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Abstract: The research on ecosystem service values (ESVs) estimation in arid region is weak. We took the Alxa League of China’s In-
ner Mongolia Autonomous Region, an extreme arid region, as an example and constructed an equivalent coefficient method to assess its
ESVs from 1975 to 2015, by determining the standard unit of ESVs and the basic equivalent of the value of different ecosystem ser-
vices per unit area based on the regional characteristics, literature research, expert knowledge and land use data. The results show that
the ESVs first decreased from 83 170.4 million yuan (RMB) in 1975 to 82 337.8 million yuan (RMB) in 2000 and then increased to
84 033.6 million yuan (RMB) in 2015, and the ESV of sparse grassland and desert account for about 33% and 29% of the total ESVs, re-
spectively. Among the four service types, the regulating services, support services, supply services and cultural services account for
66.5%, 22.8%, 6.0% and 4.7%, respectively. The changes of ESVs in Alxa League are determined by the socio-economic development
and ecological changes. This study provides a new method to estimate the ESVs in arid region by integrating existing methods and re-
gional characteristics, such as the cost of water for arid ecosystems.
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1 Introduction

Many facets of human well-being are underpinned by
nature and its subsystems such as soil, atmosphere, wa-
ter and vegetation (Van Oudenhoven et al., 2018).
However, in the past few centuries, especially in the last
50 yr, the development of human society and economy
has undoubtedly brought great trauma to the natural
ecosystems (Lu et al.,, 2015a; Feng et al., 2019b).
Hence, there are many challenges for humanity in a rap-
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idly changing world in protecting, managing, and restor-
ing nature in such a way that human well-being can be
sustained in balance with nature. Thus, the terms eco-
system services (ESs) and ecosystem service values
(ESVs) were coined and ESVs’ quantitative approaches
were proposed at the end of the last century (Costanza et
al., 1997; Daily, 1997), which helps us to trade-off the
gains and losses in social and economic activities, espe-
cially in their impacts on nature in monetary terms.
Since then, a great deal of research work has been car-

Foundation item: Under the auspices of the National Key Research and Development Program (No. 2016YFC0500201,
2016YFC0501001), the Key Laboratory Cooperative Research Project of Chinese Academy of Sciences, Natural Science Foundation

of China (No. 41601036)
Corresponding author: XIE Jiali. E-mail: xiejl@lzb.ac.cn

© Science Press, Northeast Institute of Geography and Agroecology, CAS and Springer-Verlag GmbH Germany, part of Springer

Nature 2021


mailto:xiejl@lzb.ac.cn

1098

Chinese Geographical Science 2021 Vol. 31 No. 6

ried out on the assessment methods of ESVs (Costanza
et al., 2014; Zheng et al., 2019; Hu et al., 2020). Mean-
while, the research topics of ESVs paid considerable at-
tention to spatial heterogeneity (Schréter et al., 2015),
regional differences and socio-economic
(Bhandari et al., 2016; Hu et al., 2019).
However, the arid regions were often neglected in
ESVs’ assessment because of their sparse vegetation
and large areas of unused land, especially in deserts.
The Gobi Desert’s ecosystem, for example, was not
contained in the Costanza’s (1997) evaluation method,
or its ESVs was given a particularly low rating (Xie et
al., 2003; Xie et al., 2015b). Arid regions are an inher-
ent part of the earth, covering 41% of the earth’s sur-

factors

face, and supporting more than 38% of the world’s pop-
ulation (Feng et al., 2019a; Lian et al., 2021). They also
support 50% of the world’s livestock, account for 44%
of all cultivated land, and are major wildlife habitats.
Moreover, they are considered the inventor of civiliza-
tion due to the lack of floods (Liu et al., 2014; Lu et al.,
2015b). The desert ecosystem is a seed bank for many
desert plants and an important place for regulating car-
bon storage and emission, and even contains huge fresh
water resources (Lu et al., 2021). Therefore, it is neces-
sary to develop a new method to estimate the ESVs in
arid region based on regional characteristics, which will
greatly promote ecological protection in these regions.
At present, the estimation of ESVs can be roughly di-
vided into two categories, namely the method based on
unit service function price (hereinafter referred to as the
function value method) (Wang and Lu, 2009; Zheng et
al., 2019) and the method based on the equivalent coef-
ficient of value per unit area (hereinafter referred to as
equivalent coefficient method) (Costanza et al., 2014;
Xie et al., 2015b; Hu et al., 2020). The function value
method is to obtain the total value based on the quantity
and unit price of the ecosystem service function (Zheng
et al., 2019). This method simulates the ecosystem ser-
vice function of a small area by establishing the produc-
tion equation between the single service function and
local ecological environment variables using models or
tools, e.g., INVEST (Integrated Valuation of Ecosystem
Services and Tradeoffs), a major tool in ESVs research
because it utilizes LULC change and related biophysic-
al and economic data to predict the ESVs and supply of
ESs (Silvestri et al., 2013; Xie et al., 2015a; Yao, 2016;
Yang et al., 2018). However, this method has many in-

