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Abstract: The southern hilly mountains are rich in natural resources and are one of the important
ecological security barrier zones in China. However, the disturbance of the ecosystem caused by
human activities has led to a differentiated character of spatial ecosystem services. Such spatially
differentiated characteristics have not been well studied, and thus are bound to limit our ability to
manage ecosystems sustainably. Taking Ruijin City, a typical hilly mountainous area in southern
China, as an example, this paper evaluates the ecosystem service values (ESV) of Ruijin City from
2000 to 2020 by using equivalent factor method combined with GIS technology. On this basis, spatial
autocorrelation analysis is used to identify unique heterogeneous units of ESV. The results show
that the overall ESV of Ruijin City from 2000 to 2020 showed a trend of slow increase in the first
decade and a significant decrease in the second decade. The ESV in Ruijin City has a high degree of
spatial divergence, showing the distribution characteristics of low value in the central region and
high value in the marginal region. With the acceleration of urbanization, the ESV in the central
region of Ruijin City decreases significantly from 2010 to 2020. Therefore, for the high value areas of
ecosystem services, attention should be paid to the balanced development of economy and ecology.
For low-value areas, it is necessary to strengthen the control of the ecological environment, protect
sensitive areas with serious loss of ecosystem services, change the development model, and improve
the supply capacity of ecological products. The government should calculate green Gross Domestic
Product (GDP) based on the evaluation results of ESV, and formulate a green GDP evaluation system
in the performance evaluation.

Keywords: ecosystem service values; land use; spatial divergence; equivalent factor method; GIS;
spatial autocorrelation analysis

1. Introduction

Ecosystem services (ES) are life supporting goods and services that are directly or
indirectly derived from the structures, processes and functions of ecosystems [1]. In 2005,
the results of the United Nations Millennium Ecosystem Assessment (MA) were released,
and the academic literature on ES showed an exponential growth [2-4]. ES includes
provisioning services, regulating services, supporting services and cultural services. Among
them, the value of regulating services, supporting services and cultural services has not
been reflected in the market for a long time is often ignored when people make decisions
on economic activities [5-7]. With the expansion of cities and towns and the expansion
of human activities, the disturbance to ES is increasing [8,9], and the affected ecological
environment is expanding year by year, which poses a serious threat to the life support
system of the earth [10-12]. Costanza et al. (2014) showed that the value of global ES
declined by $4.3-$20.2 trillion per year during 1997-2011 because of land use change [13].
The global natural environment is facing a crisis of ecosystem degradation and depletion of
natural resources [14]. Currently, ES have received increasing attention and their valuation
studies have been one of the hot spots in ecosystem sustainability research [15-18].
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Ecosystem service values (ESV) assessment includes both non-monetary and monetary
values [19,20]. Monetary values are better at facilitating mapping and comparing different
functional services, and therefore it easier for policy makers to monitor policies around
monetary values [21]. Monetary values have been widely used to characterize changes in
ES in the area of ecosystem-human interactions [22]. Although the research on the ESV
in China started late, and was influenced by Costanza and MA, the research on ESV in
China has made great progress. Xie et al. [23] introduced the value assessment method
of Costanza, referred to the indicator system of MA, and developed the equivalent factor
method according to the actual situation in China. The method takes the economic value
of natural crops of 1 hm? farmland in China as a reference, establishes the relationship
between the value of agricultural products and ESV through the concept of benefit transfer,
and obtains ESV indirectly as representative of land use. The equivalent factor approach
is more effective in evaluating large-scale ESV as it can quickly and accurately assess
the ESV and can modify the assessment system according to the ecological context and
climate change in different regions [24], and is therefore widely used, for example, in
global studies [1,13], South Africa [25], the Central Ethiopian Plateau [26], Nigeria [27], the
Qinghai-Tibetan Plateau in China [28] and the karst areas in southwestern China [29].

In addition, the current literature rarely reflects the spatial divergence characteristics of
ESV, and the inherent spatial autocorrelation of ESV is largely ignored, which fails to effec-
tively reveal the local spatial differences in the impact of human disturbance on ES [30,31].
Getis-Ord G7 is a spatial statistical method used to describe and visualize the spatial distri-
bution of ES, discover local patterns of spatial association, identify heterogeneous units and
propose spatial mechanisms [32]. Compared with the traditional method of identifying
process-related regions, Getis-Ord G/ is effective in identifying cluster-related heteroge-
neous units, which lays a foundation for studying the spatial divergence characteristics
of ESV.

The hilly mountainous areas in southern China are rich in natural resources due to
their high altitude and low human activity range. However, against the background of
rapid urbanization and industrialization, the countryside has gradually failed to keep
up with the pace of urban development, resulting in a high positive correlation between
poverty and environment [33]. Villages in remote mountainous areas have over-utilized
natural resources in pursuit of increased economic benefits, which has led to serious
problems of reduced ecological benefits such as reduced vegetation, water shortage, soil
erosion and decreased soil fertility [34-36]. The overexploitation of natural resources (e.g.,
overcultivation and deforestation) has led to serious environmental pollution problems
in China’s hilly mountainous regions at present. At the same time, local environmental
degradation can put greater pressure on the sustainability of farmers” livelihoods, and
farmers are more likely to fall into poverty traps in hilly mountainous areas. However,
the emergence of ES as a bridge linking nature and society, and the valuation of ES in
quantitative terms, promises to make natural capital truly productive for society [37].

