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The rapid and large-scale urbanization leads to drastic land-use conversion and impacts on ecosystem services.
The relationship between urbanization and ecosystem services not only depends on the characteristics of the
study area, but is closely related to the selected ecosystem services types and the indicators to measure urbani-
zation level. Exploring the relationship in specific study area is necessary to support regional planning for sustain-
ability. In this study, we analyzed the impacts of urbanization on ecosystem services from 2000 to 2010 in the
Beijing-Tianjin-Hebei (BTH) urbanmegaregion in China.Wequantified four critical ecosystem services, food pro-
duction, carbon sequestration and oxygen production, water conservation, and soil retention, and identified the
hotspots of ecosystem service provision. Wemeasured the urbanization level from three aspects, namely, popu-
lation growth, economic development and developed land expansion. The impacts of urbanization on the se-
lected ecosystem services were examined at the hotspots scale and urban megaregion scale. We found both
ecosystem services and urbanization level in the BTH region increased. There was an obvious spatial heterogene-
ity in the hotspots of ecosystem services, showing hotspots of food production aggregately distributed in the
southern plain while hotspots of regulating services mainly located in the north mountainous areas with dense
forest. The relationship between population growth, economic development and food production were repre-
sented by an inverse U-shaped curve, while it displayed a decreasing trend with regulating services. Both food
production and regulating services decreased dramaticallywith urban land expansion. Additionally, the relation-
ships between urbanization and ecosystem services were consistent across scales. Effective measures should be
implemented for the hotspots of different types of ecosystem services to mitigate the loss of ecosystem services
during rapid urbanization. The results can provide insights for enhancing urban sustainability in the BTH region,
as well other urban megaregion with similar characteristics throughout the world.
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1. Introduction

Thepast decades havewitnessed rapid urbanization in China,with the
proportion of urban population increasing from 11.8% in 1950 to 54.8% in
2014 (Ye et al., 2018). The urban land also experienced rapid and contin-
uous expansion. The national urbanization level which measured by the
proportion of urban population is projected to reach approximately 60%
in 2020 (Yang and Shi, 2017). Urbanization makes a significant contribu-
tion to social improvement and economic development, while simulta-
neously posing a grave threat to the health of non-urban ecosystems.
During the process of urbanization, forest, pastoral, and agricultural eco-
systems have been converted into human-dominated ecosystems at an
unprecedented scale and pace. This process inevitably disturbs the struc-
ture and function of the antecedent ecosystems, resulting in the loss of
ecosystem services (Alberti, 2010; J. Liu et al., 2017). It is widely assumed
that urbanization will continue, which puts increasing pressure on eco-
systems. Urban sustainability has become one of themost pressing issues
facing humanity today (Grimm et al., 2008). Understanding the relation-
ship between urbanization and ecosystem services is critically important
for providing informative suggestions for urban planning to achieve
urban sustainability (Zhou et al., 2017).

Considerable research has demonstrated the urbanization is one of
the main driving forces for the change of ecosystem services (García-
Nieto et al., 2018; B. Li et al., 2016; Zhou et al., 2018). However, the ef-
fects of urbanization on ecosystem services are not consistent among
different studies, and in some cases, research results are contradictory.
For example, a number of studies have revealed ecosystem services
were negatively correlated with urbanization (Faulkner, 2004; Su
et al., 2014; Zhang et al., 2017). The main reason is that the increasing
natural and semi-natural ecosystems transform to impervious surface
during rapid urbanization, which causes a drastic decrease of the eco-
system services supply. However, some studies have found the opposite
results - ecosystem services would increase during the urbanization
process. For instance, Buyantuyev andWu (2009) found that urbaniza-
tion boosted productivity of plant communities and improved net pri-
mary productivity of ecosystem in the Phoenix metropolitan region of
USA. Zhou et al. (2018) demonstrated that the value of ecosystem ser-
vices increased in the Beijing-Tianjin-Hebei region with the rapid ur-
banization during the period 1996–2014. In addition, previous
research demonstrated that a non-linear relationship, represented by
an “inverse U” shape, between urbanization and ecosystem services
may occur, as suggested by several studies (Li et al., 2010; Wan et al.,
2015). That is, ecosystem services increase first at the earlier stage of ur-
banization, but after reaching a certain threshold value, it starts to de-
cline. The main reason for these variability can be summarized as two
aspects. First, multiple land use changes occur during rapid urbaniza-
tion, the increases in forest, grassland and waters in non-urban areas
may offset the decrease in ecosystem services caused by urban expan-
sion (Zhou et al., 2018). Second, the relationship between urbanization
and ecosystem services is highly dependent on the environmental con-
text of study area. For example, a desert city, Phoenix, is intensely irri-
gated in the process of urbanization, thus greatly improved the
productivity and biodiversity of the plant communities. To sum up,
the relationship between ecosystem services and urbanization is com-
plex. Extending the obtained results to other study area might lead to
erroneous conclusions (Kindu et al., 2016). It is necessary to detect the
relationship between ecosystem services and urbanization in specific
research area in order to provide scientific basis for making reasonable
urban planning and ecosystem management measures.

