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Abstract: Strengthening the exploration of synergistic promotion mechanisms between
ecosystem services (ESs) and new urbanization is of great significance for watershed de-
velopment. In this work, we revealed the evolution mechanism of coupling coordination
development degree (CCD) between ESs and new urbanization and its driving factors in
the Huaihe River Basin (HRB) from 1980 to 2020 using a combination of the CCD model,
Exploratory Spatial Data Analysis (ESDA) method, and GeoDetector model. Addition-
ally, we employed the PLUS model to investigate multi-scenario simulations. The results
demonstrate that ESs showed a decline initially, followed by an increase, while the urban-
ization index showed consistent annual growth over the four decades. Furthermore, the
CCD between the ESs and urbanization showed a yearly optimization trend. The CCD
demonstrated notable spatial clustering characteristics, with factors such as precipitation,
distance from water body, elevation, and per area GDP emerged as the primary drivers.
Under scenarios of ecological protection, comprehensive development, and natural pro-
tection, the value of ESs from 2020 to 2050 maintained an upward trend; however, it fell
with the decrease under the scenario of cropland protection. These research findings offer
valuable decision-making support for the differentiated regulation of ecosystem functions
and promotion of high-quality urbanization development in the HRB.

Keywords: ecosystem services; urbanization; coupling coordination; scenario simulation;
Huaihe River Basin

1. Introduction
The Huaihe River Basin (HRB) is a major base for food supply, energy, and manufac-

turing in China, and the main area for the implementation of the major strategy of the Rise
of Central China. In 2018, the Development Plan of the HRB clearly positioned the region
to create China’s watershed ecological civilization construction demonstration belt, with
the characteristics of industrial innovation and a development belt, a new urbanization
demonstration belt, the central and eastern part of the cooperation, and development of the
pioneering area [1]. At present, the HRB accounts for about one-sixth of the total national
grain production and provides almost one-fourth of the state commodity grain. In the last
40 years, China’s rapid urbanization has caused tremendous pressure and challenges to
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the ecosystem [2–4]. Long-term agricultural production, industrial expansion, and swift
urbanization have altered the landscape pattern of the watershed, impacting the ecosystem
processes and functions therein. Consequently, the sustainable development of the HRB
ecosystem has emerged as a prominent focus for both academics and policymakers [5].
Presently, the HRB is in a critical period of transition to high-quality development, while
the health and stability of the ecosystem bear crucial implications for the basin’s high-
quality economic and social advancement [6]. Ecosystem services serve as a crucial link
between natural ecosystems and socio-economic systems, encompassing these benefits,
including water supply, air purification, soil conservation, food production, and cultural
enrichment [7], ensuring human health and well-being [8–10]. Presently, the application
of ecosystem services extends to various domains such as ecological health diagnosis,
ecological product supply, ecological compensation [11], and ecological management [12].
However, these studies have predominantly explored ecological conservation issues from
specific aspects or at specific socio-economic stages.

The scientific questions currently include how to establish a multidimensional eval-
uation framework to strengthen the integrated assessment of urbanization quality and
ecosystem functions in the HRB. How can we effectively reveal the intrinsic coupling
relationship between urbanization and ecosystem services and identify the dominant
factors leading to spatial heterogeneity in the coupling results? Additionally, what regula-
tory strategies need to be designed to ensure the coordinated enhancement of ecological
functions and urbanization quality in the HRB?

Currently, a significant number of studies on ecosystem services, based on models
and methods such as the InVEST model, PLUS model, and Geodector model, have been
conducted at various scales, including counties, cities, provinces, and river basins. These
studies have become a focal point in the field. The analysis indicates that recent studies on
the integration of ecosystem services and urbanization have primarily focused on counties,
provinces, urban agglomerations, economic zones, and river basin units. Research hotspots
include the Yangtze River Delta urban agglomeration [13], the Beijing–Tianjin–Hebei urban
agglomeration [14], the Yangtze River Economic Belt [15], the Yellow River Basin [16],
and the Yangtze River Basin [17]. Furthermore, relevant research has mainly focused
on the following areas: (1) Based on the InVEST model and the coupled coordination
degree model, exploring the coupling and coordination of urbanization and ecosystem
services (single or multiple ecosystem services), with a view to realizing the sustainable
development of the region [18,19]. (2) Adopting the coupled coordination degree model
and geographically weighted regression (GWR) model to explore the relationship and
influence mechanism of urbanization and socio-economic systems [20]. (3) Adopting the
spatial autocorrelation model and the PVAR model to analyze the coupling relationship
and dynamic influence mechanism of new urbanization and ecological resilience, so as
to explore the coordinated development strategy of social-ecological systems [21]. (4) In
the context of the reality of new urbanization, constructing a comprehensive evaluation
model of new urbanization and ecological environment, and carrying out research on the
interaction relationship and mechanism of action between the two [22]. (5) Based on panel
data, the spatial correlation between the value of ecosystem services and urbanization has
been revealed by constructing a comprehensive evaluation model of the two [23]. (6) The
PLUS model has been used to explore the mechanisms of spatiotemporal changes in the
interaction between ecosystem services and urbanization under different scenarios [17]. In
general, existing studies have explored the relationship between ecosystem services and
urbanization in depth. However, in the HRB, China, research based on a multidimensional
framework for new urbanization and ecosystem services evaluation, focusing on the spatial
heterogeneity of coupling coordination development degree (CCD) and employing multi-
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scenario methods, with targeted strategic recommendations for basin development, remains
relatively scarce.

Therefore, the aim of this study is to fill these gaps. The specific objectives include
the following: (1) introducing a multidimensional new urbanization indicator system for
the HRB; (2) identifying the dominant factors in the CCD through GeoDetector analysis
and unveiling its driving mechanisms; and (3) proposing a differentiated regulatory ap-
proach and a strategic implications consisting of “one framework, two methods, and three
pathways” based on multi-scenario simulation analysis.

