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Abstract
Simulating changes in the value of ecosystem services caused by land use changes in large cities under multiple scenarios is of
great significance for cities to formulate land use policies and improve ecosystem services. Take Shijiazhuang, which is in the
process of rapid urbanization, as an example. Based on the remote sensing image data and statistical yearbook of 1988, 1998,
2008, and 2018 as the basic data to analyze and estimate the 30 years of land use and ecosystem service value changes in
Shijiazhuang. According to this, the CA-Markov model was used to simulate the land use change in Shijiazhuang under three
scenarios in 2030 and estimate the value of ecosystem services under each scenario, using grid tools to visually express the spatial
distribution of ecosystem service values and the degree of agglomeration under three scenarios. The results indicate that the most
obvious feature of land use change in Shijiazhuang from 1988 to 2018 was that the farmland area decreased year by year, the
built-up expanded rapidly, the farmland area decreased by 86,874.75 hm2 in 30 years, and the built-up increased by 154,711.90
hm2. In 1988, 1998, 2008, and 2018, the ecosystem service value of Shijiazhuang was 32.578 billion yuan, 32.799 billion yuan,
29.944 billion yuan, and 31.251 billion yuan respectively. In 2030, under three scenarios of natural development, farmland
protection, and ecological protection, the value of ecosystem services is 331.111 billion yuan, 33.670 billion yuan, and 33.891
billion yuan in order. The hot spots are mainly concentrated in the northwest and southwest of Shijiazhuang, and cold spots are
concentrated in the eastern cities, counties, and districts. Based on changes in land use brought about by urban expansion,
simulating the value of ecosystem services under multiple scenarios in the future, providing scientific guidance for building
urban ecological networks, and realizing sustainable urban ecological development.

Keywords Change of land use . Ecosystem service value . CA-Markov . Hot spot analysis

Introduction

Ecosystem service (ES) refers to life support products and ser-
vices directly or indirectly obtained through the structure, pro-
cesses, and functions of the ecosystem (Xie et al. 2015; Huang
et al. 2017; He et al. 2021). The study found that more than

60% of ecosystem services worldwide have experienced sig-
nificant degradation (Fu and Zhang 2014; Himes et al. 2018).
Land use change (LUC) affects the formation, supply, and
distribution of ecosystem services by changing the structure,
function, and spatial pattern of ecosystems (He et al. 2018;
Jiang et al. 2020; Woldeyohannes et al. 2020). The rapid ex-
pansion of urban space has led to a sharp decline in urban
agricultural land and ecological land, significantly changing
the structure of regional land use, resulting in the weakening
and degradation of ecosystem services, which has seriously
threatened social equity and restricted the sustainable develop-
ment of cities (Masek et al. 2000). At present, China is under-
going another rapid urbanization process. The expansion of
urban built-up encroaching on the land space of farmland and
forest will lead to the increasingly prominent contradictions
between regional urban development, agricultural land protec-
tion, and ecological conservation (Egoh et al. 2007; Liu et al.
2015; Zhao et al. 2021). With the rapid expansion of the city

Responsible Editor: Philippe Garrigues

* Chenxi Li
xywglcx@163.com

1 School of Public Administration, Hebei University of Economics and
Business, Shijiazhuang 050061, China

2 Geographic Information Big Data Platform of Hebei University of
Economics and Business, Shijiazhuang 050061, China

3 School of Public Administration, Xi’an University of Architecture
and Technology, Xi’an 710055, China

https://doi.org/10.1007/s11356-021-12826-9

/ Published online: 17 February 2021

Environmental Science and Pollution Research (2021) 28:31043–31058

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-021-12826-9&domain=pdf
http://orcid.org/0000-0002-5019-9949
mailto:xywglcx@163.com


and changes in land use, LUC has caused huge changes in the
internal structure, process, and function of the ecosystem (Wu
and Li 2019; Liu and Kuang 2019; Daily 2000), ecosystem
services values (ESV) in terms of regulation, supply, and cul-
ture (Hang et al. 2015; Lautenbach et al. 2011). More and more
researchers, managers, and the general public around the world
have realized the importance of ecosystem services to urban
development and have incorporated them into decision-making
management. Exploring the impact of land use changes on
ecosystem services in the process of urbanization has become
the focus of global human and social well-being research, and
is also an effective tool to support sustainable urban develop-
ment decision-making. It is of great significance for optimizing
the spatial pattern of the country and ensuring the ecological
security of the country.

At present, domestic and foreign scholars have conducted a
lot of researches on the impact of LUC on ESV. Costanza et al.
(1997) and some other experts formulated the global ESV
equivalent factor table in 1997, which became an important
basis for ecosystem service value assessment. Domestic scholar
Xie et al. (2008) and some other experts developed the
Equivalent Scale of Ecological Service Value per Unit Area
of Chinese Terrestrial Ecosystem based on the study of
Costanza, which is widely used by domestic scholars. As the
research progresses, evaluation of the value of ESs by domestic
and foreign scholars (Jiang et al. 2018), trade-offs and collabo-
ration (Shui et al. 2019; Vallet et al. 2018), spatial flow (Mario
et al. 2018), and optimization decision (Song 2018) had been
explored. Among them, the impact of urban expansion on ESV
has become one of the research hot spots (Niemelä et al. 2010).
From the perspective of research scale, scholars have mainly
studied lakes (Karki et al. 2018; Yang et al. 2020a; Yang et al.
2019; Yang et al. 2018), watersheds (Kertész et al. 2019), cities
(Xu et al. 2020; Gómez-Baggethun and Barton 2013; Kremer
et al. 2016), greenland (Yang et al. 2017; Yang et al. 2020a),
and wetlands (Wondie 2018) as research areas, and conducted
studies on the impact of LUC on ESV. In terms of research
content, it mainly focuses on the theoretical basis of ecosystem
services (Costanza et al. 2014; Millennium Ecosystem
Assessment. 2005), driving forces (Yang et al. 2020b; Zhang
et al. 2018; Huang et al. 2019), spatiotemporal changes
(Estoque and Murayama 2015), and influencing factors (Yang
et al. 2015; Hao et al. 2017; Li et al. 2019a, b), etc. The research
methods are mainly statistical analysis (Eigenbrod et al. 2011)
and spatial analysis (Castro et al. 2015; Bagstad et al. 2013; Li
et al. 2019a, b), and more and more attention is paid to the role
research and practice in land use planning (Wang et al. 2020;
Liu et al. 2019). The above studies mainly measure LUC and
ESV in the current or past period, and there are few studies on
the assessment of ecosystem services in the future period. Some
domestic and foreign scholars have tried to simulate the value
of ecosystem services under multiple scenarios. For example,
Egoh et al. (2011) and some other experts used Marxan model

