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Abstract

:

The ecological restoration of territorial space emphasizes the synergy between ecology and social development. On this basis, we used landscape index analysis methods to explore the spatiotemporal evolution of landscape patterns in urban areas on a district scale. Then, we used multiple regression analysis to explore the driving factors behind this evolution. The results showed the following: (1) Landscape compositions have changed significantly. The growth rate of construction land in the main districts was about three times that in the urban area. (2) There were differences in the characteristics of landscape pattern evolution. Arable land is becoming more fragmented as construction land expands outward. The shapes of public green spaces, arable land, and woodlands tend to be simple and regular. The degree of both urban sprawl and agglomeration decreased in the urban area and the main districts. Meanwhile, landscape separation first decreased and then increased, and landscape diversity increased. (3) Population growth, industrial development, changes in industrial structure, and real estate development are the main driving factors of landscape pattern evolution. Based on this, this study puts forward some suggestions for landscape pattern optimization, which is significant for ecological restoration planning and promotion.
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1. Introduction


Urbanization is an inevitable trend of global socio-economic development, as cities are regarded as the future of mankind [1]. The impact of human activities on territorial space is profound. Some scholars have noted that the quality of energy tends to degrade irreversibly. It can be presumed that each successive transformation of land by humans exacerbates environmental imbalances [2,3]. The development mode in the past has caused many environmental problems, spatially manifested by the encroachment of living or production spaces into natural spaces [4], with the temporal trend of landscape fragmentation, woodland degradation, and a decline in habitat quality [5,6,7]. The disorderly exploitation of natural spaces not only restricts sustainable economic development [8,9], but also causes serious negative effects on people’s health [7,10]. With ongoing urban development, the boundaries of ecology, production, and living space are becoming increasingly blurred. China has attached great importance to solving ecological problems. The 12th Five-Year Plan called for greater efforts toward environmental protection, and the 13th Five-Year Plan accelerated the comprehensive management of the ecological environment. The 14th Five-Year Plan proposed the construction of a new array of high-quality territorial spaces, which was aimed at the efficient use of land and the need to achieve high-quality spatial development. Therefore, coordinating urban development and ecological protection has become the core issue of global sustainable development research [11].



Spatial ecological restoration is one of the most important aspects of ecological construction. It is mainly undertaken through the optimization of land space structures and ecological reconstruction to repair dysfunctional or damaged ecosystems, allowing them to achieve self-regulation, succession, and renewal [12,13], so that such systems can reach an optimal state [14,15]. Ecological restoration has gradually received widespread attention from the public and governments. The Convention on Biological Diversity proposed the rebuilding and restoration of degraded ecosystems through on-site conservation. Australia has successfully restored red willow eucalyptus ecosystems in abandoned bauxite mines [16]. Existing studies on ecological restoration have focused on single ecological elements such as rivers, lakes [17], woodlands, or vegetation [18]. However, high-quality ecological restoration emphasizes the internal adjustment and evolution of all the landscape elements, i.e., “mountains, water, woodlands, lakes, green, and residence”. Some scholars have also proposed strategies for land consolidation and ecological restoration transformation. Wang et al. emphasized systematic thinking, upgrades to theories, strengthening technology support, and improving mechanisms [19]. Gong et al. analyzed the transformation which occurs through ecological restoration in terms of planning ideas, objectives, nature, and pathways based on the human-earth system coupling framework [20]. Pang et al. emphasized the construction of sustainable land ecological restoration patterns and zoning schemes [21] to promote the integrated restoration and management of landscapes [22].



The effect of ecological restoration is a comprehensive representation of human social activities and natural ecological spaces whereby the restoration object is essentially the landscape [23]. Restoration initiatives have come to incorporate the multi-objective coordination of societies, economies, and ecology, rather than just governments. Landscape patterns integrate the features of landscape spatial structures, as well as their spatial distribution, and service capacity [24], which can effectively reflect the relationship between ecological construction and social development. Changes in urban land use landscape patterns are important indicators of the relationship between the social economic system and the natural ecosystem [25]. Many scholars have applied the theories and methods of landscape ecology to ecological restoration practices, such as natural resource planning, utilization, and protection, and have achieved some significant gains [26]. Li et al. found a close relationship between urban landscape patterns and ecological land evolution [27]. Chen et al. argued that it is urgent to solve the ecological and environmental problems caused by the evolution of landscape patterns [28]. Dong et al. analyzed the landscape spatial pattern and ecological process of the Dahei River and proposed a landscape structure and planning layout for the governance of that ecosystem [29]. Wang et al. obtained the landscape pattern index of Changling village through an ecological landscape evaluation and put forward suggestions for its ecological restoration [30]. Wu et al. divided an ecological restoration area and proposed an approach for the restoration of the landscape pattern evolution characteristics [31]. Peng et al. proposed the research path of “pattern and process coupling-spatial and temporal scale-ecosystem services-landscape sustainability” in landscape ecology, providing theoretical support for ecological restoration in spatial ecological restoration planning [23]. Traditional landscape pattern evolution studies have focused on landscape evolution itself, and therefore, have lacked a connection with ecological restoration. Secondly, traditional ecological restoration has mostly focused on small-scale ecosystems, making it poorly suited to the multi-scale and multi-functional collaborative optimal development of territorial space.