The geomorphological characteristics of the Gannan region in Jiangxi Province are
typical of hilly mountainous areas, which is one of the important ecological barriers in the
Ganjiang River basin and is of great significance for ecological conservation [38]. Ruijin is
located in the mountainous and hilly region of Gannan, with backward economic devel-
opment, high vegetation cover and well maintained species diversity, and is an area rich
in natural resources. For Ruijin City, which is still economically underdeveloped, green
rise is the best path for development. This study quantifies the ESV in Ruijin City from
2000 to 2020, and analyzes the temporal changes and spatial divergence characteristics of
ESV in order to provide scientific reference for policies related to land use and ecosystem
service protection.
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2. Materials and Methods
2.1. Study Area

Our study area is Ruijin City (115°42'~116°22" E, 25°30’'~26°20’ N, Figure 1) in the
southeastern border of Jiangxi Province. The total land area of Ruijin City is 244,800 hm?.
Ruijin City is a typical hilly mountainous terrain with high altitude, including 187,300 hm?
of forest and 76.5% forest coverage. Ruijin City is located at the western foot of the Wuyi
Mountain Range in the eastern part of Ganzhou City and the upper reaches of the Gongshui
River, the eastern source of the Ganjiang River. The good geographical location makes
Ruijin City rich in natural resources with high ESV.
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Figure 1. Study area.

2.2. Data Sources

The data sources for this study are shown in Table 1. The data used in this study
include land use data, Net Primary Productivity (NPP) data, rainfall data, soil and water
conservation data, food crop data and food price data. The land use data were obtained
from the 30 m annual China land cover dataset (CLCD), and the NPP data were obtained
from the Resource and Environment Science and Data Center of the Chinese Academy of
Sciences. The above graphical data were processed with a raster size of 30 m x 30 m and
projected coordinates of WGS_1984_UTM_Zone_50N. Rainfall data were obtained from the
China Meteorological Science Data Center. Soil and water conservation data were obtained
from the Soil and Water Conservation Bulletin. The data on planted area and production of
grain crops in Ruijin City were obtained from the Ruijin City Statistical Yearbook, and the
data on grain prices were taken from the 2018 China Farm Products Price Survey Yearbook.
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Table 1. Data sources.

Type Data Data Source Format Year
The 30 m annual China land cover
dataset (CLCD) 2000, 2005, 2010,
Land use data (https: Raster data 2015, 2020
Geographic / /zenodo.org/record /5210928) g
information data (20 April 2022)
The Resources and Environmental
Sciences and Data Center
NPP data (https:/ /www.resde.cn /) (20 Raster data 2010
April 2022)
The China Meteorological Science
Climate data Rainfall data Data Center (http://data.cma.cn/) Numerical data 2010
(20 April 2022)
Climate data Soil and’water The Soil z'md Watelj Numerical data 2010
conservation data Conservation Bulletin
Planted area and T, - .
. The Ruijin City Statistical Yearbook Numerical data 2010
Food crops data production data ' ‘
Food price data The 2018 China Farm Products Price Numerical data 2010

Survey Yearbook

2.3. Research Methods

The workflow of this study is divided into three steps as shown in Figure 2: first,
establish the indicator system to assess the ESV in Ruijin City; second, conduct geostatistical
analysis on the ESV with the help of ArcGIS to study the spatial distribution characteristics
of the ESV in Ruijin City; third, conduct spatial autocorrelation analysis on the ESV to
study its spatial aggregation characteristics, and here it is necessary to use the global Moran
index; hot analysis and cold analysis were used here. Based on the spatial distribution
characteristics and spatial aggregation characteristics of ESV in Ruijin City, we conclude
with its spatial differentiation characteristics.

Equivalence factor

Indicator system
method lcator syster

Land use

Ecosystem service value
assessment

Spatial autocorrelation analysis

ArcGIS Global Moran Index Hot/Cold Spot
beccccccaa l— _________ 1 leccccccccccccccca= l ___________________
Spatial distribution Spatial aggregation
characteristics characteristics

| |
v

Spatial Divergence Analysis

Figure 2. Workflow.
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2.3.1. Ecosystem Service Value Assessment

(1) Indicator system

Our constructs the indicator system of ESV assessment based on the understanding of
the connotation and definition of the concept of ES (Table 2). Firstly, according to the value
attributes of ES, they are roughly divided into economic and ecological values; secondly,
according to the classification method of MA, ES are classified into four major categories
by service category: provisioning services, regulating services, supporting services and
cultural services. Finally, they were classified into 11 indicators based on the process and
functional characteristics of ecosystems [39].

Table 2. Ecosystem service values assessment indicator system.