to simulate the service status of grassland ecosystem in South
Africa under different scenarios; Estoque and Murayama
(2012) studied the impacts of land use change on ecosystem
service value under future forest protection scenarios and
natural development scenarios in Baguio City; Kubiszewski
et al. (2017) estimated the value of ecosystem services in four
scenarios, namely, the market-oriented scenario and the policy
improvement scenario on a global scale, and found that the
value of ecosystem services in the four scenarios could differ
by $81 trillion per year by 2050; Du et al. (2019) and some
other experts used the Logistic-CA-Markov model to simulate
the quantitatively evaluated water conservation services, carbon
sequestration services, soil conservation services, and food
supply services in Quanzhou, Fujian Province, in 2030, under
the natural scenarios, planning scenarios, and protection
scenarios; Ouyang et al. (2020) and some other experts used
the urban agglomeration under rapid urbanization as an exam-
ple to simulate the impact of LUC on ESV under three scenar-
ios. These studies provide practical reference value for the gov-
ernment to formulate land use plans. However, most of the
research is based on the macro scale, and it cannot accurately
express the spatial difference of ecosystem service value in the
study area.

This article takes Shijiazhuang as the research object and
analyzes the changes in land use and ecosystem service value
of Shijiazhuang from 1988 to 2018. This article sets up natural
development scenario, farmland protection scenario, and eco-
logical protection scenario. CA-Markov model is adopted to
simulate the land use situation of Shijiazhuang City in 2030
under three scenarios. On this basis, grid tools are used to
visually express the spatial distribution of ecosystem service
values under different preferences and the degree of agglom-
eration. It is expected to provide a theoretical basis and
decision-making reference for the future ecological environ-
ment quality improvement of large cities and the formulation
of sustainable urban ecological development policies.

Study area and data sources

Study area

Shijiazhuang (37° 27′–38° 47′ N, 113° 30′–115° 20′ E) is lo-
cated in the central and southern parts of Hebei Province, and is
an important central city and food production base in northern
China. It covers an area of about 14,066.73 km2 and has more
than 19 districts and counties and 3 county-level cities. With
the TaihangMountains in thewest and theNorth China Plain in
the east, Shijiazhuang has various land types. The terrain is
high in the west and low in the east, with a relative height of
2244 m (Fig. 1). Winter is cold and dry while summer is hot
and rainy in this city, the annual precipitation is 400–750 mm,
and the average annual temperature is between 10 and 20 °C,
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which is a typical temperate monsoon climate. The economic
development of Shijiazhuang is rapid, and the regional GDP in
2018 reached 594.223 billion yuan. The permanent population
is 10.8799 million, the urban permanent population is 69.167
million, and the urbanization rate is 63.57%. From 1988 to
2018, built-up area in Shijiazhuang increased by 122%.
Shijiazhuang is a rapidly expanding city in the past few de-
cades, and its land use structure has changed dramatically,
which is very representative. At the same time, the same thing
happened in many cities in China. Shijiazhuang is a city with a
population of more than 10 million, so the study of
Shijiazhuang is more able to find the law. In the context of
rapid urbanization and industrialization, a series of problems
such as the demand for built-up, food security, and water short-
ages in Shijiazhuang pose serious challenges to ecosystem ser-
vices, ecological civilization, and ecological security.
Shijiazhuang is an ideal research area for studying land use
change and ecosystem service value evolution.

Data sources

The data used in this research includes remote sensing image
data, land use data, food data, DEM elevation data, slope data,
socio-economic data and population data, road data, and coun-
ty point coordinate data. Among them: (1) Remote sensing
images are downloaded from the geospatial data cloud plat-
form Landsat4-5/TM and Landsat-8/OLI satellites, from the
data center of resources and environment science, Chinese
Academy of Sciences (http://www.resdc.cn), the spatial

resolution is 30 m; (2) Remote sensing images of
Shijiazhuang in 1988, 1998, 2008, and 2018 are used as the
data source. Combined with the land use characteristics of
Shijiazhuang and the classification system of the Chinese
Academy of Sciences resource and environmental data cloud
platform, land use is divided into six categories: farmland,
forest, grassland, built-up, water area, and unused land.
ENVI5.3.1 software was used to supervise the classification
and manual visual interpretation of remote sensing images.
After inspection, the accuracy of the fourth phase images
reached more than 85%, which can be used for research (see
Fig. 2); (3) Grain data such as yield, unit price, and sown area
of wheat, corn, and millet are derived from National
Compendium of Agricultural Product Cost and Benefit
Information 2018; (4) DEM elevation data comes from a
geospatial data cloud platform, and slope data is extracted
from DEM elevation data; (5) GDP and POP data come from
the 1 km×1 km interpolation data of the resource and environ-
ment data cloud platform; (6) Highway, railway line data and
county point data all come from the resource and environment
data cloud platform.

