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Abstract

:

The development of the Xiong’an New Area is a crucial strategy for the next millennium in China. The ecosystem upstream of the Xiong’an New Area, serving for the development of the Xiong’an New Area, changed with land use changes. To analyze the contribution rate of the land use change to the ecosystem service value, we analyzed the land use changes of three small watersheds (7318.56 km2) upstream of the Xiong’an New Area based on a total of six phases of land use data from 1980 to 2015. Then, the ecosystem service value (ESV) was calculated using the equivalent factor method. The results showed that the construction land and arable land were the largest land use types that increased and decreased in the area of the study area, respectively. The grassland and construction land were the land use types with the largest transfer-out area and transfer-in area, respectively. The regulating services accounted for the largest proportion of total ESV among different ecosystem service functions, and the grassland and woodland accounted for the largest proportion of total ESV among different land use types. ESV in the study area fluctuated slightly from 1980 to 2015. The decrease of ESV mainly occurred in the surrounding areas of mountain towns, and the conversion of cultivated land to construction land was the main reason for the decrease of ESV in this area. The conversion of grassland to construction land had the largest contribution rate to the decrease of ESV in the study area, while the conversion of grassland to waters had the largest contribution rate to the increase of ESV. In conclusion, controlling the development of construction land and strengthening water resources’ protection may improve the ecosystem service value in the upstream Xiong’an New Area in the future.
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1. Introduction


On 1 April 2017, the Chinese government officially announced the establishment of the Xiong’an New Area to centralize the relief of non-capital functions in Beijing. Xiong’an New Area is designed as a new urban area with a beautiful ecological environment and green ecological livability [1]. Compared with other new large cities in China, such as Shenzhen and Shanghai, the Xiong’an New Area has a larger “policy dividend”, which may lead to excessive urban population agglomeration and thus exceed the carrying capacity of regional resources and the environment [2,3]. Therefore, in addition to policy restrictions, improving the carrying capacity of resources and the environment of Xiong’an New Area is also an important measure to prevent such situations from happening. The upstream of Xiong’an New Area (the area studied in this paper) is the most important water supply and ecological security barrier area for Xiong’an New Area. The Chinese government requires the upstream of Xiong’an New Area to implement ecosystem protection and restoration projects, optimize the ecological security barrier system, strengthen the water source interconnection and enhance the function of vegetation retention, so as to improve the regional ecosystem quality, form a multi-source complementary water supply pattern, ensure the water supply safety and flood control capacity and improve the resources and environment carrying capacity of the downstream Xiong’an New Area [4]. In order to achieve this goal, it is necessary to understand the ecological environment status and its influencing factors in the upstream of Xiong’an New Area. The estimation of ecosystem service value (ESV) is an important means to study the current situation of the regional ecological environment [5].



Ecosystem functions refer variously to habitat, biological or system properties or processes of ecosystems [6]. Ecosystem products (such as food) and services (such as maintaining nutrient cycle) represent the benefits human populations derive, directly or indirectly, from ecosystem functions. For simplicity, we collectively refer to ecosystem products and services as ecosystem services [7]. According to the labor theory of value, ecosystem services are not valuable because they involve no human labor time, so there is no value. However, according to the utility theory of value, ecosystem services meet two conditions: one is the ecosystem service with utility in humans, the second is the ecosystem service is scarce, therefore ecosystem services have a utility value [8]. A large part of the contributions to human welfare by ecosystem services is of a purely public goods nature. They accrue directly or indirectly to humans without passing through the monetary economy at all. In many cases, people are not even aware of them. Examples include fresh water, clean air, and aesthetic landscape [9]. Therefore, the ESV cannot be determined based on observable or indirect market behavior. Many of the valuation techniques used in the related studies are based, either directly or indirectly, on attempts to estimate the “willingness-to-pay” of individuals for ecosystem services [10]. On the basis of comprehensive previous research, Costanza et al. used the “willingness-to-pay” method to formulate an ecological service value coefficient table per unit area of the ecosystem, and evaluated the global ESV [11]. The Chinese scholar Xie et al. modified the above table by using the willingness survey value assessment method and combining expert knowledge to obtain a value coefficient table that is consistent with China’s actual situation. Meanwhile, ecosystem services were divided into four primary types, namely provisioning services, regulating services, supporting services and cultural services, and 11 secondary types [12,13]. The change of ESV is affected by many factors, such as land use change, climate change and biodiversity [14,15]. Among all these factors, as the most direct reflection of human activities, land use change has been identified as one of the most important drivers of change in ESV [16].