put parameters and complicated calculation processes,
and more importantly, it is difficult to unify the evalu-
ation method and parameter standard of each service
value (Zhang et al., 2010; Jian, 2011). The equivalent
coefficient method is based on distinguishing the ser-
vice functions of different types of ecosystems, con-
structing the value equivalent of various service func-
tions of different types of ecosystems based on quantifi-
able criteria through professional questionnaire surveys
of hundreds of ecologists and other relevant scholars,
and then evaluating them in combination with the area
of the ecosystems (Xie et al., 2015a; Yao, 2016). Com-
pared with the function value method, the equivalent
coefficient method is relatively direct and easy to use
with less data demand, which is especially suitable for
the assessment of ESVs on a regional, national and
global scale (Costanza et al., 2014; Xie et al., 2015a; Hu
et al., 2020). Therefore, the equivalent coefficient meth-
od can serve as a basis for the development of new
methods of ESVs estimation in arid region.

In this paper, we took the Alxa League of China’s In-
ner Mongolia Autonomous Region, which is a typical
arid region, as the case study area. Three famous deserts
including Badain Jaran Desert, Tengger Desert and Ul-
ambu Desert traverse the whole region, accounting for
29% of the Alxa League’s total area (Feng et al.,
2019a). However, there are paddy fields along the Yel-
low River and Euphrates poplar forests maintained by
the runoff of the Heihe River in desert areas. Because
the biophysical and economic data in this region is
scarce, the complex models are difficult to apply, in-
cluding InVEST. The goal of the present study was to
construct an equivalent coefficient method to estimate
the ESVs in the Alxa League from 1975 to 2015 by in-
tegrating the existing methods and regional characterist-
ics of cost of water for arid ecosystems, based on the
statistical data and land use/land cover (LULC) data
from remote sensing monitoring, and improving the
value per unit area yield factor method of static evalu-
ation. Moreover, we compared the estimated value of
the cultural services with the actual tourism income in
this region to validate the method’s suitability. Our res-
ults can provide a more comprehensive scientific basis
and decision support for regional natural asset evalu-
ation and ecological compensation, and it also provides
a new method to estimate the ESVs in arid regions.
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2 Data and Methods

2.1 Study area

The Alxa League of Inner Mongolia Autonomous Re-
gion, China is located in the Inner Mongolia Plateau and
lies between 97.16°E—106.87°E and 37.35°N—42.78°N
with an area of 270 x 10° km” (Fig. 1). The annual pre-
cipitation decreases from an average of 200 mm in the
southeast to 40 mm in the northwest, making it one of
the most arid regions in China (Feng et al., 2019a). Even
so, it is rich in animal and plant species with more than
300 kinds of psammophytes and desert plants, and is
also home to more than 180 rare animal species (Feng et
al., 2019a).

The Alxa League consists of three banners from east
to west, which are the Alxa Left Banner, Alxa Right
Banner and Ejin Banner. The Alxa League is the largest
but least-populated prefecture-level city in Inner Mon-
golia with a population of 240 x 10° in 2015, but it has
experienced severe ecological degradation because of
the overgrazing of grassland, the unreasonable utiliza-
tion of water and soil resources, and the decrease of up-
stream water inflow. In recent years, with the increase
of water diversion from the Yellow River in its eastern
region and discharge from the Heihe River in its west-
ern region, the LULC changed obviously and the re-
gional ecological environment has been significantly
improved (Lu et al., 2021). In addition, due to the publi-
city and creation of desert geoparks, desert tourism and
the Euphrates poplar landscape, as well as the improve-
ment of transportation convenience, regional tourism
has developed rapidly. The Alxa League is an ideal area

42°N

to study the ESVs in arid areas.

