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Abstract: Understanding the regional distribution characteristics of ecological service values (ESV)
and their driving factors can provide background information and scientific basis for regional
environmental protection policy. This paper adopted the revised equivalent factor method to calculate
the ESV of Sichuan province in 2015 and 2020, and the spatial distribution and variation characteristics
of the ESV were identified accordingly. Then, the structural equation model (SEM) was used to
explore the effects of socioeconomic factors on ESVs in Sichuan Province. The results show that
the ESV in Sichuan Province increased by 2521.45 million USD during the period, an increase of
approximately 0.67%. The western area had higher ESV values compared to the eastern area, with
eastern Sichuan showing a downward trend and the cities in western Sichuan showing an upward
trend. The factors of population, affluence, and science and technology can indirectly affect ESV
through affecting land use and cover, and this indirect effect is stronger than the direct effect on
regional ESV. Among them, the effect of population is the strongest, followed by affluence, and
science and technology is the weakest. The result of this paper also suggests that it is necessary
to propose differentiated ecological protection policies in eastern and western Sichuan Province to
achieve the coordinated development of society, economy, and environment.

Keywords: spatial distribution characteristics; ecological service value; socioeconomic factors;
structural equation model

1. Introduction

Ecological services (ES) refer to the benefits obtained by human beings directly or
indirectly from the ecosystem, which is the basis for the survival and development of human
society [1,2]. In order to objectively reflect the value of the existing natural ecosystem and
the impacts of human exploitation and utilization of the natural ecosystem, the study
of ecosystem services by means of economics was introduced [2—4]. Ecosystem service
value assessment is a quantitative analysis method that monetizes ecosystem functions and
reflects them in economic form, helping us to effectively recognize and protect the existing
natural ecosystem [5,6].

The concept of maintaining ecological balance and promoting the coordinated develop-
ment of regional economy and environment has long been a consensus [7,8]. Quantitative
analysis of the change of regional ecological service value has been increasingly popular
because it can provide background information and a scientific basis for land use man-
agement decisions. Evaluating the changes in ESV and identifying the key driving factors
that cause changes are essential to making effective environment management policies and
maximizing ecosystem service values in a region [9,10].
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Initially, Costanza [2], Daily [1], and De Groot et al. [11] conducted a comprehensive
and systematic study on the evaluation of global ecosystem services and scientifically
defined the principles and methods for the assessment of ecosystem services value. In 2001,
the United Nations imitated the Millennium Ecological Assessment Project (MEAP), which
had promoted the development of ecological assessment research [12]. Subsequently, many
studies perfected the relevant evaluation method of ESV and evaluated the ESV of different
regions, different scales, and different types. For example, R. de Groot [9] established
the Land Ecosystem Services Assessment Database (ESVD), which provides an important
reference for assessing the value of ecosystem services. Kubiszewski et al. [13] estimated
the future global value of ecosystem services depending on the development scenario and
provided details for every country. Other studies have also used data from this global
study to produce regional estimates, such as the case of Asia and the Pacific [14]. In China,
Xie et al. [15-17] proposed a table of ecosystem-services equivalent factors for China by
conducting a questionnaire survey among Chinese ecologists.

At the same time, many studies explored the influence of factors on ESV. Some studies
identified the effect of land use and cover change (LUCC) on ESVs. While estimating the
impacts of LUCC on ESVs in the Upper Blue Nile basin of Ethiopia, Gashaw et al. [18]
found that the impacts of LUCC changes on specific ecosystem services are tremendous.
Estoque and Murayama [19] found that the decrease of forest area resulted in the decrease
of ecological service value in Baguio city, Philippines. Polasky et al. [20] found that the
rapid expansion of agricultural land resulted in the decrease of ecological service value
in Minnesota in the US. Zhong et al. [21] found that freshwater lakes play an important
role in improving the ecological service value of the city. Recently, with the background of
emphasizing the harmonious development of regional ecology, economy and society, many
studies have analyzed the effect of socioeconomic factors on the changes in ESVs. The
effect of socioeconomic factors such as urbanization, population, and GDP on variations
of regional ecological services value were identified [10,20-25]. For example, in the urban
agglomerations of the Yangtze River Economic Belt, the population and urbanization are
recognized as having the most negative impact on ESV [10]. Zhou et al. [24] also point out
that GDP can also change land use patterns and then have a significant negative effect on
regional ESV. Herndndez-Blanco et al. [25] reviewed the past economic, environmental,
and social developments in Latin America and the Caribbean and identified the complex
relationships between them, and they predicted future scenarios for the value of ecosystem
services in Latin America and the Caribbean by 2050.

Although the effects of LUCC and socioeconomic factors on ESV are widely explored,
most models are simply linear correlation analyses with observable socioeconomic indica-
tors. There are few studies that have organized these observable indicators into a systematic
structure. A common limitation of these studies is that the causality between dependent
variables cannot be reflected in their results, which is not conducive to understanding
the influence mechanism of socioeconomic indicators on ecological service value from a
systematic perspective. The structural equation model (SEM) is regarded as a powerful
multivariate analysis tool that has great potential in ecological research as data accessibility
continues to increase. However, it remains challenging even though it was introduced to
the ecological community decades ago [26]. Regardless of its rapidly increased application
in ecological research, well-established models remain rare. In fact, well-established models
can serve as a prior model, as this has been extensively used in psychometrics, behav-
ioral science, business, and marketing research [27]. There is an overlooked yet valuable
opportunity for ecologists to establish an SEM representing the complex network of any
ecosystem [26].

