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Abstract

:

During the process of urbanization, many green spaces are fragmented for other uses. The key problems for researchers and planners are reducing the fragmentation of green spaces, constructing urban ecological networks, and maintaining sustainable environments to cope with the rapid urbanization process. This paper analyzes Fuzhou, China as a case study of the effects of urbanization, and reviews three epochs in Fuzhou: 2000, 2010, and 2021. First, the integration degree of landscape pattern index and spatial syntactic attribute value is used to quantify the urbanization situation of Fuzhou and the degree of green space fragmentation in the process of urbanization. Second, it adopts the network analysis method to construct an urban ecological network featuring “one city and two rings”. Finally, urban green spaces are assessed by the corridor structure analysis, and the improvement of the urban green space ecological network is quantitatively evaluated by comparing the green space ecological network with the green space planning system. The results show that the urbanization of Fuzhou city center is apparent and the fragmentation of urban green space is a serious issue from 2000 to 2021. The green space planning in Fuzhou is ineffective in improving the existing green space. According to the results, the street integration of space syntax aptly reflects the process of urbanization. In conclusion, the planned ecological network increases the shape complexity of green patches and landscape connectivity and reduces landscape fragmentation, thus improving the urban ecological environment quality and facilitating the sustainability of urban green spaces.
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1. Introduction


Urbanization is a complex process that encompasses the urban population, the expansion of the urban scale, and a series of economic and social changes. Its essence is the change of the urban economic structure, social structure, and spatial structure [1,2,3]. In the process of urbanization and industrialization, the problems of landscape fragmentation and green space isolation are of particular concern, as these weaken the stability of the urban ecosystem. The problem of the urban ecological environment has thus gained wide attention and become the subject of much scientific research. For example, Erickson conducted a comparative study on the history and current situation of the green space ecological network in Milwaukee, WI, USA and Taihua, ON, Canada. The study shows that the park system is an important aspect of urban development, and a more conscious planning of green space ecological networks is an important part of regional planning of modern metropolises [4]. In addition, Gobster and Westphal adopted a qualitative approach by studying the public’s perception of the ecological corridor of the Chicago River. They found that the natural, artistic, clean, safe, developmental, and approachable elements have a direct impact on the public’s perception of green space ecological networks [5]. Asakawa et al. adopted a quantitative methodology that found that the vegetation types and the degree of protection on both sides of the river have great influence on the public perception [6]. Turner conducted a questionnaire survey on typical cases of green space ecological networks in Northern Ireland, Scotland, England, and Wales. The questionnaire asks about the definition of green space ecological networks, the current situation of green space ecological networks, and a local green space ecological network project [7,8]. Recognition of the importance of green space in urban ecosystems has led to considerable work on urban green space planning to improve the urban environment and enhance the quality of life [4,9].



In the process of rapid urbanization, green space enhances urban ecological safety and the inhabited environment. Research on urban green space systems is key to settling the problem of urban inhabited environments [10]. Green space ecological networks derive from the extended concept of urban green space systematism, networking, and greenway. Presently, the concept of green space ecological networks and the planning method is continually developing. It is widely applied and practiced in some developed countries [4,11]. There are obvious effects from the controlling of disorderly urban expansion. Namely, ecological networks can solve the problem of intensified and fragmented land use and safeguard the survival of the natural populations of species and threatened habitats [9]. Ecological green network planning mainly includes green spot node selection, ecological corridor construction, and ecological green network optimization. For the selection of green nodes, most researchers currently use green spaces that have been evaluated as having significant ecological value as ecological network nodes. Others choose key green spaces as network nodes through quantitative analysis of landscape connectivity [12,13,14,15,16]. Further improvement, however, is needed in judging the selected patches and the reasonable degree of potential for constructing corridors, as well as in optimizing the ecological green network [17,18,19]. As a result, the development of green space networks is increasingly considered a suitable approach to improve the ecological value of urban green space and the urban environment [20,21]. Moreover, various methods and principles of landscape ecology have been applied to green space ecological network planning, such as landscape pattern metrics and network analysis [22]. However, less attention has been paid to the method integrating landscape metrics with network analysis in the planning of urban green space ecological networks [23].



As the provincial capital of Fujian, Fuzhou City has seen rapid development in recent years, including greatly improved infrastructure, green space protection is ignored, which leads to the reduction and fragmentation of urban green space [24]. As a result, the protection and creation of urban green spaces under the background of rapid urbanization is a problem that must be urgently addressed by urban landscape planners in Fuzhou City. In order to solve this problem, most researchers have focused their research on the construction of ecological corridors and the optimization of the ecological green space network [25]. A group of scholars studying the urban and rural landscape planning in Nuoro, Italy, suggested an optimized ecological network for urban planning to meet the requirements of a good urban ecosystem [26]. They noted the important role of network models in protecting and improving species diversity, preventing landscape fragmentation, and establishing links between isolated ecological patches. The Maryland Department of Natural Resources uses the Green Infrastructure Network Assessment to plan large-scale, contiguous natural areas connected by ecological corridors, industrial reproduction, and migration. By identifying important ecological nodes and ecological corridors to inform the basic structure of planning, large-scale planning is translated into standards at the local scale to assist in the implementation of greenfield infrastructure at the local, state, and national scales [27]. However, assessments of urban green space fragmentation in past research lack convincing data because related data do not present the urbanization level of different regions. With the development of big data and more research studies, a new quantitative method, the integration of spatial attributes in the space syntax, is being applied to explore urbanization [28]. Although, in the ecological network planning of urban green spaces, researchers have rarely combined landscape scale with network analysis [29], thus, this study combined network analysis and the landscape pattern index to evaluate and optimize city green space systems. The main purpose of this study is to analyze the degree of urbanization and fragmentation of urban green space in Fuzhou, to construct an urban green space ecological network for it, and to evaluate whether the network will improve the quality of urban green space.




2. Materials and Methods


2.1. Study Area


Fuzhou City is located on the southeastern edge of the Eurasian continent and at the mouth of the Minjiang River in the central-eastern part of Fujian Province, which is situated on the southeast coast of China. Its longitude and latitude coordinates are 25°15′~26°39′ N, 118°08′~120°31′ E. According to statistics, the gross domestic product (GDP) of Fuzhou City was RMB 708.552 billion in 2017. As of 2018, the city has 6 districts, 6 counties, and 1 county-level city, with a total area of 11,968 square kilometers, a built-up area of 357 square kilometers, a resident population of 7.8 million in 2019, and an urbanization rate of 70.5%. This study focuses on the central area of Fuzhou City, including Gulou District, Taijiang District, Cangshan District, and part of Jin’an District, covering a total area of 31,041 square meters (Figure 1).



