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Abstract

:

Land urbanization has reduced the amount of area for natural ecosystem assets. However, with the development of the social economy, will the quality of natural ecosystem assets be improved? If one comprehensively considers the changes in the area and quality of natural ecosystem assets, is the dominant impact of urbanization on natural ecosystem assets positive or negative? In this study, detailed research is conducted on the area, pattern, quality, and overall situation of the ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration during the rapid urbanization process. The impact of urbanization on the overall situation of ecosystem assets is also analyzed. The research methods used to generate statistics, accounting, and analysis of the ecosystem assets include ArcGIS, satellite remote sensing images, R language programming, and other data analysis tools. The research results show that: (1) The ecosystem area was dominated by degradation, and the landscape pattern became increasingly fragmented, with the exception of farmland and wetland areas. (2) However, the quality of the natural ecosystem assets was significantly improved, and the overall situation of the natural ecosystem assets was optimized. (3) In addition to the population urbanization rate, the growth in the population density, land urbanization rate, and GDP per unit area had a significant negative impact on the overall situation of natural ecosystem assets. This reminds people that the improvement in asset quality can compensate for the reduction in area to some extent, and, in addition to the population urbanization rate, the levels of population density, land urbanization, and economic density should be appropriately controlled.
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1. Introduction


Ecosystem assets (EAs) are contiguous spaces of a specific ecosystem type, characterized by a distinct set of biotic and abiotic components and their interactions. The definition of ecosystem assets is a statistical representation of the general definition of ecosystems from the Convention on Biological Diversity [1,2], including forests, wetlands, agricultural areas, rivers, and coral reefs [1]. This is basically consistent with the concept of ecological assets, which is widely used in the research of Chinese scholars [3,4,5,6,7]. The earliest concept related to ecosystem assets in the world is natural capital [8], including renewable and non-renewable natural resources (such as plants, animals, air, water, soils, energy, and minerals) [1,9,10]. Ecosystem assets are an important part of natural capital [11] and are the material basis of ecosystem service functions and ecosystem service values, which are directly related to the well-being of human society and can be measured by area and quality [2,12]. In fact, as early as 1907, people had realized that natural capital should be increased as an asset for social and economic development [13].



Ecosystem assets can be measured using both physical and monetary units [14,15], and the choice depends on the research objective. This study focuses on the physical condition; the most common indicators thereof used in existing research include area and vegetation indices, such as the enhanced vegetation index (EVI), normalized difference water index (NDWI), and net primary productivity (NPP) [16]. However, the above indicators cannot express the overall situation of the area and quality of the ecosystem assets. The ecosystem asset index solves this problem [17,18]. This study conducts a comprehensive examination of the area, quality, and ecosystem asset index. It should be noted that both the area and quality of ecosystem assets face various problems and risks. One of the most important influencing factors is urbanization. Although there have been many studies on the impact of urbanization on the pattern, area, and quality of ecosystem assets, and there have also been some recent studies on ecosystem asset index accounting [7,17,18], few studies have focused on the impact of urbanization on the ecosystem asset index. The research on the relationship between urbanization and the ecosystem asset index helps explore how to maintain or even increase ecosystem assets when the area of ecosystem decreases due to urbanization. This study comprehensively considers the changes in ecosystem assets resulting from urbanization in four respects: ecosystem area, pattern, quality, and ecosystem asset index.



Most of the research results on the impact of urbanization on the area of an ecosystem show that the rapid expansion of urban land occupies a large amount of ecosystem land [19,20,21]. However, the research results on the effect of urbanization on the quality of ecosystem assets are more complex: urbanization may have significant negative impacts [22,23,24], as well as positive effects [25]. If the impact of urbanization on the area and quality of an ecosystem is considered at the same time, urbanization may have a significant negative impact on both the area and quality [26,27,28], but the area of certain types of ecosystem assets might shrink while the quality improves, and the comprehensive ecosystem asset index could increase in the process of urbanization [18]. Therefore, the research on the impact of urbanization on ecosystem assets should focus on specific issues and fully consider the impact of urbanization on the area, quality, and overall situation of an ecosystem. It can be seen from this that urbanization is a great challenge to the protection of ecosystem assets, but that it may also be an opportunity. This is because, on the one hand, the expansion of urban land will occupy the area of an ecosystem, and the increase in population density and the advancement of industrialization will enhance the interference of human activities with the quality of ecosystem assets; however, on the other hand, the strengthening of ecological protection and restoration in the process of urbanization will help to improve the quality of ecosystem assets [29]. This makes it difficult to predict the comprehensive results of the changes in the area and quality of ecosystem assets in the process of urbanization; therefore, research on the ecosystem asset index is essential.



Research on changes in ecosystem assets is essential primarily because it relates to the sustainable development of urbanization. This is because, in the process of urbanization, the relationship between urban areas and their surrounding regions is mutually influential and interdependent. Urban development requires the supply support of regional resources and energy [30], and regional development is inseparable from the capital investment and technical support of cities. Once urbanization exceeds the carrying capacity of the regional ecological environment, resulting in the absence, degradation, or environmental pollution of regional ecosystem assets, it will be difficult to continue to provide resource support for urban development, which will eventually severely restrict urban development [31]. Moreover, the destruction of regional ecosystem assets will weaken the ecosystem service function, leading to the enhancement of the urban heat island effect, air pollution, water shortage, biodiversity loss, the greenhouse effect, climate change, and other negative ecological environment effects that directly affect the quality of human living environments [32,33,34,35]. Therefore, once the urban socioeconomic development reaches or exceeds the environmental and resource carrying capacity, the city must discard some of its functions and further optimize its spatial structure to overcome these problems [36]. This makes research on the changes in regional ecosystem assets in the process of urbanization particularly important.



From 2000 to 2015, the urbanization rate of the world population increased from 47% to 54% [37], and that of China increased from 36% to 56% [38]. Compared with the rest of the world, China is in a stage of rapid urbanization. The United Nations predicts that, from 2018 to 2050, China will gain an additional 255 million urban residents [39] (p. 43), and the population urbanization rate is expected to reach 80% [40]. In 2020, China’s population urbanization rate was 63.89% [41]. This means that there will be significant pressure on China’s urbanization development in the future, and the pressure on resources and the environment will continue to increase. As one of the three largest urban agglomerations, with the largest population, the most dynamic economy, and the strongest innovation ability in China, the Beijing–Tianjin–Hebei urban agglomeration aims to be world-class to achieve its development goal [42], and its urbanization is of great importance. From 2000 to 2015, the population urbanization rate of the Beijing–Tianjin–Hebei urban agglomeration increased from 39.04% to 62.53%, which is much higher than that of the whole country [43]. This study takes the Beijing–Tianjin–Hebei urban agglomeration as a case study to study the characteristics and driving mechanism of regional ecosystem assets changes in the rapid urbanization stage and provides policy recommendations for the sustainable development of the Beijing–Tianjin–Hebei urban agglomeration.