2.2 Data collecting and processing

2.2.1 Land use/land cover (LULC) data and pro-
cessing

The data sources are Landsat MSS (1975), TM (1990,
2010), ETM+ data (2000) and OLI (2015), mostly ob-
tained from the United States Geological Survey
(USGS, https://glovis.usgs.gov/), and a few from China
Geospatial Data Cloud (http://www.gscloud.cn/). There
are five periods of LULC data (1975, 1990, 2000, 2010
and 2015) using an integrated method of remote sens-
ing monitoring, and validation through ground investig-
ation and the interpretation of satellite imagery with
high resolution. The production of this dataset uses the
object-oriented classification method based on the plat-
form of eCognition and data processing method based
on ArcGIS platform (Xie et al., 2016). The accuracy of
land use data is strictly checked, and then assessed by
confusion matrix. The maps are reinterpreted if the ac-
curacy does not satisfy the mapping standards and
rechecked until the accuracy reaches mapping require-
ments. In the processing of accuracy assessment, the
data of field verification point and Google earth images
are also used as ancillary materials to confirm the inter-
pretation precision (Xie et al., 2016).

According to the land use/land cover classification
system (Feng et al., 2011; Xie et al., 2016; Lu et al.,
2021), there are 6 types at the first scale and 40 types at
the second scale, which can meet the needs of ESVs es-
timation of as many as 14 types. In the estimation of the
ESVs of the different ecosystems, we combine the

Legend

Provincial b
GS(2019)1823

0 500 km g i
|| i -

38°N

40:’N v 41‘:N

39°N

100°E 105°E
‘ . Z
[aa]
<
| &
Q
<
5
<
| €
< =3
Zhengyixia % ~
‘.'\.'r' 9
3 z
T | o
Legend ¥ a
. GPS_Samplp point§ Elevation / m
| & Meteorological station - 3550
L' Hydrological station - L %
3 County boundary - @
= Lake i River gsg? 50 100kmy g

100°E 105°E

Fig. 1 Location of study area in China and meteorological and hydrological stations


https://glovis.usgs.gov/
http://www.gscloud.cn/
https://glovis.usgs.gov/
http://www.gscloud.cn/

1100

Chinese Geographical Science 2021 Vol. 31 No. 6

LULC types at the second scale accordingly (Table 1).
2.2.2 Other auxiliary data

Precipitation and temperature are two major variables
used to understand regional climatic condition, vegeta-
tion dynamics, and ESVs change. Annual precipitation
and mean temperature records at the Ejinaqi, Guaizihu,
Bayinmaodao and Alashanyouqi Meteorological Sta-
tions from 1975 to 2015 were collected from the China
Administration of Meteorology (http://data.cma.cn/).
Because the upstream runoff and water diversion from
nearby rivers are the main water resource for the ecosys-
tems in arid regions, the runoff at Zhengyixia Station
and Langxinshan Station in the Heihe River and the
streamflow into the terminal lakes were used to assess
the impacts of water diversion on the ecosystem
changes in Alxa League. The runoff data in the Heihe
River between 1975 and 2015 were collected from the
Environmental and Ecological Science Data Center for
West China (http://westdc.westgis.ac.cn/) and the Bur-
eau of Heihe River Water Resources Bulletin.

In addition, the roles of projects and policy factors in
ecosystem changes are particularly important. In the
past 40 yr, the Alxa League has carried out a large num-
ber of projects, including the ‘Three-North Shelterbelt’
project since 1978, ‘Natural Forest Protection’ Project,
the ‘Grain to Green’ Program and ‘Ecological Migrant’
Project since the mid-1990s, and the Ecological Water
Diversion Project (EWDP) in the Heihe River Basin
since 2000. These data were obtained from the regional
statistical yearbooks (Alxa League Statistics Bureau,
2001-2016), annual reports and literature (Lu et al.,
2021). According to the effects of projects and policies
on social economies and ecological environment, they
were divided into socio-economy oriented projects and
policies and ecological environment oriented projects
and policies.

2.3 Ecosystem service values (ESVs) estimation
2.3.1 Types of ecosystem services (ESS)

Although the European Environment Agency (EEA) re-
cently published the Common International Classifica-
tion of Ecosystem Services (CICES, V5.1) and reclassi-
fied the ESs into three categories—provisioning, regu-
lating and maintenance, and cultural services (Hu et al.,
2019), we applied the method of the Millennium Eco-
system Assessment (MA) (2005) due to the consistency
of service function classification and calculation criteria

of ESVs from previous research (Costanza et al., 2014;
Xie et al., 2015b; Yao, 2016; Hu et al., 2020). The ESs
were divided into 4 major categories including: supply
services, regulating services, support services, and cul-
tural service, and further subdivided into 11 kinds of
ESs (MA, 2005; Xie et al., 2015b) (Table 1).