Human activities influence ecosystems through different land use strategies, change ecological processes, and then affect ecosystem services. For example, the destruction of forests and grasslands by human beings not only leads to reduced biodiversity and fragile ecosystem services, but also reduces the erosion resistance of soils, weakening related ecosystem services such as water conservation and soil conservation [17]. In the early studies on the impact of land use change on ESV, most of them focused on the impact of a single land use type change on ESV [18,19]. However, different transfers between land types can lead to differences in ESV changes [20]. For example, the conversion of grassland to forest land will increase ESV, while the conversion of grassland to farmland will reduce ESV. Therefore, clarifying the impact of different land use transfer types on ESV can further reveal the mechanism of land use change on ESV. Besides, in the current research on the impact of land use change on ESV, the research period is mainly concentrated after 2000, and the research time scale is short [21,22]. However, land use change will present different characteristics on short time scales and long time scales, and the degree of impact of land use change on ESV also varies at different time scales [23]. Therefore, it is necessary to study the impact of land use change on ESV on a long-term scale.



In this article, we analyze the land use change in the upstream of Xiong’an New Area from 1980 to 2015 and quantify the impact of land use change on the value of ecosystem services. This study is of great significance to the rational planning of land use patterns, macro-control of social and economic activities, and the scientific formulation of ecological environment management policies in the upstream of Xiong’an New Area.




2. Materials and Methods


2.1. Study Area


The study area included three small watersheds controlled by three hydrological stations in the upstream of Xiong’an New Area, with a total area of 7318.56 km2. It stretches across Hebei and Shanxi provinces, and the geographical coordinates are distributed between 38° 76′–39° 71′ N and 113° 64′–115° 18′ E (Figure 1). The mean elevation is 1109 m and the mean slope is around 19°. The area belongs to the mountainous and hilly area, with high terrain in the northwest and low terrain in the southeast. The area is a temperate monsoon region with an average annual temperature of 7.4 to 12.8 °C and an annual precipitation of 550 to 790 mm [24]. Affected by the monsoon, the region’s precipitation is uneven throughout the year. In total, 70% of precipitation occurs in summer and makes rivers prone to flood [25].



The study area is located within the scope of ecological engineering construction such as the Three-North Shelter Forest Project and Taihang Mountain Greening Project. The construction of ecological projects has changed the land use pattern in the study area. Besides, the study area is an important ecological function support area and a water conservation function area, and also belongs to poor areas with slow economic development. Coordinating the contradiction between economic development and ecological environmental protection has become the main task for the future development of the study area.




2.2. Data Sources


The data used in this research mainly included the land use data and socio-economic data. The land use data obtained from the Resource Environmental Data Center of the Chinese Academy of Sciences, including six periods of land use data in the upstream of Xiong’an New Area in 1980, 1990, 2000, 2005, 2010 and 2015. The data is based on Landsat TM/ETM remote sensing images as the main data source and is generated by manual visual interpretation. After a field investigation, the accuracy of the interpretation of the first-class land use type reached over 93% [26]. According to the research needs, the reclassification function of AcrMap10.1 software is used to divide the land use into six main categories: arable land, woodland, grassland, waters, construction land, and unused land. Socio-economic data contains a grain sown area and grain production, which is obtained from the China County Statistical Yearbook and the National Economic and Social Development Statistics. This work was guided on ‘‘Observation Methodology for Longterm Forest Ecosystem Research’’ of the National Standards of the People’s Republic of China (GB/T 33027-2016).




