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Abstract

:

The purpose of this study is to reveal the spatial-temporal change and driving factors of green space in coastal cities of southeast China over the past 20 years. A supervised classification method combining support vector machines (SVMs) and visual interpretation was used to extract the green space from Landsat TM/OLI imageries from 2000–2020. The landscape pattern index was used to calculate geospatial information of green space and analyze their spatial-temporal changes. The hierarchical partitioning analysis was then used to determine the influences of anthropogenic and geographic environmental factors on the spatial-temporal changes in green space. The results indicated that the total area of green space remained constant over the past 20 years in coastal cities of southeast China (1% reduction). The spatial change of green space mainly occurred in the area near the ocean and the southern region. 41.37% of forest land was transferred from cultivated land, while 44.56%, 41.83%, 43.20%, 46.31%, 41.98% and 40.20% of shrub land, sparse woodland, other woodland, high-coverage grassland, moderate-coverage grassland and low-coverage grassland were transferred from forest land. The number of patches, patch density, edge density, landscape shape index and Shannon’s diversity index increased from 2000–2015, and then decreased to the minimum in 2020, while largest patch index continued to decline from 2000–2020. The contribution of anthropogenic factors (0.53–0.61) on the spatial-temporal changes of green space continually increased over the past 20 years, which was also higher than geographical environment factors (0.39–0.41). Our study provides a new perspective to distinguish the impact of anthropogenic activities and geographical environmental factors on the change of green space area, thereby providing a theoretical support for the construction and ecological management of green space.
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1. Introduction


Green space is a landscape composed of various types and sizes of plant cover within the city [1,2,3]. In the urban system, it provides ecosystem services, such as shading, climate regulation, carbon sinking, biodiversity conservation and pollutant removal [2,3]. It also provides recreation ground for residents and beautifies the city, which is closely related to human lives [4,5,6]. Since the 1980’s, with the continuous education and publicity of the concept of ecological protection, the ecological service function of green space has attracted increasing attention from urban residents in China [3]. Government implemented many landscape greening and forest protecting projects, such as “Garden City”, “Livable City” and “Eco-City”, to increase the proportion of green space in cities [7,8]. As a result, China’s green space has increased 3.65 fold over the past 20 years [9]. However, China’s per capita green area in 2020 is only 1/4 of high-income countries like the United States and Canada (14.4 m2). Additionally, green space varies among regions due to a wide variety of factors, from geographical location, city size, and economic status [1,10,11]. For example, Zhou et al. found that the per capita green area in large cities is higher than that in medium and small cities by investigating 620 cities in China [10]. Cui et al. indicated the proportion of green space in urban built-up area in coastal areas was higher than that in inland areas after comparing the change of green space among 31 provinces of China [11]. Increasing green space area and reducing the imbalance in green space distribution are the infrastructure projects that attracted most attention from the government and local residents at present [7,12].



The change of green space is mainly affected by anthropogenic activities and geographical environment [3,13,14]. Anthropogenic activities refer to the continuous activities of human beings to transform nature in order to survive, develop, and improve living standards. Socio-economic determinants are commonly used for quantitative representation of anthropogenic activities in geographical research, including built-up areas, gross domestic product (GDP), fixed-asset investment (FAT), population and proportion of non-agricultural population (PNAP) and so on [15,16,17]. Existing studies have shown that socio-economic determinants played a significant role in the spatial-temporal change of green space [18]. For example, there is a positive correlation between GDP and green space [19,20]. This is because residents’ demands for ecological services provided by green space will continue to increase with life quality after their basic living needs are met. Thus government will invest more resources to increase the green area [18,21]. Geographic environmental factors also promote or limit the change of green space, because they affect the life history of plant distribution, colonization, survival and reproduction [3,22]. In arid cities, for example, water availability limits the extension of green space [23,24]. In hilly cities, green land area is significantly related to altitude. The area with more undulating terrain is not suitable for construction land, but is the main distribution area of forest [25]. However, at present, most studies usually only considered the influence of socio-economic determinants on spatial-temporal change of green space, ignoring the contribution of geographical environment factors [12,18,19].



The relative contribution of socio-economic determinants and geographical environment factors to the change of green space may vary with time [12,14,26]. This is because residents’ demand for ecological service of green space is closely related to the life quality and the disposable income, both of which are influence by socio-economic determinants such as GDP, population and FAT [3,27]. These factors all change over time. Similarly, the effects of geographical environment factors on plant colonization and survival also varied among different years [28]. For example, green space, especially grassland, would increase greatly in a year with abundance precipitation [29]. However, few studies have analyzed the relative contribution of socio-economic determinants and geographical environment factors to the change of green space area over time [14,17,30].