2.3.2 Evaluating value of equivalent coefficient for a
standard unit ecosystem service value

The equivalent coefficient for a standard unit ecosys-
tem service value (hereinafter referred to as the stand-
ard equivalent coefficient) refers to the economic value
of natural food production in 1 ha of farmland with the
level of the national average yield every year (Xie et al.,
2015a; 2015b), which can be used to determine the
equivalent coefficient of other ESs combining expert
knowledge. In this study, referring to the treatment
method in the national scale provided by Xie et al.
(2015b), we took the net profit of food production per
unit area of farmland ecosystem in Alxa League as the
ESVs of a standard equivalent coefficient. Because the
statistical data is limited to the administrative district
scale of the league, the grain yield value of farmland
ecosystem was calculated based on the statistical data of
the Inner Mongolia Autonomous Region and China
from 2001 to 2015. The standard equivalent coefficient
was calculated as follow.

D= 215 ((Pw,i X Yyy,i=Cy i X Ay i) +(Pei X Ye i—=Ce i X Ac ;)
i=1 15% (AW,,' +Ac,i)

(1)
where D is the average of the standard equivalent coeffi-
cient from 2001 to 2015 (yuan (RMB)/ha), P,,; and P;
are the prices of the wheat and corn in year ;i in China
(yuan (RMB)/kg), Y,,; and Y;
and corn in year i in Inner Mongolia Autonomous Re-

are the yield of wheat

gion (kg), C,,; and C_; are the cost of wheat and corn in
year i in China (yuan (RMB)/ha), and 4,,; and 4, are
the area of wheat and corn in year i in Inner Mongolia
Autonomous Region (ha), respectively. The data were
obtained from the statistical yearbooks of Alxa League
(Alxa League Statistics Bureau, 2001-2016), Inner
Mongolia Autonomous Region and China, and literat-
ure (Wang, 2017).

2.3.3 Basic equivalent of value of ecosystem services
per unit area

The basic equivalent of the value of ESs per unit area
refers to the average annual value equivalent of each
ecosystem service per unit area of different types of eco-


http://data.cma.cn/
http://westdc.westgis.ac.cn/
http://data.cma.cn/
http://westdc.westgis.ac.cn/

1101

BUI[ES PUE [I0S

XIE Jiali et al. Driving Force and Ecosystem Service Values Estimation in the Extreme Arid Region from 1975 to 2015

o 10°0 00 000 w00 €0°0 0ro 000 00 200 000 000 puej aleq a1eq ‘1q0D Y01 d1eg
(8! S0'0 1o 100 €1'0 170 €0 010 170 200 €00 100 Hose(g Hased pug[ pasnur)
[ouueyd/[euRd
PUE JOALL
Se'Ie 810 §9°0 00 STo 86°6T 'l LSO 170 L0T 900 020 Il M ‘puodrroatasar e
PUB[JOM SNOAIBQIAY
0°cs €LY LY'L 81°0 1ee €TV 09°¢ 09°¢ 06°1 65T 050 IS0 PUEIOM ‘puepom qnIyg PUB[IoM/INB M\
IS4 €10 870 €00 €0 6v'0 o L9°0 970 ¥0°0 L00 SO0 pue[sserd osieds puessers ostedg
20! 950 LT1 1o 6€'1 1ce 00°1 (403 49! 81°0 €60 o MOpBIN Mopesw djerddwd,
ume|
LO'S STo 9¢°0 00 w90 86°0 70 el 150 800 v1°0 010 PuB[SSeI) ‘oddays orerodwa, puessel
0L S€0 6L°0 L00 980 89°1 ¥9°0 [4%4 L0 €570~ wo 010 pueqnys osieds puelqnys asieds
0601 LSO 0€'T 170 &'l 9L'T 00°1 e 81'1 60— 9¢'0 910 18010§ dsredg 150105 osredsg
pue[qnIys
¥6°€1 690 LS'1 €ro [7h! Se'e 8CT'1 €&y 1A 90°'1— €0 610 pue[qnIys Jedpeolq snonpioa(g
15310
€9'1¢ 90°1 v'e 0T0 S9'C LY €61 0S9 L1'T 860~ 99°0 6C0 15010] JeajpeoIg  JeA[peoIq SNonproa  1so10j uetredry
At 190 8¢°1 970 S8l L8'E (U8 e 86°1 yI'l- 850 STl PIEYIO PIEY2IO
SO'L Se'0 6L°0 L00 980 89'1 ¥9°0 e 1.0 1o wo 010 puejqniys osieds puejqniys osiedg
€511 LSO 0€'1 1o &'l 9Ll 00°1 [42% 81°1 480 9¢€0 910 18210J ds1edg 15010j dsxeds
pue[qnIys
sl 690 LS'T €10 (73! Se'e 8CT'1 €y 71 o &0 61°0 puejqnIys Jea[peoIq snonproag
15010
€S°LI w0 88'1 910 90°C e 61’1 LO'S 0L°1 LTO w0 o 15910J JEA[O[PAAN  JEI[O[PIIU UAITIOAT
15310
S6'CC 90°1 v'c 0T0 S9'C LY €61 059 L1T €0 99°0 6C0 isoloj Jeapeolg  jes[peolq snonproaq |
0T's 600 170 61°0 100 e LT°0 LSO 11 (450 600 9¢'1 pue| pajeSiuy pue| poyesiuy
68°¢ 600 170 61°0 100 (74 L1°0 LSO Il €9 60°0 9¢'1 pPIRY Apped pIoY Apped Pue[ pajeAnny
uoneoyund uononpoid
adeospue| fusioapoig SurjoAo juarynu R uonengal - uonen3ar uopemndar  A[ddns F—_— uononpoxd QS10Z “Te (1102
OISOy T JjoooueuoyulRlN : K3o101pAH dew|) sen RN ’ poog
el QUIUOIAUF mey 19 9IY) UONBWNSd SASH “Te 10 Suay)
90TAIS [RIY[N)) soora1es oddng $001A10S Sune[ngoy soorates Ajddng 10y sadAy wiapsksoogy $2d& D INT