Types Categories Subcategories Symbol Content
Food production PS1 Provide food
Economic Value Provisioning Services (PS) Ravg; :)r(l)z;ter;a;lhlzrof(;l:sc}’ilon PS2 Supply of raw materials
quatty PS3 Provide fresh water
water provision
Purifying the environment RS1 Absorption of pollutants
Hydrological regulation RS2 Water circulation

Ecological value

Regulating Services (RS)

Oxygen release from

Gas regulation RS3 colid carbon
Climate regulation RS4 Regulation Of. temperature
and precipitation
Soil conservation SS1 Accumulation of fertility
Supporting Services (SS) Nutrient cycling 552 Accumulation of nutrients
Biodiversity SS3 Provide biological habitat
Cultural Services (CS) Landscape aesthetics CS1 Recreation and

Cultural experience

(2) The economic value of ecosystem services

With the equivalence factor method, the economic value obtained from the food
production services of a 1 hm? cultivated land ecosystem is considered as a standard
equivalent, which corresponds to an equivalence factor of 1 in the value equivalence table,
while the equivalence factors of other ecological services are defined by the magnitude of
their contribution relative to the standard equivalent. The calculation formula is as follows:

w M
=g )i ap 0
where: E, is the economic value of food production services of 1 hm? of cultivated land
ecosystem (Yuan/hm?), i.e., the economic value of one standard equivalent; i is the crop
type; m; is the planted area of the first crop (hm?); p; is the unit price of food for the first
food crop (Yuan/ton); g; is the yield of the first food crop (ton/ hm?); M is the total planted
area of food crops (hm?); 1/7 in the equation means that the economic value of natural
food production (without human input) is 1/7 of the economic value of food production
services of cultivated land [23].

Food production services refer to the three major food crops in China: rice, beans and
potatoes. Rice crops in Ruijin City are dominated by rice, bean species are mainly soybeans
and snap peas and the potato crops are mainly sweet potatoes. In this study, rice, soybeans,
snap peas and sweet potatoes were used to calculate the economic value of one standard
equivalent, taking into account the actual cultivation of food crops in Ruijin City. In order
to avoid the possible influence of price fluctuations on the assessment results, all of the food
crop prices in this study were based on the national average market prices of agricultural
products in 2017. The economic value of one standard equivalent in Ruijin City in 2010 was
obtained as 2525.37 Yuan/hm?.
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(3) Correction equivalent factor

The value equivalence table proposed by Xie et al. [39] was developed based on
national data in 2010. As China is a vast country, the equivalence factors of ES are very
different between the country and regions, and if the calculation is directly quoted from
the national-based value equivalence table, the accuracy of the assessment results will
be seriously affected. Therefore, it is necessary to revise the “Ecosystem Service Value
Equivalent Table per Unit Area” with some indicators so that it can be applied to the ESV
assessment in Ruijin City.

The magnitude of ESV is closely related to the natural environmental conditions of
the area, and in general, the intensity of food production, raw material production, climate
regulation, gas regulation, nutrient cycling, environmental purification, biodiversity and
landscape aesthetics services are positively related to NPP; the intensity of hydrological
regulation and good quality fresh water provision services are positively related to rainfall;
and soil conservation is positively related to soil and water conservation area [40,41]. The
correction factors used in this study are as follows: the NPP, the average annual rainfall
and the proportion of soil and water conservation area. The calculation formula is based
on the assumption that the intensity of ecological services is linearly related to natural
environmental conditions, and the correction formula is as follows:

P=N/N
R=W/W )
S=E/E

where: P is the biomass correction factor, N is the average NPP value of ecosystem in
Jiangxi Province in 2010 (g C/m?), N is the national average NPP value of ecosystem in
2010 (g C/m?), taking the value of 1.62, R is the rainfall correction factor, W is the average
annual rainfall in Ruijin City in 2010 (mm), W is the average annual rainfall in the country
in 2010 (mm), and takes the value of 6.46, S is the soil conservation service correction factor,
E is the proportion of soil and water conservation area in Ruijin City in 2010, E is the
national average proportion of soil and water conservation area in 2010, and takes the value
of 2.43. It should be noted that NPP data are difficult to obtain and not easy to calculate. In
this study, we only revised the Ecosystem service values equivalent table in Ruijin City in
2010, and the equivalence factor of an area will not change significantly in a short period of
time, and the table will be used in subsequent assessments. The revised “Ecosystem service
values equivalent table in Ruijin City” is shown in Table 3.

Table 3. Ecosystem service values equivalent table in Ruijin City.

Provisioning Services Regulating Services Supporting Services gultt.lral

Land Use Type ervices
PS1 PS2 PS3 RS1 RS2 RS3 RS4 SS1 SS2 SS3 CS1
Cultivated land 1.79 0.40 —8.43 1.44 0.75 0.22 9.66 1.26 0.25 0.28 0.13
Forest 0.47 1.07 2.20 3.50 10.50 3.12 30.61 6.44 0.32 3.89 1.71
Grassland 0.36 0.53 1.16 1.84 4.88 1.62 14.27 3.38 0.18 2.05 0.90
Water 1.29 0.37 53.54 1.24 3.70 8.96 66034  2.26 0.11 412 3.05
Bareland 0.00 0.00 0.00 0.03 0.00 0.16 0.19 0.05 0.00 0.03 0.02

(4) Value accounting

The total ESV was calculated based on the area of each land use type and the ESV
coefficients, with the following formula.