Fuzhou in southeastern China has 45 major parks and scenic areas, with a total area of 2149.21 hectares. There are 10 city-level comprehensive parks, 6 regional parks, 12 special parks, and 4 suburban parks distributed around the Beifeng and Gushan scenic areas [30]. There are still some problems in urban green space planning, though, and the construction of the urban green space system has not yet been perfected. At present, the green space construction in the central urban area of Fuzhou is still dominated by block green spaces, such as park and street green spaces, while the green space construction along the river system is still relatively backward. The afforestation status of the different administrative areas varies greatly. The Cangshan district has the best greening situation because its original vegetation is better and most of it is new urban area. In the old city district of Taijiang, on the other hand, the afforestation level is the lowest due to historical reasons. The main urban parks of Fuzhou are distributed in the Gulou District and Cangshan District, of which the West Lake Park, South Minjiang Park, and Jinshan Park are at a higher level of construction. Jin’an District and Taijiang District in the central city, however, have a single form of green space, and the system needs improvement.




2.2. Space Syntax


Space syntax, proposed by Professor Hillier at the University of London, is a method for analyzing urban spaces based on spatial morphological analysis. It is a quantitative description of the spatial attributes of transport lines in urban free spaces through morphological analysis of variables. Connectivity, choice, control, depth, and integration are the main morphological variables of the traditional space syntax model, among which the choice index is later included [5]. The spatial morphological analysis variables are obtained by constructing segment maps using computer software. Based on the principle of “the least and the longest”, the space syntax uses long axes to depict and abstract the urban road network to obtain an axis map, which can then be translated into a segment map by software. The depiction of visible spaces by using axes expresses a person’s subjective perception in space; that is, a road with twists and turns gives the person a sense of multiple spatial layers, and the person identifies them and walks according to the adjacency relations of the roads rather than the actual distance [6]. Space syntax has been widely used in research to analyze urban spatial problems [31,32,33,34,35] and has been continuously verified and improved through empirical evidence. Its rationality is generally recognized in the literature.



The Space syntax can quantify the urban spatial structure. Past studies have pointed out that its spatial attribute value has strong explanatory power for many activities in a city, such as street accessibility, distribution of land use, etc. [36], and its attributes can be calculated by Depth Map X software [37]. This study takes the integration of spatial attributes as an independent variable, and the value is the performance of spatial depth. High integration can be expressed as the concentrated activity area of personnel [38]. At the same time, integration is also a manifestation of the connection between spaces. The calculation formula of this value is [39]:
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where Dn provides the standardized value for the integration measure and RRAi stands for the RRA value of space i.



The road data of Fuzhou downtown area in 2000, 2010, and 2020 were obtained from the Geospatial Data Cloud Website and Open Street Map, respectively, and then AutoCAD software was used and according to the drawing rules of Axial Map. That is, the longest and least number of axis interconnection graphs of all spatial units of a space system are connected in series, and the axis graphs of 3 years were drawn, respectively. Then, Depth Map X software was used to calculate the integration degree of the streets. Depth map X works at a variety of scales from buildings and small urban areas to whole cities or states. At each scale, the aim of the software is to produce a map of spatial elements and connect them via relationship (for example, intervisibility, intersection, or adjacency) and then performs a graph analysis of the resulting network. The objective of the analysis is to derive variables which may have social or experiential significance [40].




2.3. Land Use and Green Space Classification


This study obtained the remote sensing image dataset of Fuzhou City for 2000, 2010, and 2021 from the geospatial data cloud website [41] based on LANDSAT satellite and processed it with ENVI software (5.1) to draw the spatial distribution map of land use over time. The calculated land use map was then divided into a 500 m × 500 m grid using the “Create Fishnet” tool in ArcMap.



In order to obtain the information of urban green space in Fuzhou city center area, based on the results of land use analysis, we combined field investigation and ground reality, and drew the urban green map by manual interpretation. In addition, the 2016–2021 urban green space planning map (1: 50,000), as compiled by the Fuzhou City Gardens Bureau, was vectorized and converted into a grid format of 10 m × 10 m pixels.




2.4. Landscape Pattern Analysis


The landscape pattern index refers to a quantitative index that can highly concentrate landscape pattern information and reflect its structural composition and spatial allocation characteristics. It is an important technical means and method for landscape pattern analysis [42,43] and has good explanatory power in describing the structural characteristics and spatial distribution of urban green space ecological networks [12,20]. In recent years, studies have found that different pattern indices reflect the different emphases of patterns, and it is often difficult for a single pattern index to give a comprehensive and accurate explanation of ecological processes. Thus, the explanatory ability of landscape index sets to define ecological processes serve as an effective method to analyze landscape spatial patterns [44]. This study used FRAGSTATS version 4.2 to analyze the landscape pattern index. Based on Class-Level Metrics and Landscape-Level Metrics, landscape pattern index with specific ecological significance was selected to evaluate the green space system in Fuzhou city: Class area, Patch density, Edge density, Mean patch size, Shannon’s diversity index, Shannon’s evenness index, Landscape Shape Index, Mean fractal dimension index, Euclidean Nearest-Neighbor Distance, Connectance Index, Largest patch index, and simple descriptions of these indices are given in Table 1. Class metrics represent the amount and spatial distribution of a single patch type and are interpreted as fragmentation indices. Landscape metrics represent the spatial pattern of the entire landscape mosaic and generally interpreted more broadly as landscape heterogeneity indices because they measure the overall landscape structure [45].




2.5. Network Analysis


The network structure is key to the formation of green space ecological networks. More and more experts and scholars have used topology (graph theory) theories and methods to carry out research and exploration and have abstracted real and complex landscape elements into relatively simple “graphs” for research. With the development of computer technology, the graph theory has been widely used in almost all fields and has achieved unprecedented developments. The main contents of the graph theory include the basic concepts and properties of graphs, the theory of graphs, and their applications. Structure determines function, and many studies have shown that the topology of a network determines its characteristics. In this regard, using the graph theory to plan green space ecological networks is effective.



In 1989, Helmond pointed out that common network forms are divided into branch networks and ring networks, and listed six specific network form diagrams (Figure 2), which represent different network forms, respectively: the branch networks are a, b, and c; while the rings networks are d, e, and f. When using the graph theory method to plan a green space ecological network, the first concern is efficiency, which is usually defined by “cost to use” and “cost to builder” [46], as cost balance is an important framework to determine the network spatial pattern. Network a is the most basic of all networks; network b is a branch network, which belongs to the network with the lowest cost to use, and its “flow” flows to other nodes through a central node to redistribute the combination; network c is the network with the lowest cost to builder, and all nodes in the network are the end points. Ring networks are more complex and form closed loops; network d is the most basic kind of ring network; network e has the lowest cost to use, and each node is connected to each other; network f reflects the best balance between cost to use and cost to builder [47]. The above common network types can form various network models under different targets.