Studies have shown that landscape patterns are important guides for the ecological restoration of territorial space [32]. Landscape patterns refer to the spatial patterns of landscapes, i.e., the spatial distribution and combination of spatial units (patches) of different sizes, shapes, quantities, and attributes. They are also the specific expression of the degree of spatial variation in an ecosystem or in its system attributes [33]. The evolution of landscape patterns affects ecosystem functions, and landscape fragmentation reduces the value of ecosystem services [34,35]. Identifying severely degraded ecological spaces based on landscape pattern evolution characteristics can help promote the quality of ecological restoration [23] and strengthen ecosystem network construction [17]. In order to identify the inherent characteristics and value of territorial space, Wang et al. proposed incorporating landscape character assessment into territorial space planning from a macroscopic perspective, which became a basis for coupling landscape patterns and territorial ecological restoration [36]. Meanwhile, the evolution of territorial landscape patterns is influenced by many driving forces, such as human activities, economic development, and land use transformations. To restore the efficiency and intensity of territorial spatial patterns, it is necessary to explore the landscape pattern evolution and driving factors during urbanization, grasp the evolution rules, and identify the spatial characteristics in order to provide a scientific reference for the ecological restoration of territorial space.



From 2000 to 2020, the social economy and population in Hangzhou, China, grew rapidly. With the continuous expansion of urban construction land, the landscape pattern underwent profound changes. From 1996 to 2006, the dominant landscape in Hangzhou changed from agricultural to artificial [37,38]. Since 2010, Hangzhou has developed more rapidly, with eight main districts having the fastest growth of construction land and the highest population density, which are typical areas of urbanization development. ENVI, GIS, and landscape pattern analysis methods were used to analyze the spatiotemporal evolution characteristics and variability of land use patterns in Hangzhou and its major urban areas from 2000 to 2020. Combined with social and economic factors, we used SPSS multiple regression to explore the driving factors of landscape pattern evolution. Theoretically, we can identify degraded landscapes according to the features of landscape pattern evolution. We can also coordinate social-ecological needs and determine restoration goals based on landscape versatility trade-offs. We propose integrating landscape pattern studies into ecological restoration as an important contribution and also put forward some optimization strategies to restore harmonious territorial spatial patterns.




2. Data and Methods


2.1. Data Processing


Hangzhou is located in the south of the Yangtze River Delta, with complex and diverse topography. The western part has a hilly terrain, while the eastern part belongs to the northern Zhejiang plain. The terrain is low and flat, the river network is dense, and it has a natural environment of intermingling rivers, lakes, and mountains. In this paper, urban areas and eight main districts in Hangzhou were selected as the study areas. The main districts are Shangcheng, Xihu, Gongshu, Binjiang, Yuhang, Xiaoshan, Linping, and Qiantang Districts.



The land cover data were obtained from GlobeLand30 global land cover data of the National Geographic Information Resources Catalogue Service System and 30 × 30 m Landsat 8.0 remote sensing images from the cloud-based Geospatial Information Services. ENVI 5.2 software (the flagship product of Exelis Visual Information Solutions in the United States) was used for radiometric calibration and atmospheric correction of remote sensing data and combined with land use and land cover data for correction and calibration. We classified the landscape types into six categories: arable land, woodlands, wetland, water, public green spaces, and construction land. We evaluated the accuracy of the classified images, and the total accuracy was higher than the required minimum. Finally, the images were imported into ArcGIS to construct a GIS database of land use landscape patterns (Figure 1). Socioeconomic and demographic data were from the Hangzhou Statistical Yearbook.




2.2. Methods


2.2.1. Methods of Measuring Land Use Landscape Patterns


The landscape index is the most widely used method to measure the spatial structure and evolution characteristics of the landscape. It is a quantitative indicator that quantifies the structural composition and spatial evolution and condenses spatial pattern characteristics at the patch and landscape levels [39]. To explore typical landscape features with guiding significance for the ecological restoration of territorial space, factors such as landscape area advantage, fragmentation, separation, connectivity, and diversity were considered [14,28,38,40]. A total of nine indexes were selected in this study to establish the index system: at the patch level they were percent of landscape (PLAND), largest patch index (LPI), patch density (PD), edge density (ED), and landscape shape index (LSI), and at the landscape level they were aggregation index (AI), contagion index (CONTAG), landscape division index (DIVISION), and Shannon diversity index (SHDI) (Table 1). We chose Fragstats 4.2 software to calculate the landscape index, which was developed by Oregon State University in the United States for landscape pattern analysis.




