
What’s the relationship between urbanization and
ecosystem services from urban to rural area
Jiansheng Wu  (  wujs@pkusz.edu.cn )

Peking University https://orcid.org/0000-0001-5330-6431
Haishan He 

Peking University
Zhao Feng 

Peking University

Research Article

Keywords: Ecosystem service, Urbanization, Urban space division, Decoupling, Spatial correlation, Curve
�tting

Posted Date: March 1st, 2021

DOI: https://doi.org/10.21203/rs.3.rs-158288/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-158288/v1
mailto:wujs@pkusz.edu.cn
https://orcid.org/0000-0001-5330-6431
https://doi.org/10.21203/rs.3.rs-158288/v1
https://creativecommons.org/licenses/by/4.0/


 

1 

 

What’s the relationship between urbanization and ecosystem services 

from urban to rural area  

 

Jiansheng Wu; Haishan He; Zhao Feng 

1 Jiansheng Wu 

Corresponding author 

Key Laboratory for Urban Habitat Environmental Science and Technology, School of Urban 

Planning and Design, Peking University, Shenzhen 518055, China  

College of Urban and Environmental Sciences, Laboratory for Earth Surface Processes, 

Ministry of Education, Peking University, Beijing 100871, China 

Tel.: +86 0755 26032282 

Email: wujs@pkusz.edu.cn 

2 Haishan He 

Key Laboratory for Urban Habitat Environmental Science and Technology, School of Urban 

Planning and Design, Peking University, Shenzhen 518055, China  

Email: hshe666@pku.edu.cn 

3 Zhao Feng 

Key Laboratory for Urban Habitat Environmental Science and Technology, School of Urban 

Planning and Design, Peking University, Shenzhen 518055, China  



 

2 

 

Email: 1701213438@pku.edu.cn 

 



 

3 

 

What’s the relationship between urbanization and ecosystem services from urban to 
rural area  

WU Jiansheng1,2, HE Haishan2, FENG Zhao 2 

Abstract: Ecosystem services (ESs) are closely bound up with human welfare. To propose regional exploitive 

tactics for the harmonious relationship between urbanization and ecological environment, it is essential to sort 

out the relationship between urbanization and ESs, and to untangle the urban-rural differences of the ecological 

environment effects. Regarding Beijing as an example, this study firstly explored the spatiotemporal 

characteristics of the ESs and the urbanization. Secondly, this study applied the latest methods based on 

nighttime light and K-means algorithm to identify the urban area, urban-rural fringe and rural area in Beijing. 

Then we explored the spatiotemporal interaction characteristics of urbanization on ESs through decoupling 

analysis. Finally, the correlation analysis and curve fitting were used to quantify the correlation between 

urbanization and ESs in urban scale and regional scale. The main conclusions included: (1) ESs declined with 

the increase of urbanization; (2) In cities or regions, coordinated development was the main trend of ESs and 

urbanization; (3) The relationship between changes in ESs and changes in urbanization has regional differences.  

Keywords: Ecosystem service, Urbanization, Urban space division, Decoupling, Spatial correlation, Curve 

fitting 

Introduction 

Humans derive various benefits called ESs from the ecosystem directly or indirectly (Daily, 1997), including the 

material resources and services that human needs, which are closely bound up with human welfare (MEA, 2003). 

These benefits can be quantified by evaluating ESs (Kang et al., 2016; De Groot et al., 2012). However, the 

natural ecosystems have been negatively influenced by the high concentration of population, industries and the 

change of land use patterns, which made the ecosystem service functions decline (Peng et al., 2017). 

With the process of urbanization, a large area of natural landscapes dominated by vegetation has turned into 
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artificial landscapes dominated by buildings (Xian and Grane, 2006; Du et al., 2019), changing the main 

biogeochemical cycles on the surface. Thus, it affects the structure, function and spatial evolution of regional 

ecosystems (Liu et al., 2019), bringing about heat island effects (Mirzaei, 2015), air pollution (Wu et al., 2018), 

soil erosion (Wang et al., 2019), etc. These issues have greatly weakened the regional ESs. Under this 

background, many scholars have been exploring the influence mechanism and rules of urbanization on ESs, 

trying to find the balance between development and environment and maintain the services provided by the 

ecosystem to human beings. 

The current research about how the urbanization affected ESs can be summarized in three aspects. The first 

aspect was about the variation features of the ESs with the urbanization, such as the spatio-temporal 

characteristics of urbanization and ESs in BTH Region (Zhou et al., 2018) as well as the trade-offs and synergy 

between various ESs and urbanization in Nanjing (Li et al., 2016). The second aspect was the quantitative 

relationship between ESs and urbanization, such as the spatial correlation between ESs and urbanization (Yuan et 

al., 2018), correlation analysis between ESs and urbanization (Peng et al., 2020), or a regression model to fit the 

relationship between the two (Peng et al., 2016; Wan et al., 2015). The third aspect was about the influence 

mechanism of urbanization on ESs. It often refers to the impact of land use structure and landscape pattern with 

urbanization on ESs (Song and Deng, 2017; Hou et al., 2020; Chen et al., 2020). Although domestic and foreign 

research has greatly enriched the research system related to ESs and urbanization, there are still some problems 

to solved. First, the relationship between ESs and urbanization is not clear enough. Most studies have shown that 

urbanization had a negative effect on ESs (Zhou et al., 2018), but there is still no unified conclusion about 

whether the relationship is linear or nonlinear (Wan et al., 2015; Song et al., 2015; Wang et al., 2019). Second, 

administrative division was mostly used by scholars, ignoring the urban-rural differences. Along with 

urbanization, cities will gradually spread to the rural-urban fringe, even rural areas, which will affect ESs in 

these areas. For two regions with the same degree of urbanization, the effect of natural environment on the 

carrying capacity for urbanization may be different (Dietz and Rosa, 1994), leading to the unbalanced spatial 

distribution of ESs (Xu et al., 2020). Thus, the impact of urbanization on ESs in urban area differed from that in 

rural area. However, the impact of urbanization on ESs in suburban areas have not been paid great attention to 

(Peng et al., 2016) or have compared the differences of urbanization on ESs between urban and rural areas. 

Therefore, this study took Beijing as study area and took 2000/2005/2010/2015 as time nodes. Through the 



 

5 

 

remote sensing, GIS spatial analysis, ecological assessment models and statistical methods, “ESs - Urbanization 

- Urban Space Division - ESs and Urbanization" was the study clue to identify the spatiotemporal characteristics 

of ESs and urbanization, and to analyze the spatial interaction features and correlations between the two at urban 

scale and regional scale. This study had three specific purposes: (1) to use the K-means algorithm to identify 

Beijing’s urban area, urban-rural fringe and rural area; (2) to clarify the spatio-temporal interaction features 

between urbanization and ESs and grasp the trend of urbanization and ESs; (3) to explore the multi-scale 

relationship between urbanization and ESs. Clarifying the differences of the relationship between the same 

ecosystem service and urbanizations or between ESs and the same urbanization in different urban space 

divisions. This study can not only provide government decision-making suggestions in Beijing, but also provide 

the model for ecologically sustainable development in other similar regions. 