2. Materials and Methods
2.1. Study Area

The HRB (30◦31′ N–37◦17′ N, 112◦45′ E–120◦88′ E) is situated in the eastern region of
China. It extends from the Tongbai and Funiushan Mountains in the west and borders the
Yellow Sea in the east. To the north, it shares boundaries with the Yellow River Basin. The
study area encompasses 40 prefectural-level cities and 316 counties and district units across
Anhui, Jiangsu, Henan, Shandong, and Hubei provinces (Figure 1). Covering an area of
about 39.25 × 104 km2, the HRB serves as a crucial hub for economic development and
agricultural production in China. It boasts a diverse industrial structure, well-developed
waterway transportation, and a rich historical and cultural heritage. Functioning as a
distinctive north–south transition zone, the basin constitutes a unique ecological corridor
in China. During the 1980s and 1990s, the Huai River suffered from severe pollution issues.
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2.2. Data Sources and Processing

The data sources used in this work consisted of raster data, vector data, and statistical
data in the HRB. Raster data mainly consisted of land use classification maps for the years
1980, 1990, 2000, 2010, and 2020. To align with the study’s requirements, the land use
types were reclassified into six categories: cropland, forestland, grassland, water body,
built-up land, and unused land. Urbanization indicators (including urbanization rate
(%), population density, number of registered urban unemployed individuals, economic
growth rate, the proportion of secondary and tertiary industries in GDP, total retail sales
of social consumer goods as a percentage of GDP (%), per capita GDP (CNY), built-up
area, per capita park green area (m2/person), urban built-up land area, the number of
urban basic medical insurance participants, the number of urban workers participating
in basic pension insurance, number of urban general institutions of higher learning) were
obtained from various sources, including the China Urban Statistical Yearbook, Provincial
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Statistical Yearbooks (Anhui, Jiangsu, Shandong, Henan, and Hubei), and relevant local
and municipal Statistical Yearbooks and statistical bulletins spanning the years 1981–2021.

GeoDetector factor data and PLUS multi-scenario simulation indicators include DEM
data (Geospatial Data Cloud with a 90 m resolution), meteorological data (rainfall, air
temperature), population density, and per area GDP (raster data with a 1 km resolution).
Distance to traffic and watershed data were acquired from OpenStreetMap and processed
through Euclidean distance analysis in ArcGIS. Each factor generated a raster layer, subse-
quently discretized into the required data types for GeoDetectors. The information on the
data is presented in Table 1.

Table 1. Information on the data.

Data Type Variables Year Spatial
Resolution Unit Data Sources

Land use data
land use

classification
maps

1980, 1990,
2000, 2010,
and 2020

30 m / (https://www.resdc.cn/)
(acessesd on 18 May 2024)

Natural factors

DEM 2000 90 m m
(https:

//www.gscloud.cn/)
(acessesd on 18 May 2024)

slope 2000 90 m DEM-based extraction
aspect 2000 90 m DEM-based extraction

annual average
temperature 2020 1000 m 0.1 ◦C (https://www.resdc.cn/)

(acessesd on 15 May 2024)
annual average

precipitation 2020 1000 m 0.1 mm

soil type 1995 1000 m / (https://www.resdc.cn/)
(acessesd on 15 May 2024)

distance from
water body 2020 300 m m

(https://www.
openstreetmap.org/)

(acessesd on 10 May 2024)

Socio-economic
factors

population
density 2019 1000 m Persons/km2 (https://www.resdc.cn/)

(acessesd on 15 May 2024)
GDP per area 2020 1000 m 10,000

CNY/km2

distance from
railroads 2020 / /

(https://www.
openstreetmap.org/)

(acessesd on 10 May 2024)

2.3. ES Value

Land Use/Cover Changes (LUCCs) are a response to the complex coupling between
human socio-economic activities and the land ecosystems. Globally, LUCCs are an impor-
tant driver of ecosystem services and biodiversity change. In this study, the equivalence
factor approach, proposed by a previous author [24,25], was used to assess the value of
ecosystem services in the HRB. This method involves the classification of ESs into four
primary and nine secondary categories. For the calculation of ESs for different years, the
same equivalence factor coefficients were typically applied across all periods. The approach
for determining the equivalence factor coefficients was as follows: the food supply value of
cropland was first calculated using relevant statistical data, such as crop yields and grain
prices, from the same period as the land use data (obtained from statistical yearbooks).
Then, equivalence factor coefficients for other land use types were determined by com-
paring their relative importance. Finally, the ecosystem service value was calculated by
multiplying the equivalence factor coefficients with the area of each land use type.

https://www.resdc.cn/
https://www.gscloud.cn/
https://www.gscloud.cn/
https://www.resdc.cn/
https://www.resdc.cn/
https://www.openstreetmap.org/
https://www.openstreetmap.org/
https://www.resdc.cn/
https://www.openstreetmap.org/
https://www.openstreetmap.org/
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The evaluation of the ES value involves extracting the land use area in the unit across
different years and scales. The ESs provided by each land ecosystem within the evaluation
unit are then calculated individually, as outlined in Table 1. The total ES value for the
evaluation unit is then determined, and is calculated as follows:

Ea = ∑n
i=1

miqi pi
M

(1)

where Ea represents the economic value of the unit area of cropland ecosystems providing
the food production services function; n denotes the number of crop types, specifically
selected as wheat, corn, soybeans, and rice; pi signifies the average market price for the
representative food crop of type i; qi is the output per unit area of the i-th grain crop; mi

stands for the area of the i-th grain crop; M represents the total area of the n grain crops.
We derived the actual market prices of various grain crops from the Provincal Statistical

Yearbooks and other sources. Specifically, the market prices for wheat, corn, soybeans,
and paddy rice were 1.442 CNY/kg, 1.224 CNY/kg, 3.364 CNY/kg, and 1.373 CNY/kg,
respectively. The average grain yield (3442.3029 kg/hm2) and market price (1.855 CNY/kg)
of arable land in the HRB from 1980 to 2020 were measured. For the calculation method,
we refer to the relevant literature [26].