Studies have shown that the ecosystem service function of the Beijing–Tianjin–Hebei urban agglomeration is significantly and positively related to the vegetation coverage, and is significantly disturbed by human activities [44]. Therefore, it is of great significance to study the quality of ecosystem assets and their driving mechanism. However, most of the existing studies on the changes in ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration only focus on the temporal and spatial changes in ecosystem area and do not involve the pattern, quality, and driving mechanisms of the ecosystem assets [45,46,47,48]. In addition, the inadequacies of these studies also include: shrub not being regarded as an independent ecosystem type but being incorporated into forest [45,46,47,48]; and the spatial resolution of land use/land cover data used in some studies being low, at only 100 m [45,48]. Some studies also focus on the changes in ecosystem patterns [49,50,51], and some even analyze their driving mechanisms [49,50]; however, these studies do not assess the quality of the ecosystem assets.



Several studies have also researched vegetation changes in the Beijing–Tianjin–Hebei urban agglomeration [52,53,54,55]. Many of these studies also analyze the driving mechanism of vegetation change, including the impact factors related to urbanization [52,53,54]. The indicators used to measure vegetation change in such studies are often single indicators such as the NDVI (Normalized Difference Vegetation Index), FVC (Fractional Vegetation Cover), EVI (Enhanced Vegetation Index) and vegetation coverage. Although such indicators can reflect the quality of ecosystem assets to a certain extent, they cannot replace it as a measure of impact. This is because, on the one hand, a single vegetation indicator study cannot distinguish different ecosystem types, so it cannot analyze the differences among ecosystem types. On the other hand, most of the quality classification represented by a single vegetation indicator are not precise enough. Moreover, such studies as mentioned above do not involve changes in the area and pattern of ecosystems. Some studies have established an eco-environmental quality index based on the expert scoring method to measure the ecological environment quality of different land use types. However, the evaluation object of this indicator also includes urban area, which is not an accurate indicator for evaluating the quality of ecosystem assets, and it is also unable to distinguish between ecosystem types [56]. Strictly speaking, only one study on the quality and driving forces of the ecosystem of the Beijing–Tianjin–Hebei urban agglomeration has been performed. This study analyzed the temporal and spatial changes in the asset quality of the forest, shrub, and grassland ecosystems in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2010 and their natural and human-driven mechanisms. However, this study did not analyze changes in the area and pattern of the ecosystem assets, and the comprehensive indicators of area and quality were not considered [57].



At present, no research has comprehensively considered the changes in the area, pattern, and quality of the ecosystem assets of the Beijing–Tianjin–Hebei urban agglomeration, let alone comprehensively evaluated the area and quality of the ecosystem assets of the urban agglomeration and their relationship with urbanization. This study makes up for the paucity of related research on the Beijing–Tianjin–Hebei urban agglomeration. The purpose of this study is to comprehensively analyze the spatio-temporal change characteristics of the ecosystem assets of the urban agglomeration in regard to three aspects—the area, pattern and quality—so as to clarify the characteristics of the impact of land urbanization on the area and quality of the ecosystem assets throughout the rapid urbanization process that took place from 2000 to 2015, and to calculate the ecosystem asset index of the natural ecosystem assets of the Beijing–Tianjin–Hebei urban agglomeration at the county level and the urban agglomeration level. In doing so, the study attempts to more accurately judge the spatial distribution and change in natural ecosystem assets, so as to clarify whether the quality is significant for the protection and recovery of natural ecosystem assets, and to analyze their urbanization driving mechanisms, so as to provide effective policy recommendations for the harmonious and sustainable development of urbanization.



Accordingly, the structure of this study is organized as follows: Section 2 focuses on the materials and methodology used in the study, followed by Section 3, where we provide the research results, including Section 3.1, which presents the changes in the ecosystem assets, and Section 3.2, which presents the urbanization impact mechanisms. Section 3.1 analyzes the ecosystem asset changes in terms of area and composition, distribution and transfer, pattern change, quality change, and asset index change, while Section 3.2 introduces the background of urbanization and analyzes the urbanization impact mechanisms of the natural ecosystem assets from four aspects: population urbanization, population density, GDP per unit area, and land urbanization. Then, Section 4 discusses the main research results, and, finally, Section 5 summarizes the main conclusions of this study.




2. Materials and Methods


2.1. Study Area


The Beijing–Tianjin–Hebei urban agglomeration is located in Bohai Bay in northern China, between 113°27′–119°50′E and 36°05′–42°05′N, bordering the Mongolian Plateau in the north, the Huang Huai Plain in the south, the Taihang Mountains in the west, and the Bohai Sea in the east. The total area of the region is 216,000 km2, accounting for 2.2% of the total land area of the country [58,59]. The altitude of the study area increases from southeast to northwest, and the landform transitions from plain to mountain. The southeast is plain, comprising piedmont plain, middle-low plain, and coastal plain; the northwest is a mountainous area composed of plateaus, mountains, and hills. The study area belongs to a typical temperate semi-humid and semi-arid continental monsoon climate, and the precipitation is mainly concentrated in the summer, with the same period of rain and heat [60]. The study area includes two municipalities directly under the central government, Beijing and Tianjin, and 11 prefecture-level cities in Hebei Province: Shijiazhuang, Tangshan, Qinhuangdao, Handan, Xingtai, Baoding, Zhangjiakou, Chengde, Cangzhou, Langfang, and Hengshui. The study area also includes 202 districts and counties. The Beijing–Tianjin–Hebei urban agglomeration is the largest economy in northern China and one of the three core economic regions in China. In 2020, the total GDP of the Beijing–Tianjin–Hebei urban agglomeration was 8639.318 billion yuan, accounting for 8.52% of the national GDP; the total resident population was 110.3693 million, accounting for 7.82% of the total population of the country. Beijing and Tianjin are megacities with an urban population of more than 10 million (Figure 1) [61].