2.6. Network Structure Analysis


The network structure index was introduced into landscape ecology in the 20th century, and the graph theory method has been used to analyze internal network attributes according to the aspects of topological structure, complexity, and the connectivity of networks, in order to optimize the structure and form a “graph” based on the layout form of points and lines before analysis. Among multiple evaluation indices, index α, index β, index γ, and the Cost Ratio are often used to evaluate the connectivity and effectiveness of ecological networks [48]. Among them, index α is used to express the degree of network closure and describe the degree of loop occurrence in the network, that is, the ratio of the actual number of loops in the network to the maximum number of loops that may exist in the network. Index β is also called the line point ratio, which is a simple measure of network complexity, that is, the average number of connections per node in the network. Index γ is used to measure the degree of network connectivity and describe the degree to which all nodes in the network are connected, that is, the ratio of the number of corridors to the maximum possible number of corridors in a network (Table 2).



The cost ratio is based on the landscape conditions and socio-economic realities and is calculated by following formula:


Cost Ratio = 1 − (l/d)








where l is the number of corridors and d is the length of corridors [49]. Cost ratio is a measure of efficiency and will inevitably have to return to concrete measures to account for cost differentials of alternative green space networks [50].





3. Result


3.1. Evolution Analysis of Street Integration in the Central Area of Fuzhou City


Based on the Map of Fuzhou city center, the spatial syntax theory was applied, and Depth Map X software was used to calculate the street integration degree map of Fuzhou in 2000, 2010, and 2021 (Figure 3). The red line is the most integrated street and the green line is the least integrated street. We conducted descriptive statistics (Table 3). From the data, we can clearly see that, in addition to the continuous improvement of the number of streets, the average street integration degree also shows an upward trend.



To present the data more clearly, we converted the consolidation graph to a raster graph. The “Create a fishnet” tool in ArcMap was used to divide the axis graph with the degree of integration into a 500 m × 500 m grid. Figure 4 shows the changes in urban street global integration, meaning the evolution of urbanization intensity. Red represents the highest level of integration, and green represents the lowest. The street integration in 2000 indicates that high integration is mainly concentrated in the city center, which covers Gulou District, Jin’an District, and Cangshan District. These areas are the old districts of the city, and during this period, urbanization centered around them, with the red areas showing the range. In 2010, the street integration changed, with the red part decreasing and the orange and yellow parts increasing, indicating that the center of the old Cangshan District gradually weakened, and urbanization mainly expanded in all directions with Gulou District and Jin’an District at the core. However, the focus of this period remained in the city center and mainly in Gulou District. The integration in 2021 has also changed. As seen in Figure 4c, the yellow part has shrunk, the red part has also decreased, and the orange part has become larger. This illustrates a weakening of the urban center and urbanization intensity expanding in all directions.




3.2. Evolution Analysis of Urban Green Space Fragmentation


According to the research data and methods described above, the spatial distribution of land use in Fuzhou downtown area in 2000, 2010, and 2021 are depicted in Figure 5, respectively.



We also obtained the annual statistical table of the quantity of land use in Fuzhou (Table 4), which analyzed the changes in the quantity and spatial characteristics of land use in the central urban area of Fuzhou since 2000 [51].



As the land use area and spatial distribution of Fuzhou City changed during the period 2000–2021, the spatial pattern, and morphology of land use also changed accordingly. This study uses Fragstats 4.2 to calculate LPI and LSI of land use in Fuzhou City and to investigate the characteristics of the changes in LPI and LSI of various land types in the study area. They describe the urban green space fragmentation in terms of patch size and edge complexity. Here, LPI equals the proportion of the largest block of a particular block type to the entire landscape area. Its value determines ecological characteristics such as the dominant species in the landscape and the abundance of internal species; a variation in the value can change the intensity and frequency of disturbance, reflecting the direction and intensity of human activities. LSI is used to determine the complexity of a landscape, with higher values indicating more fragmented and more complex landscapes.



3.2.1. Largest Patch Index


The values of LPI changed during this research period. LPI of farmland and forested land decreased sharply from 7.97 and 13.56 in 2000 to 0.17 and 6.59 (Table 5) in 2021, respectively. The LPI value of water bodies decreased from 1.43 to 0.42, while that of grassland increased from 1.06 in 2000 to 3.83 in 2021. This phenomenon indicates that the former dominance of farmland in the city center is gradually decreasing. A large number of urban green space is being transformed into construction land, which is greatly affected by human activities. At the landscape scale, LPI has been increasing year by year. This demonstrates that land use fragmentation in the study area has increased significantly in the context of increased urbanization.



In order to understand the change of Fuzhou City’s urban green land during 2000–2021, ArcGIS was used to calculate spatial metrics (Figure 6). During this period, there was a general decrease of LPI values in the western part of the city center, while in the central location, the LPI values rose. This phenomenon shows that from 2000 to 2021, this area has undergone a major change, with most farmland being converted into construction land and green space in the city center. From 2010 to 2021, urbanization advanced, and the LPI value of the western area increased, mainly due to the increase in the green space areas and the spread of the central area towards the west and south, indicating greater urban green space fragmentation.




3.2.2. Landscape Shape Index


LSI (Table 6) showed that forested land, water bodies, and farmland in the center of Fuzhou City decreased, while that of grassland increased during the research period. The LSI value of landscape increased from 79.53 in 2000 to 111.69 in 2021. The LSI value of forested land and farmland registered more significant decreases during the period 2000–2021, with a decline from 62.95 to 36.05 for forested land and from 72.21 to 42.21 for farmland. The LSI value of water bodies also decreased slightly from 18.40 to 16.58, while the LSI value of grassland increased from 41.48 to 73.81. The results show that the simplification of woodland, farmland, and water body shape and the increase of complexity of green landscape shape are all caused by human factors.



Figure 7 shows the evolution of the LSI values of urban green space in the central urban area of Fuzhou City from 2000 to 2021. During this period, the LSI values of the urban green space were distributed in a patchy pattern. The western part of the city showed a decrease in its LSI value, indicating that the urban green space was less fragmented in that area. However, the LSI value of the central urban areas increased, and the urban green spaces there were more complex and fragmented. From 2010 to 2021, the LSI values decreased in most areas, with a downward trend in the northern, central, and eastern regions, while the LSI values increased in the western and southern regions. These findings reveal the complexity and fragmentation of the urban green space shape throughout the study period.



Through the above analysis, from the evolution process of urban street Integration and landscape pattern index (LPI, LSI), it is found that in the process of urbanization in Fuzhou, the fragmentation of green space in the city center has changed a lot. Based on the results of this study, we will continue to use more detailed landscape pattern index to understand the evolution of urban landscape pattern index. Using network analysis method, the paper constructs the ecological network of urban green space in Fuzhou. Finally, the ecological network was evaluated by the corridor structure analysis.