2.3. Research Methods


2.3.1. Analysis of Land Use Transfer Characteristics


The land use transition matrix can fully reveal the evolution process of land use type patterns by quantitatively describing the transformation between each land use type in a certain time unit [27]. We established a land use transition matrix using the spatial analysis function in ArcMap10.1. The codes for arable land, woodland, grassland, waters, construction land and unused land were 1, 2, 3, 4, 5 and 6, respectively. The formula is as follows:


  N = 10 A + B  



(1)




where N is the new map unit formed by the land use code during the study stage, A is the land use map unit in the pre-study stage and B is the land use map unit in the later stage of the study.




2.3.2. Estimating the Value of Ecosystem Services


The estimation method of ecosystem service value (ESV) was based on the unit area value equivalent factor (equivalent factor method), which was widely used in the estimation of ESV [11]. The construction of the value equivalent factor table is a prerequisite for the estimation of ESV using the equivalent factor method. In this study, we based our table on the table of value equivalent factors proposed by Xie et al. and modified the value equivalent factors according to the actual situation in the study area [13]. Specifically, the arable land, waters, and unused land are selected from the basic equivalent values of dry land, river systems, and bare land, respectively. The basic equivalent values of woodland and grassland were determined based on the area ratios of coniferous and shrub forests (1:1) and grasslands and shrubs (1:2), respectively [28]. The basic equivalent value of construction land is not calculated in the value equivalent factor table. We determined that the base equivalent value of the construction land was 0 according to related research [29,30]. Then, we settled the correction coefficient for ESV of one standard equivalent factor as 0.70, which was the ratio of grain yield per unit area in the study area (3495.80 kg/hm2) to those in the whole country (4973.60 kg/hm2) in 2010. Therefore, the revised ESV of one standard equivalent factor in the study area was 2394.33 yuan/hm2. According to the revised value equivalent factor table and the ESV of one standard equivalent factor, we calculated the value coefficient (VC) of ecosystem services per unit area in the study area (Table 1).



The calculation formula of ESV is as follows [31]:


  E S  V i  =   ∑  j   A i  × V  C  i j    



(2)






  E S  V j  =   ∑  i   A i  × V  C  i j    



(3)






    E S V =   ∑  i    ∑  j   A i  × V  C  i j   =   ∑  i   A i  × V  C i   



(4)




where    E S  V i   ,    E S  V j    and    E S V   refer to the ESVs of land use type  i , ecosystem service function  j  and the entire ecosystem, respectively;    A i    is the area of land use type  i ;   V  C  i j     is the value coefficient for land use type   i    with the ecosystem service function j; and   V  C i    represents the value coefficient of land use type    i  .




2.3.3. Ecological Contribution Rate of Land Use Change


The contribution rate of land use changes for ecosystem service values referring to the change rate of ecosystem service values caused by the conversion of class  i  land use type to class  j  land use type [20]. Its expression is:


  E  L  i − e   =    (  V  C e  − V  C i   )  ×  A  i − e      ∑  i = 1  n   ∑  e = 1  n   [   (  V  C e  − V  C i   )  ×  A  i − e    ]    × 100 %  



(5)




where   E  L  i − e     is the contribution of land use change to the ecosystem service value;   V  C i    and   V  C e    represent the value coefficients of land use types   i    and    e  , respectively; and    A  i − e     is the area from land use type    i    to land use type  e  during the study period.




2.3.4. Sensitivity Analysis of Ecological Service Value


Due to the uncertainty in the selection of the value coefficient, we conducted a sensitivity analysis to examine the creditability of the results. The coefficient of sensitivity (CS) was used to analyze the dependence of the value of ecosystem services (ESV) on changes in the value coefficient (VC) over time [32]. Its expression is:


  C S =  |      E S  V b  − E S  V a    E S  V a        V  C  b i   − V  C  a i     V  C  a i        |   



(6)




where CS is the coefficient of sensitivity;   V  C  b i     represents the value coefficient after the adjustment of land use type  i ;   V  C  a i     represents the value coefficient before the adjustment of land use type  i ;   E S  V b    represents the ESV of the entire ecosystem in the study area after VC adjustment;   E S  V a    represents the ESV of the entire ecosystem in the study area before VC adjustment; and when CS > 1, it indicates that ESV is elastic to VC, and the results are less credible. When CS < 1, it indicates that ESV is inelastic to VC, and the results are more reliable. This article adjusts the VC of each land use type in the study area by (±) 50% to calculate CS.