2.2. Data Source


The land cover data set of the study in 2000 and 2015 is from the China Ecosystem Assessment and Ecological Security Database: https://www.ecosystem.csdb.cn/ecogj/index.jsp [62], which accessed on 1 June 2021. The Digital Elevation Model is 30 m × 30 m, which comes from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model Version 3 (GDEM 003) from the Geospatial Data Cloud: http://www.gscloud.cn [63], which accessed on 1 October 2022. The biomass data and vegetation coverage data come from the Remote Sensing Survey and Assessment Project of the National Ten Year Change of Ecological Environment (2000–2010) of the Chinese Academy of Sciences and the Ministry of Ecological Environment, and the Remote Sensing Survey and Assessment Project of the National Five Year Change of Ecological Environment (2010–2015). The data of total population, urban resident population, GDP, and district/county GDP deflator are from the relevant statistical yearbooks.




2.3. Methods


This study measures ecosystem assets in three respects: (1) area, composition, and pattern; (2) quality of ecosystem assets; (3) ecosystem asset index.



2.3.1. Spatio-Temporal Change in Ecosystem Area


In this study, ArcGIS is used to carry out spatial statistical analysis and mapping of the land use/land cover raster data of the Beijing–Tianjin–Hebei urban agglomeration. The statistical charts of the ecosystem area and composition in the study are obtained by statistical mapping in Excel based on the data obtained from ArcGIS. The map of ecosystem spatial distribution and change is directly mapped by ArcGIS. The schematic diagram of ecosystem type transfer from 2000 to 2015 (figure in Section 3.1.2) is based on the data obtained from ArcGIS statistics and is plotted using the networkD3 package in R [64].




2.3.2. Landscape Pattern Indices


The landscape fragmentation index was selected as a typical landscape pattern index to measure the landscape pattern change trend of the Beijing–Tianjin–Hebei urban agglomeration. The landscape fragmentation index can reflect the fragmentation degree of landscape segmentation [65].



The landscape fragmentation index is calculated by


  F  N 1  =   N P − 1   / N C  



(1)






  F  N 2  = M P S ×   N F − 1   / N C  



(2)




where FN1 is the fragmentation index of the whole study area; FN2 is the fragmentation index of a certain landscape type; NP is the total number of landscape patches; NC is the ratio of the total area of the study area to the minimum patch area; MPS is the average patch area of a certain landscape type; and NF is the number of patches of a certain landscape type. FN1 and FN2 are both between 0 and 1; 0 means the landscape is not damaged at all, and 1 means the landscape is completely damaged [66].



In this study, the values of various indicators required for the calculation of the landscape fragmentation index were obtained through the landscapemetrics package, and then the required landscape pattern index was obtained by substituting them into Formulas (1) and (2). The landscapemetrics package is an R package for calculating landscape metrics for categorical landscape patterns via a tidy workflow [67]. The reason it was not possible to directly obtain the calculation results of the landscape fragmentation index in this study through the landscapemetrics package is that this R package does not provide a calculation service for the landscape fragmentation index.




2.3.3. Ecosystem Asset Quality


In this study, the quality of forest, shrub, and grassland ecosystem assets was calculated. Among them, the quality of ecosystem assets of forests and shrubs is evaluated by pixel-based relative biomass density. The specific methods are as follows:


  E A  Q  i j   =    B  i j     C C  B i    × 100 %  



(3)




where   E A  Q  i j     is the ecosystem asset quality of j pixel of class i ecosystem assets;    B  i j       is the biomass of j pixel of class i ecosystem assets; and   C C  B i    is the biomass of the top community pixel of class i ecosystem assets. The criteria for determining the biomass of the top community are as follows: the biomass value ranks in the top 10%, and the fluctuation range is less than 5%. In this study, since the top 10% of biomass values do not intersect with biomass data with fluctuation amplitude less than 5%, the maximum value of biomass with fluctuation amplitude less than 5% is adopted. The final top community biomass of forest ecosystem assets is 9488 g/m2, and the top community biomass of shrub ecosystem assets is 7942 g/m2.



The quality of grassland ecosystem assets is evaluated by vegetation coverage, and the specific methods are as follows:


  E A  Q  i j   =    C  i j     C C  C i    × 100 %  



(4)




where   E A  Q  i j     is the ecosystem asset quality of j pixel of class i ecosystem assets;    C  i j     is the vegetation coverage of j pixel of class i ecosystem assets; and   C C  C i    is the vegetation coverage of the top community pixel of class i ecosystem assets.



The grading standards for the quality of forest, shrub, and grassland ecosystem assets are presented in Table 1.




2.3.4. Ecosystem Asset Indices


The ecosystem asset index can evaluate the comprehensive characteristics of the area and the quality of the ecosystem assets, which is more accurate than evaluating the area or quality alone. In this study, the ecosystem asset indices of forests, shrubs, and grasslands, as well as the comprehensive indices of the above three ecosystem assets, were calculated separately. The specific methods are as follows:


  E  Q i  =     ∑   j = 1  5    E  A  i j   × j     E  A i  × 5   × 100  



(5)






  E Q =   ∑   i = 1  n      ∑   j = 1  5    E  A  i j   × j       ∑   i = 1  n  E  A i  × 5   × 100  



(6)




where   E  Q i    is the ith ecosystem asset index;   E Q   is the comprehensive ecosystem asset index; i is the ecosystem assets type, i = 1, 2, …, n; j is the ecosystem asset quality grade index, that is, excellent, good, medium, poor, and bad, j = 1, 2, 3, 4, 5;   E  A  i j     is the area of the ith type of ecosystem assets at the jth grade; and   E  A i    is the area of the ith type of ecosystem assets.



The spatial distribution map of ecosystem asset indices adopts the natural breaks grading method, with small intra-class differences and large inter-class differences.




2.3.5. Urbanization Indicators


This study measures three aspects of the urbanization development level of the Beijing–Tianjin–Hebei urban agglomeration: population urbanization level, economic urbanization level, and land urbanization level. Among them, the population urbanization rate and population density are selected as the measurement indicators of the population urbanization level, the GDP per unit area is used as the measurement indicator of the economic urbanization level, and the land urbanization rate is selected as the measurement index of the land urbanization level. The calculation methods are as follows:


   Population   urbanization   rate  =    Urban   permanent   population     Total   population    × 100 %  



(7)






   Population   density  =    Total   population     Total   administrative   area     



(8)






   GDP   per   unit   area  =    Total   GDP     Total   administrative   area    × 100 %  



(9)







The 2015 GDP values were inflation-adjusted to prices that can be compared with 2000 values by using the GDP deflator for each city, eliminating the error between the current price and the actual price.


   Land   urbanization   rate  =    Urban   area     Total   administrative   area    × 100 %  



(10)







The spatial distribution map of urbanization indicators adopts the quantile grading method.