Materials and methods 

Study area 

Beijing (39°28′-41°05′N and 115°25′-117°30′E) is adjacent to the Bohai Bay, lying in the northern part of North 

China Plain (Fig.1). In the end of 2018, the number of permanent residents reached 21.542 million in Beijing, 

with a per capita GDP of 21,200 dollars, which was in line with the developed countries or regions. Since the 

1990s, stage of sub-urbanization was the main process in Beijing, with changes of large-scale land cover. After 

more than 30 years of development, Beijing’s central area has surpassed the two urban greenbelts originally 

designated by the Beijing Municipal Government to avoid unlimited urban expansion. And now it has extended 

to the rural areas surrounding the central areas (Zhang et al., 2014; Zhao, 2013). At the same time, multiple 

satellite towns are formed around the central city and the trend is maintained. At present, it has entered the 

integration process of suburbanization (Peng et al., 2018), which has caused continuous reconstruction of the 

urban spatial pattern. Therefore, Beijing can be regarded as a typical representative of rapid urbanization areas.  
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Fig.1 Study area 

Methodology 

Data sources 

The NPP/VIIRS nighttime light data and the DMSP/OLS nighttime light data were used to differentiate urban 

areas, urban-rural fringes and rural areas. These two types of data are all from National Oceanic and 

Atmospheric Administration (NOAA) National Geophysical Data Center 

(https://www.ngdc.noaa.gov/eog/download.html). Then, Population grid data 

(https://landscan.ornl.gov/landscan-datasets), GDP grid data (http://www.resdc.cn) and urban land data 

(http://www.geosimulation.cn/GlobalUrbanLand.html) were used to represent urbanization of population, GDP 

and land. Finally, land use data (http://www.resdc.cn), annual precipitation data (http://www.resdc.cn), NPP data 

(http://www.resdc.cn), soil data (http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/), 

daily weather data (http://data.cma.cn) were used to calculate the ESs. Among them, the land use data includes 

six primary types of cultivated land, forest land, grassland, water, construction land and unused land. The soil 

data includes the percentage content of clay (Clay), silt (Silt),sand (Sand),organic carbon (C) and soil reference 

depth (mm). The daily meteorological data includes the cumulative precipitation (mm), daily minimum 

https://www.ngdc.noaa.gov/eog/download.html
http://www.geosimulation.cn/GlobalUrbanLand.html
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temperature (°C) and daily maximum temperature (°C) in Beijing. 

Ecosystem service 

The diverse types of ecosystems in Beijing can provide a variety of ESs for humans. At the same time, on 

account of natural and human disturbances, some ecological issues hinder the sustainability of Beijing (Zheng et 

al., 2013). Water resource of per capita in Beijing was only 4.1% of the national average in 2014. Besides, the 

area of soil erosion exceeded 19.5% of the total area in Beijing and the urban heat island effect was obvious. 

Based on this, this study selected three typical ESs, namely water conservation, soil conservation and carbon 

sequestration and oxygen production, which have attracted extensive attention in the research of urban ESs 

(Grafius et al., 2016; Liu et al., 2017). 

（1）Water Conservation 

Water Conservation (WC) refers to the process and ability of ecosystem to retain water in certain time and 

space, whose simulation was in accordance with the principle of water balance (Xu et al., 2019) and calculated 

using Eq. (1): 

         𝑊𝑅 = 𝑃 − 𝑅 − 𝐸𝑇                                  (1) 

where WR refers to WC (mm), P represents the average precipitation (mm), R represents the surface runoff 

(mm) and ET represents the surface evapotranspiration (mm). Among them, surface runoff (R) is the product of 

precipitation and surface runoff coefficient. Combined with literature data, the average runoff coefficients of 

various land use types in Beijing are obtained (Table 1). The actual evapotranspiration (ET) is calculated 

according to the technical guidelines for the delineation of ecological protection red lines: 

        𝐸𝑇 = 𝑃×(1+𝜔×𝐸𝑇0/𝑃)1+𝜔×𝐸𝑇0 𝑃⁄ +𝑃 𝐸𝑇0⁄                                      (2) 

where 𝐸𝑇0 represents the multi-year average potential evapotranspiration, which is calculated based on the 

improved Hargreaves formula (Droogers and Allen, 2002); 𝜔 refers to the land cover influence coefficient in the 

technical guidelines for the delineation of ecological protection red lines. 

Table 1 Average surface runoff coefficient of various land use types in Beijing. 
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Land use types Surface runoff coefficient (%) Source 

Cultivated 

land 

Paddy 0 Xu et al., 2018 

Upland 22.95 Wang, 2011 

Forest land 

Forest land 1.29 Huang, 2012; Lu, 2013; Ye, 2007 

Shrub 4.02 Lu, 2013 

Open forest land 1.29 Huang, 2012; Lu, 2013; Ye, 2007 

Other forest land 9.14 Wang, 2011 

Grassland 9.57 Wang, 2011 

Water 0 Xu et al., 2018 

Construction land 65.00 Wang et al., 2011 

Unutilized land 32.88 Wang, 2011 

（2）Soil Conservation 

Soil Conservation (SC) refers to the difference between the amount of potential soil erosion and the actual 

soil erosion providing there is not vegetation, whose simulation was on the basis of the revised universal soil loss 

equation (RUSLE) and calculated using Eq. (3): 

    𝐴 = 𝑅 × 𝐾 × 𝐿𝑆 × (1 − 𝐶 × 𝑃)                              (3) 

where A represents the annual average SC per unit area (t ha−1year−1); R represents the rainfall erosivity (MJ mm 

ha−1 h−1 year−1), referring to the research of Rejani et al. (2016); K refers to the soil erodibility factor (t ha h ha−1 

MJ−1 mm−1), calculated by the erosion-productivity impact calculator (EPIC) (Williams and Arnold, 1997); LS 

represents the slope length and slope factor, referring to the research of Rejani et al. (2016); C represents the 

coverage and management factor, which is set in accordance with the research of Hamel et al. (2015) and Mu et 

al. (2010); P represents the soil and water conservation measure factor, referring to research of Mu et al. (2010). 

（3） Carbon Sequestration and Oxygen Production 
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Carbon Sequestration and Oxygen Production (CSOP) refers to the ability of green plants to absorb CO2 in 

the air through photosynthesis and convert them into organic matter while releasing O2 (Chen et al., 2020). It can 

not only regulate climate, but also balance the concentration of CO2/O2 in the atmosphere, which has important 

benefits for the ecological environment. The simulation of CSOP is based on net primary productivity (NPP). 

According to the photosynthesis equation, every kilogram of organic matter will absorb 1.63kg of CO2 and 

release 1.2kg of O2. In order to ensure the comparability of CSOP in different years, the amount of CO2 and O2 

will be converted into economic quantities. The cost of afforestation with CO2 and O2 is 260.9 yuan/t and 352.93 

yuan/t respectively (Li & Zhou, 2016; Liu et al., 2013). 

The quantity of urbanization 

Urbanization is the most significant feature in the development of human society, which accompanied by 

economic growth (Wan et al., 2015), population increase (Zhou et al., 2018), urban land expansion (Chen, 2007) 

and life style changes (Bai et al., 2014). Specifically, with the development of economy, urbanization is faster 

and faster. Therefore, economic growth brings about increase of population and expansion of urban land, which 

ultimately improves people's living standards (Peng et al., 2016a). At present, four primary indicators (landscape 

urbanization, population urbanization, economic urbanization, and lifestyle urbanization) and several secondary 

indicators are accepted by many scholars to quantify the level of urbanization (Wan et al., 2015; Zhou et al., 

2018). Combining previous research and taking into account the continuity, consistency and availability of data, 

this study selected population density (person/km2), GDP density (10,000 yuan/km2) and construction land ratio 

(%) to measure Beijing's population, economy, and land urbanization level respectively. 