To this end, this study selected Sichuan Province as a research area, which is a typical
area in southwest China where there are great differences in socioeconomic conditions and
land use and cover. Meanwhile, this study adopted the structural equation model (SEM)
to construct a system model that could reflect the complex dependency relationship of
observable variables. In this paper, 183 county-level cities were used as statistical regions
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s0 as to provide a more specific reference for ES management decisions and proposing a
targeted regional environmental protection policy.

2. Materials and Methods

The research framework is showed in Figure 1, which briefly illustrates how to evaluate
the change of ESVs and quantitatively analyze the relationship between socioeconomic
development, LUCC, and variations in ESV. This paper collected basic data and employed
the equivalent factor method to calculate the ESVs of Sichuan Province in 2015 and 2020.
Then, the magnitude and spatial characteristics of ESV variations were analyzed accordingly.
Next, based on STIRPAT (Stochastic Impacts by Regression on Population, Affluence and
Technology), the model selected corresponding socioeconomic indicators. Afterwards, SEM
was employed to explain the effect of those socioeconomic factors on LUCC and variations
of ESV. Finally, specific targeted suggestions are discussed based on regional differentiation
in socioeconomic and environment background.
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Figure 1. Research framework.

2.1. Study Area and Data Source

Sichuan province is located in the hinterland of southwest China, on the upper reaches
of the Yangtze River. The province covers an area of 486,000 square kilometers and has a
population of 83.75 million. Due to the transition zone between the Qinghai-Tibet plateau
and the Yangtze River plain, Sichuan province has a variety of landscapes, such as plains,
hills, mountains, and plateaus. In general, there are great differences between the east and
the west of Sichuan, with high-altitude mountains and plateaus in the west and low-altitude
plains in the east, as shown in Figure 2.

Multiple types of data are used in this study, including land and cover use data,
socioeconomic data, and food price and yield data. The land use and cover data come from
a Landsat 8 remote sensing image of Sichuan province, downloaded from the Resources and
Environment Data Cloud Platform [28]. The socioeconomic and crop yield data of cities are
from the statistical yearbook of Sichuan province, released by the Sichuan Provincial Bureau
of Statistics [29]. The food price data are obtained through the food price monitoring and
analysis tool provided by the Food and Agriculture Organization of the United Nations [30].



Land 2022, 11, 483

4 0f22

Legend

- Study area
E Provincial boundray

% ‘)'," i

- BA ":')\ 4‘a; ;'
Dp Ul
ST

7 - \W')

Figure 2. The location of Sichuan Province.

2.2. Equivalent Factor Method

The study referred to the equivalent factor method, proposed by Costanza et al. [2].
On this basis, the equivalent factor table of ESVs of China and the regional correction
coefficients of ESVs, as proposed by Xie et al. [15-17,31,32], were selected to calculate the
ecological service value of Sichuan Province, as shown in Equation (1). The idea of the
equivalent factor method is to establish unified evaluation factors to evaluate the value
of ecosystem services. Once the value of any one of the ESVs can be calculated, the other
types of ESVs can be calculated accordingly. Usually, this method uses the economic value
of the annual natural food production within 1 hm? of farmland as a benchmark to evaluate
other ecosystem service values.

The economic value of food production services provided by 1 hm2 farmland can
be calculated by Equation (2), provided by [33]. However, this method cannot calculate
directedly the ESV of artificial surfaces. For this reason, this paper adopted the method
proposed by [34] to estimate various ESVs of artificial surfaces, and Table 1 shows the
method. The revised value equivalent factors of ecological service values are shown in
Table 2.

ESV; = EtfySk(k=1,2,---,6;j=1,---,9) 1)

where, ESV; is the ecosystem service value of ecosystem service function type j; j is the type
of ecosystem service function (including food production, raw material production, gas
regulation, climate regulation, hydrological regulation, waste treatment, soil conservation,
biodiversity maintenance, and aesthetic landscape); k is the type of land use (forest, grass-
land, water, farmland, artificial surface, unused land); f]-k is the ecosystem service value
equivalent factor; Sy is the area of land use type.

1 & sigirp
E = = itYit )
¢ 7;—& )

where, E; is the economic value (USD/ hmz) of the food production service provided by the
farmland ecosystem per unit area in the year t; i refers to the types of crops in the research
area; n = 4 (rice, wheat, corn, and soybean); s;; is the area (hm?) of type i food crop research
area; S; is the total planting area (hm?) of crops; p is the average price of type i crops during
the period (USD/kg). g;; is the yield per unit area (kg/hm?) of crop i.
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Table 1. Methods of assessment ESV for artificial surface.

Function Models Explanation
Eg and Ej are annual consumption of standard coal for residential and
industrial use, respectively (tce).
Air regulation —(ErR+ Er)Pag P, is the price of waste gas treatment (USD/ton).

q is the emission of waste gas from combustion of per unit standard
coal (m3/ton).

