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Abstract: The Dabie Mountain area is a typical poverty-stricken area in China. It is of great signif-
icance to evaluate the ecosystem service value and its impact mechanism toward optimizing the
ecological structure and coordinating ecological protection and economic development. This study
determined the ecosystem service value coefficient and calculated the ecosystem service value (ESV)
according to the regional economic development in the past ten years, and the ESV was spatialized
based on NPP, which is closely related to ecological function. The temporal and spatial variation
of ESV was then analyzed, and an RDE index was proposed to describe its response to land cover
change. Further, the relationship between ESV and several parameters that reflect socioeconomic
development was researched and analyzed. The results show that the total ESV in the study area first
decreased and then increased, with an overall increase of CNY 3.895 billion. Among the land cover
types, forest land had the greatest impact, contributing more than 70%. In the ecosystem service
functions, the contribution of regulation function exceeded 50%. ESV was found to be sensitive to
land cover change. On average, every 1 km2 change leads to an ESV change of about CNY 1 million.
Socioeconomic-related parameters were negatively correlated with ESV, among which the correlation
with per capita disposable income was the weakest, indicating that there was no obvious contradic-
tion between human well-being and ESV. Therefore, a path for harmonious symbiotic development
can be found between man and nature.

Keywords: ecosystem service value; socioeconomic development; remote sensing; Dabie Moun-
tain area

1. Introduction

Ecosystems consist of plant, animal, and microorganism communities and the nonliv-
ing environment, which interact as a functional unit [1,2]. Through its structure, processes,
and functions, an ecosystem can directly or indirectly provide life support products and
services. These are important for maintaining the natural environmental conditions and
facilitating human survival [3,4]. Ecosystem service is a general term referring to human
beings obtaining benefits from an ecosystem [5]. Research ecosystem services are of great
significance for the construction of ecological civilization, the exploration of ecological
security patterns, and the improvement of human well-being [6–8].

Human society and ecological environment interact, are closely related and mutually
beneficial and have formed an inseparable complex [9]. However, the rapid development
of human society leads to the destruction of the ecological environment. In 1992, the report
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issued by the United Nations Environment Office on the state of the world environment
sounded the alarm for environmental protection to countries all over the world. In 2000, the
United Nations listed “ensuring environmental sustainability” as one of the Millennium
Development Goals, and ecological protection has since gradually become an important
development issue. Ecosystem services have received extensive attention since 2005, due
to the Millennium Ecosystem Assessment (MEA) of the United Nations, and both policy
communities and the level of research activity have since received increased interest in this
field [10,11]. The widespread recognition of ecosystem services reframes the relationship
between humans and the rest of nature. It has led humanity to emphasize that natural
assets are a key component of inclusive wealth, well-being, and sustainability [12].

Ecosystem service value (ESV) is a quantitative estimate of ecosystem service capac-
ity and an important indicator of ecological security. Scientific evaluation of ESV and
quantitative description of its temporal and spatial dynamic characteristics can provide an
important reference for formulating reasonable ecological protection policies. Quantifying
ESV is an important approach to raise awareness, develop knowledge, improve decision
making, and formulate policies [13–17] while also being an important measure to attract
social attention toward protecting the environment [18]. ESV evaluation approaches are
mainly divided into monetary form and energy form [19]. Among them, the ESV is easy to
understand in monetary form and for people to use in making decisions, and this form is
also the most widely used. The evaluation results can effectively assist spatial planning, eco-
logical regulation, and ecological restoration [20–22]. In this kind of model, the ecosystem
service value coefficients of biomes were set up to determine ESV based on land use/land
cover categories, which has been applied in a large number of studies [23–25], though
was also criticized because of its uncertainties, regional applicability, and ignoring the
vegetation growth status of the same biome [26–30]. Remote sensing is an effective means
to objectively monitor the growth status of vegetation [31]. Some parameters retrieved by
remote sensing, such as net primary productivity (NPP), can show the continuous change
of vegetation status in space. Therefore, integrating remote sensing information into ESV is
very useful for analyzing its temporal and spatial changes.