Urban space recognition based on night lights 

According to Feng et al. (2020), based on night lights and K-means algorithm, Beijing is divided into three parts: 

urban zone, urban fringe zone and rural zone. In order to describe the changes of Beijing's urban space divisions 

from 2000 to 2015, the dynamic changes of the geographic types are summarized into three types, namely the 

urban infilled area (UIA), the urban expansion area (UEA) and rural area (RA). The UIA, UEA and RA 

accounted for 10%, 31% and 59% of Beijing, which shows that urban expansion was obvious from 2000 to 

2015. 
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Fig.2 Partition of Beijing's urbanization process 

Decoupling analysis 

"Decoupling" originated from physics, which means that there is no longer a relationship between two or more 

physical quantities (Peng et al., 2020). It is used to study the decoupling relationship between ecological 

environment and urbanization, which is of great significance for guiding the coordinated development of 

ecological environment and urbanization (Fang, 2018; Vehmas, 2007). This study conducts a decoupling analysis 

of ESs and urbanization from 2000 to 2015 to judge whether the relationship between the ESs and urbanization 

is coordinated. The four important parameter of the decoupling model are as follows: 

∆𝑈 = 𝑈𝑡 − 𝑈𝑡−1                                     (4) 

where ∆𝑈 represents the change of the urbanization index during the period. 𝑈𝑡 and 𝑈𝑡−1 are the urbanization 

indexes at time t and t-1 respectively. 

∆𝐸𝑆 = 𝐸𝑆𝑡 − 𝐸𝑆𝑡−1                                    (5) 

where ∆𝐸𝑆 represents the change of ESs during the period. 𝐸𝑆𝑡 and 𝐸𝑆𝑡−1 are the ESs at time t and t-1 

respectively. 
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𝐶𝑅𝑈 = ∆𝑈𝑡𝑈𝑡−1 , 𝐶𝑅𝐸𝑆 = ∆𝐸𝑆𝑡𝐸𝑆𝑡−1                                (6) 

where 𝐶𝑅𝑈 and 𝐶𝑅𝐸𝑆 represents the change rate of urbanization and ESs respectively during the period. Thus, 

the decoupling index is as follows: 

𝐷 = |𝐶𝑅𝐸𝑆| − |𝐶𝑅𝑈|                                   (7) 

According to the values and relationships of the above parameters, decoupling can be divided into six 

categories, namely strong decoupling (SD), weak decoupling (WD), expansive negative decoupling (ER), and 

strong negative decoupling. (SR), weak negative decoupling (WR), declining decoupling (RD). The specific 

decoupling state is determined in Fig.3. 

 

Fig.3 Schematic diagram of decoupling state judgment parameters 

Results  

The spatio-temporal characteristics of urbanization and ESs 

The spatio-temporal characteristics of urbanization 

From 2000 to 2015, the degree of the population urbanization, economic urbanization and land urbanization 

levels continuously improved. (Fig.4). Population urbanization increased the most from 2010 to 2015, rising 

about 38%. The growth rate of economic urbanization gradually accelerated, while the growth rate of land 
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urbanization gradually slowed down. According to spatial distribution, the three types of urbanization had 

similarities in each year. Population urbanization shows the characteristics of "high in the central city and low on 

the fringe of the city" in each year. In addition, there were differences in the distribution from year to year, which 

was mainly manifested in the range of high-value population density, tending to expend with time gone by. For 

economic urbanization and land urbanization, the spatial distribution of each year has showed the characteristics 

of "high in the south and low in the north, high in the middle and low on all sides". According to the change in 

GDP density, it can be seen that Beijing's GDP density mainly increased slightly and these regions accounted for 

70% of the total area from 2000 to 2015. In addition, comparing the spatial distribution of the proportion of 

construction land in each year, there was no significant expansion in high-value areas of construction land, 

mainly because the proportion of construction land in high-value areas has further increased, especially in the 

areas between the fifth and sixth ring roads. According to the change, the proportion of construction land in 

Beijing mainly changed slightly and the area with slight decrease was wider, mainly in the ecological 

conservation development zone located in the north and west of Beijing. 

 

Fig.4 The spatial distribution of urbanization in population, GDP and land in Beijing from 2000 to 2015 
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The spatio-temporal characteristics of ESs 

There was a significant time-space difference of WC in Beijing, while SC was similar (Fig.5). From 2000 to 

2015, the WC of the ecosystem showed an upward trend, while the SC was stable. In terms of spatial 

distribution, WC showed the characteristics of "high in the west and north, while low in the east and south" in 

each year. That is, the northern and western regions of Beijing had strong WC capacity. For SC, there were two 

high-value regions in the north such as Yanqing, Huairou and in the southwest such as Mentougou, Fangshan. 

According to the changes of WC from 2000 to 2015, there were more areas of increase than areas of decrease in 

Beijing. The areas grew slightly mainly, which accounted for 92.5% of the total area. There were fewer areas 

with slightly decrease, which scattered in northern Beijing. Areas with significant decrease and increase in WC 

were distributed around the periphery of the central city. Among them, the former were concentrated in the east, 

north and the latter were concentrated in the east, west and south.  

 

Fig.5 Spatial distribution of WC and SC in Beijing from 2000 to 2015 

The spatial distribution of CSOP in Beijing was similar in each year (Fig.6). From 2000 to 2010, The CSOP 

decreased after a little increase, but the increase was greater than the decrease. In terms of space, the CSOP 

showed a trend of "high in the north and west, while low in the south and east" each year. According to the 

change value of CSOP from 2000 to 2010, CSOP with slight change was main and the area with slightly increase 

covered a wider range. Specifically, the areas with a slight decrease were distributed around the central city of 

Beijing, showing a circular distribution. The areas with a slight increase were mostly distributed in the north and 

west of Beijing, accounting for 57.3% of the area. The areas with a significant increase were scattered in Beijing, 
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mainly distributed around Miyun Reservoir and at the junction of Miyun and Pinggu. The reason was that the 

peripheral areas were close to the city center, where high intensity land development reduced the vegetation on 

the surface. Thus, CSOP in these areas decreased. 

 

Fig.6 The spatial distribution of the value of CSOP in Beijing from 2000 to 2010 

The characteristics of spatio-temporal interaction between ESs and urbanization 

Analysis on the decoupling of ESs and urbanization at city scale 

The decoupling results of various ESs and urbanizations from 2005 to 2015 are shown in Fig.7. It can be seen 

that the decoupling structure between one type of ecosystem service and different urbanization was similar. 

Among them, the decoupling relationships between WC, CSOP and urbanization were all dominated by SD, 

while the decoupling relationships between SC and urbanizations were dominated by WD, indicating that ESs 

and urbanizations were mostly at the stage of high-quality coordinated development or primary coordinated 

development. The ratio of SD between WC and urbanizations was the largest, followed by CSOP. Therefore, the 

level of coordinated development between WC and urbanization was the highest. However, the decoupling 

relationships between the same urbanization index and different ESs were different. Such a phenomenon 

indicated that the influence of the same urbanization index on the different ESs had a big difference, while the 

effect of different urbanization indexes on the same ESs had a small difference. 
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Fig.7 Structure of decoupling between ESs and urbanization from 2000 to 2015 

Analysis on the decoupling of ESs and urbanization at the urban space divisions scale 

Fig.8 shows the decoupling relationships between various ESs and urbanizations in the three urban space 

divisions. It can be seen that the sensitivity of decoupling relationships between ESs and urbanizations were not 

the same in different urban space divisions. Among them, the decoupling relationships between WC and 

urbanizations were not sensitive to the urban space divisions. The decoupling relationships between SC and 

economic urbanization and land urbanization were more sensitive to the urban space divisions. The decoupling 

relationships between SC and population urbanization as well as between CSOP and urbanizations were very 

sensitive to the urban space divisions. The specific analysis was as follows. 