3.3. Optimization of Green Space Ecological Network


On the basis of the above research, we divide the green space in the downtown area of Fuzhou into natural green space and designed green space. Natural green space is mainly semi-open, natural, and undeveloped land; for example, parts of the ecological green space, landscape forest land, waterfront green land as natural green spaces; while public gardens, workplace-related green spaces, and other shelter green spaces are classified as artificial green spaces (Figure 8). The purpose of adopting this simplified land use classification scheme is to better evaluate the spatial characteristics of land use and understand the general interaction mode between natural green space and artificial green space.



3.3.1. Landscape Pattern Analysis


Class-Level Metrics


In order to observe the changes of green spaces in Fuzhou City in a more intuitive manner, this study conducted comparative analysis of the data of the four administrative districts, respectively. The order of analysis was Cang Shan District, Gu Lou District, Jin An District, and Tai Jiang District (Appendix A: Table A1, Table A2, Table A3 and Table A4).



Compared with planning in 2021, the green systems applied in 2000 and 2005 have decreased, while the artificial green space has increased gradually in the four urban areas after the implementation of the plans. The area of natural green space in Cang Shan District decreased by 697.53 ha, while the area of artificial green space increased by 1011.5 ha. Cang Shan District is a new district, and in the early days, it was dominated by agriculture and most of its land was cultivated land. However, by 2010, due to the rapid development of Fuzhou City, the cultivated land area decreased rapidly, and most of the land was turned into urban construction areas, and the natural green land decreased by 485.31 ha, while the artificial green land increased by 665.84 ha. Moreover, the patch density of natural green spaces and artificial green spaces showed an increasing trend from 2000 to 2021, as natural green space increased by 0.44 per 100 ha, and the artificial green space increased by 1.01 per 100 ha. In terms of edge density and the average patch fractal dimension index, while the natural green space remained unchanged, the edge density of artificial green space increased by 33.93. Regarding the average patch size index, the natural green space decreased by 9.24 ha, and the natural green space decreased by 2.42 (Table A1).



The natural green space area of Gu Lou District decreased by 428.33 ha, while the artificial green space area increased by 744.98 ha. Gu Lou District is located in the old urban area, and in the process of urbanization, most of the open spaces and old houses were planned as urban construction areas, thus, due to the limited land area, the natural green space is seriously reduced. The changes in patch density, average patch size, and edge density index between natural green spaces and artificial green spaces run in opposite directions, while the fractal dimension of the average patch seldom changes (Table A2).



The natural green space area of Jin An District decreased by 340.69 ha, while the artificial green space area increased by 253.85 ha. Jin An District is also located in the old urban area, and in the process of urbanization, most of its vacant land and old houses were planned as urban construction areas, thus, both natural green space and artificial green space show an increasing trend in PD. From 2000 to 2021, the natural green space increased by 0.42 per 100 ha, and the artificial green space increased by 0.39 per 100 ha. ED shows that natural green spaces decrease and then increase, while artificial green spaces show an upward trend; however, the change of MPFD is not obvious. From MPS, it can be seen that the values of natural green space and artificial green space both show a downward trend (Table A3).



Tai Jiang District, which is also in the old urban area, saw changes in its various landscape Metrics; however, due to its small area, the changes are small. Like Gu Lou District, the PD and MPS indices of natural green spaces and artificial green spaces change in opposite directions. Moreover, while the ED increases, the MPFD shows little change (Table A4).




Landscape-Level Metrics


In order to compare the present situation of green space in 2000 and 2010 with the green system planned in 2021, the green is integrated into a patch type, and the landscape pattern is analyzed. and the results are, as follows:



In terms of CA, Cang Shan District shows an increasing trend, while the other three districts all show an initial decreasing trend, followed by an increasing trend. Cang Shan District and Gu Lou District saw increases in PD, ED, LSI, SHDI, SHEI, and CONNECT, and decreases in MPS and ENN. The ENN of Cang Shan District and Gu Lou District decreased by 37.12 and 30.99, respectively, while the MPFD changed slightly. Tai Jiang District and Jin An District also present similar situations, meaning they saw decreases in MPS and ENN, but increases in all other values (Table A5).





3.3.2. Ecological Corridor Analysis


Analysis of Ecological Corridors in Fuzhou City


In the face of such great pressure on the urban environment, Fuzhou City must first establish an effective ecological barrier around the periphery to ensure ecological security. According to the existing corridors in Fuzhou, proper subjects were selected from the known corridors, and defined as ecological corridors, in order to be included in the green space ecological network. The existing county parks are located within the first planned green isolation area and are distributed in a ring shape in the suburbs of Fuzhou City; thus, they have high potential connectivity value, are important nodes for forming landscape connectivity lines and biological corridors, and for constructing ring-band connectivity. In addition, the northern and eastern peripheries of Fuzhou City are surrounded by mountains, while the western and southern parts feature waterfront landscapes, including nature reserves, scenic spots, forest parks, and wetland landscapes with excellent landscape value and extremely high ecological value. If corridor connectivity can be established from relatively concentrated scenic spots, it will promote the protection of the natural landscapes and biodiversity of the scenic spots, and improve the efficiency of landscape recreation, promote the development of tourism, and improve the quality of life in urban and rural areas; for example, connecting the carrier features of the riverside landscape belt with the Gu Shan Scenic Area, National Forest Park, Minjiang River, Wu Long River, etc. can take advantage of natural features.




Site Selection of Ecological Corridor in Fuzhou City


By comprehensively considering the landscape unit characteristics of the green spaces, the green space patches that have been repeatedly considered are removed, and the main ecological green space patches are selected, such as Xi Hu, Wuyi Square, Riverside Park, Jin Niu Shan, etc. This study extracted 99 ecological nodes, including 50 in Cang Shan District, 15 in Gu Lou District, 8 in Tai Jiang District, and 26 in Jin An District. In the construction of ecological corridor, buildings and roads should be avoided as far as possible. Considering the Fuzhou City Master Plan (2011–2021) (Figure 9), some linear roads and rivers were redefined as green spaces, and converted into connective sections to facilitate the integrity of the ecological network. Finally, the common network form, as proposed by Hellmund, was taken as the model, and attention was paid to efficiency, the importance of ecological nodes, and the distance between nodes. After repeated comparisons and deliberations, four green space ecological network plans were put forward.



First, taking the Minjiang River as the boundary, large patches from 99 ecological nodes were selected to construct green space ecological network I, which consists of important screened ecological areas with large patches featuring good ecological benefits, which can provide vast habitats for wildlife.



Peripheral ecological nodes were selected to construct green space ecological network I (Figure 10a), with Minjiang River as the boundary, and to form a ring network with common network d as the model. Network I consist of two ring networks, as a ring network structure can provide a good foundation for the interaction of materials, information, and the capabilities of organisms in the overall ecological network.



Second, on the basis of ring network I, the corridors were connected, and such connectivity fully considers the importance and distance factors of ecological nodes and takes the common network b as the model for the branch network, namely, network II (Figure 10b). Due to different connectivity modes, there may be many networks formed, and the network form in the figure is only one.