Additionally, the relationship between urbanization and ecosystem
services varies by both the types of ecosystem services and the selected
indicators that used to measure urbanization level. There was no unan-
imous variation in the different ecosystem services types. For example,
when investigating the relationship between ecosystem services and
urbanization in the Guangzhou-Foshan Metropolitan Area, China, Ye
et al. (2018) found gas regulation, soil formation and retention, and
climate regulation occurred substantial decline, but thewaste treatment
and recreation and culture services increased. Furthermore, the rela-
tionship between ecosystem services and urbanization may also vary
when using different indicators to measure urbanization levels. For ex-
ample, some research suggested an “inverse U” shape relationship be-
tween ecosystem services and urbanization when the degree of
urbanization was measured by population and economy (Wan et al.,
2015). However, a negative relationship was found when the degree
of urbanization was measured by developed land (e.g., Hu et al., 2015;
Peng et al., 2017b). Therefore, fully understanding the relationship be-
tween multiple ecosystem services and different component of urbani-
zation is of great significance for minimizing the negative impact of
urbanization on ecosystems and realizing urban sustainability.

Megaregions are now andwill continue to be a prominent form of ur-
banization in China (Yu and Zhou, 2018; Li et al., 2019). More and more
megaregions are emerging in recent decades, such as the Beijing-
Tianjin-Hebei region, the Yangtze River Delta, and the Pearl River Delta.
Although rapid and large-scale urbanization brings huge economic
growth, the ecosystems of urban megaregions have experienced serious
degradation (Cai et al., 2017), which not only poses threats to the regional
ecological security, but also restrains the future economic development.
Furthermore, the demand for valuable natural resources and excellent liv-
ing environment are growing rapidly as large numbers of people congre-
gate in the urban megaregion. Investigation the impacts of urbanization
on ecosystem services in the urban megaregions have great significance
for achieving the double-win situation for both economic development
and environmental protection. A large number of studies have been con-
ducted to investigate the impacts of urbanization and ecosystem services
in the urbanmegaregion (Li et al., 2010; Zhang et al., 2017), butmost have
concentrated on analyzing the change of ecosystem services caused by
urban land expansion at the whole urban megaregion (Sun et al., 2018;
Ye et al., 2018). Few studies, however, have examined thehotspots of eco-
system services provision and the relations with urbanization. These
hotspots are locations where the key ecosystem services are provided
and thus contribute a disproportionate importance of ecosystem services
provision to the region (Ouyang et al., 2016). If the hotspots of ecosystem
services provision were overly developed, the ecosystems will be de-
graded, which is not conducive to the coordinated development of the
urban megaregion. Hence, it is necessary to investigate the relationship
between urbanization and ecosystem services in the hotspots, in addition
to the whole urban megaregion.

Based on the above review of the literature, this studywas designed to
explore the impact of urbanization on ecosystem services in the Beijing-
Tianjin-Hebei region (BTH), China. The study had three components.
First, four types of ecosystem services, including food production, carbon
sequestration and oxygen production, water conservation, and soil reten-
tion, were selected to quantitatively assess ecosystem services and their
change from 2000 to 2010. Second, the spatiotemporal patterns of change
in urbanization were quantified using the three aspects of population
growth, economic productivity, and land conversion. Finally,we identified
the hotspots of each type of ecosystem services and explored the relation-
ship betweenurbanization and ecosystemservices in the hotspots and the
whole urbanmegaregion. Our results are expected to provide quantitative
information for realizing coordinated development of economy and envi-
ronment and enhancing urban sustainability in the BTH region and other
urban megaregion with similar characteristics throughout the world.

