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Abstract: As a new concept for systematically evaluating ecosystem services, Gross Ecosystem
Product (GEP) provides an effective means to comprehensively reveal the overall status of the
ecosystem, the impact of economic activities on the ecological environment, and the effectiveness of
ecological protection efforts. GEP accounting has been conducted in various regions; however, GEP’s
application in natural reserves still requires further exploration. Taking the Qinling Mountains as the
research area, this paper aims to assess the relationship between GEP and economic development
on the basis of the GEP accounting system. The results indicated that: (1) From 2010 to 2020, GEP
tended to increase continuously and exhibited a distribution pattern with high value regions in
the east and west, and low value regions in the north and south. (2) Over the years, the coupling
coordination degree between GEP and GDP was in a consistent upward trend. In 2020, a good
coupling coordination state between GEP and GDP was achieved in most districts and counties.
(3) With the relative development between GEP and GDP, the social economy of most districts
and counties lagged behind GEP in 2010. The number of districts and counties lagging in GEP in
2020 increased, while the number of regions with a balanced development of GEP and GDP was
still relatively discouraging. (4) In general, elevation, contagion, temperature, population density,
and precipitation were the main drivers of coupling coordination degree between GEP and GDP. If
the relationship between economic development and ecological environmental protection can be
reasonably balanced, it will further promote the sustainable development of nature reserves, and
provide a scientific basis for sustainable policy-making in other similar areas.

Keywords: gross ecosystem product (GEP); ecosystem services; Qinling mountains; Shaanxi province;
coupling coordination degree (CCD) model; geographical detector

1. Introduction

Ecosystem service (ES) is an important quantitative index to measure the degree of
support services and contributions of natural ecosystem to human society [1–4], and has
become a hot topic in global change ecology, ecological economics, environmental science,
and geography [5–10], and an important foundation for regional ecological management
and social economic development [11–16]. At present, the assessment of ecosystem services
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can be mainly divided into two types: physical amount assessment and value assess-
ment [17–19]. The first method is to simulate the ecosystem process and mechanism of ES
formation with geochemical models, biophysical models, and other mechanism models,
and to quantitatively simulate the quality of ecosystem services with comparative accu-
racy [20–22], but it often fails to reflect the economic value of the whole ES. Conversely,
the second method can simply and intuitively reflect the economic value of the whole ES.
In this method, an equivalence factor can directly reflect the potential contributions of
different ecosystems to mankind so that people can intuitively understand the remarkable
contributions and great value of ecosystems and dedicate themselves to the sustainable
development of society and economy to a higher extent [23,24]. However, it could hardly
reveal the ecosystem change process of ESs.

It was the impossible mission in the past research on the value assessment of ESs to
integrate the ecological significance and economic value. In 2012, on the basis of Constanza
et al. [7] and Daily et al. [13], referring to the concept of GDP, Ouyang et al. introduced
the concept of GEP and established a complete GEP accounting system, thereby providing
improved methods for the valuation of ESs [25–27].

First of all, GEP can be defined as the total value of the final products and services pro-
vided by the ecosystem for human society [26]. In its calculating process, it includes both
the quality evaluation based on a biogeographic model and the monetization value evalua-
tion of ESs. Therefore, it can effectively integrate the advantages of the quality evaluation
and value evaluation, and become an effective breakthrough in ES evaluation [28].

Secondly, the ecosystem and the economic system are the vital powers in the survival
and development of human society [29]. GEP and GDP are parallel indicators in these
two systems, respectively. GDP can solely summarize the development of the entire social
economy, while GEP can summarize the status of the ecosystem on its own. The accounting
of GEP goes beyond GDP, which is an important supplement and improvement in the
statistics and management of the social economy. It can measure the economic value of
the ecosystem to human society [25], and provide a quantitative scientific reference for
ecological protection and ecological compensation.

In addition, achieving sustainable development is an urgent need for human society, as
it aims to maintain economic growth and guarantee the stability of ecological environment
quality and the health of the ecosystem [30,31]. Based on these coupling coordination mod-
els, scholars have tried to introduce GEP indicators to evaluate the relationship between
economic development and ecosystem status, and deeply explore the interaction of eco-
nomic system and ecosystem. Typical studies include the following examples: Zang et al.
used the four quadrant analysis method to evaluate the synergistic states and evolution
process of GEP and GDP in mainland China from 2000 to 2015, and found that GEP–GDP
synergy continued to increase [30]; Xie et al. quantified the coupling coordination degree
between GEP and economic system in Jiangxi Province, China, from 2010 to 2020, and
found that the coupling coordination degree of Jiangxi province was continuously im-
proved, but the development of GEP lagged behind economic development [29]; Guan
et al. adopted the Tapio decoupling model to assess the coupling relationship between GEP
and GDP in Hubei Province during 2010–2019, and the results showed that the decoupling
coefficient between GEP and economic growth gradually decreased, and the decoupling
relationship changed from weak decoupling to strong decoupling [32]. In summary, with
GEP accounting, people can better use monetary value to measure the ecological value
provided by the ecosystem for economic development. This allows for a more effective
integration of economic accounting and ecological asset accounting in the coupling coor-
dination analysis of GDP and GEP, providing support for evaluating the interaction of
economic development and ecosystem reasonably and making decisions regarding regional
sustainable development.

As for GEP research and practice, scholars have conducted extensive research globally,
nationally, and provincially [26,29,30,33]. The majority of GEP calculations occur mainly in
urbanized areas; however, fewer cases can be associated with physical geographical units



Land 2024, 13, 234 3 of 26

such as mountain areas, river basins, nature reserves, and ecological fragile zones [27,28].
An urbanization area differs from a mountain area in that it is characterized by a large
population density, fast economic development, a tense relationship between man and land,
and greater pressure on ecological environmental protection. It is imperative to address
the conflict between economic development and ecological protection in urban areas. A
mountainous area features a sparsely distributed population, slow economic development,
and less pressure on the environment. It boasts well-preserved ecological conditions with
abundant nature reserves and designated ecological functional areas. There is an urgent
need to transform ecological advantages into economic assets. Therefore, research on
the coordinated development between GDP and GEP in urban and mountain areas has
practical significance and theoretical value for the sustainable development of the whole
social economy. However, there are few studies on GEP assessment, as well as coordination
development assessment, of GEP and GDP in mountainous areas and nature reserves.

The Qinling Mountains (QMs) are a huge mountain system that runs from east to west
in central China and serve as the geographical demarcation between north and south of
China, playing a crucial role as important ecological barriers in China. Meanwhile, this
region is a typical concentrated poverty-stricken area [34]. It has become a common and
significant challenge for nature reserves to effectively manage the harmonious interaction
between economic development and ecological protection, fully leverage the advantages of
ecological environment and assets, and facilitate the conversion of ecological benefits into
economic benefits.

Therefore, taking the QMs as a case study, based on the GEP accounting system and
Coupling Coordination Degree model, the purpose of this paper was to: (1) quantify
the ESs and measure the GEP with a monetary value; (2) investigate the spatio-temporal
variations of GEP from 2010 to 2020; (3) explore the interaction of GEP and GDP in the QMs.
This study will raise policy suggestions for ecological management and social economic
development of nature reserves, aiming to protect the good ecological background, give
full play to ecological advantages, and enhance sustainable development of social economy.