Eij = Aij/eij (2)

where Eij is the total unit value of the ES function i of the ecosystem category j; Aij is the
total area of the ecosystem category j; eij is the equivalence factor of the ES function i of the
ecosystem category j.

Each service category was assigned an equivalence factor, where the ES value equiva-
lent factor per unit area of cropland food production was assumed to be 1. The relevant
equivalent factors of ESs in the HRB are provided in Table 2.

Table 2. Equivalent factor table of ES value per unit area in the HRB (CNY·hm−2·a−1).

Service Type Land Type

Level 1 Type Level 2 Type Cropland Forestland Grassland Water Body Unused Land

Supply
services

food production 543.39 124.17 147.53 322.10 4.92
raw material
production 120.48 285.22 218.83 179.49 14.75

water resources
supply −641.74 147.53 120.48 2675.16 9.84

subtotal 22.13 556.92 486.84 3176.75 29.51

Regulation
services

gas regulation 437.66 938.03 764.68 656.50 54.09
climate adjustment 228.67 2806.71 2023.58 1448.23 49.18

purification 66.39 822.46 668.79 2249.79 152.44
environmental

hydrology 735.18 1836.71 1482.65 31,096.29 103.27

subtotal 1467.9 6403.91 4939.70 35,450.81 358.98

Support
services

soil conservation 255.71 1142.11 931.88 796.65 63.93
nutrient cycling 76.22 87.29 71.30 61.47 4.92

biodiversity 83.60 1040.07 848.28 2562.06 59.01
subtotal 415.53 2269.47 1851.46 3420.18 127.86

Cultural
services

esthetic landscape 36.88 456.11 373.74 1627.72 24.59
subtotal 36.88 456.11 373.74 1627.72 24.59

total 1942.44 9686.41 7651.74 43,675.46 540.94
Note: Due to water consumption from planting and irrigation, the coefficient of water resources supply in
cropland is negative.
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2.4. Comprehensive Index Method and Coupling Coordination Degree

Precisely delineating and understanding the connotation and mechanism of coupling
coordination between ESs and new urbanization is fundamental for advancing research on
the synergistic advancement of high-quality development in the HRB (Figure 2). Through
the lens of the mutual coupling mechanism between the two, urbanization exerts spatial
influence on ecosystem dynamics, while the efficacy of ecosystem functioning recipro-
cally impacts the quality of urbanization. Improvements in urbanization quality provide
financial support, cutting-edge technical assurance, and various control methods for envi-
ronmental governance. Meanwhile, a high-quality ecological environment offers favorable
ecological conditions and spatial frameworks for urbanization. These two aspects are
interconnected and mutually reinforcing (Figure 2). Consequently, strengthening the re-
sponse mechanism of ecosystem function to urbanization and exploring countermeasures
for regulating ecosystem functions are a pivotal focus in coupling research. Additionally,
the careful selection of urbanization indicators is crucial for evaluation. Based on the work
of esteemed scholars [27], this study follows the principles of data accessibility, operability,
representativeness, and scientific rigor, aligning them with the current conditions of the
study area. Indicators were carefully selected from the domains of demographic evolution,
socioeconomics, and spatial expansion to establish an index system for new urbanization
development in the HRB (Table 3). A comprehensive index method was employed to eval-
uate the comprehensive index of new urbanization in the HRB. To eliminate the impact of
different data dimensions on the evaluation results, this paper normalized the data for each
index and determined the weight of each evaluation index using the entropy method [28].
Finally, the weighted summation method was used to calculate the new urbanization index.

Ui = ∑m
j=1

(
Uij · ωij

)
(3)

where Ui is the comprehensive index of new urbanization at unit i; Uij is the j-th indicator’s
standardized value at unit i; ωij is the j-th indicator’s weight at the i-th unit.
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Table 3. Index system of new urbanization in the HRB.

Target Layer Classification Layer Indicator Layer (Code and Name) Indicator
Attribute Weight

U
The urbanization

index

Up

Up1 Urbanization rate (%) (+) 6.60%
Up2 Population density (−) 0.28%
Up3 Number of registered urban
unemployed individuals (−) 0.35%

Ue

Ue1 Economic growth rate (+) 0.41%
Ue2 The proportion of secondary
and tertiary industries in GDP (%) (+) 2.32%

Ue3 Total retail sales of social
consumer goods as a percentage of
GDP (%)

(+) 2.19%

Ue4 Per capita GDP (yuan) (+) 17.70%

Ul

Ul1 Built-up area (+) 11.98%
Ul2 Per capita park green area
(m2/person) (+) 11.92%

Ul3 Urban built-up land area (+) 12.58%

Us

Us1 The number of urban basic
medical insurance participants (+) 8.77%

Us2 The number of urban workers
participating in basic pension
insurance

(+) 10.28%

Us3 Number of urban general
institutions of higher learning (+) 14.62%

The new urbanization index system was structured into three layers: the target layer,
classification layer, and indicator layer. Each layer includes specific elements and indicators
that contribute to the comprehensive assessment. The target layer, denoted as U for
urbanization, consists of sub-indices related to population urbanization (Up), economic
urbanization (Ue), land urbanization (Ul), and social urbanization (Us). Each sub-index
was further broken down into specific indicators with associated weights.