2. Material and methods

2.1. Study area and data sources

The BTH region lies between 36.07°N–42.65°N and 113.46°E–
119.79°E in North China. It includes two municipalities that are directly
under the control of the national government, Beijing city and Tianjin
city, and another 11 municipalities in Hebei Province (Fig. 1). There
are 202 counties in the BTH region, the number in Beijing city and



Fig. 1. Location of the study area and the land use/land cover (LULC) in 2010.
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Tianjin city is 16, respectively, and the remaining 170 belong to Hebei
province. The area of the BTH region is 216,500 km2, accounting for
2.2% of the total area of China (D. Li et al., 2017). The study area has a
typical temperate continental monsoon climate, with the annual aver-
age temperature of 3 °C–15 °C and annual average rainfall of
304–750mm (Xie et al., 2016). The elevation decreases from the north-
west to the southeast, ranging from2836m to−52m. The BTH region is
the center of national politics, economy, culture, and technology (Zhang
et al., 2016). The total populationwas 111.42million and the population
density reached 515.8 person/km2 at the end of 2015. The study area is
considered as the largest economic hub in North China, with a gross do-
mestic product (GDP) exceeding 6935.89 billion Yuan (or, approxi-
mately 1100 billion dollars) in 2015.

Spatial data and statistical data were used in this study to analyze
the link between urbanization and ecosystem services. The Shuttle
Radar Topography Mission (SRTM) digital elevation model (DEM)
with spatial resolution of 90 m was obtained from the Geospatial Data
Cloud site, Computer Network Information Center, Chinese Academy
of Sciences (http://www.gscloud.cn). The precipitation, temperature,
and other meteorological data were obtained from the Chinese meteo-
rological data network (http://data.cma.cn/). The spatial meteorological
data were interpolated using the inverse distance weighted method.
The soil data were obtained from harmonized world soil database sup-
plied by the International Institute for Applied Systems Analysis and the
Food and Agriculture Organization (http://webarchive.iiasa.ac.at/
Research/LUC/External-World-soil-database). The net primary produc-
tivity (NPP) data from the MOD17A3 dataset were supplied by NASA-
USGA (https://lpdaac.usgs.gov/). The land cover data were interpreted
based on Landsat TM and ETM data with 30 m resolution using an ap-
proach that integrates object-based classification and a backdating
method (Yu et al., 2016). The landscape was classified into 6 categories,
namely forest, grass, water, farmland, developed land, and barren land.
The population andGDPdata at a spatial resolution of 1 km×1 kmwere
provided by the Data Center for Resources and Environmental Sciences,
Chinese Academy of Sciences (RESDC) (http://www.resdc.cn). The sta-
tistical data, such as grain output and other production supply, were
obtained from Beijing Statistical Yearbook, Tianjin Statistical Yearbook
and Hebei Statistical Yearbook.

2.2. Quantifying ecosystem services

2.2.1. Food production (FP)
Food production is crucial for food security and regional sustainable

development (B. Li et al., 2016).We calculated the crop production pro-
vided by farmland and assigned the results to raster data at a spatial res-
olution of 1 km × 1 km. According to related studies (Xie et al., 2018;
Zhang et al., 2017), we selected grain, oil crops and vegetables to assess
the food production as provisioning services. The production data were
derived from Statistical Yearbooks of Beijing, Tianjin and Hebei Prov-
ince. The equation for food production is as follows:

Px ¼
XC

c¼1

A� P ð1Þ

where Px is the total food production for pixel x, the size of the pixel is
1 km × 1 km. A refers to the area of cropland in pixel x. P represents
the average yield of the selected grain, oil crops and vegetables per
unit area.

2.2.2. Carbon sequestration and oxygen production (CSOP)
We calculated the amount of carbon sequestration and oxygen pro-

duction with NPP data based on the principle of photosynthesis, in
which the production of 1 kg of drymatter can fix 1.63 kg of CO2 and re-
lease 1.2 kg of O2 (Li and Zhou, 2016).

Cx ¼ 1:63� NPPx þ 1:2� NPPx ð2Þ

where Cx represents the amount of carbon sequestration and oxygen
production for pixel x, NPPx is the amount of NPP for pixel x.

http://www.gscloud.cn
http://data.cma.cn
http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database
http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database
https://lpdaac.usgs.gov/
http://www.resdc.cn
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2.2.3. Water conservation (WC)
Water conservation refers to the capacity of ecosystems to hold part

of water input from precipitationwithin a certain period. The amount of
water conservation for each pixel on the landscape was obtained by the
equation described as follows, the required runoff coefficient values
were derived from Ouyang et al. (2016).