The decoupling relationships between WC and the three types of urbanization were similar in each urban 

space divisions, with SD accounting for the largest proportion. In addition, the proportion of SD in the 

relationship between WC and economic urbanization gradually decreased from UIA to RA, while gradually 

increasing in the relationship between WC and land urbanization. This showed that the capacity of WC increased 

with the improvement of urbanization, which made regional development more sustainable. The decoupling 

relationships between SC and the three types of urbanization were mainly WD in the UIA and RA, whereas WD 

and SD in the UEA. This showed that the capacity of SC declined with the increase of urbanization, but the 

growth rate of urbanization was faster than the deceleration of ESs. This further indicated that Beijing sought to 

develop at the expense of environment and was in a state of primary coordinated development. However, a 

certain proportion of SD existed in UEA. This was because these areas are close to the city center and human 
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activities were frequent, which led to great change of land use, mostly converted from cultivated land to 

construction land. Although the SC of construction land was weaker than that of cultivated land, land 

management and control measures were implemented during the process. Thus, the amount of soil erosion was 

less than that of cultivated land, which made SC increase in these areas. The decoupling relationships between 

CSOP and the three types of urbanization had obvious differences in different urban space divisions. The WD, 

SR and ER mainly in the UIA indicated that the urbanization and ESs developed in uncoordinated manner 

mainly. SD and WD were dominant in UEA, and WD, SD and ER were dominant in RA. This meant that the 

surrounding areas were close to the city center and undertaken the spillover of urban functions. In recent years, 

the development intensity had increased and the vegetation coverage on the surface had been greatly reduced, 

which reduced the carbon sequestration and oxygen production services in these areas. The CSOP improved in 

the northern and western regions of Beijing, such as Mentougou, Yanqing, Huairou, Miyun and Pinggu, caused 

by their good foundation of the natural environment as well as the protection measures called Guiding Opinions. 

 

Fig.8 The structure of the decoupling state of ESs and urbanization under the urban space divisions 

The relationship between ESs and urbanization 

The spearman correlation of change in ESs and change in urbanization at the city scale and urban space divisions 

scale were showed in Table 2. 85% of the correlation coefficients under the urban space divisions passed the 

significance with a confidence of 99%, which was much higher than the 44% under city scale. In addition, by 

comparing the absolute value of the correlation coefficient between the two variables at the city scale and the 

urban space divisions scale, it was found that the absolute value of the correlation coefficients in different urban 

space divisions increased. It was indicated that the relationship between ecosystem service change and 
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urbanization change under the urban space divisions scale was stronger than that under the city scale, that is, 

there were regional differences in the relationship between ESs change and urbanization change. Therefore, it 

was more suitable to explore the relationship between ecosystem service change and urbanization change under 

urban space divisions. The correlation coefficients between economic urbanization change and SC, CSOP were 

all negative in UIA, UEA and RA, indicating that change in ESs and urbanization were both negatively 

correlated in different urban space divisions. The correlation coefficients between change in economic 

urbanization and WC, or between change in population urbanization and land urbanization and the three types of 

ESs had both positive and negative values in different regions, indicating that in different urban space divisions, 

the correlation between change in ESs and change in urbanization was not consistent. However, no matter in 

which urban space divisions, the correlation between land urbanization and WC changes was stronger than that 

at the city scale. 

Table 2 Spearman correlation coefficients of ESs and urbanization changes. (** means passing the significance test with a 

confidence of 99%, * means passing the significance test with a confidence of 95%.) 

Urbanization Index WC SC CSOP 

Population 

All area -0.135** 0.001 0.058 

UIA -0.302 0.018** -0.060** 

UEA 0.133** -0.057** 0.345** 

RA -0.201 0.011** -0.007** 

Ecology 

All area -0.321** -0.049 -0.475** 

UIA -0.477** -0.012 -0.037** 

UEA -0.322** -0.001** -0.635** 

RA 0.193** -0.030** -0.526** 

Land 

All area -0.043 0.119** 0.054 

UIA -0.114** 0.104** -0.169** 
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UEA -0.102** 0.112** 0.121 

RA 0.128** -0.036** 0.283** 

Table 3 showed the R2 of curve fitting between the change in ESs and the change in urbanization in the 

entire Beijing area, UIA, UEA and RA. 59% of the fitting curve R2 between the change in ESs and change in 

urbanization at the urban space divisions scale was larger than the fitting results at the city scale, indicating that 

the fitting effect of the two variables significantly improved at the urban space divisions scale. That is, the 

relationship between the two existed difference in different urban space divisions. Among them, the fitting curve 

R2 of these four groups (SC and population urbanization, CSOP and population urbanization, SC and economic 

urbanization, SC and land urbanization) were all less than 0.02 and the fitting effects were not good, indicating 

that the relationships between these variables were not clear. In addition, WC and population urbanization, WC 

and economic urbanization, CSOP and land urbanization, whose fitting curve R2 had a small gap in different 

urban space divisions, with the difference between the maximum and minimum of R2 was less than 0.05 and thus 

the advantage of partition fitting was not outstanding. Therefore, the fitting curves of the above seven groups 

would not be analyzed, only discussing the fitting curves between the change in CSOP and change in economic 

urbanization, change in WC and change in land urbanization. 

Table 3 Curve fitting R2 of change in ESs and change in urbanization at the city and urban space divisions scale. 

 All area UIA UEA RA 

Pop_D & WC 0.0165 0.0348 0.0383 0.016 

Pop_D & SC 0.0001 0.0002 0.013 0.0003 

Pop_D & CSOP 0.0037 0.0021 0.0152 0.0033 

GDP_D & WC 0.0233 0.0365 0.0133 0.006 

GDP_D & SC 0.00006 0.000006 0.00005 0.0001 

GDP_D & SCOP 0.2312 0.3508 0.3404 0.1831 

Clp & WC 0.0266 0.0049 0.0787 0.0053 



 

19 

 

Clp &SC 0.0015 0.0044 0.0085 0.003 

Clp &SCOP 0.0119 0.0225 0.0034 0.0072 

The relation curves between CSOP change and economic urbanization change in UIA, UEA and RA were 

all quadratic functions, but the changing trends were different (Fig.9). In the UIA, there was an inverse U-shaped 

curve between the change in CSOP and the change in economic urbanization. When ΔGDP is 7,500, it is the 

inflection point of the curve. Before the inflection point, the change of CSOP increased with the increase of 

economic urbanization change, while the change of CSOP decreased after the inflection point. In the UEA and 

the RA, the relation curve between the change in CSOP and the change in urbanization was similar, all 

decreasing with the increase of different urbanizations change. The difference was the zero threshold for CSOP 

in these two divisions, that is, 58.7 million yuan/km2 in the UEA and 44.4 million yuan/km2 in the RA 

respectively. In other words, the degree of different urbanization in UEA would increase more when the CSOP 

didn’t decrease. In addition, the change in CSOP caused by change in economic urbanization were not the same 

in different divisions. The change in economic urbanization within the UIA corresponded to smaller changes in 

CSOP. This is because the degree of urbanization in UIA was high and the ecosystem service foundation was 

weak. Therefore, more attention was paid to the protection of the ecosystem during economic development, such 

as the construction of road green belts, parks, etc., which weakened the negative effects of urbanization on the 

ecosystem to a certain extent. However, there was more urgent needs for urban expansion in the UEA and RA, 

and thus the lack of reasonable planning for ecological protection in the process of urbanization led to significant 

damage to ESs. 