Thirdly, based on network II, the common network f was taken as a model to balance the contradictions among the many issues. On the basis of considering the node distance factor, this study tried to avoid corridor crossing, and used potential ecological corridors to connect all possible ecological nodes to form network III (Figure 10c), which has higher complexity. The ring structure can enable organisms in the network to interact with each other in matter, information, and energy.





3.3.3. Analysis of Corridor Structure and Network Structure


Corridors have great influence on the landscape ecological process, and their structure is key to the construction of the entire green space ecological network. Analysis of ecological nodes and ecological corridors in the network model is the basic work to realize network optimization. The structural form of ecological corridors shows the complexity of its structure; the more complex the corridor structure, the more conducive it is to play the role of corridor connectivity and separation. According to the schematic diagram of the green space ecological network plan of Fuzhou City, the numbers of ecological nodes and ecological corridors of the three networks are counted, as follows. According to the numbers of ecological corridors of the three networks and the basic form of network connectivity, it is shown that the network III corridor structure is the most complex, indicating the network has obvious advantages in corridor function.



According to the network structure analysis method, this study calculated the network correlation indices of plans I-III of the green space ecological network of Fuzhou City. The α indices of networks I and II are all zero, indicating that there is no loop in the network. The α index of network III is the largest, which indicates the most loops in the network and that the network has the largest network closure; the larger the network closure, the more conducive to the circulation of energy, material, and information within the network. The β index of network III is also greater than that of networks I and II, which indicates that the number of corridors on the nodes of network III is the largest, reflecting that the connectivity of this network is better than that of the other networks. The γ index of network III is the largest among the three networks, which indicates that the node connectivity degree of network III is the highest among the three networks (Table 7).



Based on the above comparative analysis of the corridor structure and network structure of the three network plans, the number of ecological nodes and ecological corridors in network III is the largest, indicating that network III has the most complex corridor structure, and thus, better corridor functions. In terms of network structure, index α, index β, and index γ of network III are the largest among the three networks, which indicates that network III has the most closed loops and better connectivity than the other three networks. Therefore, the green space ecological network of Fuzhou City should adopt the network III structure mode for further concrete construction.




3.3.4. Scheme of Green Space Ecological Network in Fuzhou


According to the overall urban plan (2016–2021), area size, boundary shape, and geographical location of ecological nodes, as well as the length, direction, and connectivity orientation of potential corridors, the generated network III plan is adjusted to obtain the final network plan (Figure 11), and the ecological network planning scheme of “one city and two rings” in Fuzhou City was put forward.



A total of 155 corridors were built, including 71 corridors in Cang Shan District, 34 corridors in Gu Lou District, 16 corridors in Tai Jiang District, and 34 corridors in Jin An District. The corridor densities of the ecological network are 1.16 km/km2, 1.62 km/km2, 1.33 km/km2 and 1.05 km/km2, respectively, in Cang Shan District, Gu Lou District, Tai Jiang District, and Jin An District. The index α, index β, and index γ of the ecological networks in Gu Lou District and Tai Jiang District are higher than those in Cang Shan District and Jin An District, and have the lower cost ratio, which indicates that the ecological networks in Gu Lou District and Tai Jiang District have higher connectivity, while the ecological networks in Cang Shan District and Jin An District have higher cost efficiency and are more economically flexible (Table 8).



According to the above-mentioned planning scheme, using satellite maps and the Fuzhou City Master Plan (2011–2021) as the basic data source, the natural green spaces and artificial green spaces were merged into “green space patches” (Figure 12), and the landscape pattern index was calculated by software. Compared with the green planned for 2021, the landscape index of Fuzhou City has changed significantly (Table 9). With the high connectivity of GU Lou District and Tai Jiang District, the patch density decreased from 0.55 to 0.42 and 0.48 to 0.43, respectively, and the Euclidean nearest neighbor distance decreased from 51.04 m to 45.67 m and 93.78 to 86.42, respectively, while the MPS, LSI, MPFD, CONNECT, SHDI, SHEI were all improved.



In Cang Shan District and Jin An District, the patch density decreased from 1.03 to 0.82 and 0.63 to 0.46, respectively, and the ENN decreased from 62.88 m to 56.32 m and 70.48 to 65.67, respectively. On the contrary, the MPS, LSI, MPFD, CONNECT, SHDI, SHEI were increased (Table 10).






4. Discussion


Green space plays an essential role in maintaining a healthy urban ecosystem [52]. At the same time, it can also meet the social and psychological needs of the urban population [53,54]. The lack of effective and comprehensive planning, however, has led to urban expansion that is out of control. Consequentially, a lot of natural green land has been converted into construction land. Natural green space is inevitably occupied in the process of urban development, which is one of the reasons for its decline. This study shows, however, that if green space system planning is initiated, the total area of artificial green space and green space patches could be expanded in the four districts of Fuzhou. This would offset the loss of natural green space due to urban construction. In this sense, green space system planning can improve the existing green space system. As mentioned above, similar results were found by evaluating the construction and optimization of a green space ecological network in the urban fringe of Tongzhou District, Beijing [42].



This study demonstrates that street integration of space syntax can reflect the process of urbanization very well. At the same time, it can identify and reflect the differences in urbanization in the study area, while the impact of urbanization on urban green space fragmentation has temporal variation and spatial heterogeneity [23]. Generally speaking, the urbanization of the central area of Fuzhou City has been very distinct since 2000. Under the guidance of different green planning policies, the temporal and spatial relationship between green space fragmentation and urbanization shows different characteristics. Although the government tries to control the encroachment of urban development on green space, it has failed to achieve its goal. The fragmentation of green space has occurred throughout time as a result of the conflict between the goal of real estate development and the goal of the government’s green space protection. The fragmentation of urban green spaces will not only reduce the health of the urban ecosystem [55], but also adversely affect the quality of life and working environments of the people living there, thereby threatening the sustainability of cities, especially the crowded ones [56]. The decline of the overall landscape index and the increasing fragmentation and complexity of spatial patterns also indicate other problems of green planning in the central area of Fuzhou City, such as the uneven distribution of green spaces and irrational planning.



At the landscape level, the patch density of the four districts in Fuzhou showed an increasing trend, which indicated that the overall green space was highly fragmented. The fragmentation of city green spaces not only reduces the health of the urban ecosystem, but also affects the living and working environment to a certain extent, which is not conducive to the sustainable development of the city, especially in the crowded city. From this point of view, green space system planning has little effect on the improvement of green space. However, as reflected by the increased Shannon’s diversity index of connectivity and the decreased Euclid’s nearest neighbor distance, the green space system planned for 2021 can actually improve the diversity of the landscape. Previous studies have shown that the spatial pattern of urban green space can be improved by focusing on the nature of the green space, the diversity of vegetation morphology, the complexity of shape [57], connecting green spaces to form a green network of multi-functional greenways and green corridors, and strengthening the proximity of nature, human beings, and ecosystem services [58,59]. Therefore, in the process of urbanization, green space system planning has defects, but it plays an important role in the overall ecological of the city.