2.3.6. Correlation between Urbanization and Ecosystem Assets Change


When analyzing the correlation between the changes in the various ecosystem assets indicators of the Beijing–Tianjin–Hebei urban agglomeration and the changes in various urbanization indicators from 2000 to 2015, since the original data did not conform to the normal distribution, this study selected the Spearman correlation analysis method. The Spearman correlation analysis results and the plotting of changes to relevant indicators in this study are obtained by relying on the corrplot package. The corrplot package is an R package that provides a visual exploratory tool on the correlation matrix that supports automatic variable reordering in order to help detect hidden patterns among variables, and it also provides p-values and confidence intervals to help users determine the statistical significance of correlations [68]. The abbreviations corresponding to each indicator are as follows: forest ecosystem asset index: FEAI; shrub ecosystem asset index: SEAI; grassland ecosystem asset index: GEAI; comprehensive ecosystem asset index: CEAI; population urbanization rate: PUR; population density: PD; GDP per unit area: GDPPUA; land urbanization rate: LUR. The original data for correlation analysis are the increment of the above indicators in 202 districts and counties of the urban agglomeration from 2000 to 2015.






3. Results


3.1. Changes in Ecosystem Assets


3.1.1. Ecosystem Area and Composition


The area of various ecosystems in the Beijing–Tianjin–Hebei urban agglomeration is shown in Figure 2. In 2000, the ecosystem types of the Beijing–Tianjin–Hebei urban agglomeration were ranked by area: farmland > forests > shrubs > grasslands > urban > wetlands > other lands. By 2015, the urban area had risen from the fifth position to the fourth.



In 2000 and 2015, the areas of various ecosystems in the Beijing–Tianjin–Hebei urban agglomeration were as shown in Figure 3. The proportion of farmland area has decreased, but the area of the farmland alone still accounts for more than 40% of the total area; the area of the other six types of ecosystems accounts for less than 60% in total, of which the area of the wetlands accounts for the smallest and is still decreasing. Aside from the farmland, it seems that only the wetlands have decreased in area and proportion, but attention should be paid to this issue, because wetlands can provide ecosystem services that cannot be provided by other ecosystems, meaning that wetlands hold great significance with regard to human social development and ecological environment security.



The area increment and change in various ecosystems in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015 are shown in Figure 4. The urban area increased the most and was 29.96% larger in 2015 than in 2000, while the area of farmland decreased the most, by 7103.72 km2, 1.33 times the area of the newly added urban area. The wetlands shrank 5.89% compared with 2000, and shrubs, grasslands, forests, and other lands increased in varying degrees from large to small. It can be seen that, from 2000 to 2015, the expansion speed of the urban area in the Beijing–Tianjin–Hebei urban agglomeration was extremely fast, while the farmland area decreased significantly. Such a rapid land urbanization development speed exemplifies the immediate importance and necessity of emphasizing the quality of urbanization development, and the urgency of formulating and implementing farmland protection policies and measures.




3.1.2. Ecosystem Distribution and Transfer


Ecosystems in the Beijing–Tianjin–Hebei urban agglomeration have obvious spatial differences. The forests, shrubs, and grasslands are mainly distributed in the Yanshan Mountains in the north and the Taihang Mountains in the west; the wetlands are mainly distributed in the Bohai Bay area, and the rest of the wetlands are scattered; the farmland is mainly distributed in the vast plain in the southeast; and the urban areas are mainly distributed in municipalities directly under the central government and prefecture-level cities. Among them, Beijing and Tianjin are the most concentrated and widely distributed (Figure 5A). Sorted in descending order of area, the spatial distribution of ecosystem change types that cumulatively account for the top 99% of the total ecosystem area changes from 2000 to 2015 is shown in Figure 5B. It can be seen that the newly added urban land is mainly distributed in the eastern and southern plains, with the most significant land urbanization expansion taking place in Beijing and Tianjin (Figure 5B).



A schematic diagram of the mutual transformation of various ecosystems in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015 is shown in Figure 6. The ecosystems occupied by new urban land are sorted by area as follows: farmland > wetlands > grasslands > forests > shrubs > others. The transformation of farmland into urban land is the largest ecosystem change type. The impact of land urbanization on other ecosystems is as follows: land urbanization is the main cause of farmland loss, the second driving force of wetland shrinkage after farmland reclamation, and the fourth driving force of grassland, forest, and shrub degradation; the occupation of other lands is minimal. Land urbanization is the first driving force of ecosystem change in the Beijing–Tianjin–Hebei urban agglomeration, accounting for 28.45% of the total area of ecosystem change (Figure 6 and Table 2). The main reason that land urbanization has a significant impact on other ecosystem types is the rapid expansion of the urban area from 2000 to 2015. The reason that farmland and wetlands are more affected by land urbanization is that urban land is more consistent with farmland and wetlands in terms of their spatial distribution. As a result, the rapid expansion of land urbanization has generated a fierce conflict with the protection of other ecosystems.



We analyzed the ecosystem degradation of the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015, and the results are shown in Table 2. The results show that land urbanization accounted for 45.15% (6452.44 km2) of the total ecosystem degradation area, which was the main cause of the Beijing–Tianjin–Hebei urban agglomeration ecosystem degradation. Farmland reclamation and deforestation accounted for 23.48% (3355.8 km2) and 23.36% (3337.62 km2) of the total area of ecosystem degradation, respectively; the area of vegetation degradation other than deforestation accounted for 4.19% (598.41 km2) of the total area of ecosystem degradation; and the shrinking area of wetlands accounted for 3.82% (545.41 km2) of the total area of ecosystem degradation (Table 2).



We analyzed the ecosystem restoration of the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015, and the results are shown in Table 3. It was found that returning farmland to forests, grasslands, and wetlands is the main driving force for the ecosystem restoration of the Beijing–Tianjin–Hebei urban agglomeration, accounting for 62.14% (5213.96 km2) of the total area of ecosystem restoration. Afforestation is the second driving force for the ecosystem restoration of the Beijing–Tianjin–Hebei urban agglomeration, accounting for 25.7% (2156.64 km2) of the total area of ecosystem restoration; vegetation restoration other than afforestation accounted for 7.66% (42.55 km2) of the total area of ecological restoration; wetland restoration accounted for 4.1% (355.29 km2) of the total ecological restoration area; the area of farmland restored by other lands accounted for 0.26% (21.49 km2) of the total area of ecological restoration; and the area of urban land restored to other lands accounted for 0.13% (11.26 km2) of the total area of ecological restoration (Table 3).



