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Abstract. The Gross Ecosystem Economic Product (GEEP) accounting system
is crucial for implementing the "Two Mountains" theory and advancing ecologi-
cal civilization. This study develops a GEEP accounting framework that inte-
grates agricultural ecosystem values for the Pearl River Delta urban agglomera-
tion and calculates its GEEP from 2015 to 2020. A coupling coordination degree
model is then used to assess the GEEP-economic development relationship. Re-
sults show: (1) In 2020, the Pearl River Delta's GEEP reached 10,234.8 billion
yuan, a 32.17% increase from 2015, with agricultural ecosystems contributing
significantly to regulatory services. (2) From 2015 to 2020, comprehensive eco-
nomic indices across cities ranged from 0.076 to 0.187, while GEEP indices var-
ied between -0.228 and 0.150, indicating a complex interplay between economic
growth and ecological sustainability. (3) The overall coupling coordination de-
gree showed an upward trend, with "basic coordination" as the dominant type,
often characterized by "basic coordination—ecological lag." This research pro-
vides scientific insights for establishing a green, differentiated evaluation system
and promoting the value realization of agricultural ecosystem products.

Keywords: Pearl River Delta Urban Agglomeration; Gross Economic-Ecologi-
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1 Introduction

Natural resources are the cornerstone of human society’s survival and development,
providing both material goods and supporting essential ecological services. However,
China’s rapid economic growth has been accompanied by severe challenges, including
excessive resource consumption, environmental pollution, and ecological degradation.
Against the backdrop of the “Dual Carbon” strategy, addressing the limitations of tra-
ditional Gross Domestic Product (GDP) accounting—by integrating resource use and
environmental costs into the evaluation framework—and developing comprehensive
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indicators that balance economic growth with ecological benefits have become critical
issues demanding urgent attention[1].

Since the 1990s, scholars both domestically and internationally have made signifi-
cant strides in the field of green economy assessment. On a theoretical level, Pearce
(1989) introduced the concept of the "green economy," highlighting the dynamic inter-
play between environmental sustainability and economic growth; Porter (1995), build-
ing on the "weak sustainability hypothesis," advocated for the synergy between envi-
ronmental regulations and economic development; while Kenneth (2006) took a
stronger stance, emphasizing the limited substitutability of natural capital from the per-
spective of "strong sustainability." Meanwhile, researchers such as Daily (1997), Cos-
tanza (1997)[2], and Ouyang Zhiyun (2013)[3] progressively advanced studies on eco-
system service classification and value assessment.

On a practical level, the United Nations spearheaded the development of the System
of Environmental-Economic Accounting (SEEA) in 1993 [4], encouraging countries
like the U.S. and Japan to adopt green GDP accounting methods. Building on this
framework, China developed its own CSEEA model and released its first Green Na-
tional Economic Accounting Report in 2004. Starting in 2013, pilot projects for Gross
Ecosystem Product (GEP) accounting were launched successively in regions such as
Guizhou and Inner Mongolia. Drawing from these initiatives, the Planning Institute of
the Ministry of Ecology and Environment introduced the Gross Economic-Ecological
Product (GEEP) accounting indicator, which has since been rolled out nationwide start-
ing in 2015. GEEP adjusts GDP by subtracting environmental degradation costs while
incorporating the value of ecosystem regulation services, creating a comprehensive
"economy-environment-ecology" integrated accounting system. This approach has al-
ready yielded significant results at both national and provincial levels.

However, research on GEEP accounting at the metropolitan area scale remains rela-
tively scarce. As a highly urbanized region and a vital agricultural base, the Pearl River
Delta metropolitan area boasts significant contributions from its agricultural ecosys-
tems—particularly in areas such as water conservation and soil retention. Accurately
quantifying these ecological values is crucial for driving the green transformation of
agriculture and advancing rural revitalization. Therefore, this study, guided by the
SEEA framework and the technical guidelines issued by the Ministry of Ecology and
Environment, develops an integrated GEEP accounting framework that incorporates
agricultural ecosystem services. We apply this framework to calculate GEEP for the
nine cities in the Pearl River Delta from 2015 to 2020, and further analyze the spatio-
temporal coordination between GEEP and regional economic development using a cou-
pling coordination model. The aim is to provide a scientific foundation for promoting
sustainable development in the region.
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2 Overview of the Study Area, Data Sources, and Research
Methods