After completing the assessment of the ecosystem service value and comprehensive
urbanization, this study adopted the CCD model to calculate the level of interaction
between the comprehensive index of ESs and the new urbanization index, in order to
measure the CCD between the two. Given the limitations of the traditional coupling degree
model [29], this study employed an improved coupling coordination model [30] to evaluate
the coupling coordination status of ecosystem services and urbanization. The modified
model ensures better coupling validity and credibility of the calculation results [31]. All
formulas are as follows:

C =

√√√√√√
1 −

∑n
i>j,j=1

√(
Ei − Uj

)2

∑n−1
m=1 m

 ·
(

∏n
i=1

EUi
maxEUi

) 1
n − 1 (4)

T = α × E + β × U (5)

D = (C × T)
1
2 (6)

where C is the coupling degree; n is the number of subsystem dimension; EUi and EUj are
the subsystem dimension i and dimension j, respectively; maxEUi is the maximum value in
the subsystem dimension.
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To avoid a low-quality coupling situation with a high C value, the coupling degree
model was utilized to calculate the CCD, expressing the quality of the coupling. T is the
comprehensive coordination index between the two subsystems; α, β, respectively, are the
ecosystem services and new urbanization comprehensive index of the weight value, where
α + β = 1. Referring to the relevant literature [32], the coupling quality was categorized
into intervals such as (0.00, 0.10], (0.10, 0.19], (0.19, 0.29], (0.29,0.39], (0.39,0.49], (0.49,0.59],
(0.59,0.69], (0.69,0.79], (0.79,0.89], and (0.89,1.00], representing high dysfunctionality, severe
dysfunctionality, moderate dysfunctionality, mild dysfunctionality, verging on dysfunction-
ality, barely coordination, primary coordination, moderate coordination, good coordination,
and high-quality coordination, respectively.

2.5. GeoDetector

The GeoDetector is mainly based on the spatial heterogeneity parameters of different
layers (including layers of the independent variable and dependent variable) to detect the
driving mechanism and measure the explanatory ability of the independent variable to the
dependent variable through the q-value. When q = 0, it means that the independent variable
has no influence on the dependent variable. When q = 1, it shows that the dependent
variable is completely controlled by the change in the independent variable [33]. The q
value is calculated as follows:

q = 1 − 1
Nσ2 ∑M

n=1 Nhσ2
h (7)

where h = 1, 2, ...; M is the categorization of Y (dependent variable) or factor X (indepen-
dent variable); Nh and N are the number of grid units in stratum h and the whole area,
respectively; σ2

h and σ2 are the variances in Y in layer h and the whole area, respectively.
The interaction detector compares a single factor with a two-factor interaction based

on the q-value to characterize the interaction between two variables. This method is not
confined to traditional statistical methods, offering advantages in identifying common
interactions between drivers. The results can be used to identify whether co-interaction
between independent variables enhances or weaken the ability to explain dependent
variables [34].

2.6. Multi-Scenario Simulations
2.6.1. Principles of PLUS Simulation Model

The PLUS (Patch-generating Land Use Simulation, PLUS) model combines cellular
automata with a patch-generation simulation strategy, significantly improving the model’s
ability to simulate real landscape patterns with high precision and enhancing the accuracy
of simulation predictions. It also reveals the complex nonlinear interactions between land
use changes and their influencing factors [35–37]. In this study, we aim to calculate the total
ecosystem service (ES) value based on the simulated land use data. To achieve this, we first
applied the PLUS model to simulate land use changes in the study area. First, the LEAS
(land expansion analysis strategy, LEAS) module was used to extract the land expansion
maps for various land types between 2010 and 2020. By inputting the extracted expansion
maps and driving factor data into the LEAS module, development potential maps for
each land type were generated. Simultaneously, the model parameter file automatically
calculated the contribution of driving factors to the changes in each land type. Next, in
the CARS (cellular automaton model based on multitype random patch seeds, CARS)
module, the development potential maps and spatial policy constraint data were input. By
considering land use type conversions across the study area, parameters such as the cost
matrix and neighborhood weights were set. After iterative adjustments and debugging, the
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final simulation results for future land use changes in the HRB under multiple scenarios
were obtained.

2.6.2. Neighborhood Coefficient and Multi-Scenario Setup for PLUS Model

From the perspective of natural and socio-economic dimensions, GDP, population,
temperature, precipitation, soil type, slope, aspect, distance from water body, distance from
railroad, etc., were selected as the driving factors for the PLUS model. We compared the
results of the PLUS simulation of land use data in 2020 with the actual data in 2020. If the
simulation accuracy met the required standards, it could be used to simulate future land
use changes under four scenarios in 2050. Neighborhood weight parameters represent the
expansion intensity of different land use types (Table 4). The setting of weight parameters
for land use in this paper was based on the relevant literature [38].

Xi =
∆TAi − ∆TAmin

∆TAmax − ∆TAmin
(8)

where Xi is the neighborhood weight parameter of a land class i, ∆TAi is the amount
of change in TA of the land class, ∆TAmin is the minimum change, and ∆TAmax is the
maximum change in TA over the past four decades.

Table 4. Neighborhood factor parameter settings for the PLUS model.

Land Use
Type Cropland Forestland Grassland Water

Body
Built-Up

Land
Unused

Land

Domain
factor

parameters
0.33 0.12 0.09 0.22 1 0

In this study, four distinct conversion matrices were developed to reflect the character-
istics of land use type conversion under different scenarios.

(1) In the natural development (ND) scenario, the conversion cost matrix was set by
allowing free conversions between cropland, forest, grassland, water bodies, and unused
land. (2) In the cropland protection (CP) scenario, higher conversion costs (or lower
conversion coefficients) were set for cropland in the conversion cost matrix to restrict
its conversion to other land use types. (3) In the ecological protection (EP) scenario, a
conversion cost matrix was constructed that tended to facilitate conversions between land
use types with higher ecological value, such as forests, grasslands, and water bodies,
while restricting their conversion to land use types with lower ecological value. (4) In
the comprehensive development optimization (CD) scenario, the goal was to balance
conversion costs while limiting the excessive expansion of grassland, forest, water bodies,
and urban areas. Constraints were applied to urban expansion, promoting cropland
development and ecological protection. The conversion cost matrix in this scenario was
designed to reflect a more comprehensive and sustainable land planning and resource
management strategy. The specific conversion matrix is shown in Table 5.