Research method

Ecosystem service value assessment

American scholar Costanza and others have developed a glob-
al ESV equivalent factor table, which has laid a foundation for

Fig. 1 Location of Shijiazhuang
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the study of ESV evaluation (Costanza et al. 1997). This arti-
cle uses the method of value evaluation based on the amount
of money and the research results of scholars such as Xie
Gaodi and others (Xie et al. 2015; Xie et al. 2003; Xie et al.
2001), Equivalent Value Table of Ecological Services per
Unit Area of China’s Terrestrial Ecosystem. This study as-
signs values to ecosystem services of various land use types
in Shijiazhuang (Table 1).

The ESV of Shijiazhuang is calculated by formula (1) and
formula (2).

ESV ¼ ∑
n

i¼1
Ai � VCi ð1Þ

VCi ¼ ∑
k

j¼1
EC j � Ea ð2Þ

where ESV is the ecosystem service value, the unit is yuan/
year; i is the type of land use; j is the type of ecosystem
service; Ai is the area of land use type i, the unit is hm2; VCi

is the ecosystem service value per unit area of land use type i,
the unit is yuan hm−2 a−1; ECj is the value equivalent of eco-
system service value of item j of a certain type of land use; and
Ea is the economic value of 1 unit of ecosystem services, the
unit is yuan hm−2 a−1.

In order to more accurately determine the economic value
of 1 unit of ecosystem services in the study area, combined
with the field situation in Shijiazhuang, formula (3) is used to
modify this value. The economic value of wheat, corn, and
millet in 2017 was selected for correction, and the results
showed that the economic value of 1 unit of ecosystem service
in Shijiazhuang was 1933.31 yuan hm−2 a−1.

Ea ¼ 1=7 ∑
n

i¼1

mipiqi
M

ð3Þ

where “Ea” is the economic value of 1 unit of ecosystem
service and the unit is yuan hm−2 a−1; “i” is the type of food
crop; “mi” is the average price of the ith grain crop in
Shijiazhuang and the unit is yuan/kg; “pi” is the yield of the

Fig. 2 Land use data of Shijiazhuang City in the four phases of 1988, 1998, 2008, and 2018

31046 Environ Sci Pollut Res (2021) 28:31043–31058



ith food crop and the unit is kg/hm2; “qi” is the planting area of
the ith food crop and the unit is hm2; and “M” is the total
planted area of food crops and the unit is hm2.

Scenario simulation and settings

CA-Markov

The Markov model (Jiang et al. 2006; Wang et al. 2011) uses
the relevant knowledge of probability theory to study the
probability of something changing from one state to another
state and predicts the state of future things according to the
rules obtained from the research. It is a prediction of the future
quantity. Its formula is:

S tþ1ð Þ ¼ St � Pij ð4Þ

where “St” is the state of the land use system at time t; “S(t + 1)”
is the state of the land use system at time t + 1; and “Pij” is the
land use transfer matrix.

The Cellular Automata (CA) model is a discrete model of
time, space, and state. Through the interaction of cells with
different spatiotemporal characteristics, the dynamic model of
the spatiotemporal evolution of complex systems is simulated
(Yue et al. 2019; Wang et al. 2015).

Stþ1 ¼ f St;Nð Þ ð5Þ
where “S” is the finite and discrete set of states of the cell; “N”
is the neighborhood of the cell; “t” and “t + 1” stand for dif-
ferent times; and “f” is the local space cell conversion rule.

The CA-Markov model combines the Markov model and
the CAmodel to make up for the deficiencies of the respective

models, and to achieve double prediction of the number and
spatial location of land use types (Han et al. 2009; Srikanta
et al. 2020).

Scene setting

In order to better promote the coordinated development of
urbanization process, farmland protection, and ecological pro-
tection in Shijiazhuang, this study set up three kinds of land
use change simulation scenarios:

1. Natural development scenario. The natural development
scenario is a scenario of spontaneous evolution based on
the land use change law from 2008 to 2018, which simu-
lates the land use structure in 2030without any constraints
on the Markov transfer matrix.

2. Farmland protection scenario. Based on the future popu-
lation growth forecast and food security requirements of
Shijiazhuang City, strictly observe the red line of farm-
land, and the amount of farmland in 2030 will not be less
than 95% of the total amount of farmland, in 2018. Based
on the concept of farmland, protection, this paper simu-
lates the future situation of land use in Shijiazhuang City
under the constraints of farmland, protection. In the set-
ting of land use transfer rules, it restricts the transforma-
tion of farmland, to other land types to meet the future
food supply.

3. Ecological protection scenario. In order to prevent the
rapid and disorderly expansion of the city from causing
damage to the ecological environment and coordinate the
relationship between urban development and ecological
protection, ecological protection scenarios are set up.

Table 1 Ecosystem service
equivalent value per unit area First category Second category Farmland Forestland Grassland Built-

up
Water Unused

land

Provisioning
services

Food production 0.85 0.29 0.38 0 0.8 0

Raw material
production

0.4 0.66 0.56 0 0.23 0

Water Resource
Supply

0.02 0.34 0.31 0 8.29 0

Regulating
services

Gas regulation 0.67 2.17 1.97 0 0.77 0.02

Climate
regulation

0.36 6.5 5.21 0 2.29 0

Purify the
environment

0.1 1.93 1.72 0 5.55 0.01

Hydrological
regulation

0.27 4.74 3.82 0 102.24 0.03

Supporting
services

Soil conservation 1.03 2.65 2.4 0 0.93 0.02

Maintain nutrient
cycling

0.12 0.2 0.18 0 0.07 0

Biodiversity 0.13 2.41 2.18 0 2.55 0.02

Cultural
services

Aesthetic
landscape

0.06 1.06 0.96 0 1.89 0.01
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Based on the concept of ecological protection, this paper
simulates the future land use scenarios of Shijiazhuang
City under the constraints of woodland and grassland pro-
tection, and strictly restricts the conversion of woodland,
grassland and water area to built-up land in the setting of
land use transfer rules.