Hydrological
regulation

—[(Wrw Prw + WgsPrs)P
+(Wiw Prw + WisPrs)GJ

WQryw is per person annual average water consumption (ton/person), Wiy
is water consumption per unit of industrial output (ton/USD).
Prw and Ppyy are residential water price and industrial water price
(USD/ton), respectively.
Wgs and Wyg are residential sewage volume per capita (ton/person) and
industrial sewage volume per unit output value (ton/USD), respectively.
Prs and Pjg are residential sewage treatment price and industrial sewage
treatment price (USD/ton), respectively.
P and G are population (person) and industrial gross output
(USD), respectively.

Soil retention

k is the reservoir project cost (USD/hm?).
p is the soil bulk density.
A is the construction land area (hm?).
Ey and E; are the erosion modulus of no-forested land and construction
land (ton/hm?), respectively.

0.24kA(E, — Ec)/p

Waste treatment

—MRPPrsw — M1GPrsw

Mp and M are waste production per capita (ton/person) and production
of solid waste per unit industrial output (ton/USD), respectively.
Ppsw and Pjgyy are residential waste treatment price and industrial solid
waste processing price (USD/ton), respectively.

P and G are population (person) and industrial gross output
(USD), respectively.

Food production

F is food consumption per capita (ton/person). P is population
density (person/hm?).
Pr is food price (USD/ton).

—FPPy

Table 2. The equivalent factors of ecological services values.

Ecological Service Functions

Land Use and N ; - N . - N -
Cover Types Air Regu- Chmat.e Hydrologlcal Soil ) qudlversﬂ:y Waste Food .Pro- Materl.al Aesthetic
lation Regulation Regulation Conservation Maintenance Treatment duction Production Landscape
Farmland 0.72 0.97 0.77 1.47 1.39 1.02 1 0.39 0.17
Forest 4.32 4.07 4.09 4.02 1.72 451 0.33 2.98 2.08
Grassland 1.5 1.52 1.52 224 1.32 1.87 0.43 0.36 0.87
waterbody 0.51 2.06 18.77 0.41 14.85 2.49 0.53 0.35 444
Artifacial ~073 0 ~7.50 391 ~183 0 ~038 0 0
surface
Unused land 0.06 0.13 0.07 0.17 0.26 0.4 0.02 0.04 0.24

2.3. Structural Equation Model

This paper uses the structural equation model to explore the impact of socioeconomic
development on regional ecological service value. Structural equation modeling (SEM) is a
powerful, multivariate technique increasingly found in scientific investigations to test and
evaluate multivariate causal relationships. SEM differs from other modeling approaches as
they test the direct and indirect effects on pre-assumed causal relationships. A SEM can
also combine observable variables into some latent factors according to their commonness,
which can reduce data dimensions and make the model easier to understand, as showed
in Figure 3. For example, the observable variables population, population density, and
urban population can be combined into a latent variable named population. The full
SEM is composed of a measurement equation and a structural equation, as shown in
Formulas (3)-(5). As a result, the relationship between observable variables and latent
factors and the relationship between latent factors can be estimated simultaneously.
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Measurement model

Figure 3. The structural diagram of structural equation model. (a) is the measurement model
of observables and exogenous latent factors. (b) is the measurement model of observables and
endogenous latent variables. (c) is structural model of exogenous latent factors on endogenous
latent factors.

The relationship between observable and latent factors is called the measurement
model (Figure 3a,b), and it is expressed by the following functions:

Xm =AxC+0 (©)]

Y, = Ayﬂ +e (4)

where, X;; is a column vector composed of 1 exogenous observable variables; ¢ is a column
vector of exogenous latent factors: Ay is the factor load matrix of X on ¢, which can be used
to describe the relationship between exogenous observable variables and exogenous latent
factors. ¢ is the error column vector. Y, is a column vector composed of n endogenous
observable variables; 7 is column vector of endogenous latent factors: Ay is the factor load
matrix of Y on #, which can be used to describe the relationship between endogenous
observable variables and endogenous latent factors. ¢ is a column vector of error terms.

The relationship between latent factors is called the structural model (Figure 3c), and
it is expressed by the following functions:

n=Bn+I¢+Y (5)

where, ¢ and 7 are defined as above; B describes the relationship between endogenous
latent factors; I' describes the influence of exogenous latent factors on endogenous latent. Y
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is a residual column vector of a dimensional structure model which reflects the unexplained
part of the model.

2.4. STIRPAT Model

This paper is based on the core concepts of the STIRPAT model, a useful model
for assessing human impact on the environment [35], using it to select social economic
indicators for constructing the structural equation model.

The stochastic impacts by regression on population, affluence, and technology (STIR-
PAT) model has become a widely employed methodological approach within social science
research and is largely used to understand the complex relationships between human social
systems and the non-human environment. The general assumption of the model is that
anthropogenic environmental impacts are a multiplicative function of population, affluence,
and technology [36].