2.1  Overview of the Study Area and Data Sources

The Pearl River Delta urban agglomeration comprises nine cities, including Guangzhou
and Shenzhen, and is located just south of the Tropic of Cancer. It falls within the south
subtropical humid monsoon climate, characterized by low-lying terrain in the central
region surrounded on three sides by hilly plateaus. As a highly urbanized area and a
key national production base for flowers, aquatic products, fruits, and vegetables, the
region’s agricultural ecosystems play a critical role in safeguarding regional ecological
security. Environmental baseline analysis reveals that, on average, 92.9% of days in the
region met air quality standards, with the primary pollutants being Os, NOz, and PM2.5.
Meanwhile, 82.0% of water bodies maintained Class I-111 water quality standards, and
the rate of drinking water sources meeting regulatory criteria has consistently stayed at
100%. However, acid rain pollution remains a widespread issue across the region. In
2020, the Pearl River Delta was home to 78.2354 million residents, contributing an
impressive regional GDP of 8,985.038 billion yuan, with an urbanization rate of 86.3%
and a forest coverage rate of 51.8%. This highlights the region’s unique blend of robust
economic growth and a strong ecological foundation.

The economic-ecological gross product accounting for this study was primarily
based on official statistical data from sources such as the Guangdong Statistical Year-
book, the Guangdong Ecological Environment Status Report, and the Guangdong Wa-
ter Resources Bulletin. These data were complemented by open datasets, including soil
science databases, the National Meteorological Science Data Sharing Service Platform,
and carbon trading platforms, while also incorporating 30m x 30m spatial-resolution
remote sensing imagery to establish a comprehensive system of accounting parameters.

Domestic scholars commonly use either the single-indicator method or the compre-
hensive-indicator method to measure economic development levels. Drawing on exist-
ing research, this paper adopts the comprehensive-indicator method, selecting the fol-
lowing indicators: per capita GDP (an indicator of regional economic development
scale, weighted by the entropy method at 0.174), per capita local fiscal revenue (another
indicator of regional economic development scale, weighted by the entropy method at
0.232), per capita total retail sales of consumer goods (an indicator of regional eco-
nomic development quality, weighted by the entropy method at 0.151), per capita in-
vestment in fixed assets for social purposes (an indicator of regional economic devel-
opment quality, weighted by the entropy method at 0.167), the proportion of the sec-
ondary industry (an indicator of regional economic development structure, weighted by
the entropy method at 0.080), and the proportion of the tertiary industry (an indicator
of regional economic development structure, weighted by the entropy method at 0.197)
to assess the economic development level of the Pearl River Delta region.
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2.2 The GEEP Accounting Framework Integrated with Agricultural
Ecosystem Values

Framework for Accounting the Gross Economic Ecosystem Product. The GEEP
accounting framework for the Pearl River Delta region is based on the United Nations
System of Environmental-Economic Accounting (SEEA) and the Technical Guidelines
for Accounting Developed by the Institute of Environmental Planning under China’s
Ministry of Ecology and Environment [5], while also taking into account the unique
characteristics of economic development and ecological conservation in the region. At
the core of the GEEP accounting system for the Pearl River Delta is an analysis of
environmental quality changes across urban clusters, employing methods such as
coastal protection area assessment, water balance approaches, pollutant purification
models, dose-response models, statistical surveys, shadow pricing, replacement cost
analysis, and market value assessments to quantify both functional and monetary val-
ues. Building upon the region’s Gross Domestic Product (GDP), this framework further
incorporates the value of ecosystem regulation services (ERS), including the regulatory
benefits provided by forest ecosystems, woodland ecosystems, wetland ecosystems, ag-
ricultural ecosystems, and urban ecosystems. Additionally, it subtracts environmental
degradation costs (EnDC)—such as those related to water, air, and soil quality deterio-
ration—to arrive at a more comprehensive measure of environmental and ecological
well-being. The GEEP accounting model developed for the Pearl River Delta region is
outlined as follows:

GEEP=GDP-EnDC+ERS (1)
EnDC= EDCy+ EDCy+ EDCyt EDCet EDCy+ EDCyy )
ERS=E+E+Ey+Et+E+ErtEytEn 3)

It is important to distinguish GEEP from Gross Ecosystem Product (GEP). GEP ac-
counts for the total value of final ecosystem services, including Provisioning Services
(EPS), Regulation Services (ERS), and Cultural Services (ECS). In contrast, GEEP in-
tegrates economic output (GDP) with ecosystem regulation value (ERS, a part of GEP)
while deducting environmental costs (EnDC), forming a comprehensive "economy-en-
vironment-ecology" assessment.In this formula, GDP, EnDC, and ERS represent Gross
Regional Product, Environmental Degradation Costs, and Ecosystem Regulation Ser-
vices Value, respectively. Meanwhile, EDC,+ EDC,. EDCy. EDC.. EDCy
EDC,y, stand for losses in human health, crop yield reductions, damage to building ma-
terials, clean-up costs, water pollution treatment expenses, and losses due to solid waste
occupying farmland, respectively. Finally,Em+ Esv Ews Eav Ecv Ein En. E: denote
the value of functions such as waste absorption by agricultural ecosystems, soil conser-
vation, water quality improvement, air purification, wetland and coastal zone protec-
tion, climate regulation, species conservation, and water flow regulation, respectively.
(the detailed accounting indicators and corresponding methods are summarized in Ta-
ble 1)
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Table 1. GEEP Accounting Indicators and Methods for the Pearl River Delta Region

Func-

tion Level 1 In- | Level 2 Indica- | Accounting Characterization of

Cate- dicator tor Method Accounting Object

gory

GDP GDP GDP - -

Economic Loss . Economic losses
. Statistical Survey
from Pollution- caused by water short-
. Method; Shadow
induced Water . age due to water pollu-
. Price Method .
Scarcity tion
. Losses from reduced
. Statistical Survey . .
Agricultural . agricultural yield and
. Method; Replace- .
Economic Loss quality due to water
. ment Cost Method !
Water Envi- pollution
ronment Additional In- Statistical Survey Increased treatment
Degradation | dustrial Water Method; Preventive | costs for industries due
Cost Treatment Cost | Cost Method to water pollution
Urban Domestic Statistical Survey Protective costs in-
Economic Loss Method; Market curred by households
Value Method due to water pollution
Dose-Response Losses from premature
Human Health p death, hospitalization,
Model; Cost of 1l1-
Loss and work absence due
ness Method .

EnDC to water pollution
Health Eco- Human Capital Health economic
nomic Loss Method; Cost of losses caused by air

Illness Method pollution
Agricultural Dose-Resp onse Reduced crop yield
. Model; Market . .
Atmos- Economic Loss due to air pollution
. . Value Method
pheric Envi-
ronment Dose-Response
Deoradation | Material Eco- Model; Market Corrosion of outdoor
& . Value Method; Pre- | building materials due
Cost nomic Loss . . .
ventive Cost to air pollution
Method
Cleaning Labor Statistical Survey Costs for cleaning
Cost Method; Preventive | (cars, laundry, etc.)
Cost Method due to air pollution
Soil Envi- Environmental .
. Statistical Survey . .
ronment Degradation Area occupied by solid
. . Method; Oppor-
Degradation | Cost from Solid tunity Cost Method waste
Cost Waste Pollution Y
Water Balance
Water Con- | Water Conser- Method; Water' Water conservation
servation vation Supply Method; quantity
Replacement Cost
ERS Method
Revised Universal
Soil Con- Soil Conserva- Soil Loss Equation; | Soil conservation
servation tion Replacement Cost quantity
Method
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Func-

tion Level 1In- | Level 2 Indica- | Accounting Characterization of
Cate- dicator tor Method Accounting Object
gory