Finally, to evaluate the performance of land use change simulation results in the HRB,
this study employed the Figure of Merit (FoM) evaluation method. FoM is defined as the
ratio of the intersection of observed and simulated changes to the union of observed and
simulated changes, serving as a metric for assessing the accuracy of the dynamic changes in
the simulation outcomes [39]. Previous research has demonstrated that the FoM coefficient
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is more suitable than the Kappa coefficient for evaluating the accuracy of land use and land
cover (LULC) simulations [40]. The formula for calculating FoM is as follows:

FoM = B/(A + B + C + D) (9)

where A represents the area where actual changes occurred but no changes were simulated;
B denotes the area where both the actual and simulated results exhibited changes, with
consistent directional shifts; C refers to the area where both the actual and simulated results
showed changes, but with inconsistent directions of change; D represents the area where
no actual change occurred, yet the simulation indicated change.

Table 5. Conversion cost matrix.

ND CP EP CD

A B C D E F A B C D E F A B C D E F A B C D E F
A 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1
B 1 1 1 1 1 1 1 1 1 0 0 1 0 1 0 0 0 0 1 1 1 0 0 0
C 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1
D 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0
E 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0
F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Note: A, B, C, D, E, and F are cultivated land, forest land, grassland, water body, construction land, and unused
land, respectively; 0 means that they cannot be converted, and 1 means that they can be converted.

2.7. Technology Roadmap

A technical roadmap of this research is shown in Figure 3.
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3. Results
3.1. Dynamic Analysis of the ES Value and New Urbanization
3.1.1. Spatial–Temporal Variation Characteristics of ES Value

The temporal analysis shows that from 1980 to 2020, the total ES value in the HRB
presents a “V”-type variation characteristic of “first decreasing and then increasing”, and
the inflection point of change appears in 1990. Before this, the value of ESs decreased from
CNY 201.63 billion in 1980 to CNY 199.01 billion in 1990. It rose to CNY 200.23 billion in
2000 and ultimately reached CNY 204.74 billion by 2020 (Figure 4a). Overall, from 1980
to 2020, the total ES value in the HRB increased by CNY 3.11 billion. When analyzed by
stages, from 2000 to 2010, the total ES value increased by CNY 3.23 billion, while from 2010
to 2020, it only increased by CNY 1.27 billion, about 40% of the previous development
stage, indicating a significant slowdown in the growth rate (Figure 4a). This dynamic
trend exhibits clear temporal characteristics. Between 1980 and 2000, as urbanization
and industrialization advanced in the HRB, large areas of cropland were converted into
urban and industrial land, which significantly impacted ecosystem services such as water
retention, soil conservation, and air purification, leading to a decline in ecosystem service
value. Land use changes, policy measures, climate change, socio-economic development,
and technological progress are interconnected and collectively influence the fluctuations in
ecosystem service values in the HRB.
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At the provincial scale, it can be observed that the Jiangsu, Henan, and Anhui
provinces are important contributors to ecosystem services in the HRB. The changes in the
total ES value in these provinces show different development trends (Figure 4b).

There are distinct spatial characteristics in the ES values (ESVs) of 40 cities in the HRB
(Figure 5). From 1980 to 2020, the spatial pattern of ESVs in the HRB remained relatively
stable. The regions with a high ES value are located in the west and southeast of the HRB,
while the regions with a low ES value are in the middle of the HRB (Figure 5a,b). The map
of land use classification shows that the forest resources in the west HRB are abundant, and
the water system in the southeast part of the HRB is well-developed (Figure 5c), so the ESV
in the region is high. In contrast, the central region is primarily characterized by cropland,
and the distribution of ESVs show a noticeable decline (Figure 5c). The analysis indicates
significant spatial differences in the change in ESVs, in which the eastern and western
parts of the basin were increasing areas of ecosystem service value, while the central part
comprised the declining area (Figure 5d).
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Figure 5. The spatial characteristics of ESV (a,b), ESV comparison (c), and ESV change (d) in the HRB
from 1980 to 2020.

Analyses reveal that the change in ecosystem services was manifested as “continuous
growth in the high-value areas and continuous decline in the low-value areas” from 1980 to
2020 in the HRB, which should attract the attention of the government; relevant measures
should be implemented to curb the continuous decline in the value of ecological services in
the central region and improve the overall ES value in the HRB.

3.1.2. Analysis of Changes in the New Urbanization

Over the past 40 years, the development of new urbanization in the HRB has increased
steadily (Figure 6). A comprehensive urbanization index increased from 1.888 in 1980 to
11.524 in 2020, with an average annual growth rate of 12.76%, indicating a significant change.
The comparison of urbanization development in different dimensions in the HRB shows
that the level of population urbanization increased slowly, with an average annual growth
rate of 5.47%, while the land urbanization level experienced the highest growth rate of
19.30%. The economic and social urbanization levels have also improved significantly, with
annual growth rates of 14.10% and 17.85%, respectively. This indicates that the residents’
medical and social security systems in the HRB have been further improved, the residents’
well-being has improved, and the fruits of economic development in the basin have been
shared.

There were distinct spatial differences in the new urbanization index (UI) of the HRB
urban agglomerations. Among them, capital cities such as Zhengzhou, Hefei, and many
cities of Jiangsu Province in the southeast show a notably high UI, while the urbanization
index of cities in the central and western areas of the HRB remains low (Figure 7a,b),
mainly because this region is an important base of agricultural production in China, with
an overall low social and economic level and relatively weak impetus for infrastructure
development. Figure 7c shows that the comprehensive index of urbanization of 40 cities in
the HRB exhibited an upward trend, but the difference in growth rates remained significant.
Figure 7d shows that from 1980 to 2020, the urbanization growth rate of 18 cities was lower
than the overall average growth rate of urbanization in the HRB. Although the growth
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rate of many cities with a low urbanization index in the central and western areas of the
HRB was higher than the average growth rate, the overall distribution pattern of cities with
low UI in the HRB remained unchanged. The analysis shows that the urbanization growth
potential of cities in the middle and west parts of the basin is large, but the development
momentum is insufficient, and the gap is still obvious compared with developed cities. The
government must address this issue by enhancing the radiation driving effect of key cities
on surrounding cities with a low urbanization level and promoting the development of
high-quality urbanization in the HRB.
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Figure 6. The changing trend in urbanization development in the HRB from 1980 to 2020.
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Figure 7. The spatial characteristic of the UI (a,b), UI comparsion (c), and UI change (d) in the HRB
from 1980 to 2020.