2. Materials and Methods
2.1. Study Area

The construction of ecological civilization is a key strategic priority for China, and
the QMs have an important strategic position in this endeavor (Figure 1). First of all, the
QMs are the central mountains of China, and the key components of the geographical
demarcation between north and south of China [35]. In terms of climate, this demarcation
lies within the transitional zone between subtropical monsoon and temperate monsoon
climate. Hence, the QMs serve as an ecological transition zone, delineating the interface
between subtropical evergreen broad-leaved forests and temperate deciduous broad-leaved
forests, as well as demarcating the boundary separating semi-arid and humid regions [36].
At the same time, the QMs are the watershed and important water conservation areas of
the Yangtze River and the Yellow River (the two largest rivers in China), and an impor-
tant water source for China’s North-South transfer project and other water conservancy
projects [22,31]; therefore, the QMs have a very important geographical demarcation func-
tion and are abundant in water resources [36,37]. Moreover, the QMs have important
ecological advantages and are important ecological barriers in China. The diverse geo-
graphical environment provides a solid foundation for animal and plant growth, ensuring
the stability of ecosystems and the preservation of biodiversity and earning the recognition
as the “Kingdom of animals and plants”, “National Central Park”, and “gene bank” [37].

Notes: In the QMs, Xi’an has six districts and counties: Baqiao District (BQ), Lintong
District (LT), Chang’an District (CA), Huyi District (HUY), Zhouzhi County (ZZ), and
Lantian County (LAT); Baoji has six districts and counties: Weibin District (WB), Chencang
District (CC), Qishan County (QS), Meixian County (MX), Taibai County (TB), and Fengxian
County (FX); Weinan has four districts and counties: Linwei District (LW), Huazhou District
(HZ), Huayin City (HY), and Tongguan County (TG); Hanzhong has nine districts and
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counties: Hantai District (HT), Chenggu County (CG), Yangxian County (YX), Xixiang
County (XX), Mianxian County (MIX), Ningqiang County (NQ), Lueyang County (LY),
Liuba County (LB), and Foping County (FP); Ankang City has seven districts and counties:
Hanbin District (HB), Hanyin County (HAY), Shiquan County (SQ), Ningshan County
(NS), Ziyang County (ZY), Langao County (LG), and Xunyang County (XY); Shangluo City
has seven districts and counties: Shangzhou District (SZ), Luonan County (LN), Danfeng
County (DF), Shangnan County (SN), Shanyang County (SY), Zhen’an County (ZA), and
Zhashui County (ZS).
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The QMs have a broad sense and a narrow sense; the narrow sense of the QMs mainly
refers to the Qinling Mountains in Shaanxi Province, which is the core area of the Qinling
Mountains embracing 12 national nature reserves [38]. The QMs (105◦29′18′′–111◦01′54′′ E,
32◦28′53′′–34◦32′33′′ N) cover an area of 58,800 km2, accounting for 28.59% of the total
area of Shaanxi Province. From north to south, this province can be divided into the Loess
Plateau of Northern Shaanxi Province, the Guanzhong basin zone, and the QMs [38,39].
The Guanzhong basin zone is at the heart of economic and cultural development, which is
clustered by the provincial capital city Xi’an and its significant neighbor cities. The QMs
is closely adjacent to the Guanzhong basin zone, spreading to the southernmost part of
Shaanxi Province.

The QMs are divided into a south slope and a north slope by the watershed [36] and
contain six prefecture-level cities, namely Xi’an, Weinan, Baoji, Hanzhong, Ankang, and
Shangluo, and 39 districts and counties [40]. Baqiao District of Xi’an and Langao County of
Ankang have relatively small land areas, neither exceeding 30 km2, while other districts
and counties in the region have larger land areas, all exceeding 100 km2. Geographically,
Weinan and Xi’an are located in the north slope, Hanzhong, Ankang and Shangluo are
located in the south, while the districts and counties of Baoji are distributed on both north
and south sides around the watershed.

Due to the tough mountainous conditions, inconvenient traffic, and insufficient culti-
vated land, social and economic development here is relatively backward. Especially, the
QMs are on the list of the 14 centralized contiguously poor areas in China. In addition, in
recent years, China has attached increasing importance to the ecological environmental
protection of the QMs, and prohibits destruction of the natural environment. The urban-
ization and industrial development processes here are restricted, and higher requirements
are put forward for the high-quality development of the local social economy. Therefore,
the social economic development in the north slope of the QMs is relatively fast, while the
social economic development in the south slope is relatively slow.

2.2. Research Framework

The research specifically includes the following three processes (Figure 2).
Firstly, ES types were first divided into three ES categories, Provisioning ecosystem

services, Regulating ecosystem services, and Cultural ecosystem services, and the main
ecosystem types in the QMs were selected. Within the framework of GEP accounting, re-
mote sensing data, meteorological observation data, social economic data, and quantitative
models such as RULSE and raster calculation methods were used to quantitatively evaluate
the material quality of the ESs. Then, the monetary value of each ESs was quantitatively
assessed through market value and other methods, so as to obtain the value of different
ecosystem types and the total GEP value in the QMs.

Secondly, within the framework of the Coupling Coordination Degree, the three
methods of Coupling Degree, Coupling Coordination Degree, and Relative Development
Degree were comprehensively adopted to evaluate the interaction between GEP and GDP.

Thirdly, the geographic detector model was introduced, the driving factors of the
relationship between GEP and GDP were selected, and the two methods of factor detection
and interactive factor detection were used to quantitatively evaluate the contribution degree
of different factors to the spatial differentiation of the relationship between GEP and GDP,
and the main influencing factors that affect the development relationship were identified.
In light of the need to maintain a balance between ecological environment and social
economic development of nature reserves, corresponding countermeasures for sustainable
development has been proposed.

Notes: GEP represents Gross Ecosystem Product, PES represents Provisioning ecosystem
services, RES represents Regulating ecosystem services, CES represents Cultural ecosystem ser-
vices, CD represents Coupling Degree, and CCD represents Coupling Coordination Degree.
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2.3. Data Sources

We collect historical period data from multiple sources to carry out GEP accounting in
the QMs. Specifically, the following types of data are introduced in Table 1:

(1) Daily climate data of national meteorological stations in the QMs were downloaded
from the China Meteorological Data Service Centre, and the meteorological elements
included precipitation, temperature, etc. Then, with the meteorological elements, the
local runoff and evaporation data were obtained using the hydrological formula;

(2) Environmental data included air quality and water environment quality data, col-
lected from Shaanxi Province air quality monitoring station and Shaanxi Provincial
Department of Ecology and Environment, respectively;

(3) Remote sensing data mainly included land use, soil, DEM, NPP, and NDVI. Since
there were many types of remote sensing data involved, and the spatial resolutions of
different data were significantly different, the remote sensing data were resampled to
a resolution of 1000 m in the data processing process, and the data output resolution
of ES and GEP assessment results were also set to 1000 m;

(4) Social economic data, including GDP, population, water price, agricultural product
price, tourist income, etc., were obtained from Shaanxi provincial statistical year-
book, Shaanxi provincial tourism development statistical bulletin, Shaanxi water
conservancy statistical yearbook, etc. The statistical scale of social economic data is
district-county scale, so the data output resolution of ES value evaluation results is
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also unified to district-county scale. Therefore, the total GEP results are also read
with the same scale. In view of the fact that some districts and counties are not fully
included in the scope of the QMs [40], the social economic statistics of these districts
and counties are assigned within the coverage area by an area-weighted method.

Table 1. Data source information.

Category Index Time Resolution Spatial Resolution Data Sources

Climate data

Precipitation,
Temperature, etc.