WC ¼
Xj

i¼1

Pi−Ri−ETið Þ � Ai ð3Þ

Ri ¼ Pi � a ð4Þ

whereWC is the total amount of water conservation, Pi is the precipita-
tion, Ri is the storm runoff, ETi is evapotranspiration, Ai is the area of the
ecosystems as defined by land cover types, and a is the runoff coeffi-
cient, i is the index for each ecosystem, and j is total number of ecosys-
tems within the pixel.

2.2.4. Soil retention (SR)
Soil erosion reduces the soil fertility and increases the frequency of

flood disaster, which has been considered to be an important ecological
problem in the BTH region. The soil retention service was quantified
using the universal soil loss equation (USLE) implemented in the sedi-
mentation module of InVEST model. The annual soil loss of different
land use types for each pixelwas computed as follows (Sun et al., 2018):

USLEx ¼ Rx∙Kx∙LSx∙Cx∙Px ð5Þ

where Rx is the rainfall erosivity for pixel x,Kx is the soil erodibility factor
for pixel x, LSx is the slope length-gradient factor, Cx is the cropmanage-
ment factor for pixel x and Px is the support practice factor for pixel x.
Crop management and support practice factors for each land use type
were modified according to Li (2014) and Wu et al. (2013).

2.3. Mapping urbanization levels

Population growth, economic development, developed land expan-
sion, and other social-economic indicators were widely applied to mea-
sure urbanization levels (Su et al., 2012). In this study, we characterized
the urbanization levels of the BTH region from three aspects: population
growth, economic productivity, and land conversion. The population
density (person/km2) was used to reflect population urbanization,
Gross Domestic Product (GDP) density (104 yuan/km2) was applied to
describe economic urbanization, and the proportion of construction
land in a specific grid (1 km2) was used to represent land conversion
(Peng et al., 2017b).

2.4. Hotspot analysis of the selected ecosystem services

Hotspot analysis is a specific spatial analysis technique that has been
used for identifying areas where high values for a variable of interest
occur. It has been widely applied to identify priority areas for both bio-
diversity and ecosystem services conservation (Y. Li et al., 2017;
Schröter et al., 2017; Timilsina et al., 2013). We used Gi⁎ statistics, a
tool integrated in ArcGIS 10.3, to identify the locations which can pro-
vide large amounts of ecosystem service. The detailed steps to obtain
the distribution of hotspots for ecosystem services are as follows. First,
zonal statistics were used to calculate the sum of each selected ecosys-
tem service type for every county in the BTH region. Then we used the
Hotspot Analysis (Getis-Ord Gi*) tool to identify the hotspots of ecosys-
tem service provision.

2.5. Analyzing the relationship between ecosystem services and urbanization

The relationship between ecosystem services and urbanization is
complex, and linearity, “inverted U” shape, “S” shape and other non-
linear relationship may occur. We applied curve estimation to identify
the relationship between ecosystem services and urbanization. Curve
estimation in SPSS 13.0 for windows, was used to analyze the relation-
ship between ecosystem services and the three components of urbani-
zation: population density, GDP density, and the proportion of the
developed land. The relationship between ecosystem services and ur-
banization were explored in the specific hotspots and throughout the
whole urban megaregion. The basic unit for curve estimation was the
county. Due to the different size and unit for the indicators of population
density and GDP density, the raw value of these two indicators were log
transformed before conducting curve estimation.

3. Results

3.1. Spatial pattern of ecosystem services in the BTH region

The spatial pattern of the four selected ecosystem services exhibited
clear heterogeneity, and the ecosystem services had great change dur-
ing 2000 to 2010 (Fig. 2). Food production increased remarkably, with
an average food production of 152.29 t/km2 in 2000, increasing to
196.06 t/km2 in 2010. The high-yield area was located on the plains in
the south of the BTH region, such as the western part of the Shijia-
zhuang, Baoding, Xingtai and Handan, while the low-yield region
mainly distributed in Zhangjiakou and Chengde in the north of the
study area. Although the highest value of COSP were lower in 2010,
the COSP service improved between 2000 and 2010, the average values
were 3820.88 t/km2 and 4027.94 t/km2, respectively. The values of COSP
service were higher in the central parts of the study area that was cov-
ered by forest and farmland, while the values were lower in the eastern
part of Zhangjiakou and the coastal areas in Tianjin, Tangshan, Langfang
and Cangzhou. The average amount of water conservation increased
greatly during 2000–2010. The areas that had higher water conserva-
tion values were located in the north of the BTH region. The soil erosion
situation of the study area has greatly improved; the average value of
soil retention increased from 959.39 t/km2 to 1347.34 t/km2. The
high-value regions of soil retention were located in the mountainous
area that were covered with dense forest.