ESV hot spot analysis

Hot spot analysis (Getis-Ord Gi*) (Lei et al. 2020) is a com-
mon tool used to identify the spatial distribution of cold spots
and hot spots. In this paper, hot spot analysis can be used to
reflect whether the ESV in Shijiazhuang has high-value ag-
glomeration (hot spots) and low-value agglomeration (cold
spots), and to determine the spatial clustering locations of
high-value and low-value areas. Its formula is:

G*
i ¼

∑n
j¼1wi; jx j−X∑n

j¼1wi; j
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n∑n
j¼1w

2
i; j− ∑n

j¼1wi; j

� �2
� �

n−1ð Þ
s

v

u

u

u

t

ð6Þ

X ¼ 1

n
∑
n

j¼1
xi ð7Þ

S ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

n
∑
n

j¼1
x2j− Xð Þ2

s

ð8Þ

where “n” is the number of spatial grid units; “xi” and “xj” are
observed values of unit “i” and unit “j”; “wij” is a spatial
weight matrix based on the spatial “k” adjacency relationship.
If the ESV is high within a certain range, it becomes a hot spot
with significant statistical significance. It is called an ESV hot
spot area, indicating that the ecosystem service value is greater
in this area; if the ESV is low within a certain range, it will
become a cold spot with significant statistical significance. It
is called the ESV cold spot zone, indicating that the ecosystem
service value is small in this zone.

Result analysis

Changes of LUC and ESV in Shijiazhuang from 1988 to
2018

Overall characteristics of land use change in Shijiazhuang City
from 1988 to 2018

It can be seen from Table 2 that the overall characteristics of
LUC in Shijiazhuang from 1988 to 2018 are as follows: The
area of arable land is constantly decreasing, and the area of
built-up is increasing. From 1988 to 2018, farmland accounted

for the largest proportion of the land use structure in
Shijiazhuang, at 45.52%, 46.21%, 44.34%, and 39.35%, re-
spectively. Farmland area showed a downward trend, from
640,356.03 hm2 in 1988 to 553,481.28 hm2 in 2018, a de-
crease of 86,874.75 hm2; the reduction rate was 13.57%;
and the rate of arable land reduction was faster. Since the
Reform and Opening, Shijiazhuang has developed rapidly,
and the expansion of built-up has been accelerating. From
1988 to 2018, the built-up in Shijiazhuang increased from
125,924.94 hm2 to 280,636.83 hm2, built-up area increased
by 154,711.90 hm2, the growth rate was 122.86%, and the
proportion of built-up area was 8.95%, 10.24%, 15.52%,
and 19.95%; the area of woodland and grassland has been
relatively stable for 30 years while water area has become less.
The rate of reduction of unused land in Shijiazhuang is also
very obvious. From 1988 to 2018, the area of unused land
decreased from 53,248.85 to 10,979.37 hm2, with a reduction
rate of 79.03%.

It can be seen from Fig. 2 that the overall spatial utilization
characteristics of Shijiazhuang are as follows: forest and
grassland in the west, farmland and built-up in the east are
widely distributed. The main reason is that the terrain of
Shijiazhuang is high in the west and low in the east, the
Taihang Mountains are in the west, and the North China
Plain is in the east. From the Map of Shijiazhuang Land Use
Type (1988–2018), we can see that urban expansion is the key
factor that causes changes in land use types. In the process of
rapid urbanization, farmland has been invaded and converted
into built-up. The expansion of built-up in the east is larger
and the expansion speed is faster; the expansion of built-up in
the west mainly occurs in the Jingxing kuangqu.

Changes of ESV in Shijiazhuang from 1988 to 2018

LUC caused the change of ESV in Shijiazhuang. As can be
seen from Table 3, the value of ecosystem services in
Shijiazhuang was 32.578 billion yuan, 32.799 billion yuan,
29.944 billion yuan, and 31.251 billion yuan from 1988 to
2018, showing a trend of decreasing first and then increasing.
Among them, the ecosystem service value of farmland de-
creased from 4.97 billion yuan in 1988 to 4.295 billion yuan
in 2018, mainly due to the continuous decrease of farmland
area in Shijiazhuang from 1988 to 2018. The forest contribut-
ed the most to the ESV in Shijiazhuang, which was 15.139
billion yuan, 15.639 billion yuan, 14.350 billion yuan, and
14.791 billion yuan in four time periods, accounting for
46.47%, 47.68%, 47.92%, and 44.14%, showing a weak
downward trend. From 1988 to 2018, the ESV of grassland
was as follows: 8.855 billion yuan, 8.836 billion yuan, 8.269
billion yuan, and 7.901 billion yuan. The ESV of the grassland
did not change significantly and began to decrease rapidly
after 1998. Since 1998, the economy of Shijiazhuang City
has entered a period of steady growth of medium and high
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speeds. The demand for urban built-up is increasing, and
grassland is occupied by built-up, resulting in a decrease
ESV in grassland. ESV in waters and unused land show two
opposite development trends. The 30-year growth rate of ESV
in waters has reached 79.86% and the decrease rate of ESV in
unused land is 99.46%. Due to the small base area of these two
types of land, it has little impact on the overall ESV of
Shijiazhuang. In general, forest and grassland are the main
sources of ESV in Shijiazhuang. Strict protection of forest
and grassland and maintenance of ecosystem function are im-
portant directions of ecological protection in Shijiazhuang.