2010–2020

Meteorological
station

China Meteorological Data Service Centre
(http://data.cma.cn, accessed on 20 June 2021)

Runoff Calculated from meteorological dataEvaporation

Environmental data
Air quality

Observation
station

Shaanxi Province air quality monitoring station,
accessed on 20 September 2021

Water
environment quality

Shaanxi Provincial Department of Ecology and
Environment, accessed on 20 September 2021

Remote sensing data

Land use 2010, 2015,
2020 30 m

China Multi-Period Land Use Remote Sensing
Monitoring Dataset (CNLUCC)

(https://www.resdc.cn, accessed on
6 September 2021)

Soil 2017 250 m
Global gridded soil information

(https://www.isric.org/explore/soilgrids, accessed
on 17 August 2021)

DEM 2011 12.5 m

NASA EARTHDATA Advanced Land Observing
Satellite data

(https://search.earthdata.nasa.gov/search, accessed
on 15 August 2021)

NPP 2010, 2015,
2020 500 m

NASA’s Land Processes Distributed
Active Archive Center

(https://e4ftl01.cr.usgs.gov/, accessed on
23 October 2021)

NDVI 2010, 2015,
2020 1000 m

MODIS/Terra Vegetation Indices Monthly L3 Global
1 km SIN Grid V006, NASA EOSDIS Land Processes
DAAC (https://search.earthdata.nasa.gov/search,

accessed on 28 April 2022)

Social economic data

Density of road
network 2019 1000 m

A dataset of 1 km Grid Road network density in China
(2019) (https://cstr.cn/31253.11.sciencedb.02938,

accessed on 12 October 2023) [41]
GDP,

Population, Water price,
Agricultural product

price, Tourist income, etc.

2011, 2016,
2021

District-
county scale

Shaanxi provincial statistical yearbook,
Shaanxi provincial tourism development statistical

Bulletin, Shaanxi water conservancy
statistical yearbook

2.4. Methods
2.4.1. GEP Accounting Methodology

This paper is based on the first provincial GEP accounting standard in China [42],
where methods and models are chosen to calculate the quality and value of most ES types.
Additionally, some popular models from previous studies are employed to assess remaining
ESs, thereby establishing a more comprehensive GEP accounting framework in the QMs
(Table 2) [20,27,33,43,44]. The specific models and algorithms employed in this study are
detailed in the supplementary materials (Tables S1–S3).

First of all, the Millennium Ecosystem Assessment divides ESs into four ES categories:
Provisioning ecosystem services (PES), Regulating ecosystem services (RES), Cultural
ecosystem services (CES), and Supporting ecosystem services (SES) [12]. However, GEP
accounts for the final goods and services provided by the ecosystem. Counting SES would
result in double counting, leading to inflated results, so GEP only accounts for the final
economic value of the first three ES categories [25,26,43]. Therefore, the types of ES are
divided into PES, RES, and CES in the QMs (Table 2). Among them, PES includes five
indicators such as agricultural products, RES includes eight indicators such as water
conservation service, and CES is evaluated by ecological tourism service value.

Secondly, the biophysical value of the three types of ES is evaluated by the material
quality method. Since most of these data are remote sensing data, the ES quality results are
mainly raster data.

Thirdly, the monetary value of 14 indicators in three categories of ES with social
economic data at district-county scale is evaluated.

http://data.cma.cn
https://www.resdc.cn
https://www.isric.org/explore/soilgrids
https://search.earthdata.nasa.gov/search
https://e4ftl01.cr.usgs.gov/
https://search.earthdata.nasa.gov/search
https://cstr.cn/31253.11.sciencedb.02938
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Finally, the GEP of all districts and counties in the QMs is obtained by summing up
the monetary values of the three ES types using the following formula:

GEP = VPES + VRES + VCES (1)

where GEP represents Gross Ecosystem Product in the QMs, VPES represents the value of
PES, VRES represents the value of RES, VCES represents the value of CES [29]. The value
of each ecosystem service is estimated by monetary value, and the unit is billion of the
Chinese currency (CNY).

In the process of calculation, the GEP value is determined by utilizing climate and en-
vironmental data, soil erosion factor, vegetation cover factor, and social economic statistics
specific to the region. Ultimately, the obtained results are compared and validated against
relevant findings from previous studies [33,45].

Table 2. Accounting scheme for Gross Ecosystem Product of the QMs.

Categoriy Accounting ES Material Quantity Method Monetary Value
Method

Provisioning
ecosystem service

Agricultural products

Statistical survey method market value
Forestry products

Animal husbandry products
Fishery products
Water resources

Regulating
ecosystem service

Water conservation service water balance equation shadow project
Water purification service empirical method replacement cost
Flood regulating service empirical method shadow project

Carbon sequestration service Vegetation
photosynthesis model market valueOxygen release service

Air purification service empirical method replacement cost

Climate regulating service Ecosystem
Evapotranspiration Model replacement cost

Soil conservation service RUSLE model replacement cost

Cultural
ecosystem service Ecological tourism service Statistical survey method replacement cost

Gross Ecosystem Product Total value of 14 ES types - accumulation

2.4.2. Coupling Coordination Degree (CCD) Model

As a physical concept, coupling coordination is a common method used to evaluate the
degree of interaction between different systems [29,46], which is widely used in the fields
of economic development, urbanization, land use, ecological environment, and ecosystem
services, etc. In this paper, the Coupling Coordination Degree (CCD) Model is used to
study the dynamic interaction between GEP and GDP.

1. Data standardization processing

Before the CCD analysis, in order to eliminate the differences in the dimensions of
the indicators for the later calculation and comparative analysis, it is necessary to use
the extreme value standardization method to normalize the GEP and GDP data to ensure
that the index values of the two data are within the range of [0, 1], which is shown as
follows [46]:

G =
Gij − Gmin

Gmax − Gmin
(2)

where G refers to the standardized value of GEP or GDP, Gij refers to the original value of
GEP or GDP, Gmax and Gmin refer to the maximum and minimum of the original value of
GEP or GDP, respectively.
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2. Coupling Degree (CD) model

Coupling Degree refers to the relationship between two or more systems that interact
and influence each other [46,47]. Therefore, we calculate the Coupling Degree of GEP and
GDP for judging the relationship between the two systems:

C =
2
√

G1 × G2

G1 + G2
(3)

where G1 and G2 refer to normalized data of GEP and GDP, respectively, C refers to
the coupling degree between GEP and GDP, with a value range of [0, 1]. An increasing
value of C indicates a benign relationship between the two systems, and suggests that the
development of the two systems tends to follow an orderly pattern; a decreasing value of C
indicates a weaker coupling state between the two systems, and the two systems tend to
develop in a disordered manner [48]. According to previous research, this paper divides
the coupling degree of the two systems into four states ranging from high to low based
on the C value [49]: low-level coupling (LC, 0 < C ≤ 0.3), antagonistic development (AD,
0.3 < C ≤ 0.6), running-in development (RD, 0.5 < C ≤ 0.8), and high-level coupling (HLC,
0.8 < C ≤ 1).

3. Coupling Coordination Degree (CCD) model

Coupling Degree can effectively characterize the interaction between multiple systems;
however, it solely represents a resonance relationship, which fails to adequately reflect the
overall synergy effect and development level between multiple systems [46]. On the basis
of Coupling Degree, the Coupling Coordination Degree can provide a deeper reflection of
the development of two systems [47]. The calculation formula is as follows:

T = αG1 + βG2 (4)

D =
√

C × T (5)

where T represents the comprehensive coordination index of these two subsystems, with a
value range of [0, 1], α and β represent the contribution rates of the GEP and GDP subsys-
tems in the eco-economic composite system, respectively, that is, the relative importance
of them in the eco-economic system. Social economic development is as important as the
ecological environment for a region, so both values are set at 0.5.