3. Results


3.1. Analysis of Land Use Change


From 1980 to 2015, grassland, woodland and arable land occupied the first three positions among all land use types, amounting to 96.41% in 2015 and 97.83% in 1980 of total area (Table 2 and Figure 2).



Up to 2015, the area of construction land and waters added 104.38 km2 and 1.33 km2, with an increasing proportion of 174.98% and 1.37%, respectively (Table 2). On the contrary, the arable land, woodland, grassland and unused land showed a reduction of 34.37 km2, 4.82 km2, 65.83 km2 and 0.7 km2, with decreasing proportions of 2.98%, 0.19%, 1.87% and 44.03%, respectively (Table 2).



From 1980 to 2015, there were 20 types of land use transfer, which accounted for 2.99% of the study area with a total area of 218.59 km2 (Table 3 and Figure 3). Among them, the grassland and unused land accounted for the largest area and proportion in the transfer-out situation with the value of 105.65 km2 and 50.94%, respectively (Table 3). The construction land was responsible for the largest transfer-in situation by the increasing area of 109.29 km2 (Table 3). The conversion from grassland to construction land occurred at the sides of the river with an area of 52.16 km2, accounting for most of the area of grassland transferred out and construction land transferred in (Figure 3). The area of arable land converted to construction land accounted for 71.16% of the area of arable land transferred out and 39.52% of the area of construction land transferred in, mainly distributed around the Laiyuan County town and Lingqiu County town in the study area (Figure 3). The area converted from waters to arable land and construction land was 4.23 km2 and 1.61 km2, accounting for 59.20% and 37.97% of the area of waters transferred out, respectively (Table 3).




3.2. Analysis of Ecosystem Service Value


The ecosystem service value (ESV) of the study area remained stable from 1980 to 2015, with a slight downward trend (Table 4). Around 66.52% in 2005–66.81% in 2015 of total ESV was regulating services value dominated by hydrological regulation and climate regulation (Table 4). The supporting services value, provisioning services value and cultural services value accounted for 21.65% in 2015–21.89% in 2005, 7.28% in 2015–7.31% in 2000, and 4.25% in 2015–4.29% in 2005 of total ESV, respectively (Table 4). In addition, an average of 47.66%, 37.14% and 10.99% of the total ESV was provided by grassland, woodland and waters, respectively. The ESV was provided by residual land use types of less than 5% (Figure 4).



From 1980 to 2015, the area where ESV changed accounted for 2.99% of the total area (Figure 5). Among them, the area that ESV increased was 60.07 km2, which was mainly distributed in the southwest of the study area, amounting to 27.48% of the changing area (Figure 5). The increasing ESV was 164.85 million yuan caused by 10 types of land use transfer (Figure 6a). The conversion of grassland to waters took the greatest responsibility for the increased ESV. The followed types that caused ESV to increase were the conversion of woodland to waters and arable land to waters (Figure 6a). The area that ESV decreased accounted for 72.52% of the changing area distributed around the county seat and riverbanks (Figure 5). In total, 10 types of land use transfers caused the decrease of 359.68 million yuan for ESV (Figure 6b). Among them, the conversion of grassland contributed most to the total decreasing ESV, followed by the waters converted to arable land (Figure 6b). Overall, the increased waters and construction land contributed 72.19% and 71.42% to the increased and decreased ESV, respectively (Figure 6).