In the process of the earlier rapid development of human society, unreasonable use of
natural resources leads to the destruction of the ecosystem, which in turn affects human
well-being [32]. For instance, the increasing demand for agriculture, industry, and the
urban area has led to changes in land use/land cover, reducing the ability of the ecosystem
to support human beings. This has become an important aspect of global ecological
environment change [33,34]. In recent decades, large-scale changes in land use/land
cover have been observed, caused by different socioeconomic and biophysical drivers,
such as population growth, agricultural expansion, and intensification, accessibility to
infrastructure and markets, water availability, or climate [35]. The harmonious development
of the social economy and the ecological environment has become a common problem and
global challenge faced by mankind [36]. However, the interaction mechanisms between
socioeconomic and ecosystem services remain unclear. Currently, most studies focus on
the accounting methods, driving mechanism, and scale effect of ESV [5–12,37–42]. Little
attention has been paid to the relationship between ESV and socioeconomic, especially
human well-being. Therefore, exploring the relationship between the changes in ESV and
socioeconomic development is of great significance and can provide support for promoting
ecological protection and high-quality development.

The Dabie Mountain area is a typical poverty-stricken area in China, with serious soil
and water loss. As the social economy is still at a low stage of development, it is easier to
explore the interaction mechanism between social economy and ESV. Meanwhile, it is an
important area of ecological function in Central China and an important ecological barrier
in the middle and lower reaches of the Yangtze River [43]. In the context of China’s target of
poverty alleviation, strengthening the research on ecosystem services in Dabie Mountains
has important theoretical and practical significance [37] and is useful for optimizing the
ecological structure and coordinating ecological protection and economic development.
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In 2020, Henan Dabieshan National Field Observation and Research Station of Forest
Ecosystem, led by Henan University, was officially established, and it provides important
support for the study of ecosystem services in this area.

As China enters the stage of high-quality development, the supporting role of the
ecological environment is becoming increasingly obvious. Respecting nature, conforming
to nature, protecting nature, and promoting the harmonious coexistence between man and
nature has become an inevitable choice. It is meaningful to correctly handle the relationship
between production, life, and the ecological environment and explore the coordinated
development mechanisms of the social economy and the ecosystem. This can provide a
scientific basis for the construction of human and natural living communities. Therefore,
the aims of this study are (1) to ensure the ESV can truly and objectively reflect the spatial
distribution of the growth state of vegetation by integrating remote sensing technology and
the value coefficient method; (2) to reveal the spatiotemporal differentiation characteristics
and mechanisms driving ESV in the Dabie Mountain area; and (3) to explore the temporal
and spatial relationship between the changes in ESV and local socioeconomic development,
to provide a theoretical basis for decision making in relation to the regulation of ecosystem
function, the construction of ecological security pattern, and the construction of ecological
civilization in Dabie Mountains.

2. Study Area and Materials
2.1. Study Area

The Dabie Mountains are located at the junction of Anhui, Hubei, and Henan Provinces
in China, and lie between 30◦10′–32◦30′ N and 112◦40′–117◦10′ E (Figure 1). They are
connected to Tongbai Mountain in the west and Huoshan and Zhangbaling in the east,
stretching about 380 km from east to west and 175 km from north to south. Dabie Mountains
are a natural watershed of the Yangtze and Huaihe Rivers. The main part of the mountain
is about 1500 m above sea level, and the main peak Baimajian (1777 m above sea level) is
located in Huoshan County, Liuan City, Anhui Province.
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The Dabie Mountains are part of a northern area characterized by a subtropical
warm and humid monsoon climate, with typical mountain climate characteristics, mild
climate, and abundant rainfall. The annual average temperature is 12.5 ◦C, the maximum
temperature is 18.7 ◦C, and the minimum temperature is 8.8 ◦C. The average precipitation
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is 1832.8 mm, with 161 annual precipitation days. The average annual sunshine hours are
1400–1600 h, and the frost-free period is 179–190 days. The floristic composition is complex,
and mixing and interleaving are particularly prominent. The distribution of evergreen
deciduous broad-leaved mixed forest with the characteristics of both north and south plants
in the Dabie Mountain area is the first of its kind in China, and it also represents a zonal
vegetation community in this area.