2.2.2. Methods of Exploring the Driving Factors


The main driving factors of landscape pattern evolution are natural and human [41]. The driving factors for urban and ecological landscapes are different. In urban landscapes, humans become the direct driving force, based on multiple factors such as social, economic, and policy [42]. In previous studies, scholars used multiple regression [43,44], enhanced regression trees [45], CAA analysis [37], and other methods to analyze the driving factors of landscape pattern evolution. In this study, we considered that landscape pattern evolution is associated with multiple factors, so we combined multiple independent variables to predict or estimate the dependent variable in order to improve the analysis.






3. Results


3.1. Evolution of Landscape Composition


3.1.1. Evolution of Landscape Composition in Urban Area


Table 2, Table 3 and Table 4 show the evolution of landscape composition in urban areas. It was found that construction land grew the fastest. From 2000 to 2020, the proportion of construction land increased by 5.02%, and the average annual growth rate after 2010 was about twice as fast as before. The arable land decreased by 5.59%, and the declining trend was more significant after 2010, which indicates that arable land was substantially occupied. From the land use area transfer matrix, it was found that arable land was the primary source of construction land expansion. In addition, the composition of wetlands and public green spaces showed a slight increase as residents’ demand for environmental improvement and recreation increased. Water areas also began to increase after a slight decline in the previous decade. Between 2000 and 2010, the composition of woodlands declined but remained at more than 60%, and was the dominant landscape for mitigating environmental risk exposure within urban areas.



We explain some of the data and the direction of land use conversion in Table 3. Columns show transfer-out areas, and rows show transfer-in areas. For example, the value of 606.80 in the first row refers to the area of woodlands converted to arable land from 2000 to 2010 and 97.05 is the area converted from green spaces to arable land, 581.67 is the area of arable land converted to woodland, and 847.20 (606.80 + 97.05 + 4.28 + 83.37 + 55.69) is the sum of the area of other land converted to arable land. The value of 1076.97 in the first column refers to the area converted from arable land to other lands during that decade.




3.1.2. Evolution of Landscape Composition in Main Districts


The land use intensity in the main districts is higher than in urban areas, and the conversion of ecological land to construction land is faster. According to the evolution of landscape composition in the main districts (Table 5, Table 6 and Table 7), construction land has maintained a high growth rate, with an annual average of about three times that of the urban area, and has increased significantly since 2010. In contrast, the proportion of arable land has been decreasing the fastest and the most. The dominant landscape in the main districts has changed from arable land to construction land. In addition, the composition of woodlands increased before 2010, and the growth rate has been more rapid since 2010. The evolution trend of wetlands, public green spaces, and water areas is similar to that of the urban area, but the range is more pronounced. The proportion of public green spaces and wetlands showed an increase before 2010 and decreased after 2010, indicating that public green spaces for leisure and recreation were destroyed. In this context, we should pay attention to the encroachment on public green spaces and take further measures to strengthen the protection of green spaces and parks in cities. The ecological restoration strategy for wetlands includes laying out wetland ecological restoration projects on the watershed scale and creating special wetland parks on the site scale [46]. Before 2010, the water area was decreasing. Hangzhou revised the Measures for the Protection and Management of Urban River Courses, which required strengthening the comprehensive protection, scientific management, and reasonable development of the Beijing–Hangzhou Canal, Qiantang River, West Lake, and other waterways. The watershed composition showed a significant growth trend afterward.





3.2. Spatial Evolution of Landscapes at the Patch Level


3.2.1. Spatial Evolution at the Patch Level in Urban Areas


Figure 2 shows changes in the landscape index at the patch level, and it can be found that woodlands have always been the dominant landscape in urban areas. From 2000 to 2020, the PD and ED of arable land increased, indicating that the spatial fragmentation of arable land increased and the distribution tended to be dispersed when some arable land was converted to construction land. The PD, LPI, and ED of construction land increased continuously, and the LPI increased most significantly before 2010. This indicates that construction land expanded rapidly and the space became more fragmented when the centralized construction area was formed. The LSI of public green spaces, arable land, and woodlands decreased significantly before 2020, the landscape shape tended to be simple and regular, and the connectivity between patches was enhanced, indicating that the distribution of public green spaces became more clustered after their integration planning. However, the dominance of these landscapes still needs to be improved. The LPI of water areas increased and the PD and LSI decreased, indicating that water patches tend to be complete and regular under the effect of human activities. The landscape ecological function of wetlands remained relatively stable, but the LPI was insufficient because of the small scale of wetlands and the low percentage of landscapes.