D refers to the coupling coordination degree between GEP and GDP, with a value
range of [0, 1], which can be obtained by combining the coupling degree and comprehensive
coordination index. A high value of D indicates that GEP and GDP are mutually promoting
at a high level in the eco-economic system, while a low value of D indicates that they
are mutually restricting in the overall system. According to previous studies [29] and
the local social development, the coupling coordination degree between GEP and GDP
is divided into five levels from high to low (Table 3): severe unbalance (SU, 0 < D ≤ 0.2),
moderate unbalance (MU, 0.2 < D ≤ 0.4), slight coordination (SC, 0.4 < D ≤ 0.6), moderate
coordination (MC, 0.6 < D ≤ 0.8), and high coordination (HC, 0.8 < D ≤ 1).

4. Relative Development Degree (RDD) model

Though CCD can better reflect the mutual relationship between GEP and GDP in the
eco-economic system, however, there is no consideration of the development rate or the
development gap between them [39]. Therefore, on the basis of Coupling Coordination
Degree results, it is necessary to introduce Relative Development Degree, which calculates
the ratio of normalized GEP to GDP, in order to continue measuring relative development
status between GEP and GDP in the eco-economic system. It is easy to know whether the
regional development status of the ecosystem is ahead of or behind the development of the
economy relatively with the following calculation formula:
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R =
G1

G2
(6)

where G1 and G2 refer to normalized GEP and GDP, respectively, R represents the relative
development status of these two subsystems in the eco-economic system. Based on the
relevant research results and the quotient of normalized GEP and GDP, the RDD in the
QMs is divided into three types: GEP lag, GDP lag, and Balance [29,39]. Among them,
GEP lag indicates that ecology lags behind economic development, GDP lag indicates that
the economy lags behind the ecological status, and Balance indicates that ecology and the
economy have achieved synchronous and balanced development.

Finally, combined with CD, CCD, and RDD, this paper constructs a comprehensive
coupling coordination analysis framework between GEP and GDP in the QMs (Table 3).

Table 3. Coupling coordination levels and types of GEP and GDP.

Level Classification CCD
Relative

Development
Degree (RDD)

CCD Features Type

1 Severe unbalance 0 < D ≤ 0.2
0 < RDD ≤ 0.9 Severe unbalance—GEP lag SU—GEP lag

0.9 < RDD ≤ 1.1 Severe unbalance SU—Balance
1.1 < RDD Severe unbalance—GDP lag SU—GDP lag

2 Moderate
unbalance

0.2 < D ≤ 0.4
0 < RDD ≤ 0.9 Moderate unbalance—GEP lag MU—GEP lag

0.9 < RDD ≤ 1.1 Moderate unbalance MU—Balance
1.1 < RDD Moderate unbalance—GDP lag MU—GDP lag

3 Slight coordination 0.4 < D ≤ 0.6
0 < RDD ≤ 0.9 Slight coordination—GEP lag SC—GEP lag

0.9 < RDD ≤ 1.1 Slight coordination SC—Balance
1.1 < RDD Slight coordination—GDP lag SC—GDP lag

4 Moderate
coordination

0.6 < D ≤ 0.8
0 < RDD ≤ 0.9 Moderate coordination—GEP lag MC—GEP lag

0.9 < RDD ≤ 1.1 Moderate coordination MC—Balance
1.1 < RDD Moderate coordination—GDP lag MC—GDP lag

5 High
coordination

0.8 < D ≤ 1
0 < RDD ≤ 0.9 High coordination—GEP lag HC—GEP lag

0.9 < RDD ≤ 1.1 High coordination HC—Balance
1.1 < RDD High coordination—GDP lag HC—GDP lag

2.4.3. Geographic Detector Model

The geographic detector model can better detect the spatial heterogeneity of geo-
graphical phenomena, effectively explore the contribution of different driving factors to
geographical differentiation, and analyze the impact of interaction between variables on
the driving process, which has become an important tool for driving analysis in spatial
statistics [50].

1. Factor detection

In this study, the contribution of each single factor (X) to the spatial variation of
dependent variable CCD (Y) was investigated by using the factor detection method. The
calculation method is as follows:

q = 1 − 1
Nσ2

L

∑
h=1

Nhσh
2 (7)

where q represents the contribution degree of a factor (X) to the spatial variation of CCD
(Y), h represents the stratification or partitioning of Y or X, N and Nh represent the sample
size of the whole region and the sample size of layer h, σh

2 and σ2 represent the variance
of the whole region and the intra-layer variance of layer h, respectively. The value of q is
between 0 and 1, and the larger the value of q, the higher the contribution of the factor to
spatial variation.
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2. Interaction detector

Interactive detection can detect the interpretation degree of the spatial variation of
CCD when two factors (X1 and X2) act simultaneously.

Firstly, the q values of X1 and X2 contributing to the change of Y, namely q(X1)
and q(X2), are calculated, and then the interaction q value (q(X1∩X2)) is calculated. The
interaction relationship between the two factors is determined by judging the value of
q(X1), q(X2), and q(X1∩X2). For the specific calculation principle and process, refer to the
literature [50].

On this basis, the interaction of the two factors can be divided into five types: nonlinear
weakening, single-factor nonlinear weakening, two-factor enhancement, independent, and
nonlinear enhancement. When q(X1∩X2) > max (q(X1), q(X2)), the relationship between
X1 and X2 is two-factor enhanced; when q(X1∩X2) > q(X1) + q(X2), the relationship is
nonlinear enhanced [50].

3. The selection and processing of indicators

The spatial differentiation of regional CCD is influenced by natural environment con-
ditions and local social economic development. Therefore, CCD is taken as the explained
variable (Y) of this study. Based on the natural environment characteristics, regional devel-
opment status of the QMs, and relevant studies [51,52], we select temperature (TEM, X1),
precipitation (PRE, X2), altitude (X3), slope (X4), NDVI (X5) as key natural environmental
factors, Aggregation index (AGI, X6), Landscape shape index (LSI, X7), Shannon diversity
index (SDI, X8), Shannon evenness index (SEI, X9), Contagion index (CAI, X10) as Land-
scape pattern indices, and density of road network (RND, X11), and density of population
(POD, X12) as factors which reflect social economic development (Table 4).

Table 4. Driving factors for the CCD between GEP and GDP.

Type Factor Abbreviation Code Unit

Geographical
conditions

Temperature TEM X1 ◦C
Precipitation PRE X2 mm

Altitude Altitude X3 m
Slope Slope X4 ◦

NDVI NDVI X5 -

Landscape features

Aggregation index AGI X6 %
Landscape shape index LSI X7 -
Shannon diversity index SDI X8 -
Shannon evenness index SEI X9 -

Contagion index CAI X10 %

Social
economic features

Road network density RND X11 km/100 km2

Population density POD X12 persons/km2

In data processing, the vector layers of six landscape pattern indices from 2010 to 2020
were calculated using the moving window method in Fragstats 4.2, based on the land use
data. At the same time, since geographic detectors are effective at processing type variables,
this study first processed variables X1–X12 as categorical variables using the natural split
point method in the ArcGIS 10.6 platform. Then, according to the boundaries of different
districts and counties, the type variables of different indicators in different regions are
obtained using the tool Zonal Statistics as Table in the ArcGIS platform, so that the driving
force analysis can be carried out with the geographic detector.