3.2. Analysis of the Variation in CCD
3.2.1. The Trend and Characteristics of Spatio-Temporal Variation in CCD

From 1980 to 2020, the coupling relationship between the ES value and the urbanization
index in the HRB showed an optimization trend year by year, and it went through four
stages, namely moderate dysfunctionality, barely coordination, good coordination, and
high-quality coordination, respectively (Table 6). During the study period, the CCD value
increased from 0.260 in 1980 to 0.995 in 2020, an overall increase of 3.827 times, with an
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average annual growth rate of 7.07%. The results show that the coupling degree (C) in
2000 reached 0.991, but the coordination index (T) was still only 0.254, and the final D
value was 0.502, which was in the barely coordination stage. However, after 2000, all the
indicators increased significantly (Table 6), indicating that the relationship between the
ESs and urbanization in the HRB before 2000 was still in the low-level coupling stage. The
analysis shows that the HRB gradually formed a development pattern of “developing in
protection and upgrading in development” during the process of ecological protection and
new urbanization over the past 40 years.

Table 6. Coupling characteristics of ESs and new urbanization in the HRB.

Years Coupling Degree
(C)

Coordination Index
(T)

Coupling Coordinative
Development Degree

(D)

Coupling Coordination
Level

1980 0.289 0.234 0.260 moderate
dysfunctionality

1990 0.432 0.102 0.210 moderate
dysfunctionality

2000 0.991 0.254 0.502 barely coordination
2010 0.994 0.698 0.833 good coordination
2020 1.000 0.990 0.995 high-quality coordination

On the whole, the coupling state of ESs and the level of new urbanization development
in the HRB have shown good development trends, and detailed examination of the coupling
state of the 40 cities in the basin can provide more specific guidance for urban development.
Figure 8 shows the absolute amount of CCD (the calculated value) compared with the
relative amount (the change, obtained by subtracting the 1980 CCD value from the 2020
CCD value) for the 40 cities in the basin. The absolute amounts of CCD in 1980 and 2020
show that most cities in Jiangsu Province and the capital cities of other provinces, such as
Zhengzhou and Hefei, exhibited a high level of coupled development (Figure 8a).
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The relative amount of CCD over the past 40 years indicates that 18 of the 40 cities
in the basin showed a growing trend, accounting for 50% of the total number of growth
cities, mainly located in Jiangsu Province. It is worth noting that Lu’an city in the Dabie
Mountain area in Anhui Province led the increase in the CCD, reflecting that the ecological
function of the Dabie Mountain area and the level of urbanization have a good coupling
and collaborative development trend. There were 21 cities with a declining trend in CCD,
mainly concentrated in Henan Province and Anhui Province, accounting for 52.38% and
28.57% of the total number of cities with a declining CCD, respectively, among which
Huainan city in Anhui Province and Luoyang city in Henan Province showed the largest
decline in CCD (Figure 8b).

3.2.2. Coupling Coordinated Development Degree Shifts and Spatial Heterogeneity

Upon calculating the CCD for the panel data from 40 prefecture-level cities in the
HRB from 1980 to 2020, we used a chordal diagram to illustrate the shifts in the CCD
for each city (Figure 9). Notably, the chordal diagram vividly shows a trend where more
cities transitioned from a higher to a lower rank of coordinated development compared
to those moving in the opposite direction. Although the CCD of the HRB cities mainly
shifted from dysfunctionality to coordination types, most of them transitioned between
lower-ranked coordination types, and there were fewer drastic shifts, such as from severe
dysfunctionality to high-quality coordination, or from high-quality coordination to severe
dysfunctionality, and most of the rank shifts were smoother. Therefore, although the entire
HRB has shown excellent coupling coordination over the last 40 years, there is still a need
to improve the quality and level of coupling in each prefecture-level city.
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Figure 9. Chordal diagram of the CCD transition at 3 stages from 1980 to 2000 (a), from 2000 to 2020
(b), and from 1980 to 2020 (c) in the HRB.

In terms of spatial patterns (Figure 10), the low-value area of CCD was primarily lo-
cated in the north-central region of the watershed, while the high-value area was dispersed
across the capital cities, such as Nanjing, Hefei, and Zhengzhou, as well as in southeastern
cities (Figure 10a,b).

According to the spatial distribution of CCD variation, 18 cities showed a CCD vari-
ation greater than 0, mainly located in the southeast part of the HRB, while there were
22 cities with a CCD variation less than 0, accounting for 55% of the total number of cities,
mainly located in the middle and west parts of the HRB (Figure 10c). An exploratory spatial
data analysis (ESDA) revealed significant spatial clustering characteristics of the value of
ecosystem services, the comprehensive index of urbanization, and the degree of coupling
coordinated development over the past 40 years. Comparing 1980 and 2020, Moran’s I
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for the ES value increased from 0.4529 to 0.4723, reflecting a centralized trend in spatial
distribution. Moran’s I of the urbanization comprehensive index decreased from 0.2194 to
0.2032, indicating a shift toward polycentric and more discrete spatial distribution. Moran’s
I of the CCD increased from 0.3967 to 0.5190 (Figure 10d), significantly enhancing the
spatial agglomeration characteristic. Hotspot analysis revealed that the cold spot area of
the CCD was in the central region of the basin and showed a clustered distribution, while
the scope of the hot spot area included the southeastern regions with a tendency to expand
(Figure 10e,f). The spatial analysis effectively demonstrated the distribution pattern and
spatial evolution trend of the coupling relationship between ESs and urbanization in the
study area. From 1980 to 2020, the overall coupling coordination was optimized year by
year. These results provide decision-making support for exploring changes in ecosystem
functions and the coordination mechanism of urbanization in the HRB in a precise manner.
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Figure 10. The spatial characteristic of the CCD (a,b). The change characteristics of CCD (c). Moran’s
I of ESV, UI and CCD in the HRB from 1980 to 2020 (d). The CCD Hot Spot analysis (e,f).

