factors leading to the quite uneven layout for UPGS in different districts. These natural spaces were planned for UPGS, but only a small amount of this type of land existed in the well development districts of Wuhua and Panlong, both of which had compact land use. Furthermore, in recent years, a series of policies by Kunming governmental authorities have had a great impact on the implementation of the 2010–2020 UPGS plan. Kunming’s efforts to achieve the titles of National Garden City and National Forest City led to a surge in the planned UPGS in the entire study area. The series of initiatives taken by the city’s leadership, such as purifying the river flowing into Dianchi and constructing wetlands, resulted in the emergence of a large number of riverfront parks along the rivers and the wetland park near Dianchi Lake in Xishan District. The completion of the new airport has led to most of the old airport site being planned for park land in Guandu District.




5.2. Implementation Effects of the Plan


The pattern of midterm and current UPGS plan implementation shows that as of 2019, the implementation of the plan was lagging behind schedule. The sites of UPGS planned to be built or expanded at the local level were also used to monitor the UPGS plan implementation and revealed two situations except for full implementation (only two sites) that contradicted the 2010–2020 UPGS plan objectives. One situation illustrated the incomplete implementation of the UPGS plan, mainly due to the adjustment of the plan. The government department introduced the construction method of “property promoting gardens”, in which part of the land used for a UPGS planning project was allocated for real estate development, and part of the income from real estate development was used as the main source of UPGS construction funding, thus reducing the planned UPGS area. The other situation illustrated the complete non-implementation of the UPGS plan, mainly due to the balance of economic interests, which has been lagging behind or even without any changes.



UPGS planning is a competitive process between public interests and economic development, which often conflicts with the goals of different stakeholders. Local governmental authorities pay more attention to economic development than to investment in green infrastructure. Therefore, driven by economic interests, local authorities can suspend or even sacrifice UPGS construction for projects that deliver greater economic benefits. In addition, land ownership and the government’s economic strength can affect the implementation of the UPGS plan. Local authorities encourage developers by granting park development through the method of land use compensation, resulting in a loss of some UPGS planning land.




5.3. Inspiration for the UPGS Plan


Object-based image classification was used to identify existing green space using high-resolution satellite images, achieving credible precision at significant cost savings compared to traditional survey methods. Similarly, the sampling for checking the accuracy of image classification is a new method based on current GE imagery that avoided the labor requirement for field sampling [56].



Compared with the traditional green space system planning implementation, this study selected multivariate metrics and used real-time Google Images and GIS technology to carry out the UPGS implementation evaluation in the time–space dimension, which provides a simple spatial quantitative method for planning implementation [73,74]. The method of mapping and evaluation can be widely applied in other urban planning and research.



However, some challenges remain in the study. At present, the ecosystem services of urban green space for the optimization of urban planning and design is the research hotspot and development trend of urban research [7,75]. At the same time, considering the relationship between the supply and demand of humans, more and more attention is paid to the fairness and inclusiveness of urban green space [76], thus the sustainable development of urban green space is an eternal topic [77]. Although landscape metrics are powerful tools for quantifying landscape structure, uncertainties exist around their interpretation [37,78]. In the future, establishing a standard evaluation system with a comprehensive index is more valuable in guiding the implementation of UPGS planning and construction. Input from industry experts should be incorporated to improve the evaluation system itself, and the ability to track and monitor UPGS plan implementation, which will facilitate the timely optimization of a plan [37]. Furthermore, landscape ecology theory should be applied to the planning and design of UPGS to improve the ecological service functions of UPGS, such as by adding ribbons and wedges of green patches [47].



A UPGS plan can be optimized by evaluating it using landscape metrics from the perspective of landscape ecology in the planning process. Considering that UPGS planning is a spatiotemporal dynamic process, the strategies related to it have been and continue to be difficult to implement due to the complexity of the planning process itself. Therefore, the evaluation of a UPGS plan cannot be confined to only the current planning, but rather should track the whole planning period process so that changes conducive to the effective operation of the plan can be accomplished [64,68]. In addition, urban greenspace planning is an integral part of urban planning and can be considered a special type of planning, which has strong power as a legal mandate, so the evaluation and monitoring of a UPGS plan should be a statutory requirement. At the same time, greenspace development that is connected to the public interest should be identified in future urban plans and should facilitate the uniform distribution of public infrastructure (such as UPGS) at different spatial scales without being limited by factors such as the availability of natural and idle land [75]. Meanwhile, efforts should be implemented to improve public participation in and the transparency of planning.





6. Conclusions


Landscape indicators and high-resolution satellite images were used to evaluate and monitor the UPGS plan implementation in the densely populated tricyclic metropolitan area of Kunming, China. Object-based classification was employed to identify the spatial distribution of UPGS before the implementation of “Green Space Planning of Kunming 2010–2020” (in 2010), after midterm plan implementation (2015), and current implementation (2019). The analysis proved that the object-based classification of high-resolution images possesses great advantages for mapping urban greenspace with credible precision. Classical landscape metrics were applied to quantitatively evaluate the UPGS planning for the study area and the four districts. The higher resolution and multivariate metric analysis can compensate for incomprehensive assessment associated with the use of a single index (e.g., per capita park area) over a large area.