3. Results
3.1. Spatial Variations of ESs and GEP
3.1.1. Variations of PES from 2010–2020

From 2010 to 2020, PES in the QMs had obvious spatio-temporal changes (Figure 3).
In 2010, PES took on a spatial pattern of high in the east and low in the west. The lowest
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PES values were scattered in Langao County, Tongguan County, Baqiao District, and
Foping County, with PES lower than 0.01 billion CNY, while the highest PES values were
distributed in Zhouzhi County and Weibin District, with PES higher than 2.00 billion CNY.
In 2015, the PES of most districts and counties showed a certain increasing tendency, and
only Weibin District, Linwei District, and Lintong District had a certain decrease in PES. In
2020, the increase rate of PES in various districts and counties was growing faster; only the
PES of Chang’an decreased, while the increasing amount of Weibin exceeded 4 billion CNY.
A total of eight districts and counties in the region exceeded 2.00 billion CNY.
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In the whole QMs, the cumulative PES values of all districts and counties in 2010,
2015, and 2020 were 29.28 billion, 35.86 billion, and 51.30 billion CNY, respectively. Over
the years, PES in the whole area showed a continuous upward tendency, with a growth
rate of 75.17%. In terms of stage change, the growth rate of PES in the first five years was
22.44%, while the greater growth rate in the second five years reached 43.06%.

3.1.2. Variations of RES during 2010–2020

From 2010 to 2020, the spatial pattern of RES showed the distribution characteristics
of high values in the east and west, and low values in the north and south (Figure 4). In
2010, the highest values were found in Ningshan County, Zhen’an County, and Shanyang
County in the eastern and central QMs, with RES values exceeding 20 billion CNY. In
2015, a total of 28 districts and counties saw a decrease in RES compared with that in 2010,
among which the reduction in RES of Shangzhou District and Shanyang County was more
than 2.0 billion CNY. In 2020, RES in the whole region had a relatively obvious downward
tendency, and a total of 35 districts and counties had an increase in RES compared with
2015, including six districts and counties with an increase of more than 2.0 billion CNY.
From 2010 to 2020, a total of 15 districts and counties in the region showed a downward
trend in RES, and almost all these districts and counties were distributed in the eastern
region. Therefore, it was seen that although the RES value in the eastern region was larger,
the downward trend was also more obvious.

In the whole region, the cumulative RES values of all districts and counties in 2010,
2015, and 2020 were 373.22 billion, 355.60 billion, and 390.05 billion CNY, respectively. RES
in the whole region of the QMs had a fluctuation trend with a growth rate of 4.5% in the
decade. In terms of stage change, the first five years showed a downward trend with a
decline rate of 4.7%, and the second five years showed an upward trend with a growth rate
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of 9.7%. However, from the perspective of the magnitude of change, the changes in each
county and district in this decade were not large.
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3.1.3. Variations of CES during 2010–2020

The spatial pattern of CES underwent significant changes from 2010 to 2020 (Figure 5).
In 2010, CES was generally higher in the east and lower in the west. There were five districts
and counties with a value less than 0.10 billion CNY and five districts and counties with a
value more than 2.00 billion CNY. In 2015, CES in the whole region increased significantly,
and only Luonan County and Hanyin County showed a slight decline in CES. In 2020, there
was a downward trend in eight districts and counties and an obvious increase in other
regions in CES. In particular, Linwei District exceeded 20.00 billion CNY. In terms of total
volume, seven districts and counties in the region were above 5 billion CNY in CES, and
only nine districts and counties were below 1 billion CNY.
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For whole region, in 2010, 2015, and 2020, the cumulative CES values were 32.88 billion,
89.62 billion, and 148.24 billion CNY, respectively. The CES of the whole QMs showed a
very obvious upward trend with the growth rate of 350.9% in the past decade. In terms of
phase change, the growth rate of the first five years was 172.6%, and the growth rate of the
second five years was 65.4%.

3.1.4. Variations of GEP during 2010–2020

From 2010 to 2020, the spatial pattern of GEP exhibited relatively similar spatial
distribution characteristics to RES, namely high values in the east and west, and low values
in the north and south (Figure 6). In 2010, the GEP values of all districts and counties were
generally low, within the range from 0.45 to 29.46 billion CNY, and a total of 13 districts and
counties had less than 6 billion CNY in GEP. The GEP values of Shangzhou District, Luonan
County, Ningshan County, Zhen’an County, and Shanyang County were the highest, all
exceeding 20 billion CNY. In 2015, only 11 districts and counties experienced a decrease
in GEP, while the remaining districts and counties witnessed a significant increase in GEP.
Notably, Linwei District’s GEP surpassed 10 billion CNY. In 2020, a decrease in GEP was
observed in a total of five districts and counties, while the remaining areas exhibited a
substantial increase in GEP. Specially, Linwei District witnessed an impressive surge of
over 20 billion CNY in its GEP. A total of eight districts and counties had a GEP less than
6 billion CNY and two districts and counties achieved a GEP greater than 30 billion CNY.
During 2010–2020, the average GEP of 12 districts and counties was lower than 6 billion
CNY, while eight districts and counties had an average GEP of more than 20 billion CNY.
The GEP of Huyi District and Lintong District exhibited a declining trend from 2010 to
2020, while Hanbin District, Lintong District, Lueyang County, Chang’an District, Weibin
District, and Linwei District experienced prosperity with an increasing GEP. Particularly,
the added value of GEP in Linwei District surpassed 40 billion CNY over the past decade.
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of GEP during 2010–2020, (e) variations of GEP during 2010–2020.

In 2010, 2015, and 2020, the cumulative GEP values of all districts and counties were
435.38 billion, 481.07 billion, and 589.58 billion CNY, respectively. In the past ten years, the
GEP of the QMs showed a very continuous upward trend, with a growth rate of 35.4%.
Meanwhile, the growth rate of the first five years was 10.5%, while the greater growth rate
of the last five years reached to 22.6%.
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The GEP of prefecture-level cities in the northern QMs was generally lower, while the
GEP of prefecture-level cities in the southern QMs was generally higher (Figure 7). The list
of cities ranked from lowest to highest in GEP were the following: Weinnan City, Xi’an City,
Baoji City, Ankang City, Hanzhong City, and Shangluo City.
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The economic value of RES constituted a significant proportion of the composition of
GEP in the QMs. This was mainly because the QMs were key protection areas with well-
protected ecological environments and high levels of biodiversity, allowing for effective
utilization of ESs such as climate regulation. From 2010 to 2020, the proportion of RES in
GEP in the QMs showed a continuous decreasing trend, while the proportion of PES and
CES showed a continuous increasing trend. This was because in recent years the social
economy, production activities, culture, and tourism industries in the QMs had developed,
and the proportion of PES and CES in GEP increased significantly.

The GEP composition of these cities also reflected a relatively similar pattern of
evolution. From 2010 to 2020, the proportion of CES in each city showed a continuous
upward trend, and the proportion of RES showed a downward trend. The PES proportion
in the southern QMs showed a certain increasing trend, while the proportion in the northern
QMs showed an inter-annual fluctuation.

From a regional perspective, the proportion of CES in GEP is generally higher in the
northern QMs. This can be attributed to their strategic location in the culturally rich and
historically significant Guanzhong region, which boasts abundant cultural relics, scenic
spots, and tourism resources that attract a relatively high level of tourism income. Among
these regions, the contribution of CES to GEP in Weinnan City exceeded 60%.