2.2. Datasets

Google Earth Engine is a cloud platform provided by Google for online visual calcula-
tion, analysis, and processing of global-scale geoscience data [44]. It combines a massive
archive of remote sensing data and geospatial datasets with planetary-scale analysis capa-
bilities. Based on the CASA model, this study uses Landsat 8 OLI data to obtain the annual
NPP of the study area through the GEE platform.

The land-use datasets of 2010, 2015, and 2020 were downloaded from the national
earth system science data-sharing infrastructure, China [45]. They were extracted from
Landsat images and calibrated based on field data. The data were further calibrated in the
study area before use. With the aid of the field data, the land use data were corrected by
visual interpretation based on Landsat images.

The statistical data were collected from the statistics department based on the statistical
yearbooks of Henan, Anhui, and Hubei Provinces which are sufficient for guaranteeing the
acquisition of social and economic indicators. Among them, grain planting area and yield
were used to determine the ecosystem service value coefficients. County-scale population
and GDP were used to obtain the population density and GDP per unit area. Per capita,
disposable income was used to reflect human well-being.

3. Methodology

This study mainly uses remote sensing data, statistical data, and land use data to
evaluate ESV, and the relationship between ESV dynamics and socioeconomic development
was then analyzed. The purpose of this study is to provide scientific support for the
coordinated development of the social economy and ecosystem. The technical process is
shown in Figure 2.
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The research is carried out according to the following five aspects. (1) The planting
area and yield of grain in the study area are obtained from the statistical yearbooks. Based
on previous research [41], the value coefficients of each land cover type and each ecosystem
service function type are determined. (2) The ESV is determined using land cover data and
value coefficients and NPP reflecting the vegetation growth status is used to adjust the ESV
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spatial distribution. (3) By combining the statistical data and county-level administrative
division data, the relevant indicators reflecting social and economic development are
calculated. (4) Based on the method proposed in this study, the response degree of ESV to
land cover change is analyzed. (5) Then the relationship between ESV and socioeconomic
related parameters is then analyzed.

3.1. Determination of Ecosystem Service Value Coefficient

Land use/land cover change affects ecosystem service function, and it is also the
external embodiment of the complex coupling between human socioeconomic activities
and natural ecosystems [38,39]. Based on the research results of previous researchers [6,39],
the grain yield per unit area (6441.12 kg/ha) and the market price (1.3663 CNY/kg) for this
study area in the recent ten years were obtained by consulting the statistical yearbooks of
Henan, Anhui, and Hubei Provinces. It was calculated according to the ecosystem service
value of farmland per unit area being equal to 1/7 of the market economic value of the
average unit yield of grain [41]. Finally, the ecosystem service value coefficients per unit
area of different land types were determined for Dabie Mountains (Table 1).

Table 1. Value coefficients of ecosystem service function types for land cover types in Dabie Mountains
(CNY/ha·a).

Ecosystem Service Functions Value Coefficients for Land Cover Types

First-Level Secondary-Level Forest Grass Farmland Water Unused Land

Supply service
(ESV1)

Grain production 414.88 540.60 1257.21 666.32 25.14
Raw material
production 3746.49 452.60 490.31 440.02 50.29

Regulation service
(ESV2)

Gas regulation 5431.15 1885.82 905.19 641.18 75.43
Climate regulation 5116.84 1961.25 1219.49 2589.85 163.44

Hydrological
regulation 5141.99 1910.96 968.05 23597.83 88.00

Waste disposal 2162.40 1659.52 1747.52 18669.57 326.87

Support service
(ESV3)