There is a large gap in the fitting effect of the relation curve between change in WC and change in land 

urbanization in the three urban space divisions. Among them, the fitting R2 in UIA and RA were less than 0.01, 

indicating that the relationship between the variables is not clear. In the UEA, the fitting curve R2 of the change 

in WC and change in land urbanization was 0.0787, which was much higher than the other two divisions, 

suggesting that the curve fitting between the change in WC and the change in land urbanization was disturbed by 

the scattered distribution in UIA and RA. In the UEA, there was an inverse U-shaped relation curve between the 

WC change and the land urbanization change. When Δclp is 0.01, it is the inflection point of the curve. Before 

the inflection point, the WC change increased with the urbanization change increased, while the WC change 
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decreases after the inflection point. It was worth noting that when the increase in the proportion of construction 

land was more than 0.26, the change in WC became negative. 

 

 

Fig.9 The relation curve between the change in CSOP and the change in economic urbanization, the change in WC and land 

urbanization 

Discussion 

The spatio-temporal characteristics of ESs and urbanization indicated that it was meaningful to study the 

relationship between ESs and urbanization with the urban-rural gradient as a critical point. Areas with significant 

change in WC change, SC changes, and CSOP change in Beijing are mainly ring-shaped around the central city, 

further illustrating that ESs will change significantly along the urban-rural gradient. For urbanization, the areas 

where the population density changed significantly from 2000 to 2015 were mainly concentrated in the central 

area, areas with slight increase were concentrated in urban new construction, and areas with slight decreases 

were concentrated in ecological conservation development areas. Besides, the GDP density of 70% areas in 

Beijing increased slightly, and the areas with slight decrease were mainly in Mentougou District and the eastern 

part of Fangshan District. The significantly increased areas covered the capital functional core area, the urban 

functional expansion area, Shunyi District and Daxing District. The proportion of construction land in Beijing 

was mainly reduced slightly, covering most of the Ecological Conservation Development Zone, accounting for 
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79.8% of the area of Beijing. Other types of changes are concentrated in the capital functional core area and 

urban functional expansion area. The evolution features of urbanization showed that the level of urbanization 

was also changing in urban-rural gradient. ESs and urbanization levels show spatial heterogeneity in urban infill 

areas, urban expansion areas and rural areas. Therefore, it is of great significance to study this scientific issue by 

urban space divisions. 

The sensitivity of the decoupling relationships between various ESs and urbanizations were not the same in 

different urban space divisions. The reasons are list as follow. First, because the precipitation in 2015 increased 

compared with that in 2000, the WC improved in most streets. These streets were distributed evenly in various 

urban space divisions, so the decoupling relationships between WC and urbanization appears insensitive to the 

urban space divisions. Second, although human activity interference and land use changes were serious in UEA 

than that in UIA and RA, land management and control measures were implemented in the process. Thus, the 

amount of soil erosion was less than the original, and SC increased instead. This explained that the proportion of 

streets with strong decoupling relationship between SC and urbanization in the urbanization expansion zone was 

much larger than that of the other two divisions. It also explained the proportion of decoupling types in the UEA 

and the non-UEA. Finally, due to the vegetation type and cover rate, the NPP production was obviously different 

in different urban space divisions. Therefore, there were also obvious differences of the decoupling relationships 

between CSOP and urbanization in different divisions. To sum up, the sensitivity of the decoupling relationship 

to divisions lies in the sensitivity of each ecosystem service to land cover. CSOP completely depends on the 

vegetation type, whereas SC is the second most affected by the vegetation type, followed by WC. 

Many scholars have paid attention to the ESs in different urban space divisions. For example, the research 

results of Xu et al. (2020) and Hou et al. (2020) were similar to our study, which showed that ESs gradually 

decreased from urban centers to rural areas. However, few scholars have studied the relationship between ESs 

and urbanization in different urban space divisions, and most of them have analyzed the relationship between 

ESs and urbanization on the city scale. CSOP and economic urbanization were in an inverse U-shaped curve in 

UIA, while there was a negative correlation in UEA and RA. However, the growth rate of CSOP per unit of 

economic urbanization in UEA was larger than that in RA. The reason may be the level of urbanization was high 

in the UIA and the ecosystem service foundation was weak. Therefore, more attention is paid to the protection of 

the ecosystem. More protection measures will be taken during development, such as the construction of road 
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green belts, parks, etc. These measures have weakened the negative effects of urbanization on the ecosystem to a 

certain extent. However, needs for urban expansion in UEA and RA was more urgent. The lack of reasonable 

planning for ecological protection in the process of urbanization has caused significant damage to ESs. The 

relationship between WC and land urbanization changes is most obvious in urban expansion areas, showing an 

inverse U-shaped relationship. The possible reason was that with the help of the relevant land protection policy, 

the increase in the proportion of construction land would not affect the WC of Beijing within a certain threshold, 

but illegal land occupation would occur after a certain threshold, leading to the decline of WC. 

The innovation of this study is to explore the relationships between change in ESs and change in 

urbanization based on the three types of urban space divisions instead of the urban-rural dual structure or city 

scale of the previous study. Through decoupling analysis and curve fitting, the relationship between ESs and 

urbanization can be clear more. However, there are some shortages as follow in this study. First, the types of ESs 

are limited and more types should be included in the study. Based on the actual situation in Beijing, this study 

focused on three typical ESs, namely WC, SC, and CSOP, but lacks important ESs such as food supply and 

cultural services. As a megacity and the capital of five dynasties, the above-mentioned services are all important 

components of Beijing's urban ecosystem and need to be considered in the next step of research. Second, the 

research results will be affected by the granularity of the analysis unit and grid-based correlation analysis can be 

carried out to explore the differences in the relationship between ESs and urbanization based on different 

granularities. Finally, the mechanism of relationships between urbanization and ESs need to be studied. This 

study initially explored the relationship between ESs and urbanization at the city and divisions scales, but the 

internal mechanism of the two needs to be further studied. In the future, combined with the distribution 

characteristics of the data, spatial panel models such as spatial lag models and spatial error models can be used to 

explore the driving factors of urbanization affecting ESs, and to assess the direct and indirect effects of 

independent variables on dependent variables. 

Conclusions and suggestions 

Conclusions 

(1) ESs decline with the increase of urbanization. The level of urbanization continued to improve from 2000 

to 2015, and the ESs, in addition to the relatively stable SC, WC and CSOP increases. In terms of spatial 
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distribution, the urbanization level and ecosystem service capacity show opposite trends from the central city to 

rural area, that is, the urbanization level gradually decreases and the ecosystem service capacity gradually 

increases. 

(2) Coordinated development is the time-space interaction characteristic of ESs and urbanization. In 

Beijing, WC, CSOP, and urbanization are in a state of high-quality coordinated development in Beijing, while 

SC and urbanization are mainly in a primary coordinated development state. Among them, WC and urbanization 

in the urban infill areas and rural areas are high-quality coordinated development, SC, CSOP and urbanization 

are primary coordinated developments; urban expansion areas serve various ecosystems and urbanization are 

high-quality Coordinated development. 

(3) The relationship between changes in ESs and changes in urbanization has regional differences. CSOP 

and economic urbanization are in an inverse U-shaped relationship in UIA, while there is a negative correlation 

in urban expansion areas and rural reserved areas. However, the growth rate of CSOP per unit of economic 

urbanization in urban extension area is higher than that in rural areas. The relationship between WC and land 

urbanization changes is most obvious in urban expansion area, showing an inverse U-shaped relationship. 