3.2. Spatiotemporal Variations of the Coupling Relationship between GEP and GDP
3.2.1. Evolution Characteristics between CD and CCD

In 2010, the Coupling Degree (CD) between GEP and GDP was relatively low among
districts and counties in the QMs, and the spatial distribution difference was significant
(Figure 8). The districts and counties with a spatial coupling degree less than 0.6 (belonging
to low-level coupling and antagonistic development states) accounted for 58.97%, mainly
located in the central QMs. There were 18 districts and counties in antagonistic development
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state, and the CD values of Baqiao District and Langao County were the lowest. The districts
and counties with high CD values accounted for 41.03%, mainly located in the northern
and southern edge of QMs. The CD values reached the high-level coupling state in nine
districts and counties, mainly distributed in the area to the north of the watershed, in which
the Chang’an District and Weibin District had the highest CD values.
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In 2015, the coupling degree between GEP and GDP of the districts and counties was
greatly improved. In space, the CD values of districts and counties were greater than 0.3,
so there was no area of low-level coupling. The CD values of 10 districts and counties
were in an antagonistic development state and these areas were mainly distributed in
the western QMs. In the east, the CD values were generally higher, and the districts and
counties with running-in development and high-level coupling state accounted for 16 and
13, respectively.

In 2020, the coupling degree between GEP and GDP improved significantly. The
districts and counties with a high-level coupling state accounted for 84.62% of the whole
region. During these years, there had been a significant improvement in the CD values
across all regions, leading to an attainment of a relatively ideal state of the coupling
relationship between GEP and GDP in 2020.

As for the Coupling Coordination Degree (CCD) between GEP and GDP in the QMs,
this was relatively low in 2010, among which Baqiao District and Langao County had the
lowest CCD values. There were 10 districts and counties in a severely unbalanced state,
28 districts and counties in a moderately unbalanced state, and only Shangzhou District in
a slight coordination state.

In 2015, CCD in the QMs improved, and CCD in the eastern QMs improved sig-
nificantly. The highest values of CCD were detected in Weibin District in the west and
Shangzhou District in the east. In the central QMs, CCD was generally low in unbalanced
development (severely unbalanced and moderately unbalanced state). The lowest CCD
values of the whole region were distributed in Langao County and Baqiao District.

In 2020, CCD in the region increased significantly, and the scope of balanced develop-
ment between GEP and GDP expanded. There were only 11 districts and counties with
unbalanced CCD, which were mainly found in the northern and southern edge of the QMs.
The CCD level in the eastern QMs was generally high, with six districts and counties’ CCD
reaching a high coordination level. The CCD level in the central and western QMs was
also relatively high. The highest values of CCD were seen in Hanbin District in the west
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and Weibin District in the east. Therefore, over these years, the CCD between GEP and
GDP of all districts and counties showed a continuous upward trend, and the number
of districts and counties reaching the coupling coordination state continued to increase.
In 2020, most of the counties and counties in the QMs obtained a good coupling and
coordination between GEP and GDP.

3.2.2. Evolution Characteristics of RDD and CDD Type

According to the relative development degree (RDD) of GEP and GDP, in 2010, the
GDP of almost all districts and counties lagged behind the development of GEP (Figure 9).
Only Weibin District, Baqiao District and Chang’an District were GEP lag areas. In 2015, the
regional economy had a certain development in comparison with the ecological background,
and there was a district, Huyi District, where the GEP and GDP reached a balanced
development state. At the same time, Hantai District and Huayin City changed into GEP
lag regions. In 2020, the spatial difference of the relative development of regional GEP
and GDP was more obvious. In the eastern QMs, Lintong District, Shangzhou District,
Luonan County, and Xunyang County developed into GEP–GDP balanced regions. The
distribution range of the GEP lag area was remarkably large, with a total of 19 districts and
counties mainly distributed in the northern fringe and the southeastern QMs. There were
16 districts and counties with GDP lag, mainly distributed in the central QMs.
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Based on relative development degree, combined with the corresponding CCD devel-
opment status of each district and county, different development types were distinguished,
and the coupling coordination relationship between GEP and GDP of each district and
county was further analyzed. It could be seen that there were 11 types of coupling coordi-
nation relationship between GEP and GDP in all districts and counties of the QMs from
2010 to 2020.

Specifically, in 2010, only the interaction between GEP and GDP in Shangzhou District
achieved slight coordination, so this region was in the state of GDP lag and coupling
coordination development. MU–GDP lag regions were widely distributed in the QMs,
accounting for 26 in total, which indicated that most regions of the QMs were in moderate
unbalance and GDP lagged state. The regional distribution of SU-GDP lag exhibited a
relatively large scale, accounting for nine districts and counties, mainly distributed in the
western QMs.
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In 2015, the relative development degree and CCD between GEP and GDP of several
districts and counties changed greatly, which led to certain changes in the CDD types of
15 districts and counties in the QMs. Spatially, the distribution of MU–GDP lag was still
relatively wide, but the total number reduced to 19. At the same time, three districts and
counties changed from SU–GDP lag to MU–GDP lag, two districts and counties changed
from MU–GDP lag to SC–GDP lag, and seven districts and counties changed from MU–
GDP lag to SU–GDP lag. It indicated that, although the relative development degree of
GEP and GDP in these regions did not change, the CDD type did change due to the change
of CDD level.

In 2020, there were more CDD type changes in the whole region, reaching 33, and
unchanged types were only found in six districts and counties. In total, two districts and
counties changed from MU–GEP lag to SC–GEP lag, nine districts and counties changed
from MU–GDP lag to SC–GDP lag, two districts and counties changed from SC–GEP lag to
MC–GEP lag, and two districts and counties changed from SC–GDP lag to MC–GDP lag.
Spatially, a total of four districts and counties reached simultaneous coupling coordination
and balance, all of which were distributed in the eastern region, namely Luonan County,
Shangzhou District, Lintong District, and Xunyang County. It showed that the development
of the social economy and the protection of ecological environment in these regions was
coordinated well and maintained in a good balance.

3.3. Driving Factors Affecting the Coupling Coordination Degree between GEP and GDP
3.3.1. Factor Detection Analysis

From 2010 to 2020, there were significant differences in various driving factors in-
fluencing the CCD between GEP and GDP in the whole region (Figure 10). In 2010, the
change of CCD was mainly influenced by elevation with the explanatory power q value
surpassing 0.5. The other driving factors, such as PRE, CAI, TEM, and POD, exceeded 0.3 at
a moderate intensity, indicating that these factors also had a great influence on the change
of CCD. In 2015, the change of CCD was mainly influenced by elevation and TEM, both of
which had q values above 0.4, but not above 0.5. At the same time, it also reflected that the
influence of TEM on CCD had been enhanced, while the influence of elevation had a certain
downward trend. In addition, CAI, PRE, NDVI, SEI, and other factors had great influence
on CCD, and their q values were all higher than 0.3. It can be seen that the influence of PRE
and ROD on CCD waned, while the influence of NDVI on CCD significantly enhanced. In
2020, CAI had significantly enhanced its influence on CCD (q > 0.4) and became the main
driving factor of regional CCD change; SDI’s q value also increased greatly, and it became
the driving factor of CCD change along with TEM, elevation, POD, and NDVI (q > 0.4),
while the influence of PRE on CCD decreased (q < 0.2).
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From the perspective of multi-year average state, q values of elevation (X3), CAI (X10),
TEM (X1), POD (X12), and PRE (X2) were relatively large, which indicated that natural
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factors and social economic development had a great impact on the coupling interaction
between GEP and GDP in the QMs. However, LSI (X7), ROD (X11), slope (X3), and
other factors had limited influence on the coupling relationship between GEP and GDP.
In addition, the influence of different factors on CCD had a large inter-year fluctuation,
which also indicated that CCD was more sensitive to changes in the social economy and
natural environment.