The plans of city green ecological networks are a response to urban expansion and the reduction of natural areas [53]. These plans include protecting existing green spaces, creating new spatial forms, and restoring and maintaining connectivity between different green spaces [12]. Therefore, after the construction of a green space ecological network, the density of landscape patches in the four districts of Fuzhou City will decrease, which indicates that the degree of landscape fragmentation will also decrease correspondingly. This shows that ecological networks can greatly enhance the connectivity of landscapes. Similar studies have shown that the higher the connectivity of the ecological network, the more beneficial it is to the material cycle and energy flux [23]. Generally speaking, the proper planning of green ecological networks can significantly increase the quantity and quality of the existing green system in Fuzhou City’s urban areas. Further, the existing green patches can become larger, more complex, closer together, and more ecologically diverse. Compared with previous national and international research, this study analyzed urbanization and green space fragmentation in more detail and designed a more reasonable and feasible green space ecological network for Fuzhou City.




5. Conclusions


We first calculated the landscape index of urban space and the degree of road integration and studied the impact of urbanization on the spatial and temporal changes of green space fragmentation in Fuzhou City Center. This study adopts a spatiotemporal perspective, which is helpful to comprehensively understand the spatiotemporal heterogeneity between urban green space patterns and urbanization, which has rarely been discussed in previous literature. Through the research, we draw the following conclusions:




	(1)

	
From 2000 to 2020, a large amount of green space is occupied in the process of urbanization, which creates fragmentation;




	(2)

	
Analysis of landscape index based on LPI and LSI, urbanization begins in the western region, but gradually continues into the southeast region. In fact, in 2010 this development was relatively rapid. In short, the spatial pattern of urban green space has changed greatly during the study period;




	(3)

	
Through the qualitative and quantitative analysis of the green space landscape pattern in the study area, the green space ecological network was optimized. Green space ecological network planning can provide an effective method for the development of green space in Fuzhou and a balance between urban construction and the urban ecological environment that form part of the urbanization in Fuzhou. Therefore, the development of a green space ecological network is an effective form of green space planning that meets the needs of urban society. Green space ecological network planning has been widely applied and recognized as a new and effective method of urban green space system planning.









The research on green space ecological network planning is a long-term undertaking. The planning of green space ecological networks is an effective way to develop green ecological spaces in Fuzhou. It is expected that this study will provide a good reference for the future development of China’s urban green space system and allow other urban areas to investigate the feasibility of a green space ecological network in their local area.
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Table A1. The comparison of landscape metrics on class level of Cang Shan district.
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Cang Shan District




	
Landscape

Metrics

	
Natural Green Space

	
Cultivated Green Space




	

	
2000

	
2010

	
Planning in 2021

	
2000

	
2010

	
Planning in 2021






	
CA (ha)

	
1280.52

	
795.21

	
582.99

	
120.69

	
678.53

	
1024.19




	
PD (n/100 ha)

	
0.09

	
0.16

	
0.53

	
0.32

	
0.85

	
1.33




	
ED (m/ha)

	
34.54

	
30.15

	
32.85

	
15.05

	
38.08

	
48.98




	
MPS (ha)

	
11.13

	
6.57

	
1.89

	
3.17

	
1.17

	
0.75




	
MPFD

	
1.06

	
1.04

	
1.04

	
1.02

	
1.04

	
1.05
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Table A2. The comparison of landscape metrics on class level of Gu Lou district.
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Gu Lou District




	
Landscape Metrics

	
Natural Green Space

	
Cultivated Green Space




	

	
2000

	
2010

	
Planning in 2021

	
2000

	
2010

	
Planning in 2021






	
CA (ha)

	
609.64

	
266.40

	
181.31

	
147.61

	
367.33

	
892.59




	
PD (n/100 ha)

	
0.39

	
0.36

	
0.33

	
0.39

	
0.46

	
0.57




	
ED (m/ha)

	
68.57

	
53.10

	
34.69

	
30.87

	
65.79

	
85.81




	
MPS (ha)

	
1.46

	
2.77

	
3.02

	
2.55

	
2.17

	
1.75




	
MPFD

	
1.03

	
1.04

	
1.05

	
1.04

	
1.05

	
1.06
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Table A3. The comparison of landscape metrics on class level of Jin An district.






Table A3. The comparison of landscape metrics on class level of Jin An district.





	

	
Jin An District




	
Landscape Metrics

	
Natural Green Space

	
Cultivated Green Space




	

	
2000

	
2010

	
Planning in 2021

	
2000

	
2010

	
Planning in 2021






	
CA (ha)

	
545.04

	
307.18

	
204.35

	
88.55

	
217.75

	
342.4




	
PD (n/100 ha)

	
0.16

	
0.79

	
0.58

	
0.26

	
0.36

	
0.65




	
ED (m/ha)

	
36.79

	
14.48

	
30.82

	
17.89

	
25.16

	
30.65




	
MPS (ha)

	
6.26

	
1.26

	
1.72

	
3.85

	
2.79

	
1.54




	
MPFD

	
1.04

	
1.04

	
1.05

	
1.04

	
1.04

	
1.05
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Table A4. The comparison of landscape metrics on class level of Tai Jiang district.






Table A4. The comparison of landscape metrics on class level of Tai Jiang district.





	

	
Tai Jiang District




	
Landscape Metrics

	
Natural Green Space

	
Cultivated Green Space




	

	
2000

	
2010

	
Planning in 2021

	
2000

	
2010

	
Planning in 2021






	
CA (ha)

	
20.16

	
13.15

	
11.49

	
12.32

	
17.94

	
24.25




	
PD (n/100 ha)

	
0.28

	
0.38

	
0.57

	
0.48

	
0.42

	
0.41




	
ED (m/ha)

	
11.15

	
12.10

	
12.98

	
8.41

	
17.44

	
21.41




	
MPS (ha)

	
3.36

	
2.63

	
1.91

	
1.37

	
2.24

	
3.03




	
MPFD

	
1.03

	
1.01

	
1.03

	
1.04

	
1.03

	
1.05
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Table A5. Landscape metrics on landscape level of Cang Shan, Gu Lou, Tai Jiang, and Jin An district.
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Landscape Metrics

	
Cang Shan District

	
Gu Lou District

	
Tai Jiang District

	
Jin An District




	
2000

	
2010

	
Planning in 2021

	
2000

	
2010

	
Planning in 2021

	
2000

	
2010

	
Planning in 2021

	
2000

	
2010

	
Planning in 2021






	
CA (ha)