Based on the existing STIRPAT models, this paper constructs a structural equation
model to understand the complex relationships between human social systems and the
ecological services system. The SEM model contains five latent factors: Population, Affluence,
Science and Technology, Land Use and Cover, and Ecological Service Value, and a total of
16 observables variables. The first three latent factors are exogenous, while the last two are
endogenous. The selection of observable variables of each latent variable is shown in Table 3.

Table 3. Driving factors of the changes of ESVs.

Type Factors Effect Indicators Unit
An increase population will lead to increased consumption of Population Person
Population ecosystems, a large number of rural and suburban residents ~ Population density (PD) ~ Person/hm?
usually put greater pressure on ecosystems. Urban Population (URB) Person
Gross domestic product has always been utilized as an Gross domestic Million USD
important measurement of regional economic development. product (GDP)
Per capita GDP focuses on reflecting people’s income and .
Affluence living standards Per capita GDP (PGDP)  USD/person
Exogenous - : N R .
latent factors Househol.d dlsposab.le income is the sum (?f residents’ final Household disposable
consumption expenditure and savings, which can reflect the . usD
; income (HDI)
affluence of a region.
Scientific and technological achievements can increase R&D investment in a1
roductivity and reduce negative impact on the environment science and Million USD
Science and P Y & p technology (RD)
Technology High value-added products with low energy consumption. ~ Energy consumption per 1000
Energy consumption per unit output value can represent the unit of output USD/ton
scientific and technological level of a region. value (EC)
Proportion of forestland o
area (FOR) ?
Proportion of farmland o
area (FAR) °
Land use and cover has been changing, including conversion Proportion of grassland %
Land Use of ecological land into construction land and conversion of area (GAR)
Endogenous and Cover forestlanﬁl., irasﬁa;d, at?dlwidtetr bc})ldy 'mtq a%}r\icgstgral land, Proportion of water %
latent factors which will directly lead to changes in the s. body area (WAT)
Proportion of artificial o
surface area (ART) °
Proportion of unused o
land area (UNL) ?
Ecological The change of regional ecological service value represents the Total ESV (TE) Million USD
Service Value change of regional ecological environment Average ESV (AE) USD/hm?
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Additionally, in order to explore the impact of social and economic development on
regional ESV, it is necessary to unify the statistical boundary between ESV and social and
economic indicators. In this paper, the administrative boundaries of 183 county-level cities
were used as statistical region, and the resulting ESVs of the 183 county-level cities are
calculated accordingly. The path structure of the structural equation model is designed as
shown in Figure 4, and its basic hypotheses are shown subsequently:

(1) There is mutual influence among latent factors of Population, Affluence, and
Science and Technology.

(2) The exogenous latent factors that can affect land use and cover then affect regional
ecological services value indirectly, and they also can directly affect regional ecological
services value.

(Pop)

(PD) Population

X

(TE)

\ Ecological
service value (AE)
\ A
(FOR)

(URB)

|_(AB)_|

(coP) | (FOR)

(PGDP) ‘ & IEEI

(HDI) , Land use
and cover

/

(RD) Science and

technology

(EC) (UNL)

Figure 4. Path design of structural equation model.

3. Results
3.1. The Variations of Land Use and Land Cover

The land use and land cover in Sichuan province in 2015 and 2020 are shown in
Figure 5a. The main land use and cover selections in Sichuan Province are forest, grassland,
and farmland, while there is less of unused land, water body, and artificial surface. In
general, grassland, forest, unused land, and water body are mostly distributed in high
mountains and plateau areas in the western Sichuan, while farmland land and artificial
surface are mostly distributed in flat areas in eastern Sichuan.

By comparing the LUCC in this period, there are land transfers between different land
types, but the total area of each type of land is almost steady. As shown in Figure 5b, the
Sankey diagram shows the change and the flow direction, respectively, for six types of land
use and cover in Sichuan province from 2015 to 2020. The largest reduction is recorded in
grassland (—485,716 hm?, —2.86%), followed by farmland (—103.167 hm?, —0.85%). The
increases are witnessed in forest (363,293 hm?, 2.17%), artificial land (156,249 hm?, 2.62%),
water body (48,102 hm?, 10.77%), and unused land (21,240 hm?, 1.24%).
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(b) The Sankey diagram showing the change of land use and cover

Figure 5. The change of land use and cover of Sichuan province in 2015 and 2020.

3.2. The Variations of ESVs
3.2.1. Variations of ESVs in Land Use and Cover

The result of ESVs of six land types in Sichuan province in 2015 and 2020 is shown
in Figure 6a. The ESV of forest is the highest, reaching 224,864.48 million USD in 2015
and 229,854.68 million USD in 2020. The ESV of grassland is the second highest, but there
is a modest decrease from 98,856.04 million USD to 96,098.35 million USD. The similar
trend also is seen in farmland, where the ESV of farmland decreases from 45,796.85 million
USD to 45,399.88 million USD. The ESVs of other land types are less. In 2015, water body
provided an ESV of about 8677.33 million USD and this amount climbed to 9845.26 million
USD in 2020. The ESV of unused land is almost unchanged during the period, at around
1150 million USD. It is noticeable that the ESV of artificial surface drops significantly, from
—1394.30 million USD to —1890.91 million USD. Figure 6b presents the percentage changes
of ESVs in terms of six land types in Sichuan province from 2015 to 2020, respectively. The
rate of change is expressed by dividing the change in ESV between 2015 and 2020 by the
total ESV in 2015. The largest reduction of ESVs in Sichuan province is recorded in artificial
surface (—35.62%), followed by grassland (—2.79%) and farmland (—0.87%). The increase of
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390,000

ESV (million USD)

Water body

290,000 98,856.04

190,000
224,864.48

45,796.85
-10,000

ESVs in Sichuan province is witnessed in water body (13.46%), forest (2.27%), and unused
land (1.27%). Overall, the total ESV of Sichuan province increases from 377,949.75 million
USD in 2015 to 380,471.19 million USD in 2020—an increase of 2521.45 million USD, which
corresponds to a percentage change of 0.67%.