Suggestions 

(1) Along with urbanized level enhancement, the increase of the population density in urban expansion area 

is faster than that in urban infilled area and rural area. This is due to the fact that housing prices in urban 

expansion areas are lower than that in core areas. Besides, the infrastructure in urban expansion areas is also 

better than that in rural areas, which is attractive for many people. But it will affect negatively ESs if the 

population exceeds a certain threshold. Therefore, urban New constructions can be built to evacuate the 

population and industries in the central area, and be equipped with necessary facilities. To avoid urbanization at 

the expense of the environment, the environmental protection line should be supported to protect natural 

resources before development. In this way can the urban economy speed the development, but the environment 

is also better and better. Besides, urban with infill expansion instead of blind expansion is preferable. 

(2) The level of urbanization in urban infilled area is high, but the ecosystem service foundation is weak. 

Therefore, more attention should be paid to the protection of the ecosystem and more protection measures should 

be taken, such as the construction of road green belts and parks. These measures have weakened the negative 
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effects of urbanization on the ecosystem to certain extent. Because need for urban expansion in urban expansion 

area and rural area is urgent, there is a lack of reasonable planning for ecological protection in the process of 

urbanization, which leads to significant damage to ESs. Therefore, protection measures should be into 

consideration in these areas to avoid protecting after destroying. 

(3) In order to achieve a coordinated development between CSOP and urbanization, the increase of GDP 

density in urban infilled area needs to be within 7,500 so that CSOP increases with urbanization rising. However, 

the rapid speed of economic urbanization needs to be moderately controlled in urban expansion area and rural 

area and the reserve of CSOP should be protected. WC in urban expansion area is influenced by the glass in 

construction land. The increase of the construction land density in urban expansion area needs to be within the 

range of 0.01 so that the urbanization can be in harmony with carbon and release oxygen production. 

Declarations 

Funding: This study was financially supported by the National Key Research and Development Program of 

China (2019YFB2102000).  

Competing interests: The authors declare no conflicts of interest. 

Availability of data and materials: The datasets used or analyzed during the current study are available from 

the corresponding author on reasonable request. 

Authors' contributions: J.W. is responsible for review & editing, validation. H.H. is responsible for 

conceptualization, methodology, software, writing - original draft, visualization. Z.F. is responsible for 

methodology, investigation, formal analysis, visualization. 

Ethics approval and consent to participate: Not applicable. 

Consent for publication: Not applicable. 

Acknowledgements: The research is sponsored by a grant from the National Key Research and Development 

Program of China (2019YFB2102000). The authors also would like to thank the anonymous reviewers for their 

constructive comments on improving this paper. 

References 



 

25 

 

Bai, X.M., Shi, P.J., Liu, Y.S., 2014. Realizing China's urban dream. Nature 509 (7499), 158–160. 

Chen, J., 2007. Rapid urbanization in China: A real challenge to soil protection and food security. CATENA 

69(1), 0-15. 

Chen, J., Fan, W., Li, D., Liu, X., Song, M., 2020. Driving factors of global carbon footprint pressure: Based on 

vegetation carbon sequestration. Applied Energy 267, 114914. 

Chen, W., Zhao, H., Li, J., Zhu, L., Wang, Z., Zeng, J., 2020. Land use transitions and the associated impacts on 

ESs in the Middle Reaches of the Yangtze River Economic Belt in China based on the geo-informatic Tupu 

method. Science of the Total Environment 701, 134690. 

Dietz, T., & Rosa, E. A., 1994. Rethinking the environmental impacts of population, affluence and technology. 

Human ecology review 1(2), 277-300. 

Droogers, P., & Allen, R. G., 2002. Estimating reference evapotranspiration under inaccurate data conditions. 

Irrigation and drainage systems 16(1), 33-45.  

Du, J., Fu, Q., Fang, S., Wu, J., He, P., Quan, Z., 2019. Effects of rapid urbanization on vegetation cover in the 

metropolises of China over the last four decades. Ecological Indicators 107, 105458. 

Fang, K., Zhang, Q., Yu, H., Wang, Y., Dong, L., Shi, L., 2018. Sustainability of the use of natural capital in a 

city: Measuring the size and depth of urban ecological and water footprints. Science of the Total 

Environment 631, 476-484.  

Feng, Z., Peng, J., Wu, J., 2020. Using DMSP/OLS nighttime light data and K–means method to identify urban–

rural fringe of megacities. Habitat International 103, 102227. 

Grafius, D. R., Corstanje, R., Warren, P. H., Evans, K. L., Hancock, S., Harris, J. A., 2016. The impact of land 

use/land cover scale on modelling urban ESs. Landscape Ecology 31(7), 1509-1522. 

Gretchen C. Daily, 1997. Nature's services: societal dependence on natural ecosystems. Pacific Conservation 

Biology 6(2), 220-221. 

Hamel, P., Chaplin-Kramer, R., Sim, S., Mueller, C., 2015. A new approach to modeling the sediment retention 

service (InVEST 3.0): Case study of the Cape Fear catchment, North Carolina, USA. Science of the Total 

https://www.nature.com/news/society-realizing-china-s-urban-dream-1.15151
https://www.sciencedirect.com/science/article/pii/S0341816206000920
https://www.sciencedirect.com/science/article/pii/S0341816206000920
https://www.sciencedirect.com/science/article/pii/S0306261920304268
https://www.sciencedirect.com/science/article/pii/S0306261920304268
https://www.sciencedirect.com/science/article/pii/S0048969719346819
https://www.sciencedirect.com/science/article/pii/S0048969719346819
https://www.sciencedirect.com/science/article/pii/S0048969719346819
https://www.jstor.org/stable/24706840
https://www.jstor.org/stable/24706840
https://link.springer.com/article/10.1023/A:1015508322413
https://link.springer.com/article/10.1023/A:1015508322413
https://www.sciencedirect.com/science/article/abs/pii/S1470160X19304431
https://www.sciencedirect.com/science/article/abs/pii/S1470160X19304431
https://www.sciencedirect.com/science/article/abs/pii/S0048969718306995
https://www.sciencedirect.com/science/article/abs/pii/S0048969718306995
https://www.sciencedirect.com/science/article/abs/pii/S0048969718306995
https://www.sciencedirect.com/science/article/abs/pii/S0197397519302930
https://www.sciencedirect.com/science/article/abs/pii/S0197397519302930
https://link.springer.com/article/10.1007/s10980-015-0337-7
https://link.springer.com/article/10.1007/s10980-015-0337-7
http://willsull.net/la370/resources/Module-2/Daily.pdf
http://willsull.net/la370/resources/Module-2/Daily.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0048969715004635
https://www.sciencedirect.com/science/article/abs/pii/S0048969715004635


 

26 

 

Environment 524, 166-177. 

Hou, L., Wu, F., & Xie, X., 2020. The spatial characteristics and relationships between landscape pattern and 

ecosystem service value along an urban-rural gradient in Xi’an city, China. Ecological Indicators 108, 

105720. 

Huang, Z., 2012. Study on water cycle and water balance of typical forests in Beijing mountainous area. Beijing 

Forestry University. 

Jie, X., Yu, X., Gaodi, X., 2019. Analysis on the Spatio-Temporal Patterns of Water Conservation Services in 

Beijing. Journal of Resources and Ecology 10(4), 362-372. 