ESV =YY" VC xA (3)

VCZ']' =E; x Vl] (4)
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where: ESV is the total ecosystem service value (Yuan); VC; is the ecosystem service value
coefficient (Yuan/hm?); A; is the area of ith land use type (hm?); Vij is the ecosystem service
value equivalent factor, also called the base equivalent (see Table 3); i is the land use type; j
is the ecological service type.

2.3.2. Spatial Autocorrelation Analysis
(1) Global spatial autocorrelation analysis

To detect the overall characteristics of the spatial distribution of ESV in Ruijin City,
this paper uses the Moran index as an evaluation index for global spatial autocorrelation
analysis [42,43]. We used the Spatial Autocorrelation (Morans ) tool of ArcGIS to calculate
the Moran index from 2000 to 2020. The formula for calculating the Moran index is

as follows: _ .
_n Y Z?:l wij(x; —X) (xj — %)
Yy Dy w0y Y (x — %)°

where: 7 is the total number of elements; x;, x; are the ESV of elements i and j; wj; is the
row-standardized contiguity matrix; X is the average of the ESV. The Moran’s Index method
is a common statistical method for spatial autocorrelation statistics. Its value is between —1
and 1. Moran’s I > 0 indicates positive spatial data correlation, and the larger the value, the
stronger the spatial correlation; Moran’s I < 0 indicates negative spatial data correlation,
and the smaller the value, the larger the spatial difference; Moran’s I tends to 0, then there
is no global spatial autocorrelation, and the whole is randomly distributed.

To interpret the Moran’s I index, a p value and a Z value are required to determine that,
in general, a correlation with the spatial distribution is considered when p < 0.05 and the Z
value exceeds a critical value of 1.96 (the threshold set by rejecting the null hypothesis.)
The Z value is obtained by normalizing the Moran’s I index and is calculated as follows:

I

Q)

_ 1-E()
‘= VVAR(]) ©)

where: E(I) and VAR(I) are the mean and standard deviation, respectively. When
Z value > 1.96 or <—1.96 and Moran’s I # 0, the distribution has global spatial auto-
correlation, and vice versa, it does not have global spatial autocorrelation. The distribution
is aggregated if Z value > 1.96, discrete if Z value < —1.96, and random in other cases.

(2) Hot spot analysis

Spatial autocorrelation analysis can test whether the distribution of ESV in Ruijin
City is spatially aggregated, but it cannot pinpoint the places of aggregation areas, and
hotspot analysis can fill this gap [44]. Getis-Ord G; index can measure the degree of spatial
aggregation of ESV in Ruijin City, presented as hot spot areas and cold spot areas. G; is
calculated as follows: o

G — 27:1 Wi jXi — XZ?:1 w

1
n 2 n -
s\/"2f=1 o (S i)

n—1

i # )

where: G} denotes the degree of correlation between element i and element j; when G} > 0
and p < 0.05, the area is a hot spot area, indicating a local high-value aggregation area in
the area; when G} < 0 and p < 0.05, the area is a cold spot area, indicating a local low-value
aggregation area in the area. Since the G; statistic returned by ArcGIS for each dataset is
the Z value, there is no need to further calculate the Z value. For statistically significant Z
values, the higher the Z value, the tighter the clustering.
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3. Results
3.1. Land Use Transfer Matrix

Ruijin City has a variety of land use types, and its land use classification is helpful for
land class statistics and spatial expression. In this paper, according to the Classification
of Current Land Use (GB/T 21010-2017), the land use of Ruijin City is classified into six
categories: cultivated land, forest, grassland, water, construction land and bareland, after
merging land use types in ArcGIS. Figure 3 shows the current land use status of Ruijin
City for five time periods after land class division: 2000, 2005, 2010, 2015, 2020. In order to
further analyze the land use change and transfer in Ruijin City from 2000 to 2020, the land
use transfer matrix of Ruijin City from 2000 to 2020 was constructed on ArcGIS, which is
shown in Table 4.

N

2000 A

0510 20
- Km

0510 20
- Km

N

)\ Legend

Cultivated land

- Forest

- Grassland
- Water

- Construction land
- Bareland

0510 20
- Km

0510 20
- Km

Figure 3. Status of land use in Ruijin City from 2000 to 2020.

Table 4. Ruijin City land use transfer matrix from 2000 to 2020 (Unit: hm?).