From 2000 to 2015, the area of ecosystem degradation and restoration in the Beijing–Tianjin–Hebei urban agglomeration accounted for 63.01% (14,289.68 km2) and 36.99% (8390.19 km2) of the total area of ecosystem change, respectively (Table 2 and Table 3).




3.1.3. Changes in Ecosystem Pattern


From 2000 to 2015, the landscape fragmentation index of the overall ecosystem of the Beijing–Tianjin–Hebei urban agglomeration increased from 0.012 to 0.014, indicating that the ecosystem pattern has become more fragmented. Except for the farmland and wetlands, all of the ecosystem types have become more fragmented. The extent of farmland fragmentation reduction is significantly higher than that of the wetlands, while the increase of urban fragmentation is significantly higher than that of the other ecosystems (Table 4).




3.1.4. Changes in Ecosystem Asset Quality


The area and change in different quality levels of the forest, shrub, and grassland ecosystem assets from 2000 to 2015 are shown in Figure 7. It can be seen that the quality of the forest ecosystem assets in 2000 was significantly low, with inferior-grade accounting for 58.08% of the total area of the forest ecosystem assets, poor-grade accounting for 36.84%, and medium-, good-, and excellent-grade accounting for only 5.07%. By 2015, the areas of the inferior and poor forest ecosystem assets had decreased significantly, and their proportions in the total forest ecosystem assets had decreased to 25.98% and 28.42%, respectively. At the same time, the medium, good, and excellent grades all increased significantly, and their percentages in the total forest ecosystem assets increased by 20.96%, 12.54%, and 7.02%, respectively, accounting for 45.59% (Figure 7 and Table 5).



In 2000, the quality of the shrub ecosystem assets was also obviously low. Inferior and poor grades accounted for 52.38% and 40.56% of the total area of the shrub ecosystem assets, respectively, while medium, good, and excellent grades only accounted for 7.06%. By 2015, the quality of the shrub ecosystem assets had improved significantly. The proportion of inferior and poor grades had decreased by 28.2% and 9.19%, respectively. At the same time, the medium, good, and excellent grades increased by 15.14%, 12.54%, and 9.71%, respectively, accounting for 44.45% of the total area of the shrub ecosystem assets (Figure 7 and Table 5).



In 2000, the asset quality of the grassland ecosystems was different from that of the forest and shrub ecosystems. The overall status was good, and the inferior and poor quality accounted for only 7.44% of the total area of the grassland ecosystem assets, while the medium, good, and excellent grades accounted for 36.79%, 34.65%, and 21.12%, respectively. By 2015, the asset quality of the grassland ecosystems had significantly improved, and the proportion of excellent-quality ecosystem assets in the total area of the grassland ecosystem assets had increased by 27.25%. In addition, the proportion of other grades decreased to varying degrees, especially the proportion of medium-level assets, which decreased by 20.34%. Finally, the medium, good, and excellent grades accounted for 16.45%, 32.12%, and 48.37%, respectively, of the total area of the grassland ecosystem assets (Figure 7 and Table 5).



The spatial distribution of the quality grades of the forest, shrub, and grassland ecosystem assets in 2015 is shown in Figure 8A–C, respectively. The spatial distribution of the changes in the forest, shrub, and grassland ecosystem asset quality from 2000 to 2015 is shown in Figure 8D–F, respectively.



According to statistical analysis, the asset qualities of the forest, shrub, and grassland ecosystems all showed a trend of significant improvement from 2000 to 2015. The forest ecosystem asset quality optimization area is 27,244.44 km2, the maintenance area is 11,119.94 km2, and the degradation area is 845.94 km2; the shrub ecosystem asset quality optimization area is 14,685.94 km2, the maintenance area is 7917.94 km2, and the degradation area is 997.63 km2; and the grassland ecosystem asset quality optimization area is 9181.88 km2, the maintenance area is 6810.31 km2, and the degradation area is 825.63 km2 (Figure 9).




3.1.5. Changes in Ecosystem Asset Index


The county-level natural ecosystem asset index and the changes in the Beijing–Tianjin–Hebei urban agglomeration are shown in Figure 9. According to this, the areas with the highest and most significant increases in the forest and shrub ecosystem asset indices are mainly distributed in the Yanshan Mountains and the Taihang Mountains, the areas with the highest grassland ecosystem asset indices are mainly distributed in the northeastern part of the Beijing–Tianjin–Hebei urban agglomeration, and the areas with the most significant increase in the grassland ecosystem asset index are mainly distributed in the northwestern and southeastern parts of the Beijing–Tianjin–Hebei urban agglomeration. In addition to the Yanshan Mountains, the areas with the highest comprehensive ecosystem asset indices are mainly distributed in the northwestern and southwestern parts of the Beijing–Tianjin–Hebei urban agglomeration. The areas with the most significant increase in the comprehensive ecosystem asset index are mainly distributed in the Yanshan Mountains and the north, as well as in the Taihang Mountains in the southwest (Figure 10A–D). The districts and counties with declining ecosystem asset indices are mainly distributed in the plains in the east and south of the Beijing–Tianjin–Hebei urban agglomeration. After statistical analysis, there are only 2 districts and counties where the asset index of the forest ecosystems has declined in the past 15 years, and only 5 districts and counties where the asset index of the shrub ecosystems has declined, but 41 districts and counties where the asset index of the grassland ecosystems has declined, and 56 districts and counties where the comprehensive ecosystem asset index has declined (Figure 10E–H).



The overall natural ecosystem asset index of the Beijing–Tianjin–Hebei urban agglomeration showed a significant upward trend. The forest ecosystem asset index rose from 29.52 in 2000 to 49.37 in 2015, an increase of 19.84 in 15 years; the shrub ecosystem asset index rose from 31.01 in 2000 to 50.52 in 2015, an increase of 19.51 in 15 years; the grassland ecosystem asset index increased from 73.84 in 2000 to 85.12 in 2015, an increase of 11.28 in 15 years; and the composite ecosystem asset index rose from 39.68 in 2000 to 57.61 in 2015, an increase of 17.93 in 15 years (Figure 11).