Soil conservation 5053.98 2816.15 1848.10 515.46 213.73
Biodiversity 5670.02 2350.98 1282.35 4312.23 502.88

Cultural service
(ESV4) Aesthetic landscape 2615.00 1093.77 213.73 5582.01 301.73

Total 35352.75 14671.64 9931.96 57014.47 1747.52

3.2. Method for Spatial Distribution Adjustment of ESV

The ecosystem services directly depend on the type of ecosystem and their status
in a given area. Land use can distinguish the types of ecosystem, while NPP retrieved
from remote sensing images can reflect the ecosystem status. NPP is directly related to
the functions of organic matter production, nutrient circulation, atmospheric regulation,
hydrological regulation, and soil conservation [46,47]. Therefore, this study uses the annual
NPP data to adjust the ESV at the pixel scale. This is useful for spatial analysis. The method
is as Formula (1).

ESVik = NPPik·Ck/NPPik (1)

where ESVik is the ecosystem service value of pixel i in land cover category k; NPPik is the
net primary productivity of pixel i; NPPik is the average value of net primary productivity
in the land cover category k where pixel i is located; and Ck is the ecosystem service value
coefficient of class k.

Thus, the total ESV of the study area is shown in Formula (2).

ESV = ∑m
k=1 ∑n

i=1 ESVik (2)
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where, ESV is the ecosystem service value of the study area; m is the number of land cover
categories, and i is the number of pixels in category k.

3.3. Analysis of Correlation between ESV Dynamics and Socioeconomic Development
3.3.1. ESV Dynamic Change

Using GIS technology, this study analyzes the temporal and spatial changes of ESV from
the perspective of ecosystem types (Formula (3)) and service function types (Formula (4)), and
the ESV dynamics of in Dabie Mountain area during the past ten years are also analyzed.

ESVk = ∑n
i=1 ESVik (3)

ESVf = ∑m
k=1 ESVf k (4)

where ESVk and ESVf are the ecosystem service value of land cover category k and the ESV
of ecosystem service function f, respectively.

3.3.2. Response of ESV to Land Cover Change

In this section, the relationship between land cover change and ESV change is analyzed
by combining land cover data, and the impact of land cover change on the ESV has also
been studied based on Formula (5).

RDE f = (
∣∣∣ESVf t1 − ESVf t0

∣∣∣)/ ∑|∆LCk| (5)

where RDEf is the response degree of ecosystem service value relative to land cover change;
ESVft0 and ESVft1 represent the ESV of an ecosystem service function at time t0 and t1,
respectively; and ∆LCk is the area change for land cover category k.

3.3.3. Analysis of Correlation between ESV Dynamics and Socioeconomic Factors

Previous studies have shown that an increase in population density may lead to a
reduction in per capita resources, and increased pollution, disease, and crime [48,49]. At the
same time, it can also promote the exchange of ideas, which will lead to the improvement
of productivity and innovation in these areas [50]. Therefore, population density is closely
related to human life. The increase in people’s production activities can increase the local
economic volume, so the economic volume per unit area can reflect the intensity of local
production activities [51]. The expansion of built-up land inevitably lead to the occupation
of ecological space, which reflects the human demand for ecological space [52]. However,
human beings tend to ensure the balance with ecological protection by optimizing the
regional spatial structure and increasing the green area in the built-up land [53]. The level
of happiness is positively correlated with higher income [54]. This study uses people’s
income to reflect the well-being of local people.

The combination of production and life can reflect the overall situation of the social
economy. Then, by combining people’s income, built-up land demand, and the change in
ESV, the impact of human socioeconomic activities on ESV and then the impact of changes
in ESV on human well-being, in turn, can be determined via comprehensive analysis.

The parameters of proportion of land cover types, population density, GDP per unit
area, and per capita disposable income were selected in this study. Taking the county as a
unit, the correlation between the chosen parameters and ESV was studied. By analyzing
the correlation between ESV and socioeconomic development, the influencing factors of
ESV and its impact on human well-being are explored.