Coastal Pro-

Coastal Protec-

Statistical Survey
Method; Replace-

Coastal protection area

tection tion ment Cost Method
Flood Stor- Water Storage Adjustabk: flood stor-
age Flood Storage Model; Shadow age capacity of lakes
Project Method and vegetation
Pollutant Purifica-
Dust Retention tion Model; Re- ]?ust absorption quan-
placement Cost tity
Air Purifi- Method
cation Pollutant Purifica-
Negative Oxy- tion Model; Re- Negative air ion re-
gen lons placement Cost lease quantity
Method
Pollutant Purifica- Quantities of COD,
Water Puri- | Pollutant Degra- | tion Model; Re- Ammonia Nitrogen,
fication dation placement Cost Total Phosphorus puri-
Method fied
Carbon Sequestra-
Carbon Se- | Carbon Seques- | tion Mechanism Carbon sequestration
questration | tration Function | Model; Replace- quantity
ment Cost Method
Oxygen Release
Oxygen Oxygen Release | Mechanism Model; | Oxygen release quan-
Provision Function Replacement Cost tity
Method
. . Evapotranspiration Energy.consumec.i by
Climate Cooling Func- . vegetation transpira-
Regulation | tion Model; Replace- tion and water surface
ment Cost Method .
evaporation
Species Statistical Survey
Conserva- Species Reserve | Method; Conserva- | Protected area
tion tion Value Method

Accounting System for Gross Economic Ecosystem Product Indicators. Based on
the unique characteristics of regional economic development and ecological conserva-
tion, the accounting indicator system for the Pearl River Delta’s Economic-Ecological
Gross Product includes Gross Regional Product, the value of ecosystem regulation ser-
vices, and environmental degradation costs.

The value of ecosystem regulation services encompasses 10 primary-level indica-
tors-such as air purification, species conservation, and carbon sequestration—as well
as 11 secondary-level indicators, including pollutant degradation, coastal protection,
and species reserve management. Meanwhile, environmental degradation costs are
measured through three primary-level indicators: water environment degradation, air
quality degradation, and soil environment degradation—and further broken down into
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10 secondary-level indicators, such as economic losses due to pollution-related water
scarcity, agricultural economic losses, and environmental degradation caused by solid
waste pollution.

Notably, certain indicators like water source conservation, soil retention, and agri-
cultural economic losses are closely tied to the agricultural ecosystem.

Accounting for Environmental Degradation Costs. The environmental degradation
cost accounting covers three major categories of degradation costs: water environment,
air environment, and soil environment. Value quantification is conducted using meth-
ods such as dose-response modeling, statistical surveys, and the market value approach,
encompassing components like human health losses, crop yield reductions, damage to
building materials, cleanup costs, water pollution control expenses, and land-use losses
due to solid waste disposal. The calculation process comprehensively accounts for both
direct and indirect economic impacts, including health damages caused by pollution,
agricultural losses, industrial remediation costs, and ecological disruptions.

Accounting for the Value of Ecosystem Regulation Services. Forest ecosystem reg-
ulation value, forestland ecosystem regulation value, wetland ecosystem regulation
value,The regulatory values of agricultural ecosystems, urban ecosystems, and others
are all included within the ecosystem regulation services valuation framework. This
framework assesses a wide range of ecosystem functions, including soil conservation,
water retention, water quality improvement, air purification, climate regulation, coastal
protection, biodiversity conservation, and waste assimilation. To quantify both the
functional and economic value of these services, methods such as the water balance
approach, pollutant purification models, and the replacement cost method are em-
ployed. The assessment particularly focuses on measuring the regulatory contributions
of key ecosystems like forests, wetlands, farmlands, and urban areas—among which
soil conservation and water retention provided by agricultural ecosystems are central
components of the valuation process.