3.3.2. Interaction Detection Analysis

By employing interaction detection, the impact of driving factors on the spatial dif-
ferentiation of CCD in different years can be further investigated. These years, under the
pairwise interaction of influencing factors, the contribution degree q to the spatial variation
of CCD was greatly enhanced (Figure 11). These results indicated that these factors had a
good synergistic effect on the spatial variation of CCD in the QMs and could promote or
inhibit the spatial variation of CCD at the same time. From the perspective of the category,
these interaction types were mainly manifested as nonlinear enhancement, and a small
number of factors were manifested as bifactorial enhancement.
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In 2010, the interaction between elevation and SDI was strong, and the strongest
interaction occurred between elevation and SDI (q = 0.995). In addition, the interactions
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between TEM and SEI, and slope and SEI were also strong (q > 0.9). On the whole, ROD
had the most significant influence in the interactions. The q values of its interactions with
seven factors exceeded 0.9.

In 2015, the interaction of the two factors was relatively weaker than that of 2010. A
total of eight groups of factors had a significant interactive impact (q > 0.9). The strongest
interaction was between slope and LSI (q = 0.938). In addition, three groups had an
interaction effect value of more than 0.9 with POD, indicating that population density still
played a key role in the change of CCD at this stage, and had a greater impact on the change
of CCD through the interactions with other indicators.

In 2020, there were still eight groups of factors with a significant interactive impact
(q > 0.9), and four groups of CAI and other factors had a significant interactive impact
(q > 0.9). The strongest interaction was between CAI and SDI (q = 0.977). In addition, over
the course of three years, the interaction effect of population density on CCD showed a
consistent decreasing trend.

4. Discussion
4.1. Implications of GEP Assessment

The comprehensive evaluation of regional ecosystem function and the integrated
accounting of ecosystem value are multifaceted processes [19,26,53]. In the previous
calculation process, the quality assessment makes accurate calculations of different ESs on
the basis of different localized parameters and models, which required a large workload.
However, the types of ESs vary widely, so it was difficult to directly sum up the total value
of ESs. In contrast, the value assessment sets the ESs proper value coefficients, so as to
estimate their value at each unit area simply and intuitively [24,54]. However, ignoring the
heterogeneity of ecosystems in different spatial ranges would bring about difficulties in
characterizing the dynamic change process of ecosystem quality, which would obstruct the
application of this method.

GEP accounting integrates the advantages of the two methods and overcomes these
research gaps well. First, the biological mechanism model in GEP accounting can com-
prehensively evaluate the quantity of ESs, taking of the heterogeneity of ESs fully into
consideration. Subsequently, GEP adopts the market value method to further calculate the
economic value of each ES and the total value of the regional ecosystem.

From 2010 to 2020, GEP in the QMs showed a trend of continuous growth, which
was mutually confirmed with the continuous construction of ecological projects and the
continuous improvement of ecological environment quality in the QMs. The north slope
was close to the urban agglomeration of Guanzhong Plain, and the ecosystem was greatly
disturbed by urbanization, so the GEP was relatively small. The southern slope was the
core area of the QMs with better ecological environment quality. As for GEP composition,
RES played a leading role. The stability and health of the ecosystem in the southern QMs
ensured the continuous operation of RES and maintained the stable development of the
local GEP. Secondly, the proportion of RES in GEP had consistently decreased from 2010 to
2020, while the proportion of PES and CES continued to rise, which indicated that the social
economy of the QMs had achieved significant development. The relationship between
the social economy and GEP, as well as the impact of social economic development on the
ecological environment, deserves more attention in the QMs.

Over the years, the concepts of natural capital, ecological assets, ESs, GEP, and the
contribution of nature to human beings have been put forward successively, and the
supporting role of the ecosystem to human social economic development has been analyzed
deeply. GEP accounting effectively integrates physical quantity and ecological asset value,
and can systematically evaluate the overall benefits of the ecosystem to human society.
The framework can carry out value accounting for forest, grassland, desert, and urban
ecosystems, and can integrate detailed accounting indicators and localized parameters
on the basis of more accurate ecosystem assessment at the national or regional level.
Therefore, it can be widely used in the assessment of the overall status of the regional
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ecosystem and ecological protection effectiveness, the accounting of ecological assets, the
implementation of inter-regional ecological compensation, and the evaluation of social
sustainable development.

4.2. Interaction between GEP and GDP

The relationship between the ecosystem and economic development is characterized
by mutual constraints and reciprocal influences. Only by promoting the benign interaction
and coupling coordination of ecology and the economy can we gradually realize the
sustainable development of society. The preservation of a sound ecological environment
and the provision of high-quality ecosystem services are the primary objectives for regional
development in the QMs. However, this region is also a typical poverty-stricken area, so
it is equally important to improve the life and well-being of local residents. Therefore, it
is imperative to effectively harmonize social economic development with the ecosystem
and appropriately foster social economy while ensuring the ecological environment’s
quality and ecosystem health. This is pivotal for achieving sustainable and high-quality
development in local society.

In this study, the coupling degree and the coupling coordination degree between GEP
and GDP in the QMs showed a continuous improvement from 2010 to 2020. In terms of CD,
most districts and counties were in a state of high-level coupling between GEP and GDP.
In terms of CCD, similarly, in 2020, most districts and counties in the QMs showed slight
and moderate coordination between GEP and GDP, but there was no highly coordinated
development between GEP and GDP in the region. There was a significant difference
between CD and CCD relationship in this region. It can be seen that, on the one hand, the
two methods can fairly consistently represent the regions where GEP and GDP have a close
relationship and develop in an orderly manner. On the other hand, CCD can further reflect
the synergic development effect of the two subsystems as compared with CD. Therefore,
CCD is a more accurate way to characterize the interaction between GEP and GDP.

Secondly, combined with the relative development degree, the development difference
of GEP and GDP in the QMs can be further evaluated. Due to the ecological background
and development orientation of nature reserves, most districts and counties exhibited a lag
in GDP development compared to GEP. Therefore, in 2020, a certain number of districts and
counties showed a balance between GEP and GDP, and many districts and counties showed
the GEP lag development. Generally, due to the stability of the ecosystem structure of a
region, GEP will remain in a relatively stable condition without the influence of external
factors or human activities, and the situation of slow growth or stagnation may occur.
At the same time, the growth rate of GDP may be significantly faster than that of GEP.
Therefore, although GEP in the QMs showed a trend of continuous increase over the years,
the GDP growth rate was more rapid, resulting in GEP lagging behind GDP development
in many districts and counties. Combined with the relative development degree and CCD
model, the coordinated development status and mutual relationship between GEP and
GDP of various districts and counties in the QMs can be more clearly understood, providing
a reference for the formulation of policies related to regional ecosystem management and
social sustainable development.

From the single-factor-driven analysis process of CCD, both natural factors and social
and economic development have great impacts on the CCD between GEP and GDP. In
addition, the influence of different factors on CCD had a large inter-year fluctuation,
which also indicates that CCD is more sensitive to changes in the social economy and
natural environment. Elevation, CAI, temperature, population density, and precipitation
are the main driving factors of CCD in the QMs. According to the interaction analysis,
the influencing factors have a good nonlinear enhancement effect on the spatial variation
of CCD. Among these years, elevation and SDI, slope and LSI, and CAI and SDI have
the strongest interaction influences, which indicates that landscape ecological pattern
interaction plays an important driving role in the spatial variation of CCD in the QMs.
The POD had an obvious enhancement trend with other factors. Population density
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represents the impact of human activities on the natural environment and social economic
conditions, so the population density plays a key role in the change of CCD. The alteration
in population density will induce the modifications in other natural factors or social
and human factors, thus intensifying their impacts on CCD. Therefore, in the process of
sustainable development of the QMs, we need to pay more attention to the change of
population density.