The coastal cities of southeast accounted for about 3.1% of China’s land. It is one of the areas with the fastest urbanization and the best economic development in China. The coastal cities of southeast have higher per capita income and gross national product among China’s 661 cities (including county-level cities) [9]. Local residents have higher requirements on quality of ecological services of green space. Government also takes the construction and protection of green space as an important aspect of its governance behavior. At present, many scholars have carried out some studies on green space in coastal cities of southeast China [9,12,13,31]. For example, Di et al. and Zhang et al. analyzed the spatial-temporal changes of green space [31,32]. Zhang et al., Xu et al., Dou and Kuang analyzed the impact of policies and regional economic factor on the change of green space [9,13,33]. Wu and Kim measured the uneven distribution of green spaces among regions [34]. Liu et al. analyzed the influence of rural urbanization and expansion of rural settlements on green space [35]. However, most of these studies focusing on the change and driving factors of the green space in this region were taken as components of the southeast region of China or the national scale [3,12]. There are currently lacks of studies focusing on this region at the local scale. In addition, the existing large-scale studies usually only considered the relationship between socio-economic determinants and green space, while ignoring the influence of geographical environmental factors [14,20]. Moreover, due to the significant differences in hydro-thermal conditions, influence of geographical environment factors on green space in coastal region may be different from that in inland areas [19,28]. It is thus unsuitable to use the existing results from the large-scale research to guide the construction and pretention of green space in coastal regions.



In this study, we collected data from remote sensing imageries and statistical yearbook. Then we analyzed the spatial-temporal change of green space, and its relationship with socio-economic determinants and geographical environment factors. We aim to answer the following two scientific questions: (1) what is the spatial-temporal change of green space in the coastal cities of southeast China over the past 20 years? (2) Do socio-economic determinants and geographical environment factors contribute differently to the spatial-temporal change of green space, and do they change over time? Our results provide theoretical support for the construction and planning management of green space in coastal cities of southeast China.




2. Materials and Methods


2.1. Experimental Site


The coastal cities of southeast China are mainly located in Zhejiang and Fujian provinces (23.8°~31.07° N, 117.00°~123.42° E), including Wenzhou, Ningbo, Zhoushan, Taizhou, Zhangzhou, Xiamen, Quanzhou, Putian, Fuzhou and Ningde (Figure 1). These cities have four distinct seasons and moderate climate due to the influence from the subtropical monsoon climate. The annual average temperature ranged from 17 °C to 20 °C, the highest average temperature is 28.0 °C in July, while the lowest is 5 °C in January. The annual precipitation is about 1400~2200 mm, and the annual evaporation ranged from 1300–1600 mm. This region belongs to the hilly landform. The landform type is mainly low mountains and hills. Most of the inland regions are mountainous and hills, while a small number of low alluvial plains distributes in the coastal areas. According to the World Reference Base for Soil Resources, the soil is Ferralsols [25]. The survival of local residents is mainly based on business as influenced by Marine culture in history. Small and medium-sized private enterprises accounted for about 60% of the total economic. According to the China Statistical Yearbook in 2020, permanent population of this region is more than 56 million, and the annual GDP reaches about 138,703 billion RMB [11].




2.2. Data Collection


The Landsat TM/OLI remote sensing imageries of five periods (i.e., 2000, 2005, 2010, 2015 and 2020) were downloaded from the Geospatial Data Cloud (http://www.gscloud.cn/, accessed on 5–10 February 2021). In order to avoid seasonal changes in the spectral information in the classification of green area, the remote sensing imageries were collected in September. If the cloud cover is larger than 20% in September, the imageries from their adjacent months were used. The ENVI 5.3 software was used to preprocess image data, such as geometric correction, registration, radiometric correction, stitching and clipping.



The influencing factors of the spatial-temporal change of green space included socio-economic determinants and geographical environment factors. Geographical environment factors included annual precipitation (AP), average temperature (AT), annual evaporation (AE), water resources per capita (WRPC), elevation and green area per capita (GAPC). Socio-economic determinants were composed of GDP, population, GDP per capita, proportion of non-agricultural population (PNAP), living space per person (LSPP), fixed-asset investment (FAT), real estate investment (REI) and the proportions of primary, secondary and tertiary industries (PPI, PSI and PTI). AP, AT and AE were obtained from China Meteorological Data Network (http://data.cma.cn/, accessed on 8 February 2021) (Table 1). Elevation was obtained from Digital Elevation Model (DEM) data, which was extracted from SRTM DEM data with 90 m resolution using SAGA GIS software. In order to maintain the consistency of elevation and other influencing factors of green space in the sampling area, the average of all grids (90 m × 90 m) in a given urban administrative area was used to represent the city elevation. The remaining factors were collected from China Statistical Yearbooks and regional statistical bulletins. The selection of socio-economic determinants and geographical environment factors was based on the previous studies [14,16,18]. All factors selected were proved to affect the change of green space.




2.3. Data Analysis


According to the classification standard of China Land Use and Land Cover Change (LUCC) [36], a supervised classification method combining support vector machines (SVMs) and visual interpretation was used to extract green space from Landsat TM/OLI remote sensing imageries in ENVI 5.3 software. Landsat TM/OLI imageries has spatial resolution of 30 m, which provides convenient and effective data support for the study of green space changes and is widely used by many scholars [9,13,19,25]. In a remote sensing imager, green space refers to the area with the significant difference in plant spectral information, such as Normalized difference vegetation index (NDVI), compared with the surrounding regions. It can be further divided into two categories: woodland and grassland [13,35]. Woodland refers to the land for the growth of trees, shrubs, bamboos, and coastal mangrove [35]. Grassland is a place dominated by grasses and other herbaceous plants and the coverage is more than 5% [26]. Based on the features of pixels, these two types of green space are further divided into four (forest land, shrub land, sparse woodland and other woodland) and three (high-, moderate- and low-coverage grasslands) sub-types, respectively (Table 2) [26,37]. Finally, ArcGIS 10.6 software was used to generate the distribution map of different sub-types of green space, and then their areas were calculated.