2.3  Coupling and Coordination Degree Model

Entropy Method. The entropy method, as one of the objective weighting approaches,
can more objectively reflect the relative importance of different indicators [6]. In this
paper, we employ the entropy method to determine the weightings for both the eco-
nomic development system and the accounting system of Gross Economic Ecosystem
Product, effectively addressing the issue of indicator correlation. The implementation
steps are as follows:

(DStandardize the raw indicator value for province i and indicator j:

When y is a positive indicator,
yim — 40,000 1 @)

max Xjj-min Xjj

When y is a negative indicator,
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N 40.000 1 ®)

max Xjj-min Xjj

Yi=

In this formula, xj, yij, max X, and min x;j represent the original value, the normal-
ized value, the maximum value, and the minimum value of indicator j in province i,
respectively. After processing, a standardized matrix is obtained. @ Calculate the pro-
portion of the province i's standardized value for indicator j relative to the total indicator
value:

= i
PU 2?:1 yij (6)

(®Calculate the entropy value of index j:
Cj=- ﬁ Z;l=l pyln(py),ofejgl (7)
@ Calculate the coefficient of variation for indicator j:

gi=1-¢j ®
® Determine the weight of indicator j:

&
= 9
WJ Zjnznl gj ( )

Among them, ( w; ) represents the final weight coefficient for each indicator.

Comprehensive Evaluation Model. Based on entropy weighting, a linear weighted
approach is applied to establish two comprehensive indices. GEEP Comprehensive In-
dex (Ul): This index synthesizes the core components of the GEEP accounting frame-
work. It is calculated from Gross Domestic Product (entropy weight: 0.495), environ-
mental degradation costs (entropy weight: 0.105), and ecosystem regulation service
value (entropy weight: 0.400). Economic Development Comprehensive Index (U2):
This index synthesizes the six economic development indicators and their respective
entropy weights, as defined in Section 2.1.

Ui=di Wi, (10)
u2=gp, wy, (11

In the formula, U1 and U2 represent the comprehensive index of economic ecologi-
cal GDP, the comprehensive index of economic development, and the indicator
weights, respectively.

Coupling and Coordination Model. Coupling is used to characterize the coordinated,
interactive relationship between two or more systems. In this paper, the coupling coor-
dination degree model is employed to analyze the coupling relationship between the
Gross Economic-Ecological Product and economic development.
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(D The coupling degree is calculated using the following formula:
C=2x (U1><U2) 0.5/ (U1+U2) (12)

In the formula, U1, U2, and C represent the GEEP Composite Index, the Compre-
hensive Index of Economic Development, and the coupling degree, respectively. The
value of C falls within the range [0, 1], and the higher the value of C, the better the
resonance coupling between the two systems.

@ The formula for calculating the coupling coordination degree is:

T=0.5% (U;U2) (13)
D=(CxT)"0.5 (14)

In this formula, T represents the Comprehensive Coordination Index, and D is the
Coupling Coordination Degree. The range of D is [0, 1], and the higher the value of D,
the greater the degree of synergy between the two systems.

3 The formula for calculating the relative development degree is:

E=U,/U2 (15)

In this formula, E represents the relative development degree, with the interval rang-
ing from (0, +o0). This study adopts the commonly used classification criteria for cou-
pling coordination degree (D) and relative development degree (E) to identify system
types: The coupling coordination status is divided into five levels based on the D value,
including severe imbalance (0 < D < 0.2), moderate imbalance (0.2 < D < 0.4), basic
coordination (0.4 < D < 0.6), moderate coordination (0.6 <D < 0.8), and high coordi-
nation (0.8 < D < 1). Meanwhile, the relative lag type between systems is determined
according to the E value (E = Ui/U2): When 0 < E < 2, it is classified as "ecological
lag"; when 2 < E <4, it is labeled as "synchronous"; and if E > 4, it is identified as an
"economic lag." Ultimately, the characteristics of coupled coordinated development are
jointly represented by both the coupling coordination type and the relative lag type,
such as "basic coordination—ecological lag."

To meet the length requirements of this journal, this article presents only the core
research findings and key insights in the main text. Detailed underlying data, calcula-
tion procedures, and supplementary charts are omitted; however, interested readers may
contact the authors via email to request these materials, following standard academic
protocols.