3.2.2. Spatial Evolution at the Patch Level in the Main Districts


The evolution of landscape patterns in main districts was different from that in urban areas (Figure 3). Construction land in the main districts grew rapidly, with increasing LPI, and the distribution tended to be large-scale and centralized. The LPI, ED, and LSI increased, and the trend of the former two was faster than that in urban areas. The PD, ED, and LSI of arable land increased, but the LPI decreased, which indicates that the arable land was fragmented during the continuous encroachment of construction land. However, the PD of woodlands, green spaces, wetlands, and water decreased, which shows that the landscape tended to be centralized. After 2010, the LPI of green spaces decreased significantly while the LSI increased, due to the small scale and scattered distribution of public green spaces. The LPI of woodland increased, indicating that its dominance increased. However, its LSI decreased, which indicates that the shape of woodlands tends to be complete and regular if it is under better protection.





3.3. Spatial Evolution of Landscapes at the Landscape Level


From the perspective of spatial evolution at the landscape level (Figure 4), the landscape pattern evolution in urban areas and main districts is different. (1) The AI of landscape in urban areas has decreased, while that of main districts first increased and then decreased, which may be due to the rapid increase of construction land and centralized development. (2) DIVISION of landscape in urban areas and main districts first decreased and then increased, indicating a closer connection between different landscapes. In addition, a more complete network was formed when DIVISION decreased. The increase in DIVISION showed that the composition of patches was becoming more fragmented and the complexity of the landscape was increasing. (3) The increase in SHDI in urban areas was higher than in main districts. We found that landscape diversity increased, different patches were more evenly distributed spatially, and the overall component area ratio gap narrowed. This indicated that the city of Hangzhou paid attention to protecting the ecological space during urbanization, and the gap in the proportion of different landscape components was reduced by integrating woodlands and public green spaces. This also indicated that landscape diversity can be protected under high-intensity development through ecological restoration and rational land development.




3.4. Driving Factors of Landscape Pattern Evolution


Cities are complex ecosystems dominated by human social activities. The evolution of landscape patterns is due to internal and external factors, among which human factors such as social and economic development play an important role. Both natural and human factors can have a significant impact on the structure, configuration, and patchiness of landscapes, but human activities are undoubtedly the most dominant factor [47]. In this study, we took driving factors based on human activities as the research objects, and Hangzhou’s population (X1), regional GDP (X2), social fixed asset investment (X3), industrial GDP (X4), real estate investment (X5), and proportion of tertiary industries (X6, X7, X8) as independent variables. The landscape Shannon diversity index (Y1) and construction land proportion (Y2) were the dependent variables. The Shannon diversity index (Y1) is equal to the negative sum of the area ratio of patch type i multiplied by the natural logarithm of its value, where pi is the ratio occupied by landscape patch type i, which is calculated on a logarithmic basis, and the SHDI formula can be found in [48]. In a landscape system, if the land use is richer, the landscape is more fragmented, and the value of SHDI will be higher. SHDI = 0 indicates that the landscape is composed of one patch, and an increase in SHDI indicates an increase in patch types or a balanced distribution of patches. Then, we used multiple regression analysis for calculation. The regression model summary and the coefficients are given in Table A1, Table A2, Table A3 and Table A4. The results are as follows.


Y1 = 0.14X1 + 0.012X4 − 0. 135X6 + 0.04X8 + 9.837 (R2 = 0.998, p < 0.05)










Y2 = 0.875X1 + 0.069X3 + 0.14X5 − 3.531 (R2 = 0.996, p < 0.05)











The results show that population growth, industrial development, structural changes in primary and tertiary industries, and real estate development are the main driving factors of landscape pattern evolution in Hangzhou. These results are similar to those of some existing studies [40,41,43,49].



	(1)

	
Population growth. During the past 20 years, the population in Hangzhou has increased by about 5.77 million people, which increases the demand for housing, public services, and other resources. As a result, construction land continues to sprawl and its dominance in the landscape is rising.




	(2)

	
Industrial development. From 2000 to 2020, the industrial output value of Hangzhou increased from 70.932 billion to 487.507 billion. With the transition of the secondary industry, the traditional industry shifted to modern manufacturing, high-tech industry, and other innovative industries. Therefore, it is necessary to continuously establish industrial parks such as Future Science and Technology City and Zhijiang Science and Technology Industrial Park. The construction of industrial parks and transportation facilities will also affect the landscape pattern evolution.