The landscape pattern index was used to analyze the change and morphological characteristics of green space, which included the number of patch (NP), patch density (PD), the largest patch index (LPI), edge density (Ed), landscape shape Index (LSI) and Shannon’s diversity index (SHDI) [38]. The calculation method of these indices was available at Jian et al., and Ren et al., [38,39]. In this study, all landscape pattern indexes were calculated using Fragstats4.2 software based on the distribution map of green space.



In order to analyze the transition between green space and other land-use types, five land-use types, including cultivated land, water area (i.e., river canal, lake, reservoir, beach and tidal flats), unused land, construction land and ocean, were further extracted from remote sensing imageries based on the classification standard of China LUCC [36]. Then, 500 points were randomly selected for testing the accuracy of the classified images by comparing with the land-use type of Google Earth. The overall classification accuracy was 92% and the Kappa coefficient was 0.79. After that, the Markov transition matrix was used to analyze the transfer rate between green space and other land-use types over the past 20 years. Hierarchical partitioning analysis was used to calculate the contributions of influencing factors (i.e., ten socio-economic determinants, and six geographical environment factors) on the spatial-temporal change of green space area. Implementation of Markov transition matrix and hierarchical partitioning analysis was completed in ArcGIS10.6 and R4.3.1 software, respectively.





3. Results


3.1. Changes in the Areas of Green Space and Its Five Sub-Types over Time and Space


The total area of green space of 2000, 2005, 2010, 2015 and 2020 in the coastal cities of southeast China was 58,003.76, 57,444.94, 57,252.69, 57,177.76 and 57,367.74 km2, respectively (Figure 2 and Table 3). Green space decreased by 636.01 km2, but the reduction rate was only 1% over the past 20 years (Figure 2 and Table 3). However, the change of green space differed among periods. Total area of green space continued to decline from 2000–2015, but it increased in the following five years (2015–2020) (Figure 2 and Table 3).



The changes of woodland differed from grassland over the past 20 years (Figure 2 and Table 3). Woodland has the similar change in area with green space, which decreased from 2000–2015 and increased since then. On the contrary, grassland area has been continuously decreasing over the past 20 years, with a total decrease of 360.20 km2 (Figure 2 and Table 3). Among three sub-types of grassland, high-coverage grassland showed a slight increasing trend, while moderate- and low-coverage grasslands decreased continuously over the past 20 years (Figure 2 and Table 3).



There are obvious spatial differences in green space over the past 20 years. The spatial change of green space mainly occurred in eastern regions close to the ocean, while inland located in central and western regions were less changed (Figure 2). Additionally, south had larger change of green space than that of north region (Figure 2).




3.2. Transformation between Different Sub-Types of Green Space


The results of Markov land-use transition matrix showed that the main source of forestland was cultivated land in the past 20 years, accounting for about 41.37% of its total change (3644/(35,157 − 26,349) = 41.37%) (Table 4).



The main sources of shrub land, sparse woodland, other woodland, high-, moderate- and low-coverage grasslands were forest land, which accounted for 44.56%, 41.83%, 43.20%, 46.31%, 41.98% and 40.20% of the total area change of these sub-types, respectively (Table 4).




3.3. The Change of Landscape Pattern Index of Green Space


NP, PD, ED, LSI and SHDI increased from 2000 to 2015, and then began to decline rapidly in the last five years (2015–2020). In contrast, LPI has continued to decline over the past two decades (Figure 3).



NP, PD, ED, LSI and SHDI of green space in 2020 were all smaller than those in 2000, 2005, 2010 and 2015 (Figure 3), indicating that the fragmentation degree of green space in 2020 was lower than those in these previous years.



Moderate- and low-coverage grasslands showed an opposite change in landscape pattern indicators with the forest land, shrub land, sparse woodland, other woodland and high-coverage grassland. Specifically, NP, PD, ED, LSI of moderate- and low-coverage grasslands decreased over the past 20 years (Table 5).




3.4. The Contribution of Socio-Economic Determinants and Geographical Environment Factors to the Spatial-Temporal Change of Green Space


The results of hierarchical partitioning analysis showed that the contribution of socio-economic determinants to the spatial-temporal change of green space (0.53–0.61) was higher than that of geographical environment factors (0.39–0.41) (Figure 4). Additionally, the contribution of socio-economic determinants to the change of green space increased with time, while that of geographical environment factors decreased gradually (Figure 4).



Among the 11 socio-economic determinants, population and PNAP contributed the most to the change of green space, which accounted for 17% ± 2% and 9% ± 1%, respectively (Figure 4). Elevation and WRPC were the most important factors for the change of green space compared with other geographical environmental factors, accounting for 15 ± 2% and 16 ± 2% of the variance of the green space change, respectively (Figure 4). Compared with elevation, WRPC, population and PNAP, the contribution of other residual factors to the spatial-temporal change of green space was all small, ranging from 0.01–0.06 (Figure 4).