3.3. Sensitivity Analysis of Ecosystem Services Value


It can be known by the analysis of Figure 7 that after the value coefficient (VC) was adjusted by ±50%, the CS value in different periods was less than 1, and the CS value in each period changes little, indicating that the ecosystem service value (ESV) in the upstream of Xiong’an New Area was inelastic to the VC. Among the various land use types, the CS of grassland was the largest: 0.47~0.48. The unused land has the lowest CS, with values ranging from 1.63 × 10−6 to 3.31 × 10−6 (Figure 7). Besides, the CS of other land use types did not exceed 0.4 (Figure 7). Therefore, the VC calculated by this study was relatively reliable, which accords with the actual situation of the study area.





4. Discussion


At present, there are many methods for the estimation of ecosystem services values (ESVs), but a unified system has not yet been formed [33,34]. Compared with other estimation methods, the equivalent factor method was easy to use and had less of a data demand. It has been widely used in the estimation of ESV at regional and global scales [35,36]. Determining the value of the standard equivalent was the premise of applying the equivalent factor method. Most studies determine the value of the standard equivalent through the average area and average price of grain for many years [37,38]. However, the accuracy of these studies was usually restricted by a large error of the statistical data in the early stage. Besides, the purpose of this study was not to give an accurate price tag upstream of the Xiong’an New Area, but was, more importantly, to explore the changes in the value of ecosystem services during the evolution of land use. Therefore, we determined the value of the standard equivalent based on the 2010 grain data in the study area. This method has a high degree in matching with the basic equivalent scale used in the research [13], which improved the accuracy of ESV assessment in the base year, and can more scientifically reflect the trend of ESV changes with land use [39,40].



Our results indicated that the grassland and woodland supported most of the ESV in the study area for 35 years. This was similar to the conclusions of Wang et al. in the Hengduan Mountains [41]. The terrain of this study area and the Hengduan Mountains was steep and less affected by human activities. Furthermore, strict vegetation protection policies have been implemented in the two areas, resulting in a large proportion of woodland and grassland in both areas, with both above 80% [42]. Besides, woodland and grassland can provide strong regulation and support service functions, so they have a higher ESV per unit area. The combination of these two factors has resulted in the largest proportion of ESV in grassland and woodland in the total ESV in the two study areas.



Among different ecosystem service functions, the ESV indicated that regulating services was the main body of the ESV in the study area, and that the most important components of regulating services were climate regulation and hydrological regulation. This was related to the composition of land use types that were mainly woodland and grassland in the study area. The predominance of climate regulation and hydrological regulation found in the upstream of Xiong’an New Area was common in other grassland and woodland-ruled regions [43,44]. The reason was that forest land and grassland can adjust climate factors such as regional temperature and humidity by absorbing atmospheric CO2 and plant transpiration [45]. At the same time, it can also affect the hydrological cycle process of surface runoff formation, soil infiltration, and surface evapotranspiration through canopy interception and litter interception [46,47].



We also found that the ESV fluctuated slightly during 1980 to 2015. Specifically, from 1980 to 2005, the total value of the ecosystem decreased but increased in 2010. From 2005 to 2010, the construction land increased rapidly, but the increase in the water area and forest area reduced the damage of construction land to the ecological environment to some extent. Among them, the increase in forest area is related to the implementation of the Taihang Mountain Greening Project in the study area during this period [48]. From the perspective of spatial distribution, the decrease of ESV mainly occurs in the surrounding areas of mountain towns and the conversion of cultivated land to construction land was the main reason for the decrease of ESV in this area. This was similar to the research results in the Qihe River Basin and Luohe River Basin [49,50]. Economic development was the main reason for this phenomenon. During the study period, the GDP of Fuping County, Wuyuan County and Lingqiu County in the study area increased from 33.86, 79.82 and 34.15 million yuan in 2005 to 106.16, 445.77 and 210.42 million yuan in 2010, respectively. With the development of the economy, the increasing demand for urban housing and the construction of transportation facilities had promoted the conversion of arable land to construction land. The increase of ESV mainly occurs in the southwest of the study area, and the conversion of grassland to woodland was the main reason for the increase of the ESV in this area. Analysis of land use change indicates that such transfers occurred mainly between 2005 and 2010. During this period, the second phase of the Taihang Mountain Greening Project was under construction. The project increased the forest coverage in the Taihang Mountains through artificial afforestation and aerial sowing [48]. The southwestern part of the study area was within the scope of afforestation planning, and the land use type transfer from grassland to forest land has been achieved through afforestation in the region. This shows that the greening projects in this region have been more successful.