ESVs (million USD )
calculated at 2015 constant prices)
1149.36  ————— 1163.94
9845.26 Unused land
96,098.35 e
B Artificial surface
B Water body
229,854.68 Grassland
M Forest
B Farmland
45,399.88
2015 1891 2020

(a) The ESVs of different land use and land cover

Change rate (Unit: %)
-0.87% m

Il 002
-2.79% Il

I 0.13

Artificial surface —35.62% I

Unused land

= 0,01

—40.00% —-30.00% —20.00% —10.00% 0.00% 10.00% 20.00%

(b) The proportional changes of ESVs

Figure 6. The Variations of ESVs in land use and cover in Sichuan province during 2015-2020.

3.2.2. Variation of ESVs in Ecological Service Functions

Based on the equivalent factor table (Table 2), values for nine ecological service func-
tions were calculated accordingly, including food production, raw material production, air
regulation, climate regulation, hydrology regulation, waste treatment, soil conservation,
biodiversity maintenance, and aesthetic landscape. The spatial distribution of these nine
values is shown in Figure 7. There is a huge difference between east and west. In general,
the western area has higher ESV values compared to the eastern area, and this spatial
difference is largely determined by land use and cover. In the mountainous region of
western Sichuan, there is more forest land and rich vegetation coverage, which can provide
more ecological service functions, such as air regulation, climate regulation, biodiversity
conservation, material production, and soil retention, etc. While in the eastern plain or hilly
region, only the value of food production ecological services is prominent, because there is
more farmland for food production.
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Figure 7. The spatial distribution of the nine types of ecological service functions value in 2015 and 2020.
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In order to further analyze the variation in values of ecological service functions, the
size and their changes during 2015-2020 are calculated. The results are shown in Figure 8a.
Ecological service functions, such as soil conservation, biodiversity maintenance, hydrological
regulation, air regulation and climate regulation, have a higher ESV (more than 50,000 million
USD), while the ESV for food production, aesthetic landscape raw material production, and
waste treatment is relatively lower. During 2015-2020, the values of the nine types of ecological
service functions are almost steady, but there are some subtle changes that need to be pointed out.
As shown in Figure 8b, the ESV of hydrological regulation, air regulation, climate regulation,
biodiversity maintenance, and aesthetic landscape is increased. The largest increase is witnessed
in hydrological regulation, reaching 1251.24 million USD. Next, the ESV of air regulation and
climate regulation increased by 883.38 million USD and 768.64 million USD, respectively. The
increase in aesthetic landscapes and biodiversity maintenance is smaller at 515.36 million USD
and 373.57 USD million, respectively. By contrast, the ESV of soil retention, water treatment,
raw material production, and food production decreased, and the declines are 676.00 million
USD, 363.48 million USD, 166.50 million USD, and 108.66 million USD, respectively.
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Figure 8. The variation of ESVs of nine types of ecological service functions in Sichuan province
during 2015-2020.
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(a) The total ESV in 2015

(d) The average ESV in 2015

3.2.3. Variation of ESVs in the Cities

In order to explore the impact of social and economic development on regional ESV,
it is necessary to unify the statistical boundary between ESV and social and economic
indicators. In this paper, the administrative boundaries of 183 county-level cities were
used as statistical regions, and the resulting ESVs of the 183 county-level cities is shown in
Figure 9.

It is clear to see that the spatial pattern of the total ESVs of Sichuan in 2015 and 2020
is similar. It is obvious that western areas have higher ESV values compared to eastern
areas. Most western cities have a total ESV of more than 10,000 billion USD, while the
ESVs in eastern cities are almost no more than 10,000 billion USD (Figure 9a,b). The
changes in total ESVs of 183 county-level cities during the period of 2015-2020 are shown
in Figure 9c. The majority of cities in Sichuan province remained relatively stable with
only minor fluctuations (less than 50 billion USD), though the ESVs of many cities changed
drastically. Although both the eastern cities and the western cities showed an increase and
decrease, overall, western cities tended to increase while eastern cities tended to decrease.
To eliminate the impact of county-level cities’ scale on ESV, the average value of ecological
services per hectare of land of each city was calculated, which can reflect the changes in
ESVs more objectively. The results show that compared with the total ESV, the gaps of
the average ESVs between the eastern and western cities becomes smaller, but western
cites still have higher ESV values compared to eastern cities (Figure 9d,e). Also, the spatial

pattern of increasing in the west and decreasing in the east is also obvious in the variation
of average ESV (Figure 9f).