	(3)

	
Changes in the structure of industries. From 2000 to 2020, the proportion of the primary industry changed from 8.00% to 51.40%, the secondary industry from 40.60% to 2.10%, and the tertiary industry from 31.70% to 66.20%. The proportion of primary industry decreased and the tertiary industry developed rapidly. Hangzhou hosted the G20 Summit in 2016 and was supposed to host the Asian Games in 2022, so it is urgent to improve the quality of public service facilities. During these times, the development of the modern service industry also led to the occupation of ecological space by construction land.




	(4)

	
Development of the real estate industry. With the growth of the population, the real estate industry has greatly promoted the construction of urban land, which directly affects the evolution of the landscape pattern.









4. Discussion


There are complex interactions between human systems and ecosystems, which gradually become more complicated with the progress of human society and increased human activity [50,51]. It is necessary to restore and protect urban ecosystems, comprehensively improve their resistance and resilience, and strengthen the coordination between human systems and natural ecosystems [52]. Therefore, to promote efficient ecological restoration of territorial space, the focus should be on the functional relationships between different landscapes. Some scholars have studied the relationship between urban sprawl and landscape pattern evolution [53,54]. It was found that landscape pattern indexes (e.g., PD, CONTAG, SHDI) are significantly correlated with urban sprawl, and this can provide a valuable reference for territorial space planning and ecological restoration by understanding the characteristics of landscape pattern evolution during urban expansion. According to the research results, the evolution of the landscape pattern index in the main districts of Hangzhou is the most obvious, and the expansion of construction land is mainly concentrated in these areas. Urban construction land sprawls along the edges of central urban areas, potentially destroying important ecological spaces in the suburbs. Therefore, we need to identify the fragmented ecological spaces and restore the ecosystem that has been destroyed by human activities. Finally, it is important to restore the function and structure of the ecosystem to the state before it was disturbed to ensure its sustainable development.



4.1. Incorporating Landscape Pattern Study into Ecological Restoration Planning


The ecological restoration of territorial space directly affects the spatial structure of the landscape and has an impact on ecological processes [23]. It needs to fully consider the potential impact of high-intensity human activities on landscape pattern evolution [55]. Hangzhou has the West Lake, the Qiantang River, and the Grand Canal, all of which provide advantages for building a natural ecological network with a complex structure. However, with rapid urban expansion, construction land has crossed the Qiantang River to the south and the West Lake scenic area to the west. These natural advantages also exert great pressure on the urban ecological network. Landscape patterns and ecological restoration complement each other: landscape patterns guide ecological restoration toward scientific discovery, and ecological restoration can build a more healthy landscape pattern. If the city is regarded as an ecosystem, natural landscape elements such as farmland, water, and mountains can be regarded as giant patches, and each patch can be regarded as an ecological interval to establish a dynamic composite multi-level ecological network. Therefore, incorporating the study of landscape patterns into the ecological restoration of territorial space is important in order to improve ecological function and identify spatial value and make up for the neglect of background resource characteristics.



Combining the evolution characteristics and driving factors of landscape patterns to identify land use trends and priority areas that need to be protected will help to provide a scientific basis for optimizing the urban land use structure. In terms of regional space, problem-oriented ecological restoration can only improve a small number of landscape functions [56,57] without systematic thinking, which can easily aggravate the trade-off between different landscape functions and lead to a human–land contradiction [58]. In urban areas, it is necessary to connect and implement major restoration projects in national and provincial areas and quantitatively assess the intensity of interference with the ecosystem by human activities using a human footprint. We should take the key areas of damaged landscapes as priority areas for ecological restoration according to the evolution rules of landscape fragmentation and diversity change [59], and we should arrange important restoration projects scientifically. In the main districts, we need to accelerate the integration of territorial space ecological restoration with urban development strategies. We should focus on ecosystem protection and urban development benefits while using the landscape pattern index and other quantitative evaluations of restoration efficiency [60]. Then, we should connect provincial and municipal ecological restoration planning with ecological restoration monitoring and supervision platforms, which can help in carrying out dynamic monitoring and ecological risk assessment, completion effects, and ecological protection to strengthen adaptive management.