From the perspective of the contribution rate, the conversion of grassland to construction land had the largest contribution rate to the decrease of ESV in the study area. The conversion of grassland to construction land caused the loss of regional ecosystem services functions, and the ESV per unit area decreased significantly. Besides, the conversion of grassland to construction land occurs mainly in the riverside area. The riverside area had high soil fertility, flat terrain, convenient water intake and a large number of people moved into the area, resulting in a large area of grassland converted to construction land in the area [51]. The combination of the two factors has caused grassland to construction land conversion to become the main factor for ESV reduction in the study area. The conversion of grassland to waters had the largest contribution rate to the increase of ESV in the study area. This is similar to the conclusions of Chen et al. who claimed that the increase in waters contributed 32.99% to the improvement of ecosystem functions in the middle reaches of the Yangtze River, which was the main reason for the improvement of ecosystem functions [52]. Among different land use types, the hydrological regulation capacity of waters is quite prominent, and its unit area ESV was also the largest among land use types. Although the area converted from grassland to waters was small, the ESV per unit area caused by this type of transfer has increased significantly, so it has become the main reason for the increase in ESV in the study area.



According to the contribution rate analysis and the above discussion, it can be seen that the increase in construction land is the main reason for the decrease in ESV in the study area, and the increase in water area contributes the most to the increase in ESV in the study area. The conclusions of this paper can provide a theoretical basis for environmental policy development in the upstream of Xiong’an New Area, but in actual work, it should also be adjusted according to the characteristics of the study area. The Chinese government requires the Xiong’an New Area to adhere to the environmental policy of ecological priority and green development and build itself into a green and livable eco-city [53]. This puts forward higher requirements for water resources supply regulation, water quality safety and environmental purification in the upstream of the Xiong’an New Area. The study area is the mountainous and hilly area with shrub and grassland vegetation, which belongs to a fragile ecological environment and has a large number of poor people [54]. Therefore, ecomigration projects in the research area can be considered to achieve the dual effect of ecological environment protection and anti-poverty. The ecomigration project has been successfully applied in China’s Karst region and Heihe River Basin, etc. and the national policies and implementation methods are relatively mature [55,56]. However, when applying in this study area, the geographical location of the study area and the particularity of the regional policy should be taken into consideration, and ecological compensation and resettlement work should be done well. The increase in water area can improve the regional water resources supply and hydrological regulation capacity. However, blindly increasing the water area will also have a negative impact on the ecological environment. For example, the construction of artificial lakes by building dams can improve the ecological environment in a small area, but it would have a significant negative impact on the ecological environment of a large area and downstream areas, which would be contrary to the goal we pursue [57,58]. Therefore, reasonable measures should be taken to increase the water area of the study area. For example, the ecomigration project mentioned above can reduce the amount of artificial water extraction and agricultural irrigation, thus increasing the water area of the basin.



This study also has limitations. The land use change in the study area was small from 1980 to 2015; whether the conclusions drawn in a small area where the land use type changes can represent the entire study area has yet to be further verified in future research work. However, as the influence of the Xiong’an New Area continues to expand, large land use changes may occur in the study area in the future. The purpose of our research is to reveal the internal relationship between land use and ESV, so as to lay the foundation for the formulation of policies for environmental protection and development planning in the future research area and Xiong’an New Area. Therefore, the research conclusions and recommendations of this paper are consistent with the environmental policies of the research area and are providing services for the policies.