3.2. Research on the Impact Mechanism of Urbanization on Changes in Ecosystem Assets


3.2.1. Urbanization Background


The basic situation of urbanization and its changes in the Beijing–Tianjin–Hebei urban agglomeration are shown in Figure 12. It can be seen that the spatial distributions of the population urbanization level, population density, GDP per unit area, and land urbanization level of the Beijing–Tianjin–Hebei urban agglomeration have obvious similarities. The urbanization level indicators of the plain areas in the southeastern part of the Beijing–Tianjin–Hebei urban agglomeration are significantly higher than those in the northern and western mountainous areas, and the urbanization indicators of Beijing, Tianjin, Tangshan, Shijiazhuang, and Handan are significantly higher than those of other regions (Figure 12A–D). From 2000 to 2015, various urbanization indicators showed an overall upward trend. Although the spatial distribution of the districts and counties with the most significant increase in population urbanization is relatively scattered, the districts and counties with the most obvious increases in population density, GDP per unit area, and land urbanization are mainly concentrated in the vast plains of the Beijing–Tianjin–Hebei urban agglomeration, especially in the two municipalities directly under the central government, Beijing and Tianjin. However, there are still some districts and counties with a downward trend in urbanization indicators. There are 25 districts and counties where the population urbanization level has declined, 24 districts and counties where population density has declined, 52 districts and counties with a decline in GDP per unit area, and 9 districts and counties where the level of land urbanization has declined (Figure 12E–H).




3.2.2. The Impact Mechanism of Urbanization on Ecosystem Assets


According to the correlation between the changes in the county-level ecosystem asset index and the changes in various urbanization indicators in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015, with the exception of the population urbanization rate, the growth of urbanization indicators has almost always had a significant negative impact on the natural ecosystem asset index. In terms of the types of urbanization indicators, population density growth has the greatest impact on the natural ecosystem asset index; the impact of land urbanization growth on the natural ecosystem asset index is slightly less than the negative impact of population density growth; and the growth in GDP per unit area has a subsequent impact on the natural ecosystem asset index, but only has a significant negative impact on the forest ecosystem asset index. In terms of the types of natural ecosystem asset indices, the forest ecosystem asset index is most affected by urbanization; the shrub and the comprehensive ecosystem asset indices are less affected by urbanization; and the influence of urbanization on the grassland ecosystem asset index is relatively small, confined to the influence of population density growth on the grassland ecosystem asset index, which is significant (Figure 13).






4. Discussion


4.1. Impact of Land Urbanization on Area and Pattern of Other Ecosystem Assets


4.1.1. Impact of Land Urbanization on Area of Other Ecosystem Assets


From 2000 to 2015, the ecosystem area of the Beijing–Tianjin–Hebei urban agglomeration was dominated by degradation, and land urbanization was the primary reason for the degradation of the ecosystem asset area, although, despite being the leading cause of reduction in farmland, land urbanization is not the primary factor causing the reduction in wetlands, forests, shrubs, and grasslands. However, taking into account the “balance of cultivated land occupied and complimented” policy formulated by the Chinese government with the goal of protecting cultivated land [69,70,71], it can be inferred that the new cultivated land reclamation is the result of land urbanization occupying farmland; that is, the cultivated land reclamation is the result of land urbanization. Through analysis, it was found that the area of ecosystem assets degradation directly and indirectly caused by land urbanization accounted for 68.64% of the total area of ecosystem degradation. It accounted for 65.97% and 94.34% of the area of wetlands and grassland degradation, respectively, and 16.57% and 45.72% of the area of forest and shrub degradation, respectively, and was the second largest cause of forest and shrub degradation. It can be seen that the negative impact of land urbanization on the area of ecosystem assets is not as simple as direct encroachment. The occupation of farmland through land urbanization will lead to a series of chain reactions, and the control over the occupation of farmland by land urbanization should be strengthened. In this study, returning farmland to forests, grasslands, and wetlands and afforestation are the first and second driving forces, respectively, for the restoration of the ecosystem asset area of the Beijing–Tianjin–Hebei urban agglomeration, accounting for 87.84% of the ecologically restored area. We should continue to implement such ecosystem protection and restoration projects.




4.1.2. Impact of Land Urbanization on Patterns of Other Ecosystem Assets


The overall landscape pattern of the Beijing–Tianjin–Hebei urban agglomeration has become more fragmented. Except for the farmland and wetland landscape pattern, the ecosystems have become more fragmented, and urban fragmentation has increased especially quickly. According to existing studies, the fragmentation of forest, shrub, and grassland ecosystems is not conducive to species diversity protection [72,73]. In addition, it will weaken the ecosystem service function [74,75]. Moreover, the intensification of urban land fragmentation is not conducive to the improvement of urban resources, energy, and economic efficiency [76,77]. Therefore, future urbanization should pay attention to the planning of ecosystem landscape patterns and the centralized and intensive development of land urbanization.





4.2. Impact of Land Urbanization on the Quality of Other Ecosystem Assets


The quality of the forest and shrub ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration is significantly low. In 2000, the percentage of forest and shrub ecosystem assets of inferior and poor grade reached 94.92% and 92.94%, respectively, and by 2015 it had decreased to 54.4% and 55.55%, respectively. The quality of the grassland ecosystem assets is much better. In 2000, the percentage of excellent and good was 55.77%, and by 2015 it had reached 80.49%. From 2000 to 2015, the degraded areas of the forest, shrub, and grassland ecosystem asset quality accounted for only 2.16%, 4.23%, and 4.91% of the total area of the relatively stable forest, shrub, and grassland ecosystems in the past 15 years, respectively, while the optimized areas reached 69.48%, 62.22%, and 54.6%, respectively. This means that the asset quality of the forest, shrub, and grassland ecosystems has been significantly improved during the rapid urbanization process of the Beijing–Tianjin–Hebei urban agglomeration, especially the asset quality of the forest and shrub ecosystems, which still has much room for improvement. It can be seen that the quality of ecosystem assets is significantly improved in the process of rapid urbanization. This is probably because, with the development of urbanization, people’s awareness of ecological protection and restoration has been significantly enhanced, and the investment in this area has also increased significantly [78,79].




4.3. Impact of Land Urbanization on Other Ecosystem Asset Indices


From 2000 to 2015, the asset index of the natural ecosystem at county level in the Beijing–Tianjin–Hebei urban agglomeration mainly increased, and the asset index of the natural ecosystem at the scale of urban agglomeration also increased significantly, which indicates that the overall ecosystem asset status of the Beijing–Tianjin–Hebei urban agglomeration was optimized in the process of rapid urbanization, and only the ecosystem asset status of individual regions was degraded. It also indicates that, to a certain extent, the loss caused by the loss of natural ecosystem assets can be compensated for by improving the quality of natural ecosystem assets. For example, the area of ecosystem assets decreased, the quality improved, and the index of ecosystem assets increased [5,18].