4. Discussion


4.1. Spatial-Temporal Change of Green Space in Coastal Cities of Southeast China over the Past 20 Years


Our results showed that the total area of green space remained roughly stable in coastal cities of southeast China over the last 20 years. The results were similar to that reported in previous studies [30,40,41]. For example, Liu et al. found that green space area in Zhejiang Province decreased by only 5% from 1990–2015 [42]. Cui et al. suggested that the change of forestland and grassland in coastal areas of Zhejiang Province were all less than 1% from 1990–2010 [40]. However, the change of green space differed among periods, which declined from 2000–2015, while increased from 2015–2020. These two distinct changes were mainly related to the policies implemented by the Chinese government [14,43]. Before 2015, the rapid urbanization and economic development brought a large number of rural populations into cities, leading to more demand for construction land to meet housing, commercial and industrial buildings [12]. Although forest protection and green space construction were advocated by Chinese government in this period, the market-driven real estate development has transformed woodland, especially for forestland in plain region, into construction land, ultimately leading to a continuous decline in green space. In 2015, the real estate in cities became saturated as the rate of China’s urbanization increase began to slow [44,45]. The government began to implement some purchase restriction policies to reduce development of real estate [14]. The transformed area from woodland to construction land was reduced. At the same time, Chinese government has begun to pay attention to environmental protection and has adopted “green development” as an important concept for long-term economic and social development [46,47]. A prime example is that “clear waters and green mountains are as valuable as gold and silver” has been written into China’s central government documents [48]. The increasingly stringent environmental protection policies and implementation force reduced forest land from being converted to construction land. In addition, China has begun to promote the construction of “beautiful countryside” and “rural tourism” in order to integrate urban-rural development [8,49]. Governments and enterprises increased investment in the greening of rural areas in suburbs, resulting in an increase of green space [50].



Woodland showed a different spatial-temporal change from grassland in coastal cities of southeast China. This might relate to the natural landscape background of the local green space. Zhejiang and Fujian provinces belong to subtropical region, owing the superior natural conditions, especially abundance precipitation and suitable temperature for plant growth, which makes local zonal vegetation as the evergreen broad-leaved forest [25,51]. This can be proved by the distribution of sub-types of green space. Our results showed that woodland areas were about 5 times as larger as grassland. In the absence of anthropogenic disturbance, all areas were woodland. However, grassland will appear in the transition gap from grassland to construction land after deforestation. Further transformation from grasslands into construction land resulted in a decline of grassland from 2000–2015. After 2015, the adjustment of real estate and environmental protection policies enabled grassland to be nurtured into woodland, leading to a continuous decrease in grassland area [14,44].



High-coverage grassland showed an opposite change with moderate- and low-coverage grasslands in coastal cities of southeast China over the past 20 years. This may be due to their different sources. Moderate- and low-coverage grasslands were primarily the first successors of deforested land, or unused and pre-building lands where plants grow temporarily. On the contrary, in addition to the similar source with the moderate- and low-coverage grasslands, most of the high-coverage grassland was the lawn planted in parks, road green belt and residential areas [41]. In the past 20 years, development of unused and pre-building lands all resulted in a continuous decrease in the area of moderate- and low-coverage grasslands. However, as the increase of built-up areas, more and more artificial lawns were built in parks and residential areas, leading to a continuous increase in area of high-coverage grassland [52].



The spatial change of green space mainly occurred in the area near the ocean and the southern region. These might be determined by the topography. In the region studied, mountains mainly distributed in the central and western regions, while plains are located in the eastern region [25,53]. This made urban centers primarily locate in the eastern region [54]. As rapid urbanization mainly occurred around urban centers, green space changes caused by anthropogenic activities were mainly concentrated in eastern coastal regions. In the direction of latitude, the terrain in the north is more undulating than that in the south, resulting in difficulties in land development in the north [41]. Thus, the change of green space in the south was larger than that in the north.




4.2. Cultivated Land Transformed into Forestland, and Further Transformed into Other Sub-Types of Green Space


Our results showed that the majority of forestland was transformed from cultivated land. This result was caused by the change of local agriculture and forestry structure. Since the 1990’s, small and medium-sized private enterprises have gradually become the most important industrial type in coastal cities of southeast China. Farmers gradually changed from the traditional subsistence mode of farming to owners or workers of small and medium-sized enterprises [55]. 80% of the people in coastal cities of southeast China were employed in small and medium-sized private enterprises [39]. At the same time, a large number of green plants were required in real estate development and urban construction due to the rapid urbanization [18,19]. Local farmers leased their arable land to a handful of enterprises or individuals for planting green seedlings. A large proportion of cultivated land was transformed into plant nurseries.



Shrub land, sparse woodland, other woodland, high-, moderate- and low-coverage grasslands were mainly transformed from forest land. This was consistent with a continuous decline in forest land over the past 20 years. Specifically, urbanization resulted in transformation of some forest land into construction land. Before the house can be built, the secondary succession would cause the deforested land to temporarily change to other woodland types and grassland [40,41]. Moreover, in order to improve residential landscape aesthetics, many artificial green lands, such as parks and green belts, were constructed in the construction land [4,17]. However, it is difficult for the man-made green landscape to naturally evolve into forest land due to the isolation of nutrient and hydro-thermal circulation from natural environment. Instead, they can only grow into other sub-types of woodland with less environmental requirements, such as sparse woodland and grassland.