4.3. Policy Recommendations

The unique geographical location and mountain features have created diverse natural
environment features and various ecosystems in the QMs. There are 12 national nature
reserves and 21 provincial nature reserves in the QMs, so the QMs are important ecological
barriers in central China and key national ecological functional areas. Therefore, in such
nature reserves, the red line of ecological protection should be strictly observed according
to the national main function zoning and regional ecological civilization construction. It
would ensure that development, construction, and economic and industrial activities are
not carried out within the red line, effectively protecting biodiversity, ecosystem stability
and ecological environment quality. It would provide basic support for sustainable social
development and ecological civilization construction in the region and surrounding areas.

Second, from the perspective of land use, the development of regional production
and life activities will have certain encroachment or influence on regional ecological
space [55–58]. However, in ecological functional areas, economic development and peo-
ple’s well-being are also important contents of social development. Therefore, scientific and
comprehensive research on the relationship between GEP and GDP in ecological functional
areas should be carried out and reasonable economic development goals should be set to
ensure that the economy operates within a controllable interval or threshold. There will be
a good prospect through adjusting industrial structure, changing the mode of economic de-
velopment, reducing the environmental impact of industrial development, and effectively
promoting the balanced development of regional ecology and economy.

Thirdly, the ecological environment and ESs are both regional and external. As a
nature reserve, apart from fulfilling the fundamental needs of local residents for ESs, it
will also provide enhanced support for the maintenance of the ecological environment
and social economic development of the surrounding region. Therefore, it is urgent to
deepen the market value evaluation system of ecological products and ESs, and carry out
an applicable GEP evaluation in the QMs. Only by fully understanding the real situation
and evolutionary law of the local ecosystem, and quantitatively assessing the ecological
relationship between different ESs types and the surrounding beneficiary areas in the QMs,
can we determine the contribution degree of the ecosystem to local and regional socio-
economic development and human welfare. On the basis of the ecological compensation
system, economic compensation should be imposed for the loss of regions due to their
inputs to protect ecosystems and the environment, and forgone opportunities for social
economic development. Only in this way can we effectively ensure better coordination
and sustainable development between regional ecology and economy for some ecological
functional areas that are unable develop their economy on a large scale.

Fourth, the relationship between the ecosystem and the social economy is complicated.
In the early stage of development, the rapid increase in GDP was obtained through the
massive consumption of natural resources, which led to great destruction of the ecologi-
cal environment, and there was a great contradiction between the two. After reaching a
turning point in economic development, the regional industrial structure has undergone
an upgrade, leading to advancements in environmental protection technology and scien-
tific research. Consequently, the ecological environment quality has been enhanced by
economic progress. In this study, after ten years of development, the coupling coordination
relationship between GEP and GDP in most areas is in a benign state, which indicates
that while the social economy of various districts and counties is developing rapidly, the
ecological benefits and welfare provided by the ecosystem for the development of human
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society are also increasing steadily. However, from the perspective of relative development,
until 2020, the development of GEP in many areas had lagged behind the development of
the social economy. This shows that although the social economy and GEP in these places
show synergistic growth, the growth rate of GEP is relatively slow, and the development
of both has not yet attained an optimal equilibrium. Therefore, it is necessary to combine
the coupling coordination degree with relative development degree to deeply study the
relationship between GEP and GDP in different regions, delineate different types of the
relationship between the two spatially, and conduct spatial management by classification.
We should focus on the districts and counties whose GDP lags behind the development of
the ecological environment. While pursuing economic growth, we should fully consider
the possible impact of development on the ecosystem, rationally utilize natural resources,
and gradually realize the harmonious development of ecology and economy.

4.4. Limitations and Future Research

In different regions, there are great differences in ES types. In the study of GEP in the
QMs, typical and important ESs were selected for ecological value accounting according to
regional characteristics. Some regulating services, such as pest control, wind prevention,
and sand fixation, etc., were not taken into account. In addition, in the accounting of
ecosystem cultural functions, most studies take the tourism resource value of natural
landscape as representative. Therefore, in the current GEP accounting studies, due to the
variations in the selection of ES types and inherent limitation of capturing all local ES types,
the obtained results will be smaller than the true GEP value.

In addition, the selected model and specific parameters will also have an impact
on the calculation results. First of all, for the same ES, the selection of different models
and different parameters will inevitably have an impact on the final result. Second, the
calculation of GEP involves not only quantitative data such as physical geography, but
also a lot of social economy data. The latter type of data are often statistical data, which
are difficult to characterize in a spatial raster, so there is a problem of scale mismatch
between the GEP and raster data in model calculation. Therefore, the calculation results
of some ES types can only be counted in districts and counties. This affects the accuracy
of calculation results. Third, due to data limitations, it is difficult to make long-term time
series or year-by-year ecosystem assessments.

Of course, as a relatively innovative assessment framework of ES value, GEP can
comprehensively assess the ecological value of the final products and services provided
by the ecosystem for human survival, and effectively incorporate environmental and
ecological benefits into the evaluation of social economic development. It provides scientific
reference for ecological asset assessment and ecological civilization construction. From
the perspective of practice, although GEP accounting standards have been preliminarily
established at the national, provincial, and regional levels, there are still differences in
accounting standards and ES types, which need to be further deepened and improved.
Meanwhile, due to the heterogeneity of geographical environment and regional differences
of social economic factors, the applicability of different models and the localization of
parameters in ES assessment still need to be strengthened. The accuracy and accessibility
of data is a necessary condition for conducting research. If the grid processing of social
economic data and the collection density of social statistics data can be improved, the
accuracy of ES value assessment will be enhanced.

5. Conclusions

In this paper, the QMs region was taken as a remarkable example, and multi-source
data including meteorological data, environmental data, remote sensing data, and so-
cial economic data were used to quantitatively assess the spatio-temporal evolution of
ecosystem services and GEP, and the coupling coordination relationship between GEP
and GDP.
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The results show that: (1) From 2010 to 2020, the GEP in the whole QMs showed
a continuous upward trend, and the spatial pattern of GEP exhibited the distribution
characteristics of high values in the east and west, and low values in the north and south.
(2) The GEP composition in the QMs included RES, PES, and CES, of which RES accounted
for a relatively large proportion but has been declining in recent years. (3) The degree of
coupling coordination between GEP and GDP of all districts and counties had shown a
continuous upward trend, and the number of districts and counties reaching the state of
coupling coordination continues to increase. By 2020, most of the counties and counties
had achieved a satisfactory coupling coordination state between GEP and GDP. (4) The
social economy of most districts and counties lagged behind GEP in 2010. However, this
spatial pattern has been changing over time, with an increase in the number of districts and
counties lagging in GEP in 2020. This indicates significant social economic development in
the region. (5) Elevation, contagion, temperature, population density, and precipitation are
the main driving factors influencing coupling coordination state between GEP and GDP.
In the future, further research is needed to understand the relationship between the social
economic development and GEP in these regions, such as nature reserves. Corresponding
countermeasures should be taken to ensure the coordinated and sustainable development
of the regional social economy and ecological environment.
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