eoIe J1un Jod onjeA 901AI0S WSAS009 JO JUA[RAINDA JIseq oYL | J[qeL



1102

Chinese Geographical Science 2021 Vol. 31 No. 6

systems (hereinafter referred to as the basic equivalent)
(Xie et al, 2015b). Based on Costanza et al. (1997), Xie
et al. (2008) improved the calculation method by con-
ducting a professional questionnaire survey in China,
and the equivalent coefficient was considered the value
of a certain ES of a specific ecosystem (Xie et al., 2008;
Hu et al., 2019). We determined the basic equivalent in
Alxa League by integrating the national average
provided by Xie et al (2015b) and local conditions, re-
ferring to an adjacent case of Wu’an City in Hebei
Province (Yao, 2016).

In Alxa League, there is riparian forest along the
Heihe River, which depends mainly on groundwater.
Similarly, the irrigated land needs irrigation using river
runoff or groundwater. Thus, their water supply service
should be negative values as should be the paddy fields
proposed by Xie et al. (2015b) and Yao. (2016). We set
the values of the water supply service of the riparian
forest and the irrigated land according their evapotran-
spiration (Li et al., 2018). In addition, the bare land in
Alxa League had the ability of water supply (Li et al.,
2018), and should be set the same value as desert (Xie et
al.,, 2003; Xie et al., 2015b; Yao, 2016) (Table 1).
Moreover, we used the regional tourism income to veri-
fy the value of the cultural service in this study.

3 Results

3.1 Land use/land cover changes
As Fig. 2 shows, the main LULC types in Alxa League

1990

2015

are unused land and grassland. Unused land includes
bare land and desert, which account for about 47% and
31%, respectively, while grassland accounts for 18%,
but the sparse grassland predominates and is up to
15.7%. The other land cover types account for about
4%. The land cover in Alxa League changed slightly
from 1975 to 2015 except for the more obvious changes
to water or wet land, irrigated land, and built-up land.
The area of water or wetland decreased continuously be-
fore the introduction of the EWDP in 2000, and then in-
creased since the EWDP was implemented. The lakes in
Badain Jaran desert in Alxa Right Banner changed
slightly, but the terminal lakes of the Heihe River such
as Swan Lake and Sogo Nur dried up in 1990 and 2000,
and then recovered in 2010. The irrigated land and built-
up land were in an expanding trend over the past 40 yr
with the socio-economic development. Riparian forest
has increased in general, which depended on the
changes of sparse shrubland and deciduous broadleaf
shrubland. On the contrary, the unused land decreased
continuously.