The analysis shows that the interaction between ESs and new urbanization in the HRB
is complex and presents significant challenges, directly affecting the formulation and imple-
mentation of regional sustainable development strategies. First, there is an inconsistency
between ecosystem services and urbanization. In some areas, urbanization leads to the
degradation of ecosystem services, while in others, an excessive protection of ecosystems
may restrict urban expansion. This results in imbalances in regional development, compli-
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cating resource management and policy formulation. Second, the long-term persistence of
low-level coupling between ecological protection and urbanization hinders their coordi-
nated development, which ultimately affects the overall sustainability of the basin. Third,
urban units in different provinces with a good coupling level exhibited varying trends
in CCD changes throughout the study period. Some continued to improve, while others
showed the opposite trend. Therefore, enhancing the coupling between ecological protec-
tion and urbanization is crucial for the successful implementation of regional sustainable
development strategies. In this context, differentiated management strategies are essential.

Further analysis of the spatial statistical descriptors revealed that in 1980, the HRB had
a minimum CCD value of 0.175 and a maximum value of 0.716, with a standard deviation
(STDEV) of 0.129; in 2020, these values changed to 0.145, 0.726, and 0.146, respectively. The
STDEV of the CCD increased from 0.129 to 0.146, indicating an expansion in the spatial
disparities in the CCD among cities in the HRB (Table 7). According to the statistics of ESV
and UI, the ESV showed relatively minor spatial disparity changes, with STDEV values of
0.343 and 0.360 in 1980 and 2020, respectively. However, the STDEV values for UI were
0.027 and 0.146 in 1980 and 2020, respectively (Table 7), which is the primary reason for the
widening spatial disparities in the CCD. Against the backdrop of high-quality development
in the HRB, it is necessary to further enhance the overall level of new urbanization in the
central and western cities.

Table 7. Spatial statistical descriptors for ESV, UI, and CCD.

Year
Statistical Description of ESV

at City Level
Statistical Description of UI

at City Level
CCD Statistical Descriptors

at City Level

Min Max Mean STDEV Min Max Mean STDEV Min Max Mean STDEV

1980 0.059 1.440 0.504 0.343 0.019 0.157 0.047 0.027 0.175 0.716 0.440 0.129
2020 0.053 1.511 0.512 0.360 0.047 0.864 0.288 0.146 0.145 0.726 0.436 0.146

3.2.3. GeoDetection Analysis of the CCD

(1) Factor detection of spatial heterogeneity and its underlying mechanisms
Heterogeneity is a spatial feature in the interaction between natural factors and human

activity factors, and human beings can understand and recognize natural phenomena
through the analysis of spatial heterogeneity. GeoDetector-based methods can effectively
reveal the driving mechanism of spatial heterogeneity in the CCD between the ES value
and new urbanization. The contribution of driving factors to the spatial differentiation can
reflect the interconnectivity between the factors and can also identify the importance of
each factor to the spatial differentiation [41].

The calculation results indicate that among the 11 selected driving factors, 4 passed
the significance test at the 1% level, 3 passed at the 5% level, and 4 passed at the 10% level
(Figure 11a). As can be seen in Figure 11a, the spatial heterogeneity of the CCD between
the ecosystem service value and urbanization in the HRB is affected by the combined
effect of natural factors and socioeconomic factors, in which factors such as the average
annual precipitation (AAP), distance from water body (Dwater), elevation, and GDP per
area have a greater impact on the spatial heterogeneity of the CCD, while factors such
as the distance from the railroad (Drailroad) and the annual average temperature (AAT)
make relatively weak contributions to it. The factors in this study were sorted by the
magnitude of q-statistics as follows: AAP > Dwater > DEM > GDP per area > aspect >
slope > population density > total population > soil type > AAT > Drailroad (Figure 11a).
Therefore, in terms of the influence of driving factors on the CCD, the explanatory abilities
of AAP, Dwater, elevation, and GDP per area exceed 40%, making them the most significant,
followed by aspect and slope, whose influences are around 30%, indicating that they are
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important factors affecting the spatial variation in the CCD. The analysis suggests that AAP
directly influences water availability, which is critical for ESs such as water conservation,
agricultural production, and ecological restoration. In regions with abundant rainfall, water
resources are sufficient, promoting ecosystem stability and enhancing ecosystem service
functions, thereby facilitating the coordinated development of urbanization and ecological
protection. Proximity to water bodies also plays a vital role, as areas near rivers, lakes, and
other water bodies typically have higher environmental quality, better water quality, and
are more suitable for eco-tourism and urban green spaces. In addition, population density,
total population, and soil type all have an influence of more than 15%, signifying that they
are more important factors that affect the spatial characteristic of the CCD. The explanatory
abilities of AAT and Drailroad are below 10%, indicating their relatively minor influence
on the spatial variation in the CCD.