The individual ESV changes are shown in Table 4.
According to the result of ESV, they are hydrological regula-
tion, climate regulation, soil conservation, gas regulation, bio-
diversity, clean environment, food production, aesthetic land-
scape, raw material production, water supply, and mainte-
nance of nutrient cycle. Among them, hydrological adjust-
ment and climate adjustment ESV account for a large propor-
tion, both of which account for more than 50% of the total
value. The hydrologically adjusted ESVs from 1988 to 2018
were 8.415 billion yuan, 7.952 billion yuan, 6.914 billion

yuan, and 8.225 billion yuan respectively. The ESV for cli-
mate regulation was 7.143 billion yuan, 7.28 billion yuan,
6.732 billion yuan, and 6.796 billion yuan respectively. The
ESV of grain production and raw material production contin-
ued to decrease, and during the study period, they decreased
by 161million yuan and 98million yuan. Aesthetic landscape,
biodiversity, maintenance of nutrient circulation, soil explo-
sion, purification of the environment, and gas regulation all
belong to the trend of increasing first and then decreasing, but
the degrees of increase and decrease are relatively small.
Increased water area increases the value of water supply.

CA-MARKOV simulation verification

In this study, Markov and CA-Markov modules in IDRISI
software were used. The land use data (1988, 1998, 2008,
and 2018) were obtained by manual visual interpretation of
ENVI5.3.1. First, using 2008 as the base year, the land use
types of Shijiazhuang in 2018 are predicted and compared
with the actual land use types of Shijiazhuang in 2018 to

Table 2 Changes of different land use types in Shijiazhuang City from 1988 to 2018 (hm2)

Land use type Farmland Forestland Grassland Built-up Water Unused land

1988a Area (hm2) 640,356.03 340,848.98 232,370.82 125,924.94 14,823.65 53,248.85

Proportion (%) 45.52 24.23 16.52 8.95 1.05 3.72

1998a Area (hm2) 649,986.30 352,103.31 231,866.55 144,094.50 13,481.01 15,141.60

Proportion (%) 46.21 25.03 16.48 10.24 1.00 1.08

2008a Area (hm2) 623,771.37 323,091.72 217,006.02 218,334.42 10,206.54 14,263.20

Proportion (%) 44.34 22.97 15.43 15.52 0.73 1.01

2018a Area (hm2) 553,481.28 337,516.02 207,353.70 280,636.83 16,706.07 10,979.37

Proportion (%) 39.35 23.99 14.74 19.95 1.19 0.78

1988–2018a Rate of area change (%) −86,874.75 −3332.96 −25,017.10 154,711.90 1882.42 −41,369.50
1988–2018a Rate of area change (%) −13.57 −0.98 −10.77 122.86 12.70 −79.03

Table 3 Ecosystem service value changes of each land use type of Shijiazhuang City from 1988 to 2018 (units: 108 yuan)

Land use type Farmland Forestland Grassland Built-
up

Water Unused land Total

1988a ESV 49.70 151.39 88.55 0.00 36.35 0.11 325.78

Proportion (%) 15.26 46.47 27.18 0.00 11.16 0.03 100

1998a ESV 50.44 156.39 88.36 0.00 32.77 0.03 327.99

Proportion (%) 15.38 47.68 26.94 0.00 10.00 0.00 100

2008a ESV 48.41 143.50 82.69 0.00 24.81 0.03 299.44

Proportion (%) 16.17 47.92 27.61 0.00 0.08 0.00 100

2018a ESV 42.95 149.91 79.01 0.00 40.61 0.02 312.51

Proportion (%) 13.74 47.97 25.28 0.00 12.99 0.00 100

1988–2018a Rate of EVS change (%) −6.75 −1.48 −9.54 0.00 29.03 −0.1094 13.83

1988–2018a Rate of EVS change (%) −13.58 −0.98 −10.77 0.00 79.86 −99.46 4.11
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verify the accuracy of the CA-Markov model simulation.
Specific steps are as follows:

1. Conversion rules. Using the Markov model, the time pe-
riod is set to 10a and the proportional error is set to 0.15,
and the annual land use transfer area matrix and transfer
probability matrix of Shijiazhuang City from 1998 to
2008 and 2008 to 2018 are obtained respectively.

2. Accuracy verification. Before using the CA-Markov
model to predict land use types in Shijiazhuang in 2030,
the prediction accuracy of the CA-Markov model should
be tested. The verification process is as follow: First, use
2008 as the starting year to predict the land use type of
Shijiazhuang in 2018, use the cross tab module in IDRISI
software, compare the 2018 forecast map with the actual
land use type in 2018, and calculate the kappa value (gen-
erally, when kappa > 0.75, the consistency of the predict-
ed simulation is high; when 0.4 ≤ kappa ≤ 0.75, the con-
sistency is general; when kappa<0.4, the consistency is
poor.). After passing the accuracy test, the land use type
of Shijiazhuang in 2030 can be predicted. Kappa statistics
is a more commonly used accuracy test model.

3. Make a proper atlas. Make a proper atlas. Suitability atlas
refers to the probability map that a certain land use type is
converted to other land use types. Suitability atlas is an
important part of setting conversion rules. According to
the research results of previous scholars and the specific
situation of Shijiazhuang City, this study uses the
'Decision Wizard' module of IDRISI software to make
the suitability atlas. Seven factors including DEM eleva-
tion, slope, GDP, pop, distance from county, distance
from highway and distance from railway were selected
to make suitability atlas. The specific settings are as
follows:

(a) Natural development scenarios. In the conversion
rules, there is no restriction on any land class con-
version. Under this scenario, the change rate of each
land use type is consistent with that of 2008–2018.