3.2 Ecosystem service values changes

The total ESVs in Alxa League decreased from 1975 to
2000, and it was lowest at 82 337.8 million yuan (RMB)
in 2000. From 2000 to 2015, the total value increased to
84 033.6 million yuan (RMB), which was more than it
was in 1975 (Fig. 3). The ESVs of grassland was in first
place in Alxa League, which amounted to 42.0%, and
the sparse grassland’s ESVs accounted for about 78.6%

2000

N Land use/Land cover

B Forest
Grassland
Cultivated land

Il Water or wetland

B Built-up land
Unused land

0 125 250 500 km

Fig. 2 The spatial changes of land use/land cover from 1975 to 2015 in Alxa League, Inner Mongolia Autonomous Region, China
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of that. In second place was unused land, which accoun-
ted for 37.5%, and bare land and desert accounted for
about 22.7% and 77.3% of that, respectively. The pro-
portions of the grassland and unused land to the total
value increased from 1975 to 2000 and then decreased
from 2000 to 2015. In third place was forest and it ac-
counted for about 15%, and sparse shrubland accounted
for about 70% of that. The ESVs of water or wetland
was fourth and accounted for 3.3%—5.0%, and it de-
creased from 3765.5 million yuan (RMB) in 1975 to
2717.6 million yuan (RMB) in 2000, then continually
increased to 4180.2 million yuan (RMB) in 2015, which
was 53.8% more than it was in 2000. This was because
the terminal lakes recovered. The ESVs of cultivated
land was the least and accounted for only 1%, but it in-
creased continually from 566.3 million yuan (RMB) in
1975 to 994.8 million yuan (RMB) in 2015.

The composition of the ESVs in Alxa League was
stable from 1975 to 2015 in general. In the major cat-
egories of ESs, the supply services, regulating services,
support services and cultural services contributed about
6.0%, 66.5%, 22.8% and 4.7%, respectively (Fig. 4).
The contributions of the supply services and regulating
services first decreased from 1975 to 2000 and then in-
creased from 2000 to 2015. On the contrary, the contri-
butions of the support services and cultural services in-
creased from 1975 to 2000 and then decreased from
2000 to 2015.

In the regulating services, the contribution of the hy-
drology regulation was the most and decreased from
21.6% in 1975 to 20.9% in 2000 and then increased to
21.9% in 2015. The climate regulation, environmental
purification and gas regulation services contributed
18.5%, 17.4% and 9.4%, respectively, and the propor-
tions of their contributions increased from 1975 to 2000
and then decreased from 2000 to 2015. In the support
services, the soil retention, maintenance of nutrient cyc-
ling and biodiversity contributed 11.3%, 0.9% and
10.6%, respectively. In supply services, the food pro-
duction, raw material production and water supply con-
tributed 1.6%, 2.4% and 1.9%, respectively. The food
production’s value increased continually from 1249.6
million yuan (RMB) in 1975 to 1372 million yuan
(RMB) in 2015, while the water supply’s value de-
creased from 1724.4 million yuan (RMB) in 1975 to
1557.7 million yuan (RMB) in 2000 and then increased
to 1619.2 million yuan (RMB) in 2015. The aesthetic

—a— Cultivated land —— Unused land —8— Water or wetland
—%— Forest —%— Grassland —@— Total

E 40000 85000
: 3

® ° ° ® >
2 30000 —* ¢ Al ¢ 884000 3
c .
2 5‘20000 o 83000 E g
& 25
%’ = 85
3 E 10000 82000 g g
Iz =z
8 )
8 —a . s —= g
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ﬁ A A T A " 7 3 T A 81000

1975 1990 2000 2010 2015
Year

Fig. 3 The changes of ecosystem service values from 1975 to
2015 in Alxa League, Inner Mongolia Autonomous Region,
China

landscape’s least and largest values appeared in 2000
(3894.5 million yuan (RMB)) and 2015 (3939.8 million
yuan (RMB)), while its proportion was about 4.7% and
first increased in the period of 1975—2000 and then de-
creased in the period of 2000—2015.