(b) The total ESV in 2020 (€) The change of total ESV in 2015-2020
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Figure 9. The changes in total ESVs in 183 county-level cities during 2015-2020.
3.3. The Result of Structural Equation Model

In this paper, structural equation modeling software AMOS7.0 is used to estimate
the parameters of the model under the condition of standardization. In other words, the
original data of each variable is standardized by z-score calculation, so that the parameter
estimation result is not affected by the dimension of variables. The analysis includes three
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aspects. The first aspect is confirmatory factor analysis, the second aspect is the evaluation
of the overall fitting results of the model parameter estimation, and the third aspect is the
interpretation of the load and path coefficients of the model.

3.3.1. Confirmatory Factor Analysis

In order to verify the rationality of the selection of indicators and fit of model, con-
firmatory factor analysis was used. This process includes a convergent validity test and
a discriminant validity test. The convergent validity test measures whether the selected
variables are sufficiently representative of the corresponding latent factors, and the square
root value of AVE (average variance extraction value) is adopted [26,27]. The discriminant
validity test is measuring whether there is a difference between latent factors, and the
Person correlation coefficient is used for comparison [26,27]. The results of confirmatory
factor analysis are shown in Table A1.

The AVE square root value of population is 0.853, which is larger than the correlation
value between population and the other three latent factors (the maximum value is 0.751).
Similarly, AVE values of all the other latent factors are higher than the discrimination
threshold of AVE (0.5) and greater than their correlation values with other latent factors,
indicating that the convergent validity and discrimination validity of the data in the
research are good [37]. This means that the selection and classification of observable
variables are reasonable.

3.3.2. The Overall Fitting Evaluation of the Model

We then built the structural equation model according to Figure 4 and estimated the
parameters of the model. The parameter estimation method was the maximum likelihood
function method (ML). According to the theory of the structural equation model [38], this
paper uses the following index to evaluate the fitting effect of the model, as shown in
Table A2 (1) Comparative fitting index (CFI): the value is between 0 and 1, and the closer it
is to 1, the better the model fitting as a whole; (2) Root mean square error index (RMSEA):
the smaller, the better. In general, an RMSEA below 0.1 is considered a good fit, while an
RMSEA below 0.05 is considered a very good fit. (3) Adjusted goodness of fit index (AGFI):
the value is between 0 and 1. The closer it is to 1, the better the overall fit of the model. The
overall fitting results of the model are shown in Table A2. The CFI, RMSEA, and AGFI of
the model are 0.924 (>0.9), 0.071 (less than 0.08), and 0.817 (>0.8), respectively. In general,
the overall fitting degree of the model is acceptable, although the model does not meet the
standard of extremely high fitting.

3.3.3. Interpretation of Model Parameter Estimation Results

The standardized parameter estimation value of each observable variable to its subor-
dinate latent factor (load coefficient) can effectively reflect the degree of correlation between
the variable and the corresponding latent factor, and it also reflects the explanatory ability
of the latent factor to the corresponding observable variable [39]. The result of load coef-
ficients estimation is shown in Table A3. The standardized parameter estimation value
between each latent factor (path coefficient) can effectively reflect the correlation degree
between latent factors, and reflect the explanatory ability of one latent factor to another
latent factor [39]. The result of the path coefficients estimation is shown in Table A4. The
structure diagram with complete load and path coefficients is shown in Figure 10.
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Figure 10. Structure diagram of load and path coefficient.

4. Discussion
4.1. Changes and Spatial Characteristics of ESV's

The total and average ESV of Sichuan province has not changed significantly during
the period of 20152020, but there is a variation in the ESVs of different land types. In fact,
ESVs of forest and water body in the region has improved, but ESVs of artificial surface,
grassland, and farmland are reduced slightly. As a result, the total ESV remained basically
stable during this period.

The distribution of total and average ESVs presents a character of high in the west
and low in the east of Sichuan. This is mainly due to the difference between east and
west in topography and landform. The eastern part is a mostly plain and hilly region,
where land is more suitable for cultivation and construction, and the intensity of land
development is higher [40]. When human beings over-intervene in land use, the land
ecosystem will be destroyed, and the supply of various ecological services will be seriously
affected. For example, the construction of urban viaducts destroys the landscape, and
tall buildings in cities cause insufficient air flow, which all cause damage to the ecological
environment [41,42]. Western Sichuan is a mostly mountainous region and the majority
of the land is kept in its original natural form, having strong ecological adaptability and
ecological recovery ability [43,44], and even some farmland has transformed into grassland
or forest land that has a higher ESV. As a result, the ESV in western Sichuan has increased.

4.2. The Driving Factors of ESV's Change

Regional land ecological service value is affected by of natural, social, economic, and
policy factors. However, the value of land ecological service is not completely passive to
accepting the role of all the influencing factors, but the interaction of the influencing factors
constitute a complex organic system. This study identified that population, affluence, and
science and technology interact with each other, and they can directly and indirectly affect
the regional ecological service value.