4. Results and Analysis
4.1. Total ESV and Its Temporal and Spatial Variation in Dabie Mountains

According to the aforementioned ESV evaluation method, the spatial distribution
adjustment method (Formula (1)) was used to obtain the spatial distribution data of ESV
in the Dabie Mountain area (Figure 3). The spatial distribution details and size of ESV in
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different location can be seen in Figure 3. These data play an important role in comparing
regional differences and discovering the problems existing in ecosystem protection of the
Dabie Mountain area.
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The ESV of vegetation cover types and the difference between the years in the study
area were counted. The statistical results are shown in Table 2. The total ESV of the study
area in 2010, 2015, and 2020 is CNY 139.396 billion, 139.052 billion, and 143.291 billion,
respectively. Overall, the proportion of forest land ESV is the largest in the study area,
which is about CNY 100 billion during this period. The second is farmland ecosystem, with
an ESV of about CNY 25 billion during this period. The water ecosystem ESV has increased
year by year, from CNY 9.934 billion in 2010 to CNY 11.885 billion in 2020.

Table 2. Ecosystem service value and its change according to land cover types in the study area
(108 CNY/ha·a).

Categories 2010 ESV 2015 ESV 2020 ESV 2015–2010 2020–2015 2020–2010

Forest 988.61 70.92% 985.75 70.89% 1045.39 72.96% −2.86 59.64 56.77
Grass 48.00 3.44% 48.01 3.45% 19.01 1.33% 0.01 −29.00 −28.99

Farmland 257.94 18.50% 255.66 18.39% 249.65 17.42% −2.28 −6.01 −8.29
Water 99.34 7.13% 101.03 7.27% 118.85 8.29% 1.69 17.82 19.51

Unused
land 0.06 0.00% 0.06 0.00% 0.01 0.00% 0.00 −0.05 −0.05

Total 1393.96 100.00% 1390.52 100.00% 1432.91 100.00% −3.44 42.39 38.95

From 2010 to 2015, the total ESV decreased by CNY 344 million, of which the ESV of
forest land and farmland decreased by CNY 286 million and CNY 228 million, respectively.
From 2015 to 2020, the total ESV increased by CNY 4.239 billion. Among the land cover
types, forest land increased the most, reaching CNY 5.964 billion, water ecosystem ESV
increased by CNY 1.782 billion, while the ESV of grassland, farmland, and unused land
decreased by CNY 2900 million, 601 million, and 5 million, respectively.

The proportions of ESV for land cover types and ecosystem service function types in
the total ESV are shown in Figure 4.
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Figure 4. Proportions of ESV in the Dabie Mountain area in 2010, 2015, and 2020 according to (a) land
cover types and (b) ecosystem service function types. ESV1: supply service, ESV2: regulation service,
ESV3: support service, ESV4: cultural service.

The proportion of forest land ESV increased most significantly, from 70.92% in 2010
to 72.96% in 2020. Grassland ESV decreased the most, from 3.44% in 2010 to 1.33% in
2020. The farmland ESV continued to decrease, from 18.50% in 2010 to 18.39% in 2015 and
17.42% in 2020. The water body continued to increase, from 7.13% in 2010 to 8.29% in 2020.
Because of the very small area of unused land, the proportion of ESV is almost negligible.
Compared to land cover types, the change in ESV for ecosystem service function types is
very small. ESV1 and ESV3 are decreasing continuously, by 0.08% and 0.37%, respectively,
from 2010 to 2020. ESV2 and ESV4 continued to increase, by 0.36% and 0.08%, respectively,
from 2010 to 2020.