4.2. Landscape Pattern Optimization of Ecological Reserves


An ecological reserve is an area delimited for the protection of a special natural environment, natural resources, or ecological system. Ecological reserves are primary areas for landscape pattern optimization, with the aim of optimizing ecological restoration by adjusting landscape composition, quantity, and distribution. Many scholars have carried out studies on the division of ecosystem areas and the prioritization of ecological protection areas in special natural zones (e.g., watersheds, wetlands, etc.) [61,62]. The ecological service effect of urban landscape pattern evolution has attracted more attention, especially the service value of urban ecological land [6,63]. The dominance, shape, and connectivity of the landscape affect environmental health risks and sustainable urban development. For example, the higher the LSI, the higher the risk of infectious diseases [64,65]. Better landscape connectivity means higher species richness [66]. Optimizing the spatial layout of the landscape to enhance regional landscape heterogeneity is also of great significance for the maintenance of biodiversity [67]. The restoration of ecological reserves should fully consider the characteristics of landscape evolution and optimize the function of territorial space by adjusting the spatial structure. For the ecological restoration of territorial space in Hangzhou, it is necessary to identify the core ecological areas, such as mountains, woodlands, important scenic spots, wetlands, rivers, and urban parks, in order to improve landscape dominance and ecological functions. The focus is on exploring the relationship between recreational activities and urban ecological protection [68], integrating the protection of damaged ecological spaces with leisure spaces, and carrying out recreation-oriented ecological restoration [69], as well as assessing the resulting recreation value of the landscape [70]. Some areas that are close to mountains and waterways should be used to connect core ecological spaces, which can protect the system and improve the connectivity between different landscapes. The research objectives of optimizing the landscape patterns of ecological reserves and the mechanism of the effect of ecological recreation space on human welfare are consistent [71,72].




4.3. Landscape Pattern Optimization of Construction Areas


The expansion of construction land is the most direct representation of urban construction and is also an important index to measure the pressure of the urban ecological environment [73]. Construction land is the dominant landscape in the main districts of Hangzhou. The large-scale urban traffic network often makes the urban landscape become a grid, deepening the fragmentation of the landscape [74]. For example, the disturbance of urban construction caused the landscape pattern of the riparian zone of the Huangpu River to be broken, and industrial land, production shelterbelt, and dry land have become the key landscapes for ecological restoration [75]. Landscape patterns should be regarded as indicators of spatial control in the ecological restoration of territorial space. When unreasonable urban development negatively affects the landscape patterns, we should limit the disorderly sprawl of construction land and delimit a reasonable development boundary. Severely damaged ecological space should be restored by returning abandoned land to woodland and implementing comprehensive management. It is necessary to restore the damaged ecosystem to its natural state through artificial reconstruction [76]. The efficient use of resources can help to improve the quality of territorial space. For example, the proportion of public green spaces in the main districts in Hangzhou has decreased, and the landscape distribution is scattered. Abandoned land and fragmented land can be transformed into public green spaces such as pocket parks for leisure and entertainment.



From the research results, it was found that population, urbanization, and industrial structure have had a profound impact on the landscape pattern evolution of Hangzhou. Population growth leading to a need for construction land is the driving force of urban expansion. The Yangtze River Delta region has also had a significant impact on Hangzhou’s development. On the premise of ensuring economic development and urban construction, Hangzhou should further integrate the development of the Yangtze River Delta, and the Yangtze River Delta region should further strengthen cross-regional cooperation, promote industrial integration, strictly guard the cultivated land red line, and ensure ecological security. From urban areas, ecological land should be created by ecosystem reorganization. For example, construction land should be integrated into public green spaces of different sizes. It is also possible to integrate fragmented natural spaces and connect them through ecological corridors, by constructing an interwoven landscape structure of points, lines, and surfaces that can effectively provide the functions of ecosystem regulation and cultural services. A recreational network can be formed through regional ecological restoration, in which various types of point-shaped and plane-shaped ecological patches are combined into an ecosystem with recreational functions and strong self-regulation ability [77]. Some studies have identified the spatial distribution and land use of priority areas for ecological restoration based on ecological patterns and proposed directions for improved restoration to provide scientific guidance for territorial space restoration [78,79].





5. Conclusions


The ecological restoration of territorial space is aimed at balancing human development and natural resource protection, in which landscape pattern optimization plays an important role. It is also necessary to build a healthy, diverse, and harmonious landscape distribution pattern through ecological restoration. The landscape pattern index analysis in this study quantitatively explains the landscape evolution characteristics at the patch and landscape level and reveals the landscape structure and function in detail in the spatiotemporal dimension to improve the efficiency and accuracy of ecological restoration. The innovation of this study is that it provides an important point for the ecological restoration of territorial space by comprehensively considering the evolution of landscape composition and landscape pattern characteristics, and the driving factors.



We took Hangzhou City as an example to conduct an empirical study. The results show that there were differences in the landscape pattern evolution between urban areas and main districts. The change of ecological space into production and living space in the main districts was more significant. Population growth, industrial development, structural industrial changes, and real estate development all have an important impact on landscape pattern evolution. In general, we propose integrating landscape pattern optimization into the ecological restoration of territorial space. We also propose a landscape pattern optimization strategy for the restoration of ecological reserves and construction areas, which are of great significance for coordinating ecological protection and social development. In the future, we need to explore more complex factors inherent in the conversion of one type of land to another. Second, as China vigorously promotes a rural revitalization strategy, we need to further explore the relationship between rural landscape patterns and ecological restoration in order to promote the sustainable development of urban–rural areas and the effective improvement of human well-being.
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Table A1. Model summary b.