3 Results and Analysis

3.1  Analysis of the Economic Ecosystem Gross Product Accounting Results

Results of Environmental Degradation Cost (EnDC) Accounting. From 2015 to
2020, the cost of environmental degradation in the Pearl River Delta region fluctuated
between 112.624 billion and 156.792 billion yuan. Notably, in 2020, the environmental
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degradation cost reached 156.792 billion yuan, with an environmental degradation in-
dex of 1.75%—a decrease of 0.5 percentage points compared to 2015.

Spatially, Shenzhen, Guangzhou, Foshan, and Dongguan reported the highest envi-
ronmental degradation costs, amounting to 46.038 billion yuan, 41.934 billion yuan,
15.094 billion yuan, and 12.972 billion yuan, respectively. Together, these four cities
accounted for 74.01% of the total environmental degradation costs in the Pearl River
Delta region.In 2020, the environmental degradation indices of major cities in the Pearl
River Delta ranged from 1.13% to 3.83%. Among them, Zhaoqing, Jiangmen, and Hui-
zhou had notably higher indices, exceeding the regional average by 2.08, 1.61, and 0.98
percentage points, respectively. Conversely, Zhuhai, Foshan, and Dongguan recorded
lower indices, falling 0.62, 0.35, and 0.42 percentage points below the regional average,
respectively.Overall, the environmental degradation index declined across the Pearl
River Delta, and the growth rate of environmental degradation costs was lower than
that of GDP (Fig. 1). This reflects a growing commitment to shifting away from an
economic and social development model that relies heavily on resource and environ-
mental exploitation, with increasingly evident positive outcomes from green develop-
ment initiatives.
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Fig. 1. Environmental Degradation Costs and Environmental Degradation Index of the 9 Pearl
River Delta Cities, 2015-2020

Accounting Results for Ecosystem Regulation Services (ERS). Regulation services
value (ERS), along with provisioning services (EPS) and cultural services (ECS), con-
stitute the Gross Ecosystem Product (GEP). In 2015, the GEP of the Pearl River Delta
was 2.90 trillion yuan (EPS: 0.84 trillion; ERS: 1.60 trillion; ECS: 0.45 trillion), with
an initial ecological product conversion rate of 44.48%. By 2020, the GEP decreased
to 1.96 trillion yuan, and the conversion rate dropped to 28.24%. This decline was pri-
marily due to a reduced capacity for water flow regulation. Resource-rich cities like
Jiangmen, Huizhou, and Zhaoqing exhibited high ERS, underscoring the significant
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contribution of agricultural ecosystems. The low initial conversion rate reflects sub-
stantial untapped potential for value-added transformation of ecological products.

Results of the Gross Economic and Ecological Product (GEEP) Accounting. In
2015, the GEEP for the Pearl River Delta region was 7,737.979 billion yuan, with
Guangzhou, Shenzhen, and Foshan contributing 1,952.766 billion yuan, 1,758.617 bil-
lion yuan, and 835.106 billion yuan, respectively. Together, these three cities accounted
for 58.76% of the Pearl River Delta’s total Economic-Ecological Gross Product.By
2020, the region’s Economic-Ecological Gross Product had grown to 10,234.795 bil-
lion yuan—1.14 times the GDP for that year. Breaking it down further, GDP stood at
8,985.038 billion yuan, while environmental degradation costs totaled 156.792 billion
yuan, and the value of ecosystem regulation services reached 1,406.5486 billion
yuan.When calculated based on the year-end resident population, per capita Economic-
Ecological Gross Product in 2020 exceeded per capita GDP by 15,900 yuan, reaching
130,800 yuan, down by 1,000 yuan from 2015; calculated per unit of land area, the
economic-ecological gross product in 2020 was 0.23 hundred million yuan per square
kilometer higher than the GDP per square kilometer, reaching 187 million yuan per
square kilometer—up by 0.46 hundred million yuan per square kilometer from 2015.
In terms of balanced regional development, it is possible to calculate the Gini coef-
ficient and rank cities under both the GDP and GEEP accounting systems. For instance,
using the 2020 GEEP-based Gini coefficient calculation, we treated the nine major cit-
ies in the Pearl River Delta as distinct population groups, arranged them in ascending
order according to their GEEP values, and then computed the corresponding cumulative
percentages of the year-end resident population and GEEP. From these calculations, we
plotted the Lorenz curve and derived the Gini coefficient under the GEEP framework.In
the Pearl River Delta region, the Gini coefficients for 2015 were 0.36 under the GDP
system and 0.27 under the GEEP system, while by 2020, they had slightly decreased to
0.34 and 0.24, respectively. Importantly, when adopting the GEEP system—based on
the market valuation of ecological products—the overall urban disparities and income
gaps within the region are expected to narrow further compared to the findings from
the traditional GDP accounting approach.For example, in 2020, Jiangmen and
Zhaoqing moved up one and two places, respectively, in the GEEP rankings, while
Zhuhai and Zhongshan dropped by two and one spots, respectively. Meanwhile, Shen-
zhen, Guangzhou, Foshan, Dongguan, and Huizhou maintained their positions at the
top of the list. The upward shifts in rankings for cities like Jiangmen and Zhaoqing are
closely tied to their relatively larger agricultural sectors and abundant ecological re-
sources, which translate into higher agricultural and ecological values. Conversely, the
declines in rankings for cities such as Zhuhai and Zhongshan reflect their rapid urban-
ization, leading to shrinking agricultural and ecological spaces and a corresponding re-
duction in ecological value.Under the GEEP accounting framework—built on the
premise of monetizing ecological product value—regional income disparities are likely
to shrink even more significantly. Moreover, cities with prominent ecological functions
are poised to gain an advantage in the urban ranking system. In contrast, cities located
in smaller ecological regions with lower ecological status and higher environmental
degradation costs may find themselves at a disadvantage under this new framework.