5. Conclusions


As important for water conservation and an ecological barrier area, the upstream of Xiong’an New Area has an important impact on the construction and development of the Xiong’an New Area. Analysis of the land use change in the upstream of Xiong’an New Area and its impact on the ecosystem services value (ESV) can provide a scientific basis for the sustainable use of land resources and the formulation of ecological environmental protection policies in the region. This study analyzed the land use change in the study area based on the six periods of land use data from 1980 to 2015. The results show that grassland was the land use type with the largest area proportion in the study area, while unused land was the land use type with the smallest area proportion. Analysis of land use change indicates that construction land and cultivated land are the largest land use types that increase and decrease in the area of the study area, respectively. The land use transfer matrix indicates that grassland and construction land were the land use types with the largest transfer-out area and transfer-in area, respectively. ESV analysis showed that the regulating services account for the largest proportion of total ESV among different ecosystem service functions. Furthermore, grassland and woodland account for more than 84% of the total ESV among different land use types. We found that ESV in the study area fluctuated slightly from 1980 to 2015. From the perspective of spatial distribution, the decrease of ESV mainly occurs in the surrounding areas of mountain towns and the conversion of cultivated land to construction land was the main reason for the decrease of ESV in this area. The increase of ESV mainly occurs in the southwest of the study area and the conversion of grassland to woodland is the main reason for the increase of ESV in this area. From the perspective of the contribution rate, the conversion of grassland to construction land had the largest contribution rate to the decrease of ESV in the study area, while the conversion of grassland to waters has the largest contribution rate to the increase of ESV in the study area.
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Figure 1. The location of study area. 
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Figure 2. Land use pattern of upstream of Xiong’an New Area from 1980 to 2015. 
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Figure 3. Land use transition map in the upstream of Xiong’an New Area from 1980 to 2015. (1: Arable land; 2: Woodland; 3: Grassland; 4: Waters; 5: Construction land; 6: Unused land). 






Figure 3. Land use transition map in the upstream of Xiong’an New Area from 1980 to 2015. (1: Arable land; 2: Woodland; 3: Grassland; 4: Waters; 5: Construction land; 6: Unused land).



[image: Sustainability 12 05707 g003]







[image: Sustainability 12 05707 g004 550] 





Figure 4. Ecosystem service value of different land use types (unused land, arable land, waters, woodland, grassland) in the upstream of Xiong’an New Area from 1980 to 2015. 
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Figure 5. Spatial distribution map of ecosystem service value changes. 
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Figure 6. Contribution rate of different land use transfer types for the increase (a) and decrease (b) of ecosystem service value. 
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Figure 7. Coefficient of sensitivity of ecosystem services value. 
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Table 1. Value coefficient of ecosystem services per unit area in the study area (yuan/hm2·a).
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Ecosystem Service Functions

	
Arable Land

	
Woodland

	
Grassland

	
Waters

	
Construction Land

	
Unused Land






	
Provisioning services

	
Food production

	
2035.18

	
502.81

	
694.36

	
1915.46

	
0.00

	
0.00




	
Raw material production

	
957.73

	
1149.28

	
1005.62

	
550.70

	
0.00

	
0.00




	
Water supply

	
47.89

	
598.58

	
550.70

	
19,849.00

	
0.00

	
0.00




	
Regulating services

	
Gas regulation

	
1604.20

	
3735.15

	
3543.61

	
1843.63

	
0.00

	
47.89




	
Climate regulation

	
861.96

	
11,133.63

	
9385.77

	
5483.02

	
0.00

	
0.00




	
Purification environment

	
239.43

	
3328.12

	
3088.69

	
13,288.53

	
0.00

	
239.43




	
Hydrological regulation

	
646.47

	
7997.06

	
6871.73

	
244,796.30

	
0.00

	
71.83




	
Supporting services

	
Soil conservation

	
2466.16

	
4525.28

	
4333.74

	
2226.73

	
0.00

	
47.89




	
Maintain nutrient cycle

	
287.32

	
359.15

	
335.21

	
167.60

	
0.00

	
0.00




	
Biodiversity

	
311.26

	
4142.19

	
3926.70

	
6105.54

	
0.00

	
47.89




	
Cultural services

	
Aesthetic landscape

	
143.66

	
1819.69

	
1723.92

	
4525.28

	
0.00

	
23.94




	