4.4. Impact Mechanism of Urbanization on Ecosystem Assets


From 2000 to 2015, in addition to the population urbanization rate, the growth of other urbanization indicators in the Beijing–Tianjin–Hebei urban agglomeration had a significant negative impact on the natural ecosystem asset index. Among them, the growth in population density had the greatest impact, followed by the growth in land urbanization, and finally, the GDP per unit area growth. Thus, there is no need to worry about the growth in the population urbanization rate. However, if people want to prevent the natural ecosystem asset index from declining, the growth in population density, GDP per unit area, and land urbanization must be controlled. There is no doubt that land urbanization is an important cause of ecosystem degradation [20]. However, it is worth noting that the impact of population density on the comprehensive status of ecosystem assets is more serious than that of land urbanization.





5. Conclusions


This study analyzes the temporal and spatial changes in the ecosystem assets of the Beijing–Tianjin–Hebei urban agglomeration from many angles, including the area, pattern, and quality of the ecosystem assets. It emphasizes the impact of land urbanization and, for the first time, comprehensively evaluates the area and quality of the ecosystem assets of the Beijing–Tianjin–Hebei urban agglomeration, while also analyzing the impact mechanism of urbanization. The main conclusions of this study are as follows:




	
From 2000 to 2015, the ecosystem area of the Beijing–Tianjin–Hebei urban agglomeration was mainly degraded, and land urbanization directly and indirectly caused 68.64% of the ecosystem degradation. It is the main reason for the reduction in farmland, wetland, and grassland area, and the secondary reason for the reduction in forest and shrub area. To protect and restore the area of ecosystem assets, first, it is necessary to strengthen the control of farmland occupied by land urbanization, and, second, it is necessary to adhere to the implementation of ecosystem protection and restoration projects, such as returning farmland to forests and grasslands.



	
From 2000 to 2015, the overall landscape pattern of the Beijing–Tianjin–Hebei urban agglomeration has become more fragmented. Except for the farmland and wetlands, the ecosystems have become more fragmented, especially the urban areas. In the process of future urbanization, people should pay attention to the intensive and concentrated development of land urbanization and try to avoid further fragmentation of the ecosystem landscape pattern.



	
From 2000 to 2015, the asset quality of natural ecosystems in the rapid urbanization process of the Beijing–Tianjin–Hebei urban agglomeration was significantly improved, but there is still much room for improvement in the asset quality of the forest and shrub ecosystems. It can be seen that, although urbanization occupies the area of ecosystem assets, it is helpful in improving the quality of ecosystem assets.



	
From 2000 to 2015, the natural ecosystem assets of most districts and counties in the Beijing–Tianjin–Hebei urban agglomeration, as well as those of the urban agglomeration as a whole, have significantly improved, indicating that a joint improvement of urbanization and ecosystem assets can be achieved. Furthermore, in the case of unavoidable reductions in the area of natural ecosystem assets, the loss of natural ecosystem assets can be slowed down or even reversed by improving the quality of the natural ecosystem assets.



	
In the process of urbanization, vigorously developing and improving the level of the population urbanization rate will not significantly affect the overall situation of natural ecosystem assets. However, if people want to protect and maintain the overall situation of natural ecosystem assets, people must strictly control the growth in urban population density and land urbanization level first, and then the growth in urban GDP per unit area.








The importance of this article lies in the fact that it clarifies that improving the quality of ecosystem assets is an effective way to make up for the losses caused by the reduction in the area of ecosystem assets, thus revealing a feasible path of coordinated and sustainable development of land urbanization and ecosystem assets, and also pointing out that attention should be paid to the relevant indicators of macro-control in the process of urbanization development. This study has important implications for other studies that focus on ecosystem assets, such as ecosystem services, and reminds researchers to further explore the comprehensive impact of the area and quality of ecosystem assets as part of their research process.
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Figure 1. Study area: (A) the location of the Beijing–Tianjin–Hebei urban agglomeration in China; (B) the administrative division and elevation of the Beijing–Tianjin–Hebei urban agglomeration. 
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Figure 2. Areas of ecosystems in the Beijing–Tianjin–Hebei urban agglomeration in 2000 and 2015. 
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Figure 3. Proportion of ecosystems in the Beijing–Tianjin–Hebei urban agglomeration in 2000 and 2015. 
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Figure 4. Area changes and area change ratios of ecosystems in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. 
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Figure 5. Distribution and changes in ecosystems in the Beijing–Tianjin–Hebei urban agglomeration: (A) spatial distribution of ecosystems in the Beijing–Tianjin–Hebei urban agglomeration in 2015; (B) spatial distribution of ecosystem changes in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. 
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Figure 6. Schematic diagram of the transition of ecosystem types in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. 
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Figure 7. Classification and changes in the quality of natural ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. 






Figure 7. Classification and changes in the quality of natural ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015.



[image: Remotesensing 14 05747 g007]







[image: Remotesensing 14 05747 g008 550] 





Figure 8. Distribution and changes in the quality of natural ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015: (A) spatial distribution of forest ecosystem quality in 2015; (B) spatial distribution of shrub ecosystem quality in 2015; (C) spatial distribution of grassland ecosystem quality in 2015; (D) spatial distribution of forest ecosystem quality change from 2000 to 2015; (E) spatial distribution of shrub ecosystem quality change from 2000 to 2015; (F) spatial distribution of grassland ecosystem quality change from 2000 to 2015. 
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Figure 9. Statistics of changes in the quality of natural ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. 
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Figure 10. Distribution and changes in the county-level natural ecosystem asset index in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015: (A) spatial distribution of forest ecosystem asset index in 2015; (B) spatial distribution of shrub ecosystem asset index in 2015; (C) spatial distribution of grassland ecosystem asset index in 2015; (D) spatial distribution of natural ecosystem asset index in 2015; (E) spatial distribution of forest ecosystem asset index change from 2000 to 2015; (F) spatial distribution of shrub ecosystem asset index change from 2000 to 2015; (G) spatial distribution of grassland ecosystem asset index change from 2000 to 2015; (H) spatial distribution of natural ecosystem asset index change from 2000 to 2015. 
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Figure 11. Natural ecosystem asset index and its change in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. 






Figure 11. Natural ecosystem asset index and its change in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015.