Cultivated Forest Grassland Water Construction Bareland 2000
Land Land
Cultivated land 34,596.16 3787.01 21.43 117.73 2781.56 0.90 41,304.78
Forest 11,939.85 181,388.10 10.52 47.68 712.35 0.36 194,098.86
Grassland 208.79 290.44 34.95 25.72 56.41 0.09 616.41
Water 145.12 112.40 0.29 1248.12 22.35 0.00 1528.29
Construction Land 507.77 129.31 0.13 68.98 5117.81 0.00 5823.99
Bareland 0.00 0.09 2.24 4.05 0.28 0.00 6.66
2020 47,397.69 185,707.35 69.57 1512.27 8690.76 1.35 243,378.99

According to the land use transfer matrix, it can be seen that in terms of transfer,
cultivated land is transferred to 12,801.53 hm?, which is the most transferred land type.
This is followed by 4319.24 hm? of forest and 3572.95 hm? of construction land. Nearly
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half (41.11%) of Ruijin City’s construction land area in 2020 comes from other land types,
and the land type occupied by construction land is mainly cultivated land. In terms of
conversion, 6708.62 hm? of cultivated land was converted to non-agricultural, accounting
for 16.24% of the total cultivated land at that time; 9.17% was converted to forest and 6.73%
was converted to construction land due to the policy of returning cultivated land to forest
and the urbanization process, and cultivated land was under greater threat. There were
also 12,710.75 hm? of forest converted, although these only accounted for 6.55% of the total
forest area at that time and had little impact on the forest cover of Ruijin City, which was
mainly converted to cultivated land, with 6.15% of forest converted to cultivated land.

Ruijin City has a large area of cultivated land, forest and construction land transferred
in and out from 2000 to 2020. Specifically, the area of forest in Ruijin City decreased by
8391.51 hm? during 2000-2020, and the cultivated land and construction land increased by
6092.91 hm? and 2866.77 hm?, respectively. This is closely related to the rapid development
of Ruijin City in recent years, and the construction land mainly relies on the encroachment
of cultivated land to achieve area expansion.

3.2. Ecosystem Service Values in Ruijin City

The results of the ESV assessment in Ruijin City from 2000 to 2020 are shown in
Figure 4. From Figure 4, we can see that the ESV in Ruijin City increased year by year
from 2000 to 2020, but after 2010, the ESV regressed significantly. The biggest reason is that
with the accelerated urbanization of Ruijin City, the expansion of construction land area
occupies ecological land, and the ESV decreased by 157,755.96 ten thousand Yuan during
the decade of 2010-2020, and the ESV of Ruijin City in 2020 is lower than that in 2000.

4.0x10°

I rs RS [ ss cs [ ES

3.5x10°F

Value of Ecosystem Services
o N W
e | hn et
o 2 &
< = <
2 2 =X

o
o

200 00 A0 NG B
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Figure 4. Ecosystem service values in Ruijin City from 2000 to 2020 (unit: ten thousand Yuan).

To study the utilization of ESV in the market, this paper distinguishes the ecological
value and economic value of ES based on the principle of whether humans can directly
obtain the benefits of ES. The economic value of ES contains only provisioning services, so
the economic value of ES is consistent with the change in the value of provisioning services,
and the economic value of ES in Ruijin City in 2020 is calculated to be 121,824.81 ten
thousand Yuan, accounting for 3.62% of the total value. The ecological value of ES contains
more ESV, including the value of regulating services, the value of supporting services and
the value of cultural services. The ecological value of ES in Ruijin City in 2020 is calculated
to be 3,247,205.31 ten thousand Yuan, accounting for 96.38% of the total value, which is
about 26.65 times of the economic value. The economic value is negligible compared with
the ecological value.

The comprehensive assessment shows that the total ESV in Ruijin City in 2020 is
3,369,030.12 ten thousand Yuan, and the average ESV for 1 hm? is 143,600 yuan. In Table 5,
for different land use types, the ESV of forest is the highest, at 2,993,497.87 ten thousand
Yuan, accounting for 88.85% of the total ESV; followed by watershed, accounting for 8.38%
of the total value; the ESV of cultivated land and grassland is less, accounting for only
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2.75% and 0.02% of the total; bare land accounts for the smallest proportion of the total
value and is negligible.

Table 5. Ecosystem service values by land use type in Ruijin City in 2020 (unit: ten thousand Yuan).

Land Use Type ESV Percentage
Cultivated land 92,764.95 2.75%
Forest 2,993,497.87 88.85%
Grassland 547.63 0.02%
Water 282,219.51 8.38%
Bareland 0.16 0.00%
Total 3,369,030.12 100.00%

Due to the high forest cover in Ruijin City, forest covers a large area and creates
a high ESV without particularly significant negative externalities; thus, forest is a high
ESV land category and contributes to the ecological benefits of Ruijin City. Increasing
the area of woodland will, on the one hand, improve the environment, reduce flooding
and maintain soil and water; on the other hand, it will increase the species diversity in
this area, thus making the ecological balance more stable. According to the principle of
diminishing marginal benefits, when the expansion of forest exceeds a certain limit, the
benefits generated will decrease step by step, and too much human intervention in nature
may have many serious consequences. The basic national policy on nature conservation is
“to give priority to natural restoration and to use natural forces to restore the ecosystem”.
Each ecosystem has its own unique ecological environment, and in order to maintain
biological diversity, we must ensure the diversity of ecosystems.