(b) Farmland protection scenarios. The main goal of this
scenario is to give priority to the protection of farm-
land, resources. In the process of model implemen-
tation, the specific performance is as follows: firstly,
the current situation of farmland, resources in 2018 is
taken as a restrictive factor to strictly restrict the
transformation of farmland, resources to other land
use types. Secondly, adjust the parameters of suit-
ability factors of farmland, protection scenarios in
2030. The results show that the optimum altitude is
below 300m and 300–900m, and the suitability de-
creases when the altitude is above 900m; the opti-
mum slope is 0–3° and the suitability degree gradu-
ally decreases when the altitude is above 3° and the
suitability decreases when the altitude is less than
3km; the suitability decreases when the altitude is
more than 3km; other parameters remain unchanged.

(c) Ecological protection scenario. In this situation, the
most important goal is to ensure that forest land,
grassland and water area related to ecological envi-
ronment are not occupied by built-up land. In the
process of model implementation, the specific per-
formance is as follows: firstly, the forest land, grass-
land and water area in 2018 are taken as restrictive
factors to strictly restrict their transformation to built-
up and farmland. Secondly, adjust the parameters of
ecological protection scenario suitability factor in
2030. The results show that the altitude below
600m is the most suitable, 600–1200m is the most
suitable, and more than 1200m is the least suitable;

Table 4 Ecosystem service value
changes of each ecosystem
service type of Shijiazhuang City
from 1988 to 2018 (units: 108

yuan)

Ecosystem services ESV

1988 1998 2008 2018

Provisioning services Food production 14.39 14.58 13.83 12.78

Raw material production 11.90 12.10 11.35 10.92

Water resource supply 6.26 6.12 5.31 6.36

Regulating services Gas regulation 31.72 32.26 30.09 29.51

Climate regulation 71.43 72.80 67.32 67.96

Purify the environment 23.31 23.58 21.60 22.38

Hydrological regulation 81.15 79.52 69.14 82.25

Supporting services Soil conservation 41.33 42.03 39.27 38.28

Maintain nutrient cycling 3.64 3.70 3.47 3.34

Biodiversity 28.06 28.51 26.30 26.71

Cultural services Aesthetic landscape 12.61 12.78 11.76 12.03

Total 325.78 327.99 299.44 312.51
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the slope at 0–5° is the most suitable, 5–15° is the
most suitable, and 15° is the least suitable; the dis-
tance within 3km from town is the most suitable, and
more than 3km is the least suitable; other parameters
remain unchanged.

4. Construct a CA filter. A standard 5×5 filter is used.
5. Determine the number of CA cycles. Using 2008 as the

base period, the cycle number is set to 10a and the land
use change in 2018 is simulated. The comparison between
the land use status in 2018 and the simulation results in
Fig. 3b is shown in Fig. 3b. The kappa coefficient is 0.82,
which meets the research needs.

Analysis of LUC and ESV in Shijiazhuang City under
various scenarios

LUC simulation of Shijiazhuang in multiple scenarios

According to the two phases of LUC in Shijiazhuang in 2008
and 2018, the conditions of farmland protection and

ecological protection were added to the LUC simulation in
Shijiazhuang, and three kinds of LUC simulation scenarios
in Shijiazhuang were established (Table 5). Under the natural
development scenario, the built-up area of Shijiazhuang was
340,615.53 hm2 in 2030, an increase of 59,978.70 hm2 com-
pared with 2018; the farmland area decreased by 15.79% com-
pared with 2018. Grassland and water area increased slightly.
Under the protection of farmland, the area of farmland in
Shijiazhuang in 2030 is 528,775.83 hm2; the area of built-up
is 277,615.89 hm2. In this scenario, although arable land is
still decreasing, the rate of decline is relatively slow. Under the
ecological protection scenario, the area of farmland in
Shijiazhuang in 2030 was 50,191.73 hm2; the grassland area
increased significantly from 2018 to 254,111.58 hm2, an in-
crease of 22.55%. The built-up area is 292,916.28 hm2 (Fig.
4).

From a horizontal perspective, the expansion of built-up
under the natural development scenario is larger than that of
the other two scenarios. Among them, the expansion rate of
Shijiazhuang urban area in the east and the Kuangqu in the
west is particularly obvious. Under the arable land protection
scenario and the ecological protection scenario, the expansion

Fig. 3 Land use status map (a) and simulation map (b) of Shijiazhuang in 2018

Table 5 The area of each land use
type under three development
scenarios is simulated (hm2)

Land use type Farmland Forestland Grassland Built-up Water Unused
land

2018a 553,481.28 337,516.02 207,353.70 280,636.83 16,706.07 10,979.37

Natural development
scenario

466,071.39 328,918.41 245,107.98 340,615.53 22,807.98 3151.98

Farmland protection
scenario

528,775.83 328,918.41 245,108.88 277,615.89 23,103.18 3151.08

Ecological protection
scenario

501,911.73 331,618.41 254,111.58 292,916.25 22,967.28 3148.02

31051Environ Sci Pollut Res (2021) 28:31043–31058



scope of built-up in Shijiazhuang is smaller than that in the
natural development scenario, and the land occupation area of
farmland, grassland, and forest is smaller than that in the nat-
ural development scenario. The city’s development speed is
more in line with the actual law.

The natural development scenario of Shijiazhuang in 2030
is based on the land use changes in 2008 and 2018, and is
simulated without external intervention. Under the influence
of this law, Shijiazhuang will be in line with the rapid urban-
ization trend in 2030. However, the unhealthy and rapid de-
velopment of cities in the past has had a serious negative
impact on the land use pattern, which is not conducive to the
sustainable development of Shijiazhuang. Under the protec-
tion of farmland scenario, the concept of protecting farmland
is strictly observed. The area of farmland has increased signif-
icantly compared with the natural development scenario. The
expansion of built-up has slowed down, which has made im-
portant contributions to ensuring food security. Strengthen
ecological environment protection under the ecological pro-
tection scenario, strictly restrict the conversion of forest and
grassland to other types of land use and protect the urban
ecological environment.