4.3. Anthropogenic Activities Increased the Fragmentation of Green Space


According to previous studies, the increase of NP, PD, ED, LSI and SHDI suggested the increase of fragmentation degree and irregular plaque [38,39]. The decrease of LPI reflected that the proportion of large plaque of green land reduced continuously [28]. The results in this study showed that there are differences in landscape pattern index between from 2000–2015 and that from 2015–2020. As mentioned above, Zhejiang and Fujian provinces belong to hilly terrain. Under the environmental conditions of abundant water and heat, the backland of land-use types was subtropical evergreen broad-leaved forest and paddy field, which mainly distributed on the mountain and plain, respectively [41,56]. With the rapid development of China’s economy after the 1980s, the intensification of urbanization lead to the transformation of large distributed forests and paddy fields into a variety of land-use types with small patches [26,57]. After 2015, China began to implement new environmental protection policies such as “Beautiful Countryside Construction” and “Rural Tourism” [46,47]. As a result, the area of green land began to increase, resulting in a decreasing trend of NP, PD, ED, LSI and SHDI. Similar with green land, NP, PD, ED and LSI of forest land, shrub land, sparse woodland, other woodland and high-coverage grassland all increased from 2000–2015, and then decreased in the next five years, while LPI showed a completely opposite trend (Table 5). This is consistent with the previous result of the change among different land-use types. More than 40% of shrub land, sparse woodland, other woodland and high-coverage grassland were transformed from forest land (Table 4). The rapid urbanization caused the transformation of large area of forest land into small area of fragmented distribution of other green land types [14,18,26]. This in turn resulted in the changes of these landscape pattern indicators.



The fragmentation degree of green space in 2020 was lower than those in 2000, 2005, 2010 and 2015. This suggested that environmental protection policies have a huge impact on the change of landscape pattern index in coastal cities of southeast China, which can offset the impact of urbanization on the fragmentation of green space in a short term [26,58]. However, the reduction in landscape pattern index after 2015 was not caused by an increase in the total area of green space, but by a rapid decrease in the number and area of low-quality patches. The implementation of environmental protection policies was to transform the low quality (or coverage) green space into the high quality one. At the same time, the small adjacent green patches were combined into the large one [14,44]. Since 2015, the strict implementation of environmental protection policies resulted in that green space rarely continue to be fragmented caused by urban construction in China [46,47]. On the contrary, human-induced vegetation restoration transformed and combined shrub land, sparse woodland, and other woodland into forest land. In addition, the rapid decrease of landscape pattern index of green space had also related to the local natural conditions. In the abundance hydro-thermal conditions, the lower quality green space can be transformed into high quality green space in a short time, which also reduced the number and area of the lower quality green space [41,53]. These changes in turn made NP, PD, ED, LSI and SHDI of green space decreased significantly, and reached the minimum in 2020 (Figure 3). This can also be seen in changes in sub-types of green space. The areas of shrub land, sparse woodland and other woodland decreased from 2015–2020, while that of forest land increased continuously (Figure 2 and Table 3).




4.4. Socio-Economic Determinants Had Larger Contribution to the Spatial-Temporal Change of Green Space Compared with Geographical Environment Factors


Our results showed that socio-economic determinants had larger impact on the spatial-temporal change of green space compared with geographical environment factors. This was consistent with the results of previous studies that anthropogenic activities, especially urbanization, were the largest drivers for land-use transformation after 1980s in China [3,12,14]. This result is verified by the differentiated contribution of different socio-economic determinants to the change of green space. Population and PNAP contributed the most to the change of green space (Figure 4). This was because these two indicators are closely related to the labor force that transforms nature [20]. The increase of labor force was the fundamental driving force of urbanization and the premise of human’s transformation of land-use [17,54]. The influence of other socio-economic determinants on the change of green space was indirectly driven by the change of labor force [14,40].



The total contribution of geographical environmental factors to the spatial-temporal change ranged from 0.39–0.41 (Figure 4). This value was different from the research results of Li et al. [16], Luo et al. [59] and Chang et al. [28] in northwest and central China, respectively. This may be due to differences in the natural environment. Although Zhejiang and Fujian provinces have the relatively high hydro-thermal conditions, the proportion of plains in the total land area is at a relatively low level due to the influence of hilly topography [41,53]. Therefore, the complex terrain, such as elevation and slope, was the main limiting factor of vegetation extension and anthropogenic activities to transform nature [55,60]. In addition, the amount of water resources was also an important factor limiting the change of green space. In the process of urbanization, the original forest land transformed into building land and other green land types. In cities, the man-made green land types, such as grassland in park and playgrounds, and green belt plants along the road, mainly depended on the secondary/reclaimed water to survival [61,62]. The amount of water resources had a close positive correlation with that of secondary water used for greening. In this case, WRPC had a limiting effect on the change of green space. This can also be proved in the results of this study. We found that elevation and WRPC were the most important factors for green space change compared with other geographical environmental factors, accounting for 15 ± 2% and 16 ± 2% of the variance of the green space change, respectively (Figure 4).