Kang, H., Seely, B., Wang, G., Innes, J., Zheng, D., Chen, P., Wang, T., Li, Q., 2016. Evaluating management 

tradeoffs between economic fiber production and other ESs in a Chinese-fir dominated forest plantation in 

Fujian Province. Science of the Total Environment 557, 80-90. 

Li, J., Zhou, Z.X., 2016. Natural and human impacts on ESs in Guanzhong-Tianshui economic region of China. 

Environmental Science and Pollution Research 23(7), 6803-6815. 

Liu, J., Li, J., Qin, K., Zhou, Z., Yang, X., Li, T., 2017. Changes in land-uses and ESs under multi-scenarios 

simulation. Science of the Total Environment 586, 522-526. 

Liu, X. F., Ren, Z. Y., Lin, Z. H., 2013. Dynamic assessment of the values of CO2 fixation and O2 release in 

Qinghai-Tibet Plateau ecosystem. Geographical Research 32(4), 663-670. 

Liu, W., Zhan, J., Zhao, F., Yan, H., Zhang, F., Wei, X. 2019. Impacts of urbanization-induced land-use changes 

on ESs: A case study of the Pearl River Delta Metropolitan Region, China. Ecological Indicators 98, 228-

238. 

Lv X Z., 2013. Research on the influence of forest vegetation on slope hydrological process in Beijing 

mountainous area. Beijing Forestry University. 

Millennium Ecosystem Assessment. Ecosystem and Human well-being: Current State and Trends. Island Press, 

2003, Washington, DC. 

Mirzaei, P. A., 2015. Recent challenges in modeling of urban heat island. Sustainable Cities and Society 19, 200-

https://www.sciencedirect.com/science/article/abs/pii/S0048969715004635
https://www.sciencedirect.com/science/article/abs/pii/S1470160X19307137
https://www.sciencedirect.com/science/article/abs/pii/S1470160X19307137
https://www.sciencedirect.com/science/article/abs/pii/S1470160X19307137
https://xueshu.baidu.com/usercenter/paper/show?paperid=f9a8e8032f420a5375fee8d51f5968e2&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=f9a8e8032f420a5375fee8d51f5968e2&site=xueshu_se&hitarticle=1
https://bioone.org/journals/Journal-of-Resources-and-Ecology/volume-10/issue-4/j.issn.1674-764x.2019.04.003/Analysis-on-the-Spatio-Temporal-Patterns-of-Water-Conservation-Services/10.5814/j.issn.1674-764x.2019.04.003.short
https://bioone.org/journals/Journal-of-Resources-and-Ecology/volume-10/issue-4/j.issn.1674-764x.2019.04.003/Analysis-on-the-Spatio-Temporal-Patterns-of-Water-Conservation-Services/10.5814/j.issn.1674-764x.2019.04.003.short
https://www.sciencedirect.com/science/article/abs/pii/S0048969716304879
https://www.sciencedirect.com/science/article/abs/pii/S0048969716304879
https://www.sciencedirect.com/science/article/abs/pii/S0048969716304879
file:///C:/Users/Administrator/Downloads/Li-Zhou2016_Article_NaturalAndHumanImpactsOnEcosys.pdf
file:///C:/Users/Administrator/Downloads/Li-Zhou2016_Article_NaturalAndHumanImpactsOnEcosys.pdf
https://www.sciencedirect.com/science/article/pii/S0048969717302462
https://www.sciencedirect.com/science/article/pii/S0048969717302462
https://xueshu.baidu.com/usercenter/paper/show?paperid=34ea12f9ba801b3acce9a5ed4e7b7b1f&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=34ea12f9ba801b3acce9a5ed4e7b7b1f&site=xueshu_se&hitarticle=1
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18308331
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18308331
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18308331
https://xueshu.baidu.com/usercenter/paper/show?paperid=f9a8e8032f420a5375fee8d51f5968e2&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=f9a8e8032f420a5375fee8d51f5968e2&site=xueshu_se&hitarticle=1
http://www.millenniumassessment.org/zh/index.aspx
http://www.millenniumassessment.org/zh/index.aspx
https://www.sciencedirect.com/science/article/pii/S2210670715000414


 

27 

 

206. 

Mu, T., Xie. J., Wu, J., Wang, X., Zheng, M., 2010. Study on the impact of land use on soil erosion in Shenzhen. 

Research of Soil and Water Conservation 17(03), 53-58. 

Peng, J., Liu, Y., Ma, J., Zhao, S., 2018. A new approach for urban-rural fringe identification: Integrating 

impervious surface area and spatial continuous wavelet transform. Landscape and Urban Planning 175, 72-

79. 

Peng, J., Shen, H., Wu, W., Liu, Y., Wang, Y., 2016. Net primary productivity (NPP) dynamics and associated 

urbanization driving forces in metropolitan areas: A case study in Beijing City, China. Landscape Ecology 

31(5), 1077-1092.  

Peng, J., Tian, L., Liu, Y., Zhao, M., Wu, J., 2017. ESs response to urbanization in metropolitan areas: 

Thresholds identification. Science of the Total Environment 607, 706-714. 

Peng, J., Wang, X., Liu, Y., Zhao, Y., Xu, Z., Zhao, M., Qiu, S., Wu, J., 2020. Urbanization impact on the supply-

demand budget of ESs: Decoupling analysis. ESs 44, 101139. 

Peng, J., Zhao, S., Liu, Y., Tian, L., 2016b. Identifying the urban-rural fringe using wavelet transform and kernel 

density estimation: A case study in Beijing City, China. Environmental Modelling & Software 83, 286-302. 

Rejani, R., Rao, K. V., Osman, M., Rao, C. S., Reddy, K. S., Chary, G. R., Samuel, J., 2016. Spatial and temporal 

estimation of soil loss for the sustainable management of a wet semi-arid watershed cluster. Environmental 

monitoring and assessment 188(3), 143. 

Rudolf de Groot, Luke Brander, Sander van der Ploeg, Robert Costanza, Florence Bernard, Leon Braat, Mike 

Christie, Neville Crossman, Andrea Ghermandi, Lars Hein, Salman Hussain, Pushpam Kumar, Alistair 

McVittie, Rosimeiry Portela, Luis C. Rodriguez, Patrick ten Brink, Pieter van Beukering, 2012. Global 

estimates of the value of ecosystems and their services in monetary units. ESs 1(1), 50-61. 

Song, W., Deng, X., 2017. Land-use/land-cover change and ecosystem service provision in China. Science of the 

Total Environment 576, 705-719. 

Song, W., Deng, X., Yuan, Y., Wang, Z., Li, Z., 2015. Impacts of land-use change on valued ecosystem service in 

https://www.sciencedirect.com/science/article/pii/S2210670715000414
https://xueshu.baidu.com/usercenter/paper/show?paperid=34dcb4ca7d5489ffbfe62c3ee38b4055&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=34dcb4ca7d5489ffbfe62c3ee38b4055&site=xueshu_se&hitarticle=1
https://www.sciencedirect.com/science/article/abs/pii/S016920461830077X
https://www.sciencedirect.com/science/article/abs/pii/S016920461830077X
https://www.sciencedirect.com/science/article/abs/pii/S016920461830077X
file:///C:/Users/Administrator/Downloads/Peng2016_Article_NetPrimaryProductivityNPPDynam%20(2).pdf
file:///C:/Users/Administrator/Downloads/Peng2016_Article_NetPrimaryProductivityNPPDynam%20(2).pdf
file:///C:/Users/Administrator/Downloads/Peng2016_Article_NetPrimaryProductivityNPPDynam%20(2).pdf
https://www.sciencedirect.com/science/article/abs/pii/S004896971731639X
https://www.sciencedirect.com/science/article/abs/pii/S004896971731639X
https://www.sciencedirect.com/science/article/abs/pii/S2212041620300814
https://www.sciencedirect.com/science/article/abs/pii/S2212041620300814
https://www.sciencedirect.com/science/article/abs/pii/S1364815216302109
https://www.sciencedirect.com/science/article/abs/pii/S1364815216302109
file:///C:/Users/Administrator/Downloads/Rejani2016_Article_SpatialAndTemporalEstimationOf.pdf
file:///C:/Users/Administrator/Downloads/Rejani2016_Article_SpatialAndTemporalEstimationOf.pdf
file:///C:/Users/Administrator/Downloads/Rejani2016_Article_SpatialAndTemporalEstimationOf.pdf
https://www.sciencedirect.com/science/article/pii/S2212041612000101
https://www.sciencedirect.com/science/article/pii/S2212041612000101
https://www.sciencedirect.com/science/article/abs/pii/S0048969716315248
https://www.sciencedirect.com/science/article/abs/pii/S0048969716315248
https://www.sciencedirect.com/science/article/abs/pii/S0304380015000484