[image: Remotesensing 14 05747 g011]







[image: Remotesensing 14 05747 g012 550] 





Figure 12. Development level and changes in county-level urbanization in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. Note: Figure 12C is the current GDP in 2015, while Figure 12G is the difference between the actual GDP in 2015 based on the year 2000 and the current GDP in 2000. 
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Figure 13. Correlation between county-level urbanization development and ecosystem asset index changes in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015. Note: *** represents a significant correlation at the 0.001 level; ** represents a significant correlation at the 0.01 level; * represents a significant correlation at the 0.05 level. 
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Table 1. Grading standards for ecosystem asset quality.
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Ecosystem Asset Type

	
Evaluating Indicator

	
Quality Grading Standard




	
Excellent

	
Good

	
Medium

	
Poor

	
Bad






	
Forest

	
Relative biomass density

	
≥80%

	
60–80%

	
40–60%

	
20–40%

	
≤20%




	
Shrub

	
Relative biomass density

	
≥80%

	
60–80%

	
40–60%

	
20–40%

	
≤20%




	
Grassland

	
Vegetation Coverage

	
≥80%

	
60–80%

	
40–60%

	
20–40%

	
≤20%
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Table 2. Ecosystem degradation of the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015.
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Ecosystem Degradation Type

	
Land Transfer Type

	
Area/km2

	
Total Area/km2

	
Ratio






	
Land urbanization

	
Farmland→urban

	
5266.50

	
6452.44

	
45.15%




	
Wetland→urban

	
464.19




	
Grassland→urban

	
377.67




	
Forest→urban

	
188.24




	
Shrubland→urban

	
116.29




	
Other lands→urban

	
39.55




	
Cultivated land reclamation

	
Grassland→farmland

	
1077.57

	
3355.8

	
23.48%




	
Urban→farmland

	
895.90




	
Wetland→farmland

	
593.26




	
Forest→farmland

	
474.77




	
Shrubland→farmland

	
314.30




	
Deforestation

	
Forest→shrubland

	
2847.52

	
3337.62

	
23.36%




	
Forest→grassland

	
469.83




	
Forest→other lands

	
20.27




	
Vegetation destruction

	
Shrubland→grassland

	
495.89

	
598.41

	
4.19%




	
Grassland→other lands

	
87.24




	
Shrubland→other lands

	
15.28




	
Wetland atrophy

	
Wetland→grassland

	
316.50

	
545.41

	
3.82%




	
Wetland→other lands

	
131.50




	
Wetland→forest

	
60.80




	
Wetland→shrubland

	
36.61




	
Total

	

	

	
14,289.68

	
63.01%
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Table 3. Ecosystem restoration of the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015.
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Ecosystem Restoration Type

	
Land Transfer Type

	
Area/km2

	
Total Area/km2

	
Ratio






	
Returning farmland to forest, grass and wetland

	
Farmland→forest

	
2303.76

	
5213.96

	
62.14%




	
Farmland→grassland

	
1902.95




	
Farmland→wetland

	
576.33




	
Farmland→shrubland

	
344.36




	
Farmland→other lands

	
86.56




	
Afforestation

	
Shrubland→forest

	
1492.90

	
2156.64

	
25.70%




	
Grassland→forest

	
584.53




	
Urban→forest

	
72.76




	
Other lands→forest

	
6.45




	
Vegetation restoration

	
Grassland→shrubland

	
380.68

	
642.55

	
7.66%




	
Urban→grassland

	
159.89




	
Other lands→grassland

	
63.40




	
Urban→shrubland

	
31.98




	
Other lands→shrubland

	
6.60




	
Wetland restoration

	
Urban→wetland

	
171.08

	
344.29

	
4.10%




	
Grassland→wetland

	
96.44




	
Forest→wetland

	
33.75




	
Other lands→wetland

	
29.25




	
Shrubland→wetland

	
13.77




	
Cultivated land reclamation

	
Other lands→farmland

	
21.49

	
21.49

	
0.26%




	
Natural ecosystem restoration

	
Urban→other lands

	
11.26

	
11.26

	
0.13%




	
Total

	

	

	
8390.19

	
36.99%
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Table 4. Fragmentation and changes in ecosystem patterns of the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015.
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Ecosystem Type

	
Landscape Fragmentation Index

	
Ecosystem Type

	
Landscape Fragmentation Index




	
2000

	
2015

	
Increment

	
2000

	
2015

	
Increment






	
Forest

	
0.1815

	
0.1829

	
0.0013

	
Shrub

	
0.1097

	
0.1143

	
0.0046




	
Grassland

	
0.0812

	
0.0844

	
0.0032

	
Wetland

	
0.0278

	
0.0261

	
−0.0017




	
Farmland

	
0.4230

	
0.3919

	
−0.0311

	
Urban

	
0.0747

	
0.0967

	
0.022




	
Other lands

	
0.0021

	
0.0038

	
0.0017
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Table 5. Classification and changes in the quality of natural ecosystem assets in the Beijing–Tianjin–Hebei urban agglomeration from 2000 to 2015.
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Time

	
Quality

	
Forest/km2

	
Ratio/%

	
Shrub/km2

	
Ratio/%

	
Grassland/km2

	
Ratio/%






	
2000

	
Inferior

	
25,065.81

	
58.08

	
13,631.19

	
52.38

	
46.88

	
0.24




	
Poor

	
15,900.38

	
36.84

	
10,556.38

	
40.56

	
1398.06

	
7.2




	
Medium

	
1964.69

	
4.55

	
1752.31

	
6.73

	
7145.88

	
36.79




	
Good

	
176.63

	
0.41

	
74.75

	
0.29

	
6731.5

	
34.65




	
Excellent

	
47.56

	
0.11

	
9.56

	
0.04

	
4102.25

	
21.12




	
2015

	
Inferior

	
11,416.75

	
25.98

	
6622.44

	
24.18

	
35.5

	
0.18




	
Poor

	
12,488.19

	
28.42

	
8593

	
31.37

	
584.44

	
2.89




	
Medium

	
11,210.88

	
25.51

	
5990.5

	
21.87

	
3326.44

	
16.45




	
Good

	
5691.19

	
12.95

	
3514.31

	
12.83

	
6496.81

	
32.12




	
Excellent

	
3132.94

	
7.13

	
2669.63

	
9.75

	
9782.69

	
48.37




	
2000–2015

	
Inferior

	
−13,649.06

	
−32.1

	
−7008.75

	
−28.2

	
−11.38

	
−0.07




	
Poor

	
−3412.19

	
−8.42

	
−1963.38

	
−9.19

	
−813.63

	
−4.31




	
Medium

	
9246.19

	
20.96

	
4238.19

	
15.14

	
−3819.44

	
−20.34




	
Good

	
5514.56

	
12.54

	
3439.56

	
12.54

	
−234.69

	
−2.53




	
Excellent

	
3085.38

	
7.02

	
2660.06

	
9.71

	
5680.44

	
27.25
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