Variation characteristics of ESV in Shijiazhuang under various
scenarios

Land ESV is mainly related to land use type area. Compared
with the ESV of various lands in 2018, under the natural
development scenario of Shijiazhuang in 2030, the ESV of
farmland and forest has decreased and the ESV of farmland
has decreased significantly. The ESV of grasslands and waters
increased. Compared with natural development scenarios, the
ESV changes in the other two scenarios are different. It can be
seen from Table 6 that under the protection of farmland, the
ESV of farmland is 487 million yuan higher than the natural
development scenario, which is mainly related to the restric-
tive conditions that strictly restrict the transfer of farmland.
Under the ecological protection scenario, the ESV of farm-
land, forest, grassland and water are higher than that of natural
development scenario. In this scenario, forest, grassland, wa-
ter, and other ecological land are strictly protected, so that
ESV has increased.

To further analyze the ESV and its spatial changes in
Shijiazhuang under multiple scenarios, we use the fishing
net tool in the ArcGIS software to create a 2 km × 2 km square

Fig. 4 Land use change simulation of Shijiazhuang city in 2030 under different scenarios
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grid to calculate the ESV of each grid. The spatial distribution
map of ESV in Shijiazhuang in 2030 in 2018 and multiple
scenarios was produced, and the natural break point method
was used to divide it into 6 grades from low to high, with the
lowest grade I and the highest grade VI (see Fig. 6). From the
perspective of the spatial distribution of ESV in Shijiazhuang
in 2018, the overall ESV in Shijiazhuang show a trend of high
in the west and low in the east, which is consistent with the
spatial distribution of altitude in the study area. The main
reason is that the elevation in the west of Shijiazhuang is
higher, with forest and grassland as the main land types, and
the ESV is higher; the east is the plain, with a lower altitude,
and the main land types are farmland and built-up, and the
ESV is lower. The ecosystem service value grade VI is mainly
distributed in Gangnan Reservoir and Huangbizhuang
Reservoir.

The spatial distribution map of ESV in the natural devel-
opment scenario of Shijiazhuang in 2030 is based on the sim-
ulation of the land use type development law in 2008 and
2018 without any intervention. Therefore, comparing the spa-
tial changes of the two phases of ESV will provide scientific
support for the future adjustment of land use strategy in
Shij iazhuang. Compared with 2018, the ESV of
Shijiazhuang decreased significantly in the natural develop-
ment scenario of 2030, and the ESV in the six districts of
Shijiazhuang, Zhao County, Zhengding County, Gaocheng
District, Jinzhou City, and Xinji City shifted from level II to
level I. In Lingshou County, Xingtang County, and Pingshan
County in the northwest of Shijiazhuang, ESV generally
showed an upward trend (Fig. 5).

By comparing and analyzing the spatial distribution maps of
ESV under three scenarios in Shijiazhuang in 2030, it was found
that the overall ESV of farmland protection scenarios and eco-
logical protection scenarios is significantly better than natural
development scenarios. Since the ecological protection scenario

and the farmland protection scenario strictly restrict the conver-
sion of farmland to built-up, the situation of grade I in the east is
significantly reduced (Fig. 5). The ESV in the Shijiazhuang
Western Ecological Protection Scenario is slightly better than
the farmland protection scenario. This is mainly because the
transfer of forest and grassland to other types of land use has
decreased, and the water area has increased significantly.

Analysis of hot spots in Shijiazhuang ESV under
various situations

In order to reflect the spatial aggregation of high and low values
of ecosystem services, a grid unit of 2km×2km was selected.
Based on ArcGis software, the hot spot analysis (Getis-Ord
Gi*) in the spatial statistical tool was used to obtain the hot
and cold areas of the ecosystem service value of
Shijiazhuang, as shown in Fig. 6. As can be seen from Fig. 6,
the distribution of hot and cold spots in the ESV value of
Shijiazhuang in 2018 is relatively large. Hot spots are mainly
concentrated in the northwest and southwest, and 99% confi-
dence hot spots are concentrated in Gangnan Reservoir and
Huangbizhuang Reservoir. The cold spot areas are distributed
in the urban areas of Shijiazhuang, Gaocheng, Jinzhou,
Luancheng, and eastern Xinji, and the cold spot areas of down-
town in Shijiazhuang are the largest. Compared with 2018, the
overall characteristics of the three development scenarios in
2030 are as follows: the distribution range of hot spots is re-
duced, and the distribution range of cold spots is expanded.
Specific to each scenario, under the natural development sce-
nario, 99% confidence hot spots in Lingshou County and
Xingtang County of Shijiazhuang City have increased signifi-
cantly, mainly due to the conversion of grasslands and wood-
lands into water areas, leading to an increase in ESV. Due to the
accelerated expansion of built-up in Pingshan County and
Jingxing County in the northwest and Zanhuang County in

Table 6 The service value of
each land ecosystem under three
development scenarios will be
simulated in 2030 (units: 108

yuan)

Land use type Farmland Forestland Grassland Built-
up

Water Unused
land

Total

2018a ESV 42.95 149.91 79.01 0.00 40.61 0.02 315.51

Proportion
(%)

13.74 47.97 25.28 0.00 12.99 0.00 100

Natural
develop-
ment
scenario

ESV 36.17 146.09 93.40 0.00 55.44 0.01 331.11

Proportion
(%)

10.92 44.12 28.21 0.00 16.74 0.00 100

Farmland
protection
scenario

ESV 41.04 146.09 93.40 0.00 56.16 0.01 336.70

Proportion
(%)