4.2. Response of ESV Dynamics to Land Cover Change

The area changes in land cover types in 2010, 2015, and 2020 are shown in Table 3. On
the whole, the area of farmland and unused land continues to decrease, especially farmland,
from 25,970.71 km2 in 2010 to 25,135.80 km2 in 2020. The area of built-up land and water
body continues to increase, of which the built-up land increased from 2158.78 km2 in 2010
to 3051.68 km2 in 2020. The area of forest land first decreased and then increased. Overall,
it increased by 1605.92 km2 during this period. The grassland area first increased and then
decreased, and on the whole, it decreased by 1976.02 km2 during this period.

Table 3. Area change according to land cover types in 2010, 2015, and 2020 (km2).

Categories 2010 2015 2020 2015–2010 2020–2015 2020–2010

Forest 27,964.28 45.73% 27,883.34 45.60% 29,570.20 48.36% −80.94 1686.86 1605.92
Grass 3271.94 5.35% 3272.62 5.35% 1295.93 2.12% 0.68 −1976.69 −1976.02

Farmland 25,970.71 42.47% 25,741.15 42.10% 25,135.80 41.11% −229.56 −605.35 −834.91
Water 1742.37 2.85% 1772.01 2.90% 2084.54 3.41% 29.64 312.53 342.16

Unused land 36.80 0.06% 36.63 0.06% 6.75 0.01% −0.17 −29.88 −30.05
Built−up land 2158.78 3.53% 2439.14 3.99% 3051.68 4.99% 280.36 612.53 892.89

Total 61,144.89 100.00% 61,144.89 100.00% 61,144.89 100.00% 0.00 0.00 0.00
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Based on the GIS spatial overlay analysis between ESV and land cover data in 2010
(2015) and 2015 (2020), the spatial change information can be obtained (Figure 5). From
these datasets, the region and amplitude of interannual changes in land cover and ESV can
be seen.

From 2010 to 2015 (Figure 5a), increases in ESV mainly occur in the middle of the
study area. This is mainly due to the change in vegetation statuses, such as the increase
in biomass, vegetation coverage, and other parameters. The areas with sharp increase
and decrease (dark red and dark green) are scattered throughout the study area, and the
changes are mainly due to the change in land cover (Figure 5c), such as the decrease of
farmland and the increase in built-up land (Table 3).
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From 2015 to 2020 (Figure 5b), increases in ESV mainly occur in the central and eastern
regions, mainly caused by the increase in forest land area and the decrease in grassland
area (Figure 5d, Table 3). The reason for reduced ESV is still the reduction in farmland area
and the increase in built-up land area, changes which are scattered throughout the study
area. There are also ESV changes caused by the transformation of unused land to farmland,
grassland to forest land in the west of the study area (Figure 5d, Table 3).

The response degree of ESV change to land cover change was calculated in the study
area according to Formula (5), as shown in Table 4.
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Table 4. Changes in ecosystem service value and its response to land cover change according to
ecosystem service function types.

Functions 2015–2010
CNY 108

RDE
104 CNY/km2

2020–2015
CNY 108

RDE
104 CNY/km2

2020–2010
CNY 108

RDE
104 CNY/km2

∆ESV1 −0.70 20.66 4.34 9.42 3.64 7.60
∆ESV2 −1.20 35.27 26.72 57.95 25.52 53.29
∆ESV3 −1.44 42.23 7.47 16.20 6.03 12.59
∆ESV4 −0.09 2.77 3.86 8.36 3.76 7.85
∆ESV −3.44 100.94 42.39 91.92 38.95 81.32

During the entire period from 2010 to 2020, every 1 km2 change in land cover area
would lead to a change of CNY 0.8132 million in ESV. ESV2 was the most sensitive, and its
RDE is CNY 0.5329 million per square kilometer. From 2010 to 2015, the overall RDE was
CNY 1.0094 million per square kilometer, of which ESV3 was the most sensitive, reaching
CNY 0.4223 million per square kilometer, followed by ESV2 with CNY 0.3527 million per
square kilometer. From 2015 to 2020, the overall RDE was CNY 0.9192 million per square
kilometer, of which ESV2 was the most sensitive, reaching CNY 0.5795 million per square
kilometer. If land cover changes from a low to high value type, its impact on ESV is positive;
otherwise it is negative.