 

28 

 

rapidly urbanized North China Plain. Ecological Modelling 318, 245-253. 

Vehmas, J., Luukkanen, J., Kaivo-Oja, J., 2007. Linking analyses and environmental Kuznets curves for 

aggregated material flows in the EU. Journal of Cleaner Production 15(17), 1662-1673. 

Wang, L. Y., Xiao, Y., Rao, E. M., Jiang, L., Xiao, Y., Ouyang, Z. Y. 2018. An assessment of the impact of 

urbanization on soil erosion in Inner Mongolia. International journal of environmental research and public 

health 15(3), 550. 

Wang, Q., Zhang, X., Wei, M., Zhou, Y., Bai, G., 2011. Research on the Planning and Design Standards of 

Beijing Urban Rainwater Removal System. Water & Wastewater, 47(10), 34-39. 

Wang, S., 2011. Study on characteristics of runoff and sediment yield on slope in Dongtaigou small watershed in 

Huairou, Beijing. Beijing Forestry University. 

Wan, L., Ye, X., Lee, J., Lu, X., Zheng, L., Wu, K., 2015. Effects of urbanization on ecosystem service values in 

a mineral resource-based city. Habitat International 46, 54-63. 

Wu, J., Zheng, H., Zhe, F., Xie, W., Song, J., 2018. Study on the relationship between urbanization and fine 

particulate matter (PM2.5) concentration and its implication in China. Journal of Cleaner Production 182, 

872-882. 

Wang, J., Zhou, W., Pickett, S. T., Yu, W., Li, W., 2019. A multiscale analysis of urbanization effects on ESs 

supply in an urban megaregion. Science of the Total Environment 662, 824-833. 

Xian, G., Crane, M., 2006. An analysis of urban thermal characteristics and associated land cover in Tampa Bay 

and Las Vegas using Landsat satellite data. Remote Sensing of environment 104(2), 147-156. 

Xu, C., Jiang, W., Huang, Q., Wang, Y., 2020. ESs response to rural-urban transitions in coastal and island cities: 

A comparison between Shenzhen and Hong Kong, China. Journal of Cleaner Production 260, 121033. 

Ye B., 2007. Research on transpiration water consumption characteristics and water balance of Populus simonii 

and Robinia pseudoacacia forests in Yanqing, Beijing. Chinese Academy of Forestry. 

Yuan, Y., Wu, S., Yu, Y., Tong, G., Mo, L., Yan, D., Li, F., 2018. Spatiotemporal interaction between ESs and 

urbanization: Case study of Nanjing City, China. Ecological Indicators 95, 917-929. 

https://www.sciencedirect.com/science/article/abs/pii/S0304380015000484
https://www.sciencedirect.com/science/article/abs/pii/S0959652606003179
https://www.sciencedirect.com/science/article/abs/pii/S0959652606003179
https://www.mdpi.com/1660-4601/15/3/550
https://www.mdpi.com/1660-4601/15/3/550
https://www.mdpi.com/1660-4601/15/3/550
https://xueshu.baidu.com/usercenter/paper/show?paperid=a5e295952230baccd6c9064fbaa0db95&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=a5e295952230baccd6c9064fbaa0db95&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=8fe9250a82a195a3d2868fc2f77baa9b&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=8fe9250a82a195a3d2868fc2f77baa9b&site=xueshu_se&hitarticle=1
https://www.sciencedirect.com/science/article/abs/pii/S0197397514001581
https://www.sciencedirect.com/science/article/abs/pii/S0197397514001581
https://www.sciencedirect.com/science/article/abs/pii/S0959652618303664
https://www.sciencedirect.com/science/article/abs/pii/S0959652618303664
https://www.sciencedirect.com/science/article/abs/pii/S0959652618303664
https://www.sciencedirect.com/science/article/abs/pii/S0048969719302542
https://www.sciencedirect.com/science/article/abs/pii/S0048969719302542
https://www.sciencedirect.com/science/article/abs/pii/S0034425706001799
https://www.sciencedirect.com/science/article/abs/pii/S0034425706001799
https://www.sciencedirect.com/science/article/abs/pii/S0959652620310805
https://www.sciencedirect.com/science/article/abs/pii/S0959652620310805
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18305892
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18305892


 

29 

 

Zheng, H., Robinson, B. E., Liang, Y. C., Polasky, S., Ma, D. C., Wang, F. C., Ruckelshaus, M., Ouyang, Z., 

Daily, G. C., 2013. Benefits, costs, and livelihood implications of a regional payment for ecosystem service 

program. Proceedings of the National Academy of Sciences 110(41), 16681-16686. 

Zhang, M., Meng, X., Wang, L., Xu, T., 2014. Transit development shaping urbanization: Evidence from the 

housing market in Beijing. Habitat International 44, 545-554.  

Zhao, P., 2013. Too complex to be managed? New trends in peri-urbanisation and its planning in Beijing. Cities 

30, 68-76. 

Zhou, D., Tian, Y., Jiang, G., 2018. Spatio-temporal investigation of the interactive relationship between 

urbanization and ESs: Case study of the Jingjinji urban agglomeration, China. Ecological Indicators 95, 

152-164. 

https://www.pnas.org/content/110/41/16681.short
https://www.pnas.org/content/110/41/16681.short
https://www.sciencedirect.com/science/article/abs/pii/S0197397514001507
https://www.sciencedirect.com/science/article/abs/pii/S0197397514001507
https://www.sciencedirect.com/science/article/abs/pii/S0264275111001685
https://www.sciencedirect.com/science/article/abs/pii/S0264275111001685
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18305296
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18305296
https://www.sciencedirect.com/science/article/abs/pii/S1470160X18305296


Figures

Figure 1

Study area. Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal



status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.

Figure 2

Partition of Beijing's urbanization process. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research



Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 3

Schematic diagram of decoupling state judgment parameters



Figure 4

The spatial distribution of urbanization in population, GDP and land in Beijing from 2000 to 2015. Note:
The designations employed and the presentation of the material on this map do not imply the expression
of any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 5

Spatial distribution of WC and SC in Beijing from 2000 to 2015. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 6

The spatial distribution of the value of CSOP in Beijing from 2000 to 2010. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 7

Structure of decoupling between ESs and urbanization from 2000 to 2015

Figure 8

The structure of the decoupling state of ESs and urbanization under the urban space divisions



Figure 9

The relation curve between the change in CSOP and the change in economic urbanization, the change in
WC and land urbanization