12.19 43.39 27.74 0.00 16.68 0.00 100

Ecological
protection
scenario

ESV 38.95 147.29 96.83 0.00 55.83 0.01 338.91

Proportion
(%)

11.49 43.46 28.57 0.00 16.47 0.00 100
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the southwest in recent years, the ESV has shown a downward
trend and the hot spot area has shrunk significantly. The scope
of cold spot area in Shijiahzuang has expanded, and the degree
of agglomeration is getting higher and higher, and it has started
to connect with Gaocheng District and Luancheng District.
Under the natural development scenario, Shijiazhuang still
maintains a rapid urbanization process, and a large amount of
farmland and ecological land are occupied by built-up, resulting
in an obvious decline in ESV. This is especially obvious in the
eastern part where the terrain is flat and there are many farm-
lands. Under the protection of farmland, the changes in the hot
spots in the west of Shijiazhuang are similar to the natural
development scenario. Compared with 2018, the cold spots in
the east have a deeper agglomeration, and the cold spots show
an expansion trend, but the expansion rate is slow. In this sce-
nario, due to strict restrictions on the amount of farmland, only a
small amount of farmland is converted to other land use types
and ESV changes are not obvious, so the expansion rate of the
cold spot area is slower. Under the ecological protection sce-
nario, the hot spot areas in the northwest and southwest are
gradually shrinking, and the cold spot areas in the east are
gradually expanding.

Comparing the three scenarios in 2030, it was found that the
range of the cold spot area is as follows: natural development
scenario>ecological protection scenario>arable land protection

scenario. There are many farmlands in the east of Shijiazhuang.
Under natural development scenarios, the farmland around the
city is occupied by built-up, which leads to the formation of
cold spot areas with ESV lower than the surrounding ESV. The
area of cold spot areas is continuously expanding and the de-
gree of aggregation is deepening. The farmland protection sce-
nario is to strictly control the transfer of farmland, and the
expansion of built-up slows down. In the ecological protection
scenario, due to the key restrictions on the transfer of forest and
grassland, the farmland in the east is still occupied by built-up.
However, compared with the natural development scenario, the
amount of farmland transferred is still small. The hot spots in
the three scenarios are concentrated in the northwest and south-
west of Shijiazhuang. These areas have higher altitudes, larger
slopes, and widespread woodlands and grasslands, which are
very likely to form hot spots.

Discussions

In this study, under the background of land use change
caused by urban expansion, the CA-Markov model was
used to s imula te the land use change s ta tus of
Shijiazhuang in 2030 under three scenarios. The ESV of
Shijiazhuang was evaluated and the spatial distribution

Fig. 5 Spatial distribution of ESV in Shijiazhuang in 2030 under different circumstances
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and agglomeration characteristics were analyzed based on
this. From the results, the rapid expansion of built-up land in
Shijiazhuang leads to the decline of ESV, especially in the
surrounding areas of the main urban area, indicating that
land use change and urban expansion are the key factors
causing the decline of ESV. Farmland protection and eco-
logical protection scenarios can improve the ESV of the
region, reflect the change trend of regional ESV and the
change of regional ecological security to a certain extent,
and provide reference for optimizing the land spatial pattern
and high-quality development in the region. Shijiazhuang’s
urbanization level will continue to rise in the future (Liu
et al. 2018). The period of rapid expansion of construction
land has not completely ended. Moreover, Shijiazhuang is
located in North China, where the carrying capacity of re-
sources and environment is weak, air quality is in urgent
need of improvement, and water resources are scarce.
Therefore, it is urgent to improve the ecosystem service
function of Shijiazhuang. Therefore, Shijiazhuang should
formulate corresponding land space planning and protec-
tion measures, including delimiting urban development
boundary and ecological red line, and constructing ecolog-
ical security pattern. Should strictly control the scale of

urban built-up land, enhance the construction of urban in-
ternal ecological space by improving land use efficiency,
and realize the coordinated development of urban high-
quality development and ecological protection, so as to im-
prove the ecosystem service function of Shijiazhuang City.

Conclusions

Based on the land use change, this study studied the ecosys-
tem service value of Shijiazhuang. The main conclusions are
as follows:

1. From 1988 to 2018, the rapid urbanization process of
Shijiazhuang city led to the expansion of urban built-up
land, occupying a large number of ecological land such
as cultivated land, woodland and grassland, aggravating
the contradiction between man and land, damaging the
urban ecological environment, and even threatening the
urban ecological security. In the past 30 years, the eco-
system service value of Shijiazhuang City showed a
trend of first decreasing and then increasing, and the
overall pattern was high in the west and low in the east.

Fig. 6 Distribution of ESV hot spots in Shijiazhuang in 2030 under different conditions
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2. After simulating three scenarios in Shijiazhuang in 2030,
it was found that under different scenarios, the ESV of
land use pattern in Shijiazhuang was different. Under
the natural development scenario, due to the rapid expan-
sion of the city, the farmland is seriously affected; under
the protection of farmland, the rate of reduction of farm-
land has decreased, and the expansion rate of built-up is
more reasonable; under the ecological protection scenario,
forest, grassland and water area are strictly restricted.
Except for the small fluctuation of forest area, the area
of grassland and water area has increased significantly.
ESV is affected by LUC and changes with the change of
land use pattern.

3. Distribution of ESV hot spots in different situations. In
general, the hot spots and cold spots of the ESV value in
Shijiazhuang are widely distributed and the degree of ag-
glomeration continues to increase.

To sum up, although the process of urbanization will lead
to the reduction of land use types with high ecosystem service
value and the corresponding decline of ecosystem services,
the formulation of corresponding land use policies, the control
of urban sprawl, and the optimization of land use pattern can
effectively enhance the value of urban ecosystem services and
ensure urban ecological security.
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