The value of ecological services in Ruijin City in 2020 is shown in Table 6. In terms
of individual ecological services, hydrological regulation services contribute the highest
ESV at 1,803,611.44 ten thousand Yuan, accounting for more than half (53.54%) of the total
ES. The other individual ecological services that contribute to the ESV in descending order
are: climate regulation (502,904.79 ten thousand Yuan), soil conservation (318,027.26 ten
thousand Yuan), biodiversity (187,394.11 ten thousand Yuan), gas regulation (181,885.14 ten
thousand Yuan) and environmental purification (152,405.39 ten thousand Yuan), which
constitute the bulk of the ESV. Among them, hydrological regulation, climate regulation,
gas regulation and purification of the environment belong to regulating services, while soil
conservation and biodiversity belong to supporting services. Food production, raw material
production and good quality fresh water provision, which are provisioning services, are
relatively weak.

In terms of the different ecological service categories, regulating services had the
highest value of 2,640,806.77 ten thousand Yuan, accounting for 78.38% of the total ESV.
For the remaining three services, the value of provisioning services accounted for 3.62% of
the total value; the value of supporting services accounted for 15.54% of the total value;
and the value of cultural services accounted for 2.46% of the total value. The results show
that the greatest role of ES for human wellbeing lies in their regulating function, and that
regulating services can improve the environment and maintain ecosystem stability, making
a great contribution to the wellbeing and stability of human life.

Table 6. Value of each ecological service in Ruijin City in 2020 (unit: ten thousand Yuan).

Cultivated

ES Land Forest Grassland Water Bareland Total Percentage
PS1 21,425.71 22,042.05 6.32 492.66 0.00 43,966.74 1.31%
PS2 4787.87 50,180.84 9.31 141.30 0.00 55,119.32 1.64%
PS3 —100,904.32 103,175.55 20.38 20,447.15 0.00 22,738.75 0.67%
Provisioning —74,690.74 175,398.43 36.02 21,081.11 0.00 121,824.81 3.62%

Services
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Table 6. Cont.

ES Cuit;::lted Forest Grassland Water Bareland Total Percentage
RS1 17,236.33 164,142.92 3233 473.56 0.01 181,885.14 5.40%
RS2 8977.25 492,428.76 85.74 1413.05 0.00 502,904.79 14.93%
RS3 263333 146,321.69 28.46 3421.86 0.05 152,405.39 4.52%
RS4 115,627.02 1,435,547.08 250.71 252,186.57 0.06 1,803,611.44 53.54%
Rggr‘ﬂ?::;g 144,473.92 2,238,440.44 397.24 257,495.04 0.13 2,640,806.77 78.38%
ss1 15,081.78 302,022.97 59.38 863.10 0.02 318,027.26 9.44%
Ss2 2992.42 15,007.35 3.16 42.01 0.00 18,044.94 0.54%
SS3 3351.51 182,433.13 36.02 1573.45 0.01 187,394.11 5.56%
Supporting 21,425.71 499,463.46 98.56 2478.56 0.03 523,466.31 15.54%
Services
g““?‘ral 1556.06 80,195.54 15.81 1164.81 0.01 82,932.22 2.46%
ervices

3.3. Analysis of Spatial Distribution Characteristics

Based on the land use data of Ruijin City in 2000, 2005, 2010, 2015 and 2020, the
spatialization of the ESV assessment results for these five years were analyzed using ArcGIS
technology to analyze the spatial distribution characteristics and evolution, respectively.
The obtained spatial distribution of ESV in Ruijin City from 2000 to 2020 is shown in
Figure 5, and its distribution generally shows a general trend of low in the middle and high
in the surrounding area remains unchanged during this period. The central land type in
Ruijin City is mainly urban construction land and cultivated land, so the ESV is low, while
forest is a high ESV land type, so the ESV around Ruijin City is shown to be higher. From
2000 to 2010 ESV in Ruijin City has changed less and is slowly increasing. However, the
ESV in Ruijin City showed a significant decrease in 2015, and the area of low ESV area in
the central part of Ruijin City increased significantly, which shows that with the expansion
of construction land, the ecological function located in the central part of Ruijin City is
degraded, and the affected area is expanding outward.
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Figure 5. Spatial distribution of the ecosystem service values in Ruijin City from 2000 to 2020.
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3.4. Spatial Autocorrelation Analysis
3.4.1. Global Spatial Autocorrelation Analysis

In this study, Moran’s I was calculated using the Spatial Autocorrelation (Moran’s
I) tool of ArcGIS, and the results are shown in Table 7. since the p value < 0.01 and
Z value > 2.58, it indicates that the ESV in Ruijin City from 2000 to 2020 has global spa-
tial autocorrelation. the Moran’s Indices from 2000 to 2020 are all The Moran index for
2000-2020 is greater than zero and tends to be close to 1, reflecting that the ESV in Ruijin
City from 2000 to 2020 is completely positively correlated with its spatial distribution, and
the spatial distribution shows an aggregated distribution, i.e., high values cluster with high
values and low values cluster with low values. However, Moran's I decreased slightly from
2000 to 2020, reflecting that the correlation between the ESV and its spatial distribution in
Ruijin City has weakened.

Table 7. Moran’s I in Ruijin City from 2000 to 2020.