GEEP Accounting Integrated with Agricultural Ecological Value and ... 89

3.2 Analysis of Gross Ecosystem Product and the Comprehensive Index of

Economic Development

The comprehensive economic index calculations for the Pearl River Delta region reveal
the following: In 2015, Zhaoqing recorded the lowest economic index at 0.0887, while
Shenzhen had the highest at 0.7446. By 2020, Zhaoqing again posted the lowest index,
now at 0.1883, whereas Guangzhou topped the list with an index of 0.7689. From 2015
to 2020, economic development across all cities in the Pearl River Delta showed a con-
sistent upward trend. Notably, Zhongshan experienced the smallest increase in its eco-
nomic index, rising by 0.0758, while Guangzhou saw the largest growth, expanding by
0.1868. Overall, the region’s economic development has steadily improved over this
period; however, significant economic disparities persist within the area.

The GEEP Composite Index calculations for the Pearl River Delta region reveal the
following: In 2015, Zhuhai recorded the lowest GEEP Composite Index at 0.1154,
while Zhaoqing achieved the highest at 0.4946. By 2020, Zhongshan had the lowest
index at 0.1607, whereas Guangzhou topped the list with a score of 0.5847. Over the
period from 2015 to 2020, Zhaoqing and Huizhou experienced declines in their GEEP
levels, with the composite indices dropping by 0.2278 and 0.1173, respectively. Mean-
while, cities such as Jiangmen, Zhongshan, Zhuhai, Dongguan, Foshan, Guangzhou,
and Shenzhen saw improvements in their GEEP levels, with composite indices increas-
ing by 0.0326, 0.0376, 0.0657, 0.0822, 0.0935, 0.1424, and 0.1503, respectively (Fig.
2). Throughout its economic development journey, the Pearl River Delta region has
placed greater emphasis on ecological civilization, actively striving to transition toward
a new development model characterized by green growth and ecological sustainability.
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Fig. 2. Gross Ecosystem Product and Economic Development Comprehensive Indices
in the Pearl River Delta Region, 2015-2020
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3.3  Spatiotemporal Analysis of the Coupling and Coordination Between
Ecosystem Gross Product and Economic Development