Except for elevation, WRPC, population and PNAP, the residual factors contributed little impact on the spatial-temporal change of green space (Figure 4). This suggested that these factors have little impact on the change of green space. Among these factors, average temperature and annual evaporation have the least influence on the change of green space (<0.02) (Figure 4). This is probably because temperature and evaporation are not the limiting factors of spatial distribution and survival of plants within a regional scale in subtropical region [56]. Our results also showed that the impact of PPI, PTI, PSI and REI on the change of green space continued to increase over the past 20 years, whereas that of other factors did not show a consistent tendency. PPI, PTI, PSI and REI are indicators related to the investments in land development. The increase of PPI, PTI, PSI and REI indicated the extension of residential, industrial and commercial areas [12,18,26]. In the process of urbanization, in order to improve the ecological service function of the plant system and the comfort of the landscape, the artificial green space, such as park, road green belt, and residential green space, will be continuously increased with the area of urban built-up area [7,26]. Therefore, the contribution of PPI, PTI, PSI and REI to the change of green space increased continuously over the past 20 years (Figure 4).



In addition to the 17 driving factors involved in this study, policies, especially for government policies and regulations on real estate development and environmental protection, are another important factor affecting the spatial-temporal change of green space [26,58,61]. In the past 20 years, Zhejiang and Fujian provinces implemented a series of key afforestation projects, such as “Urban Ecological Corridor Construction”, “Close Hillsides to Facilitate Afforestation”, “Greening Demonstration Village” and “Beautiful Village”, which greatly improved the greening area. However, in this study, we only assessed policy factors as the potential or explanatory factors affecting socio-economic determinants and green space. This limited the explanatory ability of our results on the spatial-temporal change of green space in coastal cities of southeast China, and more research should be conducted in the future.





5. Conclusions


The purpose of this study is to analyze the spatial-temporal change of green space in coastal cities of southeast China over the past 20 years, and to analyze the relative contributions of socio-economic determinants and geographical environmental factors to this change. Our results showed that the green space area remained stable over the past 20 years. After classifying green space into woodland and grassland, we found that the area has changed differently over the past 20 years. The total area of woodland decreased from 2000–2015, but since then it increased, whereas grassland decreased continuously over the past 20 years. The change of green space had mainly concentrated in the area near the ocean and the southern region. The results of land-use transfer matrix showed that the increase of forest land was mainly from cultivated land, but the main transfer sources of shrub land, sparse woodland, other woodland, high-coverage grassland, moderate-coverage grassland and low-coverage grassland were all from forested land. The rapid urbanization, especially the real estate development, changed the large area of green patches into scattered small patches, which changed landscape pattern indexes. However, moderate- and low-coverage grassland did not show such a trend, and they changed from small patches to large patches. The contribution of socio-economic determinants to the change of green space in coastal cities of southeast China was higher than that of geographical environmental factors. Among the 17 driving factors, elevation, WRPC, population and PNAP contributed more to the change of green space. Our results indicated that both anthropogenic activities and geographical environmental factors can affect the spatial-temporal change of green space in coastal cities of southeast China, but the role of the former was relatively greater than the latter. In the construction and management of green space, the dual influence of anthropogenic activities and geographical environmental factors should be considered simultaneously. The results are helpful to understand the driving factors of green space, and provide guidance for the protection of green space ecosystems in coastal cities of southeast China. National and local policies, such as urban planning, real estate development and environmental protection, can also influence the spatial-temporal change of green space. However, we did not include policies in the data analysis in this study, and more work needs to be done in the future.
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Figure 1. The coastal cities of southeast China. 
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Figure 2. Spatial-temporal change of green space in coastal cities of southeast China over the past 20 years. 
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Figure 3. The change of landscape pattern index of green space in coastal cities of southeast China over the past 20 years. NP, PD, LPI, ED, LSI and SHDI are number of patches, patch density, the largest patch index, edge density, landscape shape Index and Shannon’s diversity index, respectively. 
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Figure 4. The contributions of socio-economic determinants and geographical environmental factors to the spatial-temporal change of green space over the past 20 years. The explanations of REI, FAT, LSPP, PNAP, GAPC, WRPC, AE, AT, AP, PTI, PSI and PPI are given in Table 1. (a) The contributions of all influencing factors; (b) The contributions of socio-economic determinants and geographical environmental factors. 
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Table 1. Abbreviations and data sources of the influencing factors of green space. “/” represents the related influencing factors has no abbreviations or units.
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Types

	
The Influencing Factors

	
Abbreviation

	
Unit

	
Data Sources






	
Geographical environment factors

	
Annual precipitation

	
AP

	
mm

	
China Meteorological Data Network (http://data.cma.cn/, accessed on 8 February 2021)




	
Average temperature

	
AT

	
°C




	
Annual evaporation

	
AE

	
mm




	
Water resources per capita

	
WRPC

	
m3

	
China Statistical Yearbooks and regional statistical bulletins




	
Elevation

	
/

	
m

	
Digital Elevation Model (DEM) data




	
Green area per capita

	
GAPC

	
m2

	
China Statistical Yearbooks and regional statistical bulletins




	
Socio-economic determinants

	
GDP

	
/

	
$Yuan

	
China Statistical Yearbooks and regional statistical bulletins




	
Population

	
/

	
/




	
GDP per capita

	
/

	
$Yuan




	
Proportion of non-agricultural population

	
PNAP

	
%




	
Living space per person

	
LSPP

	
m2




	
Fixed-asset investment

	
FAT

	
$Yuan




	
Real estate investment

	
REI

	
$Yuan




	
Proportions of primary industries

	
PPI

	
%




	
Proportions of secondary industries

	
PSI

	
%




	
Proportions of tertiary industries

	
PTI

	
%
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Table 2. The classification of green space.
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Green Space

	
Sub-Types of Green Space

	
Definition






	
Woodland

	
Forest land

	
Natural forests and plantation with vegetation coverage >30%, including lumber forest, economic forest and protective forest.