The results showed there has been great improvement in UPGS as a result of the 2010–2020 plan, not only in the overall study area but also in specific administrative districts; however, insufficient per capita UPGS provision and low connectivity document insufficient UPGS implementation and the use of UPGS corridors in the study area. Furthermore, significant UPGS inequalities exist among districts because of local land use policy and natural factors.



This study bridged the gap between greenspace planning and practical implementation. Twenty-five UPGS sites planned to be built or expanded in Google Earth images from 2010, 2015, and 2019 were compared in terms of land-use change to monitor the UPGS plan execution at the local level. The comparison confirmed that the implementation of the plan was lagging behind schedule and indicated that achieving the original goals of the 2010–2020 UPGS plan would be difficult. The imagery comparison also documented that some planned and existing UPGS had been lost to residential construction due to the competing interest of economic development.



Therefore, this study demonstrated that the common problems that challenged the implementation of many land use plans also exist in Kunming’s 2010–2020 UPGS plan. First, the UPGS plan pattern is uneven at the overall scale and the district scale, and second, there is a serious lag and deviation in the UPGS plan implementation. The evaluation method with 3S technology and landscape metrics is applicable to and should be recommended for use by planners and policymakers in urban planning procedures to select the priority planning scheme. Monitoring the implementation of a UPGS plan should be used to detect the implementation progress to make timely corrections to the implementation process if necessary. Furthermore, the methods used in this study can become the guide and assessment criteria for planning, as they have broader applications for other forms of city planning. This study can be improved by optimizing UPGS layout, which will greatly improve the living environment of local residents by correcting the uneven distribution and insufficient per capita provision of UPGS.
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Figure 1. Location of Kunming City, China and four administration districts encompassed in the study area. 
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Figure 2. Illustration of the “Green Space Planning of Kunming 2010–2020” (highlighting the urban public greenspace (UPGS) classification of the central urban area and study area). 
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Figure 3. The methodological framework of the study. 
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Figure 4. The image of the ALOS image in 2010 (a), and the Google Earth images in 2015 (b) and 2019 (c). 
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Figure 5. UPGS in the Kunming study area before and after the implementation of “Green Space Planning of Kunming 2010–2020”: initial status in 2010 (a); after midterm-plan implementation in 2015 (b); current plan implementation in 2019 (c); and the projected status in 2020 (d). 
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Figure 6. UPGS in the four districts (Wuhua, Panlong, Guandu, and Xishan) of the study area, before (2010) and following the implementation of “Green Space Planning of Kunming 2010–2020” as of 2015 (actual midterm status), 2019 (current status) and 2020 (projected). 
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Figure 7. Landscape metrics of UPGS in the four districts (Wuhua, Panlong, Guandu and Xishan) of the study area before (2010) and following the implementation of “Green Space Planning of Kunming 2010–2020” as of 2015 (actual midterm status), 2019 (current status) and 2020 (projected). 
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Figure 8. The UPGS of full implementation (red line means implemented, yellow line means not implemented). 
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Figure 9. The UPGS of partial implementation (the red line means implemented; the yellow line means not implemented; and the blue line means changing the nature of land use). 
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Figure 10. The UPGS of non-implementation (yellow line means not implemented). 
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Table 1. Landscape metrics used in this study.
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	Indicators
	Description
	Unit
	Range
	Justification





	Number of patches (NP)
	The number of patches for UPGS
	None
	NP ≥ 1
	Implementation degree index



	Class Area(CA)
	The sum area of UPGS of the sum of areas
	Hectares
	CA ≥ 0
	Implementation degree index



	Percentage of landscape (PLAND)
	The proportion of the area of UPGS to the entire landscape area
	Percent
	0 < PLAND ≤ 100
	Implementation degree index



	Patch density (PD)
	The number of patches in UPGS divided by the entire landscape area
	Number per 100 Hectares
	PD > 0
	Accessibility index



	CONNECT
	The number of functional joinings between all patches of UPGS
	Percent
	0 < CONNECT ≤ 100
	Connectance index



	Per Capita Park Area
	The UPGS area (m2) for each person
	m2/person
	—
	Average greening index







Note: The landscape metrics of NP, CA, PLAND, PD, and CONNECT are calculated directly by the FRAGSTATS software combined with the raster data (image format) of UPGS, and per capita park area (UPGS area/population) is obtained by simple division.
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Table 2. UPGS pattern comparison by landscape metrics before and after implementation of the “Green Space Planning of Kunming 2010–2020”.
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Year

	
Indicators




	
NP

	
CA

	
PLAND

	
PD

	
CONNECT

	
Per Capita Park Area (m2/Person)






	
2010 (Initial status)

	
299

	
267.21

	
1.85

	
2.08

	
0.81

	
1.63




	
2015 (Midterm-plan implementation)

	
485

	
336.56

	
2.34

	
3.37

	
0.97

	
1.90




	
2019 (Current plan implementation)

	
519

	
438.59

	
3.05

	
3.61

	
0.75

	
1.89




	
2020 (Projected status)

	
1341

	
1598.82

	
11.09

	
9.33

	
0.30

	
8.69
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