3.2. Spatial pattern of urbanization level in the BTH region

The urbanization levels of the BTH region in 2000 and 2010 are
shown in Fig. 3. The results indicated that the population density and
GDP density of each city in the BTH region have greatly increased, the
area of developed land has been expanding constantly during
2000–2010. The spatial pattern of population growth, economic pro-
ductivity, and land expansion is similar, with great variations among
different cities. The areas with higher urbanization levels were located
in the already existing urban districts of the 13 cities in the BTH region,
especially the 2 megacities, Beijing and Tianjin. While the areas in
Chengde and Zhangjiakou presented the lowest levels of urbanization.
The results of population urbanization suggested that the population
density were the highest in Beijing, and the average values were 658
person/km2 and 1195.6 person/km2 in 2000 and 2010, respectively.
The level of economic urbanization was the highest in Tianjin, and the
average values of the GDP density increased from 1409.77 yuan/km2

to 4105.06 yuan/km2 during the study period. The developed land expe-
rienced rapid expansion in 2000–2010, for example the proportion in
Tianjin was 15.54% in 2000, while the value reached 23.16% in 2010.

3.3. Identifying hotspots of ecosystem services in 2000 and 2010

The hotspots with different confidence levels of the selected ecosys-
tem services in 2000 and 2010 were shown in Fig. 4. It is generally rec-
ognized that P b 0.05 (i.e., 95% confidence level) is defined as statistically
significant (Y. Li et al., 2017). Thus we focused on hotspots with confi-
dence levels above 95% in this study, which were considered as the



Fig. 2. Spatial patterns of ecosystem services in 2000 and 2010 (FP - food production; COSP‑carbon sequestration and oxygen production; WC-water conservation; SR-soil retention).
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key areas for ecosystem services provision. The hotspots were aggre-
gated in space, but the spatial patterns of hotspots of different ecosys-
tem services were distinct. The hotspots of food production were
located on the plain in the southern and eastern part of the study area,
including many counties in Hengshui, Cangzhou, Xingtai, Shijiazhuang
and Tangshan. The spatial distributions of the hotspots of COSP, WC,
Fig. 3. Spatial patterns of urbanization levels in 2000 and 2010 (Pop_D - population density; G
exchange rate of 1.00 USD = 6.75 Yuan as of January 2019).
and SR were similar, which were situated in the northern BTH region,
including Chengde, the east part of Zhangjiakou and the northern part
in Beijing. The spatial pattern of hotspots did not changed significantly
during 2000–2010. We also found that the areas with higher levels of
urbanization, such as the two megacities of Beijing and Tianjin, have
fewer hotspots of ecosystem service provision.
DP_D - GDP density; DLP-developed land proportion; Yuan is the Chinese currency, at an



Fig. 4. Hotspots of ecosystem services with different confidence levels in 2000 and 2010.
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3.4. The relationship between urbanization and ecosystem services in the
BTH region

The relationships between urbanization and ecosystem services in
the hotspots and the whole BTH region were explored in this study.
The spatial pattern of COSP, WC, and SR in hotspots were similar
(Fig. 4); thus we considered the sum of COSP, WC, and SR as regulating
service and identified the shared hotspots for these services, then ana-
lyzed the correlation between ecosystem services and urbanization
over the period of 2000–2010.

3.4.1. The relationship between urbanization and ecosystem services in the
hotspots

There was an “inverse U” shape relationship between food produc-
tion and the urban parameters of population density and GDP density
(Fig. 5). The increase of population density and economic development
intensity had a positive impact on food production in areas with low
levels of urbanization, which indicated that ecosystems have sufficient
capacity to resist the negative effect of urbanization. After a certain
level of growth, food production decreased significantly with increasing
population density and GDP density. Whereas, there was an obvious
negative relationship between developed land proportion and food pro-
duction, food production consistently decreased significantly with the
increase of urbanization level. The main reason was that the expansion
of the developed land often takes place at the expense of farmland,
resulting in a decrease in food production. For regulating services, the
ecosystem services drastically declined with an increase of population
density, GDP density and developed land.