4.3. Relationship between ESV and Socioeconomic Development

Spatial analysis was used to obtain the area proportion of land cover types in each
unit. From the statistical yearbooks, population density, GPD per unit area, and per capita
disposable income was obtained. Then, correlation analysis was carried out between these
parameters and ESV. The results are shown in Table 5.

Table 5. Correlation coefficients between ecosystem service value and socioeconomic parameters.

Parameter Types Relationships 2010 2015 2020

Socioeconomic
parameters

ESV and PD −0.3751 −0.4533 −0.4847
ESV and GP −0.6515 −0.6423 −0.5965
ESV and PI −0.4150 −0.3680 −0.1978
ESV and PB −0.8232 −0.8524 −0.8637

Land cover structure
parameters

ESV and PF 0.9788 0.9910 0.9936
ESV and PG 0.2820 0.2943 0.3871
ESV and PC −0.9490 −0.9618 −0.9848
ESV and PW −0.5883 −0.5951 −0.5833
ESV and PU −0.2585 −0.2704 −0.2075

ESV: ecosystem service value; PD: population density; GP: GDP per unit area; PI: per capita dis-posable income;
PB: proportion of built-up land; PF: proportion of forest land; PG: proportion of grassland; PC: proportion of
farmland; PW: proportion of water body; PU: proportion of unused land.

It can be seen that all socioeconomic parameters are negatively correlated with ESV, in-
dicating that the increase of human life and production intensity affected the improvement
of ESV. Among them, the proportion of built-up land (PB) is the most relevant, indicating
that human competition for ecological space with nature will greatly affect ESV. Although
GDP per unit area (GP) shows a negative correlation, the correlation is not strong, indicating
that the negative impact of GDP growth on ESV is not high. The correlation coefficient of
per capita disposable income (PI) is the lowest. This means that although the population is
increasing, there is no great contradiction between the improvement of human well-being
and ESV with the development of the social economy. A harmonious relationship can
form, and the harmonious coexistence between man and nature can be promoted. This can
be explained by considering the actual situation, where the per capita disposable income
increased from about CNY 4000 in 2010 to about CNY 14,000 in 2020 but the ESV did
not decrease.
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Among the land cover structure parameters, forest land (PF) and grassland (PG) show
positive correlations. Among them, PF has the highest correlation, up to 0.9936, indicating
that forest land contributed the most to the total ESV in this region. Farmland (PC), water
body (PW), and unused land (PU) are negatively correlated, indicating that these three
types tended to be transformed into land with a low-value coefficient, such as farmland
into built-up land, in the transformation process of land cover structure from 2010 to 2020.
In addition, the correlations of PG, PU, and ESV were very weak because the area of these
three land cover types was very small and, thus, they had little impact on the total ESV.

5. Discussion
5.1. Significance of ESV Spatialization

ESV is an important index for measuring regional sustainable development. The
research results of its temporal and spatial change and impact mechanisms are the premises
of correct decision-making for ecosystem function regulation and optimization. Therefore,
the evaluation from only the ESV quantity is not sufficient to support optimization and
decision making. Hence, it is necessary to adjust the spatial distribution of ESV. Previous
studies have adjusted ESV in space based on small administrative units or vegetation
index data [37,42]. However, the use of administrative units for adjustment will lead
to discontinuities in spatial changes. The vegetation index is often oversaturated and
cannot correspond to the ecosystem service function of vegetation. NPP has a strong
correlation with a variety of ecosystem service functions. For example, NPP is the result
of the interaction between plant biological characteristics and the external environment,
reflecting the function of organic matter production [55,56]; the organic matter of all
vegetation has nutrient elements and undergoes exchange with the external environment,
indicating the service function of promoting nutrient circulation [57]; the respiration of
plants releases oxygen and fixes carbon dioxide, meaning regulation function [58,59]; long-
term lush vegetation has greater NPP and stronger soil erosion protection ability and water
conservation ability, showing water and soil conservation function [60,61]. Therefore, this
study used NPP for spatial adjustment, which has more advantages than other methods.