Specifically, population, affluence, and science and technology have a strong positive
correlation among them. Those three are mutually reinforcing, which means that the
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more people a region has, the richer and more technologically advanced it is. However,
the three latent variables have an obvious negative correlation with land use and cover,
which indicates that areas with greater populations, more developed economies, and more
developed science and technology have a greater negative impact on natural land resources.
Although, these three also have a negative impact on the ecological service value, but the
negative impact is small. Land use and cover has a high positive correlation with ecological
service value, indicating that the better the preservation of land natural resources, the
higher the value of ecological services.

From the SEM results, it can be found that there is a contradiction between the devel-
opment of socioeconomic factors and the protection of ecological environment, but rapid
socioeconomic development comes with environmental issues, most of which are directly
related to land use and cover. It also can be inferred that social and economic development
often indirectly affects ecological service value by affecting the land use directly.

In fact, the regions with rapid social economic development, more cultivated land,
and grassland or even forest land should be developed as construction land to meet
people’s living and traveling needs, and more natural resources form land are needed to
provide materials and energy, which increases the pressure on the surrounding ecological
environment and weakens the ecological service function of the region [45-47]. In regions
with well-protected ecological environments, the socioeconomic development is relatively
slow; in some western regions of Sichuan province, the ecological environment is well
protected, but they suffer from slow economic development, population loss, and relatively
backward industries.

4.3. Policy Implication

The essence of ecological environmental crisis is the destruction and degradation of
habitat [44]. Ecosystem services and ecological protection policies have a positive effect
on the ESVs [48,49], but the coordinated development of regional society, economy, and
environment is the goal pursued by the government and managers [23,50]. Due to the
difference in socioeconomic development and spatial distribution of ESVs in Sichuan
province, focus is required to improve the ecological sustainability of land use, to achieve
the harmonious development of human and ecological environment. It is necessary to
propose targeted ecological protection policies in accordance with the characteristics of
different regions.

4.3.1. Land Management Policy

In eastern Sichuan, there is a high intensity of land development and utilization and a
large proportion of construction land, resulting in the rapid consumption of natural land
resources. The focus of land management policy should be to adjust the structural propor-
tion of land use and optimize the spatial layout of utilization through strictly controlling
the continuous increase of the total amount of construction land in the region, reducing
the supply of new construction land, and strengthening the secondary development of the
existing construction land.

In the western region, the advantage of ecological service value should be maintained.
To protect forest land, grassland, and water body resources continually, some measures,
such as separating regional ecological protection zones and ecologically sensitive zones
and setting ecological control red lines are effective methods for environmental protection.
At the same time, farmland not only has an important agricultural production function,
but also has an important ecological function. Protecting the existing basic farmland can
guarantee the basic income of the population in the area and provide space for ecological
and environmental protection.

4.3.2. Industrial Development Policy

Although the western region has a better industrial foundation, industries with high
consumption and high pollution should be phased out. Developing high-tech and high
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value-added industries and reducing resource consumption and industrial pollution are of
great significance for the long-term improvement of ESVs in eastern Sichuan Province.

Under the existing industrial base and conditions, the focus of western Sichuan is to
develop agriculture with regional characteristics, modernize agriculture, and explore new
agricultural formats. At the same time, within the scope of ecological environment carrying
capacity, actively promoting the development of tourism is advisable to encourage the
overall development of regional economy.

4.3.3. Fiscal Taxation Policy

In eastern Sichuan Province, the economy is relatively developed, but the ESVs showed
a decreasing trend. In the western region, the ESVs show obvious advantages and an
increasing trend, but the level of economic development is low. This is proof that it is
necessary to establish an ecological compensation mechanism in Sichuan. The evaluation
of the ESVs can be regarded as one of the bases of ecological compensation [51].

In addition, ecological compensation methods based on vertical fiscal transfer pay-
ment, including tax rebate, fiscal transfer payment and special transfer payment, form
upper government, and these play an important role in protecting the ecological envi-
ronment, though the effect of equalizing local financial resources on reducing regional
differences is not obvious. This implicates the establishment of an ecological compensa-
tion system of horizontal financial transfer payment [52]. Through the horizontal transfer
of financial resources from the economically developed areas in eastern Sichuan to the
poverty-stricken areas in western Sichuan, the ecological beneficiaries and providers are
more reasonable in the sharing and enjoyment of costs and benefits, and the benign interac-
tion between ecological compensation and environmental protection is formed, to promote
the coordinated development between different regions.

5. Conclusions

This paper adopted the equivalent factor method to calculate the ESVs in 183 country-
level cities of Sichuan province, and the spatial distribution of variation characteristics of
ESVs are explored accordingly. Then, based on the extended STIRPAT model, the driving
factors of ESV change are selected. Afterwards, the SEM model is employed to analyze
the spatial differentiation characteristics of the impact of driving factors on ESV. The main
finding are as follows.

(1) Over the research period 2015-2020, the total ESV of Sichuan province increased by
2521.45 million USD, which accounts for 0.67% of the ESV in 2020. The largest reduction of
ESVs in Sichuan province is recorded in artificial surface (—35.62%), followed by grassland
(—2.72%), and farmland (—0.87%). The increase of ESVs in Sichuan province is witnessed
in water body (13.46%), forest (2.27%), and unused land (1.27%).