3.4.2. The relationship between urbanization and ecosystem services in the
BTH region

The characteristic of the relationship between urbanization and eco-
system services in the whole BTH region was similar to that in the
hotspots (Fig. 6). There was an “inverse U” shape relationship between
food production and population density and GDP density in 2000 and
2010. In terms of the parameter of population density, when the value
reached 444.79 person/km2 in 2000, food production decreased
significantly with an increase of population, while the threshold value
declined to 345.31 person/km2 in 2010. The main reason is that the
growing population puts great pressure on ecosystem, and the carrying
capacity of the ecosystem reduced. For the indicators that were used to
measure economic productivity, the maximum value of GDP density
that caused a reduction in food production increased during the study
period. The threshold value was 2.5 million yuan/km2 in 2000, and it
reached 5.97 million yuan/km2 in 2010.

The food production was negatively correlated with land urbaniza-
tion. The regions with higher levels of urbanization were located in
the center of the cities, where the area of farmland was relatively
small, so the crop yield was low. In view of regulating services, there
was a prominent negative relationship between ecosystem services
and urbanization. The main reason was that the regulating services is
mainly provided by forest ecosystems. Rapid urbanization leaded to a
significant reduction in forest ecosystems, thus decreasing the supply
of ecosystem service.

4. Discussion

4.1. The relationship between urbanization and ecosystem services

The relationship between urbanization and ecosystem services has
received widespread attention in recent years (Cao et al., 2017; Jiang
et al., 2017), butwith inconsistent results fromprevious studies. Overall,
ecosystem services in the BTH urbanmegaregion had a trend of growth,
even though the region experienced rapid and intense urbanization
from 2000 to 2010. Such improvement in ecosystem services was con-
sistent with that from the China Ecosystem Assessment at the national
scale (Ouyang et al., 2016), and from other studies (Viña et al., 2016).
Such improvement, similar to that at the national scale, may be mainly
attributed to China's national conservation policies started in 2000,
which have effectively alleviated the ecological deterioration (Ouyang
et al., 2016). Under the effect of ecological conservation policies, the
area of forest in the study area increased from 70,309.44 km2 to
71,603.64 km2 over the past decade, which greatly improved the regu-
lating services. Large areas of farmland have been occupied along with



Fig. 5. Relationship between ecosystem services and urbanization in hotspots.

830 J. Wang et al. / Science of the Total Environment 662 (2019) 824–833
urban expansion. As shown in Table S1 in the Appendix, 3108.47 km2 of
farmland has been converted to developed land from 2000 to 2010.
However, the agriculture yield remarkably increased, with the average
food production of the BTH region increasing from 152.29 t/km2 to
196.06 t/km2, which was largely attributed to the technology improve-
ment and industrial structure upgrade in agriculture sectors.When con-
sidering different types of ecosystem services, and their relationships
with levels of urbanization measured by different indicators, the im-
pacts of urbanization and ecosystems services may vary. For example,
the provisioning services had an “inverse U” shape relationship with
economic dimensions of urbanization, but had a significantly negative
linear one with urban expansion. This is likely because the impact of
population growth and economic development on the ecosystem is
reflected by developed land expansion (Peng et al., 2017b). At the
early stage of urbanization, the negative impact of developed land ex-
pansion on ecosystem is insignificant, where ecosystem can resist the
interference of human activities. But with continuous urban expansion
and economic development, increased yield per unit area was not
enough to compensate the loss caused by conversion of arable land to
developed land. In contrast to provisioning services, regulating services
were negatively correlated with all the three urbanization indicators.
Expansion of developed land can directly drive the decline of
ecosystem's regulating services, which also can be indirectly reflected
by population growth and economic development (Peng et al.,



Fig. 6. Relationship between ecosystem services and urbanization in the BTH region.
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2017b). For example, conversion of forested land to developed land
would inevitably reduce the supply of regulating services provided by
forest ecosystems.