Year Moran’s I Z value p Value
2000 0.8599 833.5538 0.00
2005 0.8613 1368.4130 0.00
2010 0.8587 1260.3923 0.00
2015 0.8296 1217.5206 0.00
2020 0.8078 1283.3212 0.00

3.4.2. Hot Spot Analysis

In this study, the Hot Spot Analysis tool of ArcGIS was used to calculate and identify
hot spot and cold spot with statistically significant ESV in Ruijin City from 2000 to 2020, see
Figure 6. The high and low values in the figure are not simply scores according to the high
or low level of a particular attribute of the data, but the spatial clustering of high and low
values is calculated. To be a statistically significant hot spot, not only does the element itself
have a high value, but it must be surrounded by other elements that also have a high value.

N

‘ 2000 A “- 2005 }N\ "' 2010 )N\

e L S

- - -
0510 20 0510 20 0510 20
[ = ST - — Km - — Km

J 2015 A

>

29%
P2

Legend

- Cold Spot - 99% Confidence
- Cold Spot - 95% Confidence
|:| Cold Spot - 90% Confidence
C] Not Significant

:] Hot Spot - 90% Confidence
- Hot Spot - 95% Confidence

0510 20
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Figure 6. Cluster map of Hot/Cold Spot of ecosystem service values in Ruijin City from 2000 to 2020.
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The results show that in 2000, the low-value clusters of ESV in Ruijin City were mainly
in the central urban areas, and the high-value clusters were mainly in the southern areas,
and most of the areas had insignificant spatial divergence, and the ESV tended to be
homogeneous. In 2015, the high-value clusters of ESV in Ruijin City increased significantly,
and in addition to the southern areas, some areas in the north and east also became high-
value clusters. This is due to the expansion of low-value ecosystem service areas and
the increase in the ESV in the surrounding areas compared to the decrease in the ESV in
urban areas. In general, from 2000 to 2020, many areas in Ruijin City became low-value
clusters and high-value clusters of ESV, and the distribution of large dispersal and small
aggregation began to form, and the spatial heterogeneity of ESV in Ruijin City became
more obvious in 2020 compared to 2000.

4. Discussions
4.1. Ecosystem Service Values and Forest Cover

In this study, we assessed changes in the ESV in Ruijin City over the past 20 years.
The results of the study show that the total ESV increased between 2000 and 2010, while
it decreased between 2010 and 2020. The ESV increased slightly between 2000 and 2010,
thanks to the policy of returning farmland to forest, where a large amount of cultivated land
was converted to forest, resulting in an increase in the value of local ecosystem services.

However, the biggest reason for the decline of EVS in Ruijin City from 2010 to 2020 is
the occupation of forest by construction land and cultivated land. Various studies have also
shown that loss of forest cover leads to loss of ESV [26,45]. For example, Kindu et al. [46]
showed that the ESV decreased from $130.5 million in 1973 to $111.1 million in 2012 due to
the loss of natural forest in the Munessa-Shashemene landscape of the Ethiopian highlands.
Gashaw et al. [47] showed that between 1985 and 2015, the ESV decreased by $5.83 million
due to forest loss in the Andassa watershed of the Upper Blue Nile basin in Ethiopia. Forest
ES provide the highest value, and therefore the ESV is closely related to forest cover [48].
In summary, stopping land use changes and protecting ecological lands such as forest
and wetlands can increase the supply of ES [49]. At present, the two Chinese ecological
protection policies for forests, the Sloping Land Conservation Program (SLCP) and the
Natural Forest Conservation Program (NFCP), are not popular enough in the southern
hilly mountains, and local governments should introduce corresponding forest protection
programs. In addition, combining with the current hotspot of ecological product value
realization, market mechanisms should be introduced to solve the problem of difficult
ecological product value realization, for example, by drawing on the trading of forest cover
indicators in Chonggqing.

4.2. Ecosystem Service Sensitivity Analysis

The equivalent factor method used in this study was derived by multiplying the area
of a given land use category by the corresponding value factor. Although the revised equiv-
alence factors better match the reality of the study area, the unpredictable, dynamic, and
nonlinear nature of biological systems produces values with a high degree of uncertainty
using this method [47]. Land use can be used as a proxy for ES, but the biomes used as
a proxy are not always an exact match [29]. Some scholars would introduce a sensitivity
index to make the results more accurate and reduce uncertainty. This index is the degree to
which the value coefficient influences the ESV over time [29,45,50]. However, the results
of the sensitivity analysis showed that the estimated ESV for the study landscapes were
inelastic with respect to the value coefficients, and that the estimates were relatively robust
despite the uncertainty in the value coefficients. Therefore, the use of the equivalent factor
approach is valid for calculating the ESV over longer periods and larger scales. This point
has also been highlighted in several previous studies [26,46].
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4.3. Limitations

The equivalence factor method is widely used for ecosystem service valuation due to
its simplicity and low data requirements, and is considered to be the most suitable method
for regional ecosystem service valuation and dynamic assessment of spatial and temporal
evolution analysis. However, the equivalence factor method is also controversial, and the
results are not really satisfactory. One reason is that the results obtained by Xie et al. [23]
through domestic experts are influenced by a strong subjective will [22]. On the other
hand, the equivalence factor method was chosen as the assessment method in this study,
which has the advantage of being simple and fast because the assessment mainly relies
on the equivalence factor and the area of the land class, but its biggest shortcoming also
lies in the fact that too few factors are considered to ensure the accuracy of the assessment.
This paper does not consider enough regional characteristics, such as special crops and
human landscapes in Ruijin City, so the final assessment results are lower compared with
the actual ones.