	
1401.21

	
1473.74

	
1607.18

	
757.25

	
633.73

	
1073.90

	
32.48

	
31.09

	
35.74

	
633.59

	
524.93

	
546.75




	
PD (n/100 ha)

	
0.11

	
0.48

	
1.03

	
0.39

	
0.42

	
0.53

	
0.36

	
0.39

	
0.48

	
0.17

	
0.61

	
0.63




	
ED (m/ha)

	
4.73

	
39.3

	
44.25

	
28.06

	
82.3

	
89.72

	
5.65

	
9.25

	
85.44

	
53.98

	
64.35

	
68.71




	
MPS (ha)

	
9.09

	
2.10

	
0.96

	
2.53

	
2.39

	
1.88

	
2.71

	
2.59

	
2.23

	
5.76

	
1.64

	
1.59




	
LSI

	
34.8

	
37.1

	
56.29

	
22.82

	
31

	
42.09

	
32.56

	
16.98

	
19.23

	
25.89

	
31.86

	
39.2




	
SHDI

	
0.06

	
0.29

	
0.69

	
0.21

	
0.55

	
0.68

	
0.26

	
0.46

	
0.63

	
0.57

	
0.63

	
0.68




	
SHEI

	
0.08

	
0.43

	
0.99

	
0.31

	
0.79

	
0.98

	
0.38

	
0.54

	
0.91

	
0.82

	
0.87

	
0.99




	
MPFD

	
1.04

	
1.04

	
1.05

	
1.04

	
1.04

	
1.05

	
1.03

	
1.03

	
1.04

	
1.04

	
1.04

	
1.05




	
ENN(m)

	
100

	
89.5

	
62.88

	
82.03

	
69.7

	
51.04

	
102.56

	
99.12

	
93.78

	
85.58

	
76.8

	
70.48




	
CONNECT

	
1.54

	
1.87

	
2.33

	
1.08

	
2.26

	
2.49

	
4.64

	
5.67

	
6.39

	
1.22

	
1.92

	
2.32
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Figure 1. Remote sensing image of Fuzhou: (a) district scope of study; (b) scope of study. 
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Figure 2. Examples of the common networks (a–f) by Hellmund. 
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Figure 3. Street global integration in the central area of Fuzhou City: (a) Street global integration of 2000; (b) Street global integra Table 2010. (c) Street global integration of 2021. The red line is the most integrated street; the green line is the least integrated street. 






Figure 3. Street global integration in the central area of Fuzhou City: (a) Street global integration of 2000; (b) Street global integra Table 2010. (c) Street global integration of 2021. The red line is the most integrated street; the green line is the least integrated street.
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Figure 4. Urbanization intensity in Fuzhou (street global integration: (a) Urbanization intensity in 2000; (b) Urbanization intensity in 2010; (c) Urbanization intensity in 2021. Red represents the highest level of integration; green represents the lowest. 
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Figure 5. land use of Fuzhou: (a) land use of 2000; (b) land use of 2010; (c) land use of 2021. 
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Figure 6. Map of LPI change in the central area of Fuzhou City: (a) landscape patch index of 2000; (b) landscape patch index of 2010; (c) landscape patch index of 2021. Red is the high LPI value, blue is the low LPI value. 






Figure 6. Map of LPI change in the central area of Fuzhou City: (a) landscape patch index of 2000; (b) landscape patch index of 2010; (c) landscape patch index of 2021. Red is the high LPI value, blue is the low LPI value.



[image: Land 10 00769 g006]







[image: Land 10 00769 g007 550] 





Figure 7. LSI change in the central area of Fuzhou City: (a) landscape shape index of 2000; (b) landscape shape index of 2010; (c) landscape shape index 2021. Red is the high LSI value; blue is the low LSI value. 






Figure 7. LSI change in the central area of Fuzhou City: (a) landscape shape index of 2000; (b) landscape shape index of 2010; (c) landscape shape index 2021. Red is the high LSI value; blue is the low LSI value.



[image: Land 10 00769 g007]







[image: Land 10 00769 g008 550] 





Figure 8. Green space of Fuzhou: (a) green space in 2000; (b) green space in 2010; (c) green space in 2021. 
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Figure 9. Planning diagram of green space system in Fuzhou city center (2011–2021). 
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Figure 10. Fuzhou green space ecological network plan sketch: (a) network I; (b) network II; (c) network III. 
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Figure 11. Distribution of ecological nodes and corridors in Fuzhou City. 
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Figure 12. Network planning of ecological green space in Fuzhou City. 
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Table 1. Descriptions of landscape metrics [45].
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	Landscape Metrics (Abbreviation)
	Description
	Expression





	Class area

(CA)
	CA equals the sum of the areas (m2) of all patches of the corresponding patch type, divided by 10,000 (to convert to hectares); that is, total class area.
	   CA =     ∑   j = 1  a   a  i j        (  1  1000   )   



	Patch density

(PD)
	The number of patches per 100 ha. It is a simple measure of the fragmentation of the patch type.
	  PD =  N A    × 1,000,000



	Edge density

(ED)
	ED equals the sum of the lengths (m) of all edge segments in the landscape, divided by the total landscape area (m2), multiplied by 10,000 (to convert to hectares).
	  ED =  E A   × 10,000



	Mean patch size

(MPS)
	The area occupied by a particular patch type divided by the number of patches of that type. It is a simple measure of the fragmentation of the patch type.
	   MPS =  A N         (  1  10,000   )   



	Shannon’s diversity index (SHDI)
	SHDI equals minus the sum, across all patch types, of the proportional abundance of each patch type multiplied by that proportion.
	   SHDI =   ∑   k = 1  n   p k       1 n (  p k  )   



	Shannon’s evenness index (SHEI)
	SHEI equals minus the sum, across all patch types, of the proportional abundance of each patch type multiplied by that proportion, divided by the logarithm of the number of patch types.
	   SHE =     S H D I   S H D  I  m a x            =   −   ∑   k = 1  n   p k  1 n  (   p k   )    1 n  ( n )      



	Landscape Shape Index (LSI)
	Landscape shape index provides a standardized measure of total edge or edge density that adjusts for the size of the landscape.
	   LSI =   0.25 E    A      



	Mean fractal dimension index

(MPFD)
	In landscape ecological research, patch shapes are frequently characterized via the fractal dimension of the object.
	   MPFD =     ∑   i = 1  m    ∑   j = 1  n   [    2   1 n  (  0.25  p  i j    )    1 n  (   a  i j    )     ]   N    



	Euclidean Nearest-Neighbor Distance (ENN)
	ENN equals the distance (m) to the nearest neighboring patch of the same type, based on shortest edge-to-edge distance.
	   ENN =  h  i j     



	Connectance Index (CONNECT)
	CONNECT equals the number of functional joining between all patches of the corresponding patch type divided by the total number of possible joining between all patches of the corresponding patch type, multiplied by 100 to convert to a percentage.
	CONNECT =   [     ∑  n m    ∑  m n   c  i j k       ∑   i = 1    m  (    n i   (   n i  − 1  )   2    )   ] ( 100 )  



	Largest patch index

(LPI)
	LPI is calculated as the area of the largest patch divided by the total landscape area, multiplied by 100.
	  LPI =   max  (   a  i j    )   A   (  100  )   ,
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Table 2. Network structure index calculation.