In the future,many effectivemeasures should be implemented to re-
alize the harmonious development of urbanization and ecological envi-
ronment. For the hotspots of provisioning services that are located in
the middle and south of the study area, agricultural infrastructure
should be upgraded in order to increase crop production (Peng et al.,
2017a). In addition, we need to strictly observe the red line for
protecting farmland and control the expansion of developed land. For
the hotspots of regulating services that are situated in the north of the
study area, ecological conservation policy should continue to be imple-
mented, including a strengthening of forest ecosystem protection.
Furthermore, the population density and economic development scale
should be controlled to realize the coordinated development of urbani-
zation and ecological environment.

4.2. The implication of hotspots analysis

In addition to the commonly conducted analysis at the city or
megaregion scale, we also analyzed the relationship between urbaniza-
tion and ecosystem services for the hotspots. Increasing interest has
been focused on mapping and specifically identifying the hotspots of
ecosystem services in recent years. A large number of relevant research
has been performed by using hotspots analysis to identify the critical
areas of ecosystem services supply (e.g., G. Li et al., 2016; Timilsina
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et al., 2013). Although numerous studies have emphasized the necessity
to incorporate the concept of ecosystem services into landscape plan-
ning and ecosystemmanagement, practical applications are still largely
lacking (Daily et al., 2009; Groot et al., 2010). Identifying the hotspots of
the different types of ecosystem services alone can provide insights for
decision makers to more effectively determine the protection priority
areas. Our results showed that the hotspots of regulating services
(COSP, WC, SR) were located in the northern of the study area, which
was primarily covered by high dense forest. Ecological degradation of
these sites could cause a significant decline in multiple ecosystem ser-
vices (Qiu and Turner, 2013), which poses a serious threat to human
well-being. Thus these areas should be treated as the priority areas for
ecological protection to ensure regional ecological security. Moreover,
the conservation budgets are usually not sufficient to conserve all sites
(Y. Li et al., 2017), the efficiency of ecological conservation strategies
would be improved greatly by focusing on hotspots.

Our results of hotspot analysis also showed great spatial mismatch
between hotspots distribution of provisioning and regulating services.
The hotspots of food production were aggregated in the south plain,
while the hotspots of COSP, WC, and SR mainly were distributed in
the north mountainous part of the study area that covered with dense
forest. This finding was consistent with previous studies that indicated
topography and ecosystem service type were the two important factors
that caused spatial heterogeneity in the hotspots of ecosystem services
(Cai et al., 2017; Y. Li et al., 2017; S. Liu et al., 2017). Such information on
spatial mismatch can also provide insights on identify protection prior-
ity areas, and suggest consideration of tradeoffs among different types
of ecosystem services.

4.3. Limitations and future perspectives

In this study, the relationship between urbanization and ecosystem
services was explored for both hotspots and the whole BTH region.
The BTH region is composed of 13 cities with various urbanization
levels, and the development direction of each city is different. For in-
stance, as the political, economic and cultural center, Beijing experi-
enced rapid development, especially the hi-tech Industries. The cities
of Chengde and Zhangjiakou, which are located in the northern part of
the BTH region, have been considered to be important ecological protec-
tion zones, as a result of their vital roles inwater conservation and sand-
storm prevention. In contrast, Xingtai, Handan, and other cities in the
southern part of the BTH region not only have abundant mineral re-
sources, but also provide vast agricultural production. In view of the dis-
tinct characteristics of each city, the relationship between urbanization
and ecosystem services at the city scale should be further explored to
obtain more comprehensive view on achieving the goal of sustainable
development.

In addition,we only considered four types of ecosystem services, but
not others, such as the cultural services. With the beautiful scenery and
invaluable cultural heritage, the study area is an important national and
international tourist destination in China. The development of tourism
also exerts an influence on ecosystem services. The cultural ecosystem
services need to be considered in future research.

5. Conclusion

The relationship between urbanization and ecosystem services is
complicated. This study documented that there are diverse relations be-
tween urbanization and ecosystem services. In particular, there are dif-
ferent relationships depending upon the type of ecosystem services
examined and the different indicators used to measure urbanization
levels. Our study explored the relationship between urbanization and
ecosystem services in the BTH region from the hotspots scale and the
whole urban megaregion scale. The results showed that there was an
“inverse U” shape relationship between food production and urbaniza-
tion measured by population density and economic density; however,
food production declined sharply with increasing of urban land conver-
sion. In contrast, the regulating serviceswere negatively correlatedwith
the three urbanization indicators. In the future, effective measures
should be taken to promote the reasonable development of population
and economy, and control the expansion of developed land for realizing
urban sustainable development.
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