	
Shrub land

	
Vegetation coverage >40%, including brush land and scrub land; crown height <2 m.




	
Sparse woodland

	
Woodland; 10% < Vegetation coverage < 30%.




	
Other woodland

	
Woodland refers to unformed woodland, deforested land, nursery and various garden plots (orchard, mulberry garden and tea garden, etc.)




	
Grassland

	
High-coverage grassland

	
Vegetation coverage is higher than 50%, including natural grassland, improved grassland, and mowing grassland; better water condition and the grass is dense.




	
Moderate-coverage grassland

	
Vegetation coverage ranges from 20% to 50%, including natural grassland and improved grassland; lacks water and the grass is sparse.




	
Low-coverage grassland

	
Natural grassland refers to the vegetation coverage ranging from 5% to 20%, lack of water, the grass is sparse and the utilization condition of livestock is poor.
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Table 3. Changes of different land-use types in coastal cities of southeast China over the past 20 years (km2). HC, MC and LC grassland are high-, moderate-, and low-coverage grasslands. (+) and (−) represent the increase and decrease in green space area across adjacent five years, respectively.
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Land-Use Types

	
2000

	
2005

	
2010

	
2015

	
2020

	
Changes (%)




	
2000–2005

	
2005–2010

	
2010–2015

	
2015–2010






	
Woodland

	
Forest land

	
36,147.29

	
35,673.70

	
35,020.10

	
34,956.03

	
35,295.12

	
1.3 (−)

	
1.8 (−)

	
0.2 (−)

	
1.0 (+)




	
Shrub land

	
3263.38

	
3649.10

	
3587.54

	
3573.05

	
3486.03

	
11.8 (+)

	
1.7 (−)

	
0.4 (−)

	
2.4 (−)




	
Sparse woodland

	
6486.73

	
6423.43

	
6510.09

	
6509.13

	
6492.24

	
1.0 (−)

	
1.4 (+)

	
0.0 (−)

	
0.3 (−)




	
Other woodland

	
2340.25

	
2325.49

	
2779.25

	
2716.56

	
2688.44

	
0.6 (−)

	
19.5 (−)

	
2.3 (−)

	
1.0 (−)




	
Sum

	
48,237.65

	
48,071.72

	
47,896.98

	
47,754.77

	
47,961.83

	
0.3 (−)

	
0.4 (−)

	
0.3 (−)

	
0.4 (+)




	
Grassland

	
HC grassland

	
5375.99

	
5391.58

	
5371.66

	
5453.34

	
5497.61

	
0.3 (+)

	
0.4 (−)

	
1.5 (+)

	
0.8 (+)




	
MC grassland

	
3025.44

	
2931.75

	
2942.71

	
2937.10

	
2878.07

	
3.1 (−)

	
0.4 (+)

	
0.2 (−)

	
2.0 (−)




	
LC grassland

	
1364.68

	
1049.89

	
1041.34

	
1032.55

	
1030.23

	
23.1 (−)

	
0.8 (−)

	
0.8 (−)

	
0.2 (−)




	
Sum

	
9766.11

	
9373.22

	
9355.71

	
9422.99

	
9405.91

	
4.0 (−)

	
0.2 (−)

	
0.7 (+)

	
0.2 (−)




	
Water area

	
2103.00

	
2227.57

	
2309.93

	
2308.13

	
2220.62

	
5.9 (+)

	
3.7 (+)

	
0.1 (−)

	
3.8 (−)




	
Construction land

	
3067.85

	
4957.88

	
5477.94

	
6559.14

	
7224.33

	
61.6 (+)

	
10.5 (+)

	
19.7 (+)

	
10.1 (+)




	
Unused land

	
52.20

	
50.73

	
50.72

	
50.04

	
23.00

	
2.8 (−)

	
0.0 (−)

	
1.3 (−)

	
54.0 (−)




	
Cultivated land

	
21,085.61

	
19,631.02

	
19,210.27

	
18,583.64

	
17,781.70

	
6.9 (−)

	
2.1 (−)

	
3.3 (−)

	
4.3 (−)
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Table 4. The transfer relationship between different land-use types in coastal cities of southeast China over the past 20 years. Numbers in the table are areas of the corresponding sub-types of green space (km2). HC, MC and LC grassland are high-, moderate-, and low-coverage grasslands.
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2020

	
Cultivated Land

	
Forest Land

	
Shrub Land

	
Sparse Woodland

	
Other Woodland

	
HC Grassland

	
MC Grassland

	
LC Grassland

	
Water Area

	
Construction Land

	
Unused Land

	
Ocean

	
Sum




	
2000

	