5.2. Socioeconomic Parameters

It is necessary to strengthen the research on the mechanisms influencing ESV and its
combination with various parameters, especially socioeconomic development parameters.
The results can not only improve the explanatory aspect of ESV but also allow exploring
the response relationship between the change in ESV and human well-being. It is thus
more effective to explore the path where there is the coordination of ecological protection
and human development. This study found that there is no contradictory relationship of
human production and life with ESV, although there is a certain negative correlation, and
ESV has improved in the past ten years in the Dabie Mountain area.

The socioeconomic connotations are very broad. The choice of socioeconomic param-
eters is also very important. By using parameters that truly reflect social and economic
development, the interaction mechanism between social and economic development and
ESV can be accurately determined and thus effectively assist decision-making. Based on the
previous research results from the published literature, this study selected the parameters
that reflect production, life, and human well−being. Therefore, the research results of this
paper do not include all aspects of the social economy.

5.3. Improvement of Research Methods

The existing methods using the value coefficient to evaluate ESV can be improved in
the following ways. (1) The value coefficient should be continuously improved according
to the social and economic development and take into account the local characteristics
of the study area. (2) The relationship between the value coefficients of land cover types
should also be adjusted according to the characteristics of the region, so more detailed
local investigations are needed. (3) More parameters that can objectively reflect the actual
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situation need to be integrated into the model, such as those reflecting vegetation status,
terrain, and climate, to more objectively calculate ESV and research its impact mechanism.

6. Conclusions

Ecosystem service is the coupling and interactive link between the natural environ-
ment and human well-being. Monetizing the ecosystem services value can help public
interpretation, improve public awareness, and promote the protection of the ecological
environment. The novelty of this study is reflected in the following three aspects. Firstly,
the adjustment method of the ESV spatial distribution based on NPP was proposed, which
is more reasonable than the general vegetation index. Secondly, the response index of ESV
to land cover change was proposed, which has a clear meaning and can quantitatively ex-
press the relationship between ESV and land cover change. Thirdly, several socioeconomic
parameters with clear meaning were selected to study the relationship between ESV change
and socioeconomic development from the perspective of time and space. The results can
provide scientific support for the harmonious development of the social economy and
ecosystem. The research conclusions are as follows.

This study calculated the ESV in the Dabie Mountain area based on localizing the
value coefficient, which is an important reference. It was found that the total ESV first
decreased and then increased, with an overall increase of CNY 3.895 billion from 2010 to
2020. This shows that the ecological environment of this region is generally improving
and that there is no overdevelopment. Among the land cover types, the ESV of forest land
is the highest and plays a leading role in the studied area. In terms of ecosystem service
functions, the proportion of regulation services is the largest.

Because NPP has a strong correlation with ecosystem service functions, the spatial
distribution of ESV in this study area can be clearly shown through the spatial adjustment of
ESV based on NPP. The response of ESV to land cover change can be adequately explored
when further combining land cover data and their temporal and spatial changes. In
addition, how the change in land cover affects ESV can be understood through the response
degree (RDE) presented in this paper. In the studied area, every 1 km2 change of land cover
will lead to an ESV change of about CNY 1 million. This conclusion can provide a reference
for the protection of the ecological environment in the Dabie Mountain area.

The relationship between production, life, and ESV and its impact on human well-
being is among the issues that most concern mankind. This study selected parameters that
can truly reflect human production, life, and well-being, and analyzed their relationship
with ESV. The strongest negative correlation was found between built-up land area and
ESV, indicating the disadvantage of competing with ecological land for space. In addition,
this study also found that there is no obvious correlation between per capita disposable
income and ESV, which means that a path of harmonious coexistence can be found between
humans and nature toward ensuring the improvement of both human well-being and the
ecological environment.
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