(2) In general, the western area has higher ESV values compared to the eastern area
in Sichuan province. During 2015-2020, the values of the nine types of ecological service
functions almost are steady, but the ESVs of hydrological regulation, air regulation, climate
regulation, biodiversity maintenance, and aesthetic landscape are increased, while the
ESVs of soil retention, water treatment, raw material production, and food production
are decreased.

(3) Most western cities have a total ESV of more than 10,000 billion USD, while the
ESVs in eastern cities are almost no more than 10,000 billion USD. The variation in ESVs
is relatively stable, but the eastern cities and western cities showed an increase and a
decrease, respectively. Overall, western cities tended to increase while eastern cities tended
to decrease.

(4) The mechanism of the impact of socioeconomic factors on ecological service value
can be further understood. It is verified that socioeconomic factors can indirectly affect
regional ecological service value by affecting land use and cover, and the indirect effect
is stronger than the direct effect on regional ecological service value, though the role of
various socioeconomic factors is different.
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The findings of this paper, like those of most other related studies, reveal that the
value of ecological services varies in time and space [47,51,53-55], and confirm that so-
cial and economic development will have a negative impact on the value of ecological
services [10,56-59]. However, few previous studies have differentiated the direct and in-
direct effects of socioeconomic factors on the value of ecological services. In the SEM
results of this paper, it was found that socioeconomic factors can indirectly affect regional
ecological service value by affecting land use and cover. Here, we stressed the importance
of combining hypothesis-based models (SEM) with prior knowledge or related theory. This
research helps us to understand the mechanism of socioeconomic impact on ecological
service value, which is helpful for proposing strategies for the coordinated development of
economy and environment in different regions and provides support for the sustainable
and healthy development of a region.

6. Limitations

However, there are also some limitations. Due to the availability of data, the scope of
this study is limited to Sichuan Province, and the universality of the results needs further
verification. For example, it is not known whether the direct and indirect effects mentioned
in this paper also exist in other regions, or whether the magnitude of direct and indirect
effects in other regions are similar to this study. In addition, the selection of indicators and
the structure of the SEM in this study still need further improvement.

Data mining tools, big data, machine learning, and other new technologies can inspire
new perspectives for our research. The application of big data makes it possible to obtain
more detailed indicators, and machine learning can explore the internal relevance of data,
which is conducive to the better construction of SEM. In the future, we will continue to
carry out similar studies in more and larger areas to further validate the research findings
and apply new technologies to improve the model.
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Appendix A
Table A1l. Convergent validity and discriminant validity test.
. Science and Land Use and Ecological
Population Affluence Technology Cover and Cover Service Value
Population 0.853
Affluence 0.751 ** 0.844
Science and technology 0.626 ** 0.690 ** 0.727
Land use and cover 0.577 ** 0.513 ** 0.305 * 0.841
Ecological service value 0.277 0.125 0.112 0.525 ** 0.891

Note: * represents p < 0.05, and ** represents p < 0.01. The value on the non-diagonal is the Pierce correlation
coefficient. The diagonal value is the square root of AVE of this factor.

Table A2. Model fitting index.

Fitting Index Evaluation Standard Value
Comparative fitting index CFI >0.9, the closer to 1 the better 0.924
Absolute fitting index AGH 209 0817
RMSEA <0.05, the smaller the better 0.071
Table A3. Regression coefficients between latent and observable variables.
Facors Vrables Cocffiient  SOECCL Sor | ZValue  palue
Pop 1.000 0.818
Population PD 1.067 0.873 0.042 5.919 0.000
URB 0.821 0.701 0.164 2.034 0.081
GDP 1.00 0.744
Affluence PGDP 0.869 0.717 0.118 2.831 0.007
HDI 1.087 0.809 0.064 5.236 0.000
Science and RD 1.000 0.875
technology EC 0.828 0.725 0.092 3.633 0.001
FAR 1.000 0.748
FOR 1.305 0.889 0.037 4.448 0.000
Land use GRA 1.274 0.866 0.045 3.745 0.000
and cover WAT 0.858 0.708 0071 2.354 0.025
ART 0.649 0.401 0.300 0.556 0.342
UNS 0.113 0.377 0.308 0.542 0.345
Ecological TE 1.00 0.837
service value AE 0.912 0.763 0.079 2.111 0.043
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Table A4. The regression coefficients between latent factors.

Latent Factors Latent Factors Coefficient Stanflérd Stand Error Z Value p Value
Coefficient

Population Affluence 1.003 0.867 0.083 4.016 0.000
Population Science and technology 0.769 0.712 0.091 3.650 0.001
Population Land use and cover —0.790 —0.741 0.141 2.364 0.024
Population Ecological service value —0.526 —0.370 0.241 1.383 0.153
Affluence Science and technology 0.805 0.729 0.070 4.762 0.000
Affluence Land use and cover —0.716 —0.685 0.162 2.053 0.048
Affluence Ecological service value —0.354 —0.167 0.292 1.143 0.208
Science and technology Land use and cover —0.611 —0.574 0.165 2.020 0.052
Science and technology ~ Ecological service value —0.335 —0.150 0.296 1.126 0.212
Land use and cover Ecological service value 0.725 0.701 0.158 2.105 0.043
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