	
Cultivated land

	
10,690

	
3644

	
330

	
961

	
443

	
633

	
344

	
80

	
464

	
3414

	
5

	
1

	
21,007




	
Forest land

	
3296

	
26,349

	
893

	
1523

	
760

	
1504

	
732

	
234

	
200

	
567

	
9

	
0

	
36,065




	
Shrub land

	
291

	
818

	
1453

	
176

	
70

	
178

	
101

	
33

	
19

	
95

	
2

	
0

	
3236




	
Sparse woodland

	
881

	
1335

	
183

	
2821

	
156

	
415

	
221

	
94

	
61

	
268

	
3

	
1

	
6439




	
Other woodland

	
383

	
320

	
97

	
118

	
923

	
90

	
51

	
17

	
66

	
265

	
1

	
/

	
2331




	
HC grassland

	
582

	
1376

	
194

	
390

	
116

	
2178

	
191

	
68

	
41

	
174

	
2

	
0

	
5313




	
MC grassland

	
351

	
718

	
122

	
244

	
72

	
197

	
1124

	
46

	
24

	
113

	
3

	
/

	
3014




	
LC grassland

	
117

	
289

	
151

	
116

	
31

	
104

	
61

	
445

	
6

	
39

	
0

	
/

	
1360




	
Water area

	
296

	
143

	
18

	
45

	
40

	
76

	
15

	
5

	
995

	
361

	
3

	
10

	
2008




	
Construction land

	
816

	
156

	
14

	
63

	
70

	
47

	
24

	
5

	
181

	
1665

	
1

	
1

	
3043




	
Unused land

	
6

	
11

	
1

	
5

	
1

	
3

	
2

	
1

	
2

	
4

	
15

	
0

	
50




	
Sum

	
17,709

	
35,157

	
3456

	
6463

	
2681

	
5425

	
2867

	
1027

	
2059

	
6964

	
44

	
13

	
83,866
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Table 5. The change of landscape pattern index of seven sub-types of green space in coastal cities of southeast China over the past 20 years. NP, PD, LPI, ED and LSI are number of patches, patch density, the largest patch index, edge density and landscape shape Index, respectively.
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Green Space

	
Year

	
NP

	
PD

	
LPI

	
ED

	
LSI






	
Woodland

	
Forest land

	
2000

	
410

	
4.90E-03

	
19.81

	
3.43

	
40.55




	
2005

	
422

	
5.00E-03

	
19.65

	
3.42

	
40.68




	
2010

	
436

	
5.20E-03

	
19.41

	
3.43

	
41.15




	
2015

	
442

	
5.20E-03

	
19.22

	
3.43

	
41.41




	
2020

	
419

	
5.00E-03

	
19.23

	
3.29

	
39.53




	
Shrub land

	
2000

	
533

	
6.30E-03

	
0.16

	
0.68

	
25.60




	
2005

	
609

	
7.20E-03

	
0.17

	
0.77

	
27.49




	
2010

	
610

	
7.20E-03

	
0.17

	
0.76

	
27.25




	
2015

	
608

	
7.20E-03

	
0.17

	
0.75

	
27.11




	
2020

	
521

	
6.20E-03

	
0.07

	
0.65

	
24.54




	
Sparse woodland

	
2000

	
948

	
1.12E-02

	
0.08

	
1.26

	
34.78




	
2005

	
950

	
1.13E-02

	
0.08

	
1.25

	
34.93




	
2010

	
977

	
1.16E-02

	
0.09

	
1.27

	
34.99




	
2015

	
971

	
1.15E-02

	
0.09

	
1.26

	
35.20




	
2020

	
890

	
1.06E-02

	
0.10

	
1.24

	
33.95




	
Other woodland

	
2000

	
339

	
4.00E-03

	
0.15

	
0.44

	
20.04




	
2005

	
372

	
4.40E-03

	
0.10

	
0.45

	
20.31




	
2010

	
478

	
5.70E-03

	
0.10

	
0.57

	
23.32




	
2015

	
471

	
5.60E-03

	
0.10

	
0.57

	
23.30




	
2020

	
408

	
4.80E-03

	
0.16

	
0.51

	
21.65




	
Grassland

	
High-coverage grassland

	
2000

	
867

	
1.03E-02

	
0.15

	
1.08

	
32.79




	
2005

	
881

	
1.04E-02

	
0.15

	
1.09

	
33.12




	
2010

	
875

	
1.04E-02

	
0.14

	
1.08

	
32.86




	
2015

	
892

	
1.05E-02

	
0.14

	
1.09

	
33.42




	
2020

	
780

	
9.30E-03

	
0.10

	
1.04

	
31.62




	
Moderate-coverage grassland

	
2000

	
550

	
6.50E-03

	
0.04

	
0.63

	
25.16




	
2005

	
543

	
6.40E-03

	
0.04

	
0.62

	
25.09




	
2010

	
546

	
6.50E-03

	
0.04

	
0.62

	
25.16




	
2015

	
543

	
6.40E-03

	
0.04

	
0.62

	
25.04




	
2020

	
475

	
5.60E-03

	
0.04

	
0.59

	
23.63




	
Low-coverage grassland

	
2000

	
267

	
3.20E-03

	
0.03

	
0.28

	
16.92




	
2005

	
194

	
2.30E-03

	
0.03

	
0.20

	
14.33




	
2010

	
192

	
2.30E-03

	
0.03

	
0.20

	
14.06




	
2015

	
190

	
2.20E-03

	
0.03

	
0.20

	
14.38




	
2020

	
205

	
2.40E-03

	
0.05

	
0.23

	
15.27
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