	
Total

	
9601.26

	
39,290.96

	
35,460.03

	
300,751.79

	
0.00

	
478.87
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Table 2. Area of land use types in the upstream of Xiong’an New Area from 1980 to 2015 (km2).
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Years

	
Land Use Types




	
Arable Land

	
Woodland

	
Grassland

	
Waters

	
Construction Land

	
Unused Land






	
1980

	
1155.22

	
2479.69

	
3525.39

	
97.02

	
59.65

	
1.59




	
1990

	
1157.27

	
2461.20

	
3540.77

	
95.85

	
61.87

	
1.61




	
2000

	
1159.90

	
2459.76

	
3535.18

	
95.29

	
66.84

	
1.59




	
2005

	
1152.31

	
2463.95

	
3534.16

	
88.91

	
77.61

	
1.62




	
2010

	
1127.75

	
2476.12

	
3471.18

	
97.54

	
144.28

	
1.70




	
2015

	
1120.85

	
2474.88

	
3459.56

	
98.35

	
164.03

	
0.89
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Table 3. Land use transition matrix in the upstream of Xiong’an New Area from 1980 to 2015 (km2).
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1980

	
2015




	
Arable Land

	
Woodland

	
Grassland

	
Waters

	
Construction Land

	
Unused Land

	
The Area of Transferred Out






	
Arable land

	
1098.51

	
4.38

	
8.19

	
0.94

	
43.19

	
0.00

	
56.71




	
Woodland

	
1.92

	
2433.41

	
30.91

	
1.13

	
12.33

	
0.00

	
46.28




	
Grassland

	
13.68

	
36.20

	
3419.75

	
3.50

	
52.16

	
0.11

	
105.65




	
Waters

	
2.51

	
0.00

	
0.11

	
92.78

	
1.61

	
0.00

	
4.24




	
Construction land

	
4.23

	
0.07

	
0.60

	
0.00

	
54.74

	
0.00

	
4.91




	
Unused land

	
0.00

	
0.81

	
0.00

	
0.00

	
0.00

	
0.78

	
0.81




	
The area of transferred in

	
22.34

	
41.46

	
39.82

	
5.57

	
109.29

	
0.11

	
218.59
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Table 4. Ecosystem service value of different ecosystem service functions in the upstream of Xiong’an New Area from 1980 to 2015 (106 Yuan).
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Ecosystem Service Functions

	
Value




	
1980

	
1990

	
2000

	
2005

	
2010

	
2015






	
Provisioning services

	
Food production

	
623.16

	
623.49

	
623.46

	
620.83

	
613.72

	
611.61




	
Raw material production

	
755.49

	
755.04

	
754.53

	
753.83

	
747.02

	
745.10




	
Water supply

	
540.67

	
538.10

	
536.61

	
524.12

	
538.37

	
539.24




	
Regulating services

	
Gas regulation

	
2378.68

	
2377.33

	
2375.13

	
2373.94

	
2353.82

	
2348.28




	
Climate regulation

	
6222.42

	
6215.80

	
6208.87

	
6208.43

	
6165.48

	
6153.05




	
Purification environment

	
2070.77

	
2067.86

	
2064.98

	
2057.41

	
2052.87

	
2049.77




	
Hydrological regulation

	
6855.20

	
6822.45

	
6803.96

	
6650.11

	
6826.03

	
6836.56




	
Supporting services

	
Soil conservation

	
2956.45

	
2954.99

	
2952.44

	
2950.60

	
2924.68

	
2917.56




	
Maintain nutrient cycle

	
242.05

	
241.94

	
241.77

	
241.56

	
239.32

	
238.70




	
Biodiversity

	
2506.65

	
2504.38

	
2501.33

	
2498.54

	
2483.35

	
2478.55




	
Cultural services

	
Aesthetic landscape

	
1119.48

	
1118.26

	
1116.82

	
1114.42

	
1109.32

	
1107.36




	

	
Total

	
26,271.02

	
26,219.64

	
26,179.91

	
25,993.79

	
26,054.00

	
26,025.78
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