The calculation results of coupling coordination and relative development levels in the
Pearl River Delta region indicate that in 2015, Guangzhou and Shenzhen belonged to
the moderately coordinated category, exhibiting a development pattern characterized
by "moderate coordination—ecological lag". The cities of Guangzhou, Jiangmen, Hui-
zhou, and Zhaoqing all belong to the "basically coordinated" category, each exhibiting
distinct development characteristics: Guangzhou shows "highly coordinated—ecologi-
cal lag," while Huizhou and Zhaoqing display "basically coordinated—economic lag."
Meanwhile, Zhuhai, Foshan, Dongguan, Zhongshan, Jiangmen, Huizhou, and
Zhaoqing also fall under the "basically coordinated" category, characterized by "basi-
cally coordinated—ecological lag."In 2020, Guangzhou was classified as "highly coor-
dinated," with development features of "highly coordinated—ecological lag," whereas
Shenzhen was categorized as "moderately coordinated," showing "moderately coordi-
nated—ecological lag." Notably, Zhuhai, Foshan, Dongguan, Zhongshan, Jiangmen,
Huizhou, and Zhaoqing continued to be grouped under "basically coordinated," main-
taining the same developmental pattern of "basically coordinated—ecological
lag."From 2015 to 2020, the overall coupling and coordination level in the Pearl River
Delta region showed an upward trend. The predominant coupling type remained "basi-
cally coordinated," with the typical development feature being "basically coordinated—
ecological lag." This indicates that the quality and efficiency of economic development
in the region have been steadily improving, reflecting a balanced and harmonious evo-
lution of the regional economy and environment.

4 Conclusion and Outlook

4.1 Continuously Promote Comprehensive Economic-Ecological Accounting
and Expand Its Scope to Achieve Scientific Ecological Assessments

Building an integrated economic-ecological Gross Ecosystem Product (GEEP) ac-
counting system that incorporates both land and marine resources, quantifying the eco-
logical value of "lucid waters and lush mountains," and continuously advancing com-
prehensive economic-ecological accounting while expanding its scope. From 2015 to
2020, the environmental degradation index in the Pearl River Delta region showed an
overall decline, while the cost of environmental degradation grew at a slower pace com-
pared to GDP growth—a trend that highlights the region's increasing emphasis on eco-
logical civilization during its economic development journey. As a result, the Pearl
River Delta is steadily moving toward a new development model characterized by green
growth and ecological priority. Meanwhile, across the entire province, efforts are on-
going to implement comprehensive economic-ecological accounting, ensuring that
GEEP results are comparable and applicable, thereby enabling scientifically sound eco-
logical assessments. This lays a robust data foundation for the Guangdong provincial
government to rationally design and refine its ecological civilization evaluation frame-
work, ultimately supporting sustainable regional development.[7]



GEEP Accounting Integrated with Agricultural Ecological Value and ... 91

4.2  Building a Green and Differentiated Assessment System to Create a New
Regional Development Paradigm

Based on the Gross Domestic Product (GDP) accounting framework, incorporating nat-
ural resource consumption and environmental pollution into the Economic-Ecological
GDP (GEEP) accounting system creates a comprehensive indicator framework that bal-
ances economic development with ecological sustainability. This approach helps estab-
lish a green, differentiated performance evaluation system, paving the way for a new
development model in the Pearl River Delta region. From 2015 to 2020, the GEEP in
the Pearl River Delta region saw significant growth. Notably, under both the GDP and
GEEP accounting systems, disparities emerged in the calculation of the Gini coefficient
and city rankings. However, under the GEEP framework—built on the fundamental
premise of market-based valuation of ecological products—regional income inequali-
ties are expected to narrow further. Meanwhile, cities with particularly strong ecologi-
cal functions are likely to gain an advantageous position in the city rankings.[8]

4.3  Deeply Explore the Potential for Converting Agricultural Products and
Other Ecological Resources into Economic Value, Enhancing the Overall
Coupling and Coordination Between Economic and Ecological Systems

From 2015-2020, overall coupling coordination degree showed an upward trend. Mean-
while, the initial conversion rate of ecological products declined, highlighting vast un-
tapped potential. Strategies include building high-value-added green agricultural
brands, developing eco-agriculture, promoting eco-tourism, exploring agricultural car-
bon sink trading, and implementing green finance and ecological compensation for eco-
farmlands. These measures prioritize realizing the value of agricultural ecological prod-
ucts and enhancing overall economic-ecological synergy.
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