Table 2. Network structure index calculation.





	
Index

	
Meaning

	
Calculation Formula

	
Analysis of Calculation Results

	
Notes






	
α

	
network circuitry

	
α   =   L − V + 1   2 V − 5     

	
0 ≤ α ≤ 1;

α = 0, network with no loops;

α = 1, network with the maximum possible number of loops present.

	
L: number of corridors

V: number of nodes




	
β

	
node/line ratio

	
β   =  L V    

	
0 ≤ β ≤ 3;

β = 0, no network;

β < 1, the network takes on a dendroid pattern;

β = 1, single loop in the network;

β > 1, more complex connectivity in the network [47].




	
γ

	
network connectivity

	
γ   =  L  3  (  V − 2  )      

	
0 ≤ γ ≤ 3;

γ = 0, none of the nodes are linked;

γ = 1, every node is linked to every other possible node.
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Table 3. Descriptive analysis of street global integration in the Central Area of Fuzhou City for 2000, 2010, 2021.
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2000

	
2010

	
2021






	
Global Integration

	
Number

	
798

	
1112

	
1243




	
Mean

	
0.729

	
0.889

	
0.962




	
Max

	
1.368

	
1.374

	
1.413




	
Min

	
0.529

	
0.503

	
0.62




	
Std. deviation

	
0.165

	
0.163

	
0.149
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Table 4. Land use type structure in Fuzhou.
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Land Type

	

	
2000

	
2010

	
2021






	
Forested land

	
Area (m2)

	
7054.59

	
5022.99

	
4844.85




	
Proportion (%)

	
22.73

	
16.19

	
15.61




	
Water bodies

	
Area (m2)

	
1924.97

	
1395.09

	
1069.51




	
Proportion (%)

	
6.20

	
4.50

	
3.45




	
Built-up land

	
Area (m2)

	
8924.31

	
10,752.03

	
14,344.57




	
Proportion (%)

	
28.76

	
34.65

	
46.22




	
Farmland

	
Area (m2)

	
9052.03

	
3802.95

	
1037.29




	
Proportion (%)

	
29.17

	
12.25

	
3.34




	
Grassland

	
Area (m2)

	
2131.92

	
4705.20

	
5409.30




	
Proportion (%)

	
6.87

	
15.16

	
17.43




	
Unused land

	
Area (m2)

	
6710.22

	
5355.18

	
4327.92




	
Proportion (%)

	
21.62

	
17.26

	
13.95
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Table 5. LPI values of green space in central Fuzhou during the period 2000, 2010, 2021.
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	Land Use
	2000
	2010
	2021





	Forested land
	13.56
	9.36
	6.59



	Water bodies
	1.43
	0.92
	0.42



	Farmland
	7.97
	0.53
	0.17



	Grassland
	1.06
	1.62
	3.83



	landscape
	18.76
	29.40
	41.36
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Table 6. LSI values of green spaces in central Fuzhou during the period 2000, 2010, 2021.
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	Land Use
	2000
	2010
	2021





	Forested land
	62.95
	51.37
	36.05



	Water bodies
	18.40
	17.04
	16.58



	Farmland
	72.21
	59.25
	42.21



	Grassland
	41.48
	61.31
	73.81



	landscape
	79.53
	84.11
	111.69
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Table 7. Corridor structure index and network structure index.
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	Fuzhuo Green Space Ecological Network Plan Sketch
	Nodes
	Corridor

Number
	α Index
	β Index
	γ Index





	Ⅰ
	46
	44
	0.00
	0.95
	0.33



	Ⅱ
	99
	98
	0.00
	0.98
	0.34



	Ⅲ
	99
	155
	0.29
	1.56
	0.53
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Table 8. The corridor structure metrics for the ecological network planning.
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	Nodes
	Corridor

Number
	Corridor

Length

(km)
	Corridor

Density

(km·km2)
	α Index
	β Index
	γ Index
	Cost

Ratio





	Cang Shan District
	50
	71
	165.56
	1.16
	0.23
	1.42
	0.49
	0.57



	Gu Lou

District
	15
	34
	56.93
	1.62
	0.80
	2.26
	0.87
	0.40



	Tai Jiang District
	8
	16
	23.94
	1.33
	0.82
	2.00
	0.88
	0.33



	Jinan District
	26
	34
	60.71
	1.05
	0.19
	1.31
	0.47
	0.45
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Table 9. Landscape metrics in different plans of Gu Lou and Tai Jing district.
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Landscape Metrics

	
Gu Lou District

	
Tai jiang District




	
Green Space System Planning

in 2021

	
Ecological

Network Planning

	
Green Space

System Planning

in 2021

	
Ecological

Network Planning






	
PD (n/100 ha)

	
0.53

	
0.42

	
0.48

	
0.43




	
ED (m/ha)

	
89.72

	
94.74

	
85.44

	
89.52




	
MPS (ha)

	
1.88

	
2.53

	
2.23

	
3.32




	
LSI

	
42.09

	
45.14

	
19.23

	
23.43




	
SHDI

	
0.68

	
0.83

	
0.63

	
0.72




	
SHEI

	
0.98

	
1.34

	
0.91

	
0.98




	
MPFD

	
1.05

	
1.06

	
1.04

	
1.05




	
ENN(m)

	
51.04

	
45.67

	
93.78

	
86.42




	
CONNECT

	
2.49

	
3.36

	
6.39

	
6.91
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Table 10. Landscape metrics in different plans of Cang Shan and Jin An district.
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Landscape Metrics

	
Cang Shan District

	
Jin An District




	
Green Space System Planning

in 2021

	
Ecological

Network Planning

	
Green Space

System Planningin 2021

	
Ecological

Network Planning






	
PD (n/100 ha)

	
1.03

	
0.82

	
0.63

	
0.46




	
ED (m/ha)

	
44.25

	
46.34

	
68.71

	
71.28




	
MPS (ha)

	
0.96

	
1.65

	
1.59

	
2.78




	
LSI

	
56.29

	
58.93

	
39.2

	
42.37




	
SHDI

	
0.69

	
0.75

	
0.68

	
0.82




	
SHEI

	
0.99

	
1.23

	
0.99

	
1.35




	
MPFD

	
1.05

	
1.06

	
1.05

	
1.07




	
ENN (m)

	
62.88

	
56.32

	
70.48

	
65.67




	
CONNECT

	
2.33

	
3.88

	
2.32

	
3.92
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