3.3 Driving force of ecosystem service values
changes

Through analyzing
changes and detecting the change trend and inflection

the climate and hydrological

point characteristics of LULC and ESVs, we made com-
parison analysis between ESVs and the climatic, hydro-
logical and socio-economic factors. The year 2000 is an
important node for the changes of land use and ESVs in
Alxa League. Based on the meteorological data, the
mean annual precipitation ranged from 34 mm in Ejin-
aqi and 120 mm in Alashanyouqi in the period of
1975-2015 (Fig. 5a). The precipitation in all of four sta-
tions was in increasing trend, but did not satisfy the sig-
nificance level of 10%. From 1975 to 2015, the annual
temperature increased obviously with the rates of

2015 = Food production
’ 2010 ™ Raw material production

2000 = Water supply
1990 m Gas regulation
Climate regulation
= Environmental purification
Hydrology regulation
Soil retention

1975

Maintenance of nutrient cycling
Biodiversity
Aesthetic landscape
Fig. 4 The proportions of 11 ecosystem services’ values to the
total in Alxa League, Inner Mongolia Autonomous Region, China
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0.34°C-0.52°C per 10 yr (Fig. 5b). In addition, the run-
off at Zhengyixia station experienced a gradual decline
until the EWDP began in 2000 and the mean runoff in
the period of 1990-2000 was only 7.7 x 10° m’; then it
increased by 2.9 x 10° m’ after the EWDP. Similarly,
the runoff at Langxinshan increased from 4.5 x 10° m’
in the period of 1988-1999 to 5.5 x 10° m’ in the peri-
od of 2000-2015 (Fig. 5c). The discharge flowing into
the Sogo Nur has remained at around 0.5 x 10® m® in re-
cent years. Thus, under the background of a warm and
wet climate, but with limited effect of the precipitation
on local socio-economic development and ecological
environment protection, the increase of water dis-
charged from the Heihe River undoubtedly became the
key factor to ensure the above two aspects.

In the period from 1975 t01990, the vast majority of
policies were geared towards socio-economic develop-
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ment, including the national commodity grain construc-
tion base in 1975, reform and opening up and gross do-
mestic product (GDP) as the main evaluation index in
1978, household contract responsibility system and
grass and livestock double contract in 1983, and poverty
alleviation policies in 1986, while the ecological envir-
onment oriented project only includes the ‘Three-North’
Shelterbelt system construction project since 1978. En-
tering the second period of 1991-2000, at the same time
as developing of the economy (such as construction of
the socialist market economy in 1992, protection of ba-
sic farmland in 1999 and great western development
strategy in 2000), emphasis was also given the protec-
tion of ecological environment (establishment of the
Populus euphratica forest nature reserve of the Inner
Mongolia Autonomous Region (IMAR) in 1992, sus-
tainable development as a national strategy in 1994, soil
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Fig. 5 The climatic and hydrological changes from 1975 to 2015 in Alxa League, Inner Mongolia Autonomous Region, China: (a) an-

nual precipitation, (b) annual mean temperature and (c) runoff
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and water conservation as a basic national policy in
1997, pilot project of natural forest protection in IMAR
in 1998, ‘Grain for Green’ Project in 1999, and full-
scale Natural Forest Protective Project and EWDP in
Heihe River Basin in 2000), especially to the harness-
ing of the Heihe River Basin with implementation of
EWDP in 2000.

Since 2000, although the economy is still booming
under many policies, including joining the WTO in
2001, property sector as a pillar industry in 2003, can-
celling agricultural tax in 2006, collective rights reform
and land transfer in 2008 and belt and road initiative in
2015, more efforts have been made to protect and re-
store the country’s ecology (such as eco-environment
meeting of IMAR, law on desert prevention and trans-
formation and recent management plan in Heihe River
Basin 2001, eco-migration project in Ejina in 2002, es-
tablishment of Populus euphratica in Ejina National
Nature Reserve in 2003, and new rural development
strategy and Alashan Desert National Geopark in 2005),
and the ecological progress became a national policy in
2011. These projects and policies dominated the
changes of regional land use and also affected the distri-
bution and composition of regional ESs and ESVs.

4 Discussion

4.1 The suitability of ESVs estimation method

In this study, we selected the Alxa League, a typical ar-
id region dominated by desert ecosystems, as a case
study, and estimated its ESVs using an equivalent coef-
ficient method. In order to determine the standard unit
ESVs of the Alxa League, we used the national price
and cost of the main food crops, and the yield and the
area sown in the Inner Mongolia Autonomous Region
after comparison of reliability and tradeoff of data ac-
quisition availability. The standard unit ESVs was 2857
yuan (RMB)/ha, which was appropriate compared with
the national value (3406.5 yuan (RMB)/ha) estimated by
Xie et al. (2015b). This was because the yield in the
Alxa League was low due to an arid climate and poor
land, and the benefit was lower than the national value.
In the estimation of the basic equivalent of the value of
ESs per unit area, we referenced the national level
provided by Xie et al. (2015b), and the regional level in
an adjacent case of Wu’an City in Hebei Province (Yao,
2016). Moreover, we considered the distinctive qualit-

ies of the Alxa league, such as widespread distribution
of desert and bare land, and desert riparian forest, and
added
broadleaf forest, deciduous broadleaf shrubland, sparse
forest and sparse shrubland and those belong to riparian
forest) and adjusted their value based on their water
consumption using the evapotranspiration data (Li et al.,
2018).