In addition, most ecosystem valuation methods, including the one used in this study,
can be described by a linear equation, which is the product of unit price and area, without
considering consumer demand [22]. However, in economics, an increase in demand leads to
a decrease in unit price. This reflects the complexity of ES and the immaturity of valuation
methods, which need to continue to be improved. On the other hand, choosing a reasonable
price system is still a challenge due to the lack of a well-developed market environment in
China. The market price currently commonly used hardly reflects the consumer surplus in
a true way, which leads to inaccurate unit value or final value assessment results. In the
future, theoretical research on valuation methods should be expanded to determine the
relationship between unit price, area and human demand.

4.4. Future Directions

In this study, the ESV is assessed as the value quantity assessment, while in addition
to the value quantity assessment, the ecosystem service value assessment also includes
the physical quality assessment and the energy value assessment. The value-volume as-
sessment uses money as a uniform unit of measurement, which is more in line with the
public’s psychological judgment. However, the other two assessment methods also have
their unique advantages. In the physical quality assessment, some key service functions are
evaluated through a series of ecological equations, which are more complex to calculate, ap-
plicable to smaller spatial scales and can facilitate the judgment of the interactions between
various ES [51-53]; energy value assessment has some application potential in solving the
problem of repeated calculations in ecosystem service assessment [54-56]. Overall, ecosys-
tem service valuation relies on theoretical research progress and technological advances in
the field of ecological economy, and there is still much room for future development. In
addition, there is also much room for development in the continuous dynamic assessment
of ESV, and it is expected that a more complete dynamic assessment model will be estab-
lished in the future to strengthen the monitoring of the dynamics of ESV and further study
the spatial differentiation of ESV.

5. Conclusions

Taking Ruijin city as the case study area, this paper constructs an indicator system for
assessing the ESV in hilly mountainous areas, evaluates the ESV in Ruijin city from 2000
to 2020, and explores the spatial divergence of the ESV using geostatistical analysis and
spatial autocorrelation analysis. The following four conclusions were finally obtained.

(1) The ESV in Ruijin City in 2020 is 3,369,030.12 ten thousand Yuan, and the ratio of
economic value to ecological value is 1:26.65, indicating that the ecological ESV is
much higher than its economic value. From 2000 to 2010, the ESV in Ruijin City
increased by 0.77%, while from 2010 to 2020 decreased by 4.47%. The time series
shows a trend of slow increase in the first period and significant decrease in the later
period, and the ESV in Ruijin City in 2020 has been lower than that in 2000.
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(2) The ESV in Ruijin City from 2000 to 2020 is highly spatially heterogeneous, with obvi-
ous spatial characteristics, showing low in the middle and high around. According to
Table 6, the highest ESV is forest, and the lowest is construction land and cultivated
land. Therefore, the reason for the decline of ESV in Ruijin City from 2010 to 2020
is that the construction land and cultivated land occupy forest. According to the
land use transfer matrix in Table 4, there is a large land use transfer of forest, arable
land and construction land in Ruijin City from 2000 to 2020, the area of arable land
increased by 14.75%, construction land expanded by 49.22% on the original basis, and
the occupied land mainly comes from arable land and forest, and the area of forest de-
creased by 4.32%. 20102020 urbanization process in Ruijin City With the accelerated
urbanization, the ESV showed a significant decline, especially in the central part of
Ruijin City.

(3) This paper explores the spatial divergence of ESV, and first analyzes whether there
is a spatial aggregation effect of ESV using the global Moran index. from the Moran
index, the ESV in Ruijin City from 2000 to 2020 has a strong correlation with its spatial
distribution, and the spatial distribution shows an aggregated distribution. The
correlation between the ESV and spatial distribution from 2010 to 2020 has weakened.
From the hotspot analysis, the low-value clustering area of ESV in Ruijin City in
2000 is mainly the central town area, and the high-value clustering area is mainly
the southern area. By 2015, the high-value clusters of ESV in Ruijin City significantly
increased, and the spatial distribution characteristics of large dispersion and small
aggregation began to form. The spatial heterogeneity of ESV in Ruijin City in 2020 is
more obvious compared with that in 2000.

(4) Inthe formulation of ecological and environmental management policies, local govern-
ments should fully consider the spatial distribution characteristics of ESV, formulate
zoning control measures, and implement ecological and environmental management
policies according to local conditions. For areas with high ESV, special attention
should be paid to the balanced development of economy and ecology, not only to
avoid possible ecological damage caused by future development, but also to consider
how to transform ecological values into economic values and improve the realizability
of ecological products. As for the low value areas of ESV, priority should be given to
protecting sensitive areas with serious loss of ES, changing the development mode
and improving the supply capacity of ecological products. Finally, a green GDP
assessment system should be developed in the government performance appraisal, so
as not to simply judge heroes by GDP.
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