Table A1. Model summary b.





	R
	R2
	Adjusted R2
	Error in Standard Estimates
	Durbin Watson





	0.998 a
	0.998
	0.924
	3.256
	1.853







a. Predictive variables: (constant), X1, X2, X3, X4, X5, X6, X7, X8. b. Dependent variable: the Shannon diversity index.
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Table A2. Coefficient of regression model b.






Table A2. Coefficient of regression model b.





	

	
Unstandardized Coefficient

	
Standardized Coefficient

	
t

	
Sig.




	
B

	
Standard Error

	
Beta






	
(Constant)

	
9.837

	
4.894

	
-

	
10.256

	
0.001




	
X1

	
0.14

	
0.245

	
0.489

	
2.425

	
0.000




	
X4

	
0.012

	
0.006

	
0.543

	
3.112

	
0.002




	
X6

	
−0.135

	
0.089

	
−0.261

	
−2.15

	
0.000




	
X8

	
0.04

	
0.058

	
0.764

	
3.332

	
0.010








b. Dependent variable: the Shannon diversity index.













[image: Table] 





Table A3. Model summary b.






Table A3. Model summary b.





	R
	R2
	Adjusted R2
	Error in Standard Estimates
	Durbin Watson





	0.996 a
	0.996
	0.905
	5.153
	2.188







a. Predictive variables: (constant), X1, X2, X3, X4, X5, X6, X7, X8. b. Dependent variable: construction land proportion.
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Table A4. Coefficient of regression model b.






Table A4. Coefficient of regression model b.





	

	
Unstandardized Coefficient

	
Standardized Coefficient

	
t

	
Sig.




	
B

	
Standard Error

	
Beta






	
(Constant)

	
−3.531

	
11.203

	
-

	
16.774

	
0.002




	
X1

	
0.875

	
2.156

	
0.591

	
5.125

	
0.000




	
X3

	
0.069

	
1.889

	
0.223

	
7.215

	
0.001




	
X5

	
0.14

	
3.125

	
0.105

	
3.213

	
0.000








b. dependent variable: construction land proportion.
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Figure 1. Distribution of landscape types in Hangzhou from 2000 to 2020. 
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Figure 2. Evolution of landscape index at the patch level in urban areas. 
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Figure 3. Evolution of landscape index at patch level in the main districts. 
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Figure 4. Evolution of landscape index at the landscape level. 
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Table 1. Meaning and description of landscape pattern indexes.
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Meaning

	
Index

	
Description






	
Type composition

	
PLAND

	
Proportion of the area of a certain landscape patch to the total area




	
Area advantage

	
LPI

	
Maximum patch area as a percentage of total area




	
ED

	
Edge length between heterogeneous landscape patches per unit area




	
Degree of fragmentation

	
PD

	
A higher value indicates a more fragmented landscape




	
Shape complexity

	
LSI

	
The larger the value, the more complex the shape deviates from the geometric pattern




	
Connectivity

	
AI

	
The larger the value, the more aggregated the landscape




	
CONTAG

	
The degree of aggregation of different patches, and the higher value means the less discrete




	
Degree of separation

	
DIVISION

	
The larger the value means the higher the separation of the different patches




	
Diversity

	
SHDI

	
Larger values indicate an increase in landscape types or a more balanced distribution of landscapes
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Table 2. Evolution of land use landscape composition in urban areas from 2000 to 2020.
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Landscape Type

	
Composition Ratio(%)

	
Average Rate of Change from 2000–2010

(Percentage Points)

	
Average Rate of Change from 2000–2010

(Percentage Points)




	
2000

	
2010

	
2020






	
Arable land

	
25.81

	
24.43

	
20.22

	
−1.38

	
−4.21




	
Woodlands

	
61.47

	
61.08

	
61.06

	
−0.39

	
0.02




	
Green

	
3.87

	
4.14

	
3.97

	
0.27

	
−0.17




	
Wetland

	
0.08

	
0.17

	
0.17

	
0.09

	
−0.01




	
Water

	
5.22

	
4.84

	
6.02

	
−0.38

	
1.18




	
Construction land

	
3.54

	
5.34

	
8.56

	
1.79

	
3.23
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Table 3. Transfer matrix of land use area in urban areas from 2000 to 2010.
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Land Use Area

(km2)