There was a spectacular economic development in the
Alxa League from 2002 to 2018, especially in tertiary

some ecosystems (the ordinary deciduous

industry, and the tourism income increased from 64.3
million yuan (RMB) to 17 420 million yuan (RMB)
(Fig. 6). The estimated cultural services values were
3894.5 million yuan (RMB) in 2000 and 3935.8 million
yuan (RMB) in 2010, which were much larger than the
tourism income, while the cultural services value was
3939.8 million yuan (RMB) in 2015 and was consider-
able with the tourism income of 4700 million yuan
(RMB) (Fig. 6). This indicated that the results of cultur-
al services values had some reliability and the method
has suitability, but the dynamic changes were not con-
sidered.

4.2 Importance of the arid ecosystem in the co-
ordinated development

We successfully estimated the ESVs in Alxa League
from 1975 to 2015 using the improved method. The
value was up to 82 337.8-84 033.6 million yuan (RMB),
while the GDP in Alxa League in 2015 was 32 258 mil-
lion yuan (RMB), which was only 38% of ESVs. It
should be noted that the ESVs of desert systems and
bare land accounted for 37.1%—-37.9% of the total ESVs.
As stated by Lu et al. (2020), the native desert region is
dry and rainless, with sparse vegetation and a fragile
ecosystem, but it plays an irreplaceable and important
role in regulating climate, material circulation and en-
ergy circulation, and contributes its own strength to the
balance and stability of the earth’s biosphere. In our res-
ults, although the supply services contributed about
6.0% of the total, the regulating services and support
services contributed 66.5% and 22.8%, respectively. In
addition, the cultural services may be reasonable and
was 3894.5-3939.8 million yuan (RMB), accounting for
4.7% of the total, because the tourism revenue of Ejin
Banner alone reached 1462 million yuan (RMB) in
2015, then rapidly increased to 6819 million yuan
(RMB) in 2018. This also gave us a hint that dynamic
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Fig. 6 The tourism income and cultural services values from 2002 to 2018 in Alxa League, Inner Mongolia Autonomous Region,

China

estimation of ESVs should be considered in the future.

A slogan on the shore of Sogo Nur downstream of
Heihe River reads, ‘the little Sogo Nur is connected to
the national high level’, indicating that the state leaders
are concerned about the local ecological environment,
but also implies that the deterioration of the local ecolo-
gical environment affects Beijing and other distant
places. Many ESs are not limited to local regions, but
also provide some services in distant places, such as air
purification services. It is extremely necessary and im-
portant to integrate tele-services and willingness to pay
into the estimation and assessment of ESVs.

5 Conclusions

This study constructed an equivalent coefficient method
to account the ESVs of arid region, through determin-
ing the standard unit ESVs and the basic equivalent of
the value of ESs per unit area based on the regional
characteristics, literature research and expert know-
ledge. The ESVs in the Alxa League was estimated and
its changes was analyzed duing 1975-2015 based on
LULC data. The sparse grassland and desert were the
two highest contributors, which accounted for about
33% and 29% of the total ESVs (82 337.8-84 033.6
million yuan (RMB)), respectively. Among the four ma-
jor ESs types, the regulating services was the largest,
followed by support services, supply services and cul-
tural services, which contributed about 66.5%, 22.8%,
6.0% and 4.7%, respectively. In the secondary ESs
types, the contribution of the hydrology regulation, cli-
mate regulation, environmental purification and gas reg-

ulation functions contributed about 21%. 18.5%, 17.4%
and 9.4%, respectively. With the changes of the LULC,
the ESVs first decreased from 1975 to 2000 and then in-
creased from 2000 to 2015. This was mainly because
the former stage mainly focused on social and econom-
ic development, while the latter stage gave considera-
tion to social and economic development, and the ecolo-
gical environment restoration and protection policies
and projects represented by the EWDP in the Heihe
River basin increased, and the ecological environment
improved. The results can provide more comprehensive
scientific basis and decision support for natural asset
evaluation and ecological compensation in arid region.
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