	
2000




	
Arable Land

	
Woodlands

	
Green

	
Wetland

	
Water

	
Construction Land

	
Transfer in Area






	
2010

	
Arable land

	
-

	
606.80

	
97.05

	
4.28

	
83.37

	
55.69

	
847.20




	
Woodlands

	
581.67

	
-

	
262.85

	
0.01

	
37.82

	
9.09

	
891.42




	
Green

	
116.37

	
289.40

	
-

	
0.01

	
10.01

	
3.72

	
419.50




	
Wetland

	
0.52

	
0.02

	
0.01

	
-

	
20.71

	
0.12

	
28.27




	
Water

	
51.53

	
42.00

	
6.41

	
1.99

	
-

	
4.76

	
106.69




	
Construction land

	
326.88

	
22.69

	
8.21

	
0.12

	
18.96

	
-

	
376.86




	
Transfer out

	
1076.97

	
960.9

	
374.53

	
6.41

	
170.86

	
73.38
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Table 4. Transfer matrix of land use area in urban areas from 2010 to 2020.
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Land Use Area

(km2)

	
2010




	
Arable Land

	
Woodlands

	
Green

	
Wetland

	
Water

	
Construction Land

	
Transfer in Area






	
2020

	
Arable land

	
-

	
412.88

	
81.58

	
0.39

	
42.27

	
55.2

	
592.32




	
Woodlands

	
549.95

	
-

	
285.66

	
0.06

	
21.41

	
10.41

	
867.49




	
Green

	
81.69

	
284.94

	
-

	
0.01

	
10.8

	
6.78

	
384.22




	
Wetland

	
1.24

	
0.39

	
0.01

	
-

	
10.18

	
0

	
11.82




	
Water

	
168.08

	
92.4

	
16.58

	
13.11

	
-

	
10.86

	
301.03




	
Construction land

	
506.17

	
58.38

	
36.78

	
0.22

	
21

	
-

	
622.55




	
Transfer out area

	
1307.13

	
848.94

	
420.57

	
13.79

	
105.66

	
83.24
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Table 5. Evolution of land use landscape composition in main districts from 2000 to 2020.
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Landscape Type

	
Composition Ratio(%)

	
Average Rate of Change from 2000–2010

(Percentage Points)

	
Average Rate of Change from 2000–2010

(Percentage Points)




	
2000

	
2010

	
2020






	
Arable land

	
53.25

	
48.51

	
36.68

	
−4.74

	
−11.83




	
Woodlands

	
20.20

	
20.27

	
21.30

	
0.07

	
1.03




	
Green

	
2.55

	
2.74

	
1.61

	
0.19

	
−1.14




	
Wetland

	
0.41

	
0.84

	
0.81

	
0.43

	
−0.04




	
Water

	
9.04

	
7.08

	
9.49

	
−1.96

	
2.41




	
Construction land

	
14.55

	
20.56

	
30.11

	
6.01

	
9.56
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Table 6. Transfer matrix of land use in main districts from 2000 to 2010.
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Land Use Area

(km2)

	
2000




	
Arable Land

	
Woodlands

	
Green

	
Wetland

	
Water

	
Construction Land

	
Transfer in Area






	
2010

	
Arable land

	
-

	
61.91

	
15.07

	
4.17

	
52.22

	
33.88

	
167.24




	
Woodlands

	
67.20

	
-

	
20.61

	
0.00

	
1.17

	
2.95

	
91.94




	
Green

	
18.07

	
22.36

	
-

	
0.01

	
0.28

	
1.54

	
42.26




	
Wetland

	
0.42

	
0.00

	
0.00

	
-

	
20.23

	
0.00

	
20.64




	
Water

	
17.97

	
0.88

	
0.29

	
1.91

	
-

	
1.86

	
22.91




	
Construction land

	
221.53

	
4.51

	
1.62

	
0.10

	
14.19

	
-

	
241.96




	
Transfer out area

	
325.19

	
89.66

	
37.59

	
6.19

	
88.09

	
40.23

	











[image: Table] 





Table 7. Transfer matrix of land use in main districts from 2010 to 2020.






Table 7. Transfer matrix of land use in main districts from 2010 to 2020.





	
Land Use Area

(km2)

	
2010




	
Arable Land

	
Woodlands

	
Green

	
Wetland

	
Water

	
Construction Land

	
Transfer in Area






	
2020

	
Arable land

	
-

	
33.53

	
10.92

	
0.26

	
27.13

	
27.64

	
99.48




	
Woodlands

	
50.18

	
-

	
42.35

	
0.00

	
0.45

	
2.12

	
95.10




	
Green

	
9.00

	
15.74

	
-

	
0.00

	
0.13

	
3.24

	
28.11




	
Wetland

	
1.89

	
0.03

	
0.00

	
-

	
10.12

	
0.00

	
12.04




	
Water

	
109.37

	
1.79

	
0.64

	
12.97

	
-

	
7.40

	
132.17




	
Construction land

	
326.28

	
9.96

	
10.50

	
0.07

	
13.48

	
-

	
360.29




	
Transfer out area

	
496.72

	
59.52

	
64.41

	
13.30

	
51.31

	
40.40
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