(2) Interactive detection between driving factors
Using driving factor interaction detection, the spatial differences in the CCD within

the HRB were revealed, showing that the interaction of any two factors is more significant
than that of a single factor. The two-by-two interaction types mainly involve interaction-
enhanced and nonlinear-enhanced interactions, indicating that the spatial differentiation of
the CCD in the HRB is not solely attributed to a single influencing factor. Instead, it is the
outcome of the combined action of various influencing factors. Among these interactions,
the interaction between X1 and X10 exerts the strongest effect on the spatial differentiation of
the CCD, with the highest q-value of factor interaction detection reaching 0.980, providing
a 98% explanatory power. The degree of interaction on the role of coupling coordinated
spatial differentiation surpasses 90%. Other significant interactions include GDP per area
∩ Distance from water body (q-value 0.969), GDP per area ∩ Aspect (q-value 0.968), Soil
type ∩ Distance from railroad (q-value 0.954), Total population ∩ Aspect (q-value 0.936),
DEM ∩ Aspect (q-value 0.931), Population density ∩ GDP per area (q-value 0.928), GDP
per area ∩ Aspect (q-value 0.925), GDP per area ∩ Average annual precipitation (q-value
0.912), GDP per area ∩ DEM (q-value 0.907), and DEM ∩ Distance from railroad (q-value
0.907) (Figure 11b).
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The q-values of the remaining factor interaction types are all below 50%, yet they still
indicate the impact of the two-factor-higher degree of influence on the spatial differentiation
of the CCD compared to the single factor (Figure 11b). The analysis reveals that all
interactions between the driving factors of spatial divergence in the CCD in the HRB are
more influential than the effect of a single factor.
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3.3. Multi-Scenario Simulations of Land Use and ES Value
3.3.1. Analysis of Land Use Simulation

Using ArcGIS software, land use data from the initial and final years were reclassified,
assigning values from 1 to 6 to six land classes. The simulation data of land use in 2020
obtained by using the PLUS model was compared with actual data, yielding a Kappa
coefficient of 0.9211 and an overall accuracy of 92.11%. Although most studies on land use
change simulation primarily use the Kappa coefficient to evaluate simulation accuracy, FoM
indicators are increasingly used to assess the accuracy of land use simulations at the basin
scale [39]. In this study, a FoM value of 0.052 was obtained using the FoM calculation tool in
the PLUS model for land use simulation. The FoM coefficient theoretically ranges from 0.01
to 0.59, with higher values indicating greater simulation accuracy. Values below 0.30 are
more commonly observed [42]. Therefore, based on both the Kappa and FoM coefficients,
the land use simulation results in this study are considered to meet the necessary criteria.
Next, we took 2010–2020 as the research base period and applied the PLUS model to
simulate the land use data for 2050 according to the four scenarios (ND, CP, EP, and CD)
designed in this paper (Table 8).

Table 8. Simulation results of land use data in 2050 under four scenarios.

Cropland Forestland Grassland Water Body Built-Up
Land Unused Land

Area in 2020 249,910.88 46,369.39 14,778.18 22,885.91 58,187.63 356.28
ND 2050/km2 230,350.34 45,310.19 15,162.83 24,227.58 77,135.40 301.93
CP 2050/km2 258,477.03 45,707.23 12,859.19 21,124.81 54,020.45 299.56
EP 2050/km2 241,999.47 48,724.68 14,299.84 23,773.53 63,382.33 308.42
CD 2050/km2 236,261.83 45,392.29 14,330.44 24,558.84 71,648.08 296.79

ND 2050 (compared
to 2020, %) −7.83 −2.28 2.60 5.86 32.56 −15.25

CP 2050 (compared
to 2020, %) 3.43 −1.43 −12.99 −7.70 −7.16 −15.92

EP 2050 (compared
to 2020, %) −3.17 5.08 −3.24 3.88 8.93 −13.43

CD 2050 (compared
to 2020, %) −5.46 −2.11 −3.03 7.31 23.13 −16.70

Note: ND = natural development; CP = cropland protection; EP = ecological protection; CD = comprehensive
development.

Land use in 2050, compared to 2020, remains stable in cropland and forestland across
all scenarios. Under ND, built-up land expands significantly, which emphasizes the need
for policy intervention to prevent encroachment on ecological and agricultural land. CP
reduces grassland and water body areas, affecting ecosystem services. EP protects ecological
land, which aligns with regional policies, while CD increases built-up land and water body
areas, emphasizing the need for careful consideration of cropland preservation.

3.3.2. Multi-Scenario Simulations of ES Value

Comparing land use changes across scenarios reveals significant differences (Figure 12),
especially between cropland and built-up land in the scenario of CP and the scenario of
ND. The expansion of patches in the HRB urban agglomeration decreases, and the mixing
of cropland and forestland in the middle and lower plains decreases under CP, suggesting
effective control over cropland shrinkage and the encroachment of forestland and built-
up land. In the scenario of EP, the change rate of built-up land significantly decreases,
and ecological land such as forestland and water body is effectively protected. This aligns
positively with the policy of the Huaihe River Economic Zone, contributing to the ecological
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security of the HRB. Under the scenario of CD, the water body area increased significantly,
and the construction land area also increased, which enhanced the value of ecosystem
services, safeguarding urban development. However, the decrease in cropland requires
careful management to avoid compromising high-quality cropland. Strengthening land
consolidation and reclamation is imperative to improve food productivity and ensure food
security.

Changes in land use are a significant factor influencing the ES value in a region [43].
In comparison to the year 2020, by 2050, the total ES value under the CP scenario showed a
notable decline, while values under the scenarios of ND, EP, and CD gradually increased.
Research suggests that cropland primarily serves the purpose of food supply, yet its
ecosystem service value is lower than that of grassland and water body. Furthermore,
during the process of land use conversion, the increase in cropland area primarily comes
at the expense of higher-value grassland and water body, causing a decline in the total ES
value of the HRB. Therefore, while the CP scenario may promote an increase in cropland
area, it negatively impacts the ecological protection of the HRB and poses significant risks to
the region’s water resource security. Against the backdrop of industrialization, urbanization,
and climate change, this increases the level of land degradation and significantly impacts
biodiversity loss, thus further threatening ecological security. The multi-scenario simulation
illustrated the evolution of land use patterns and trends in ecosystem services under
different policies. The results can provide scientific evidence for watershed management
authorities to formulate strategies for ecological protection and urbanization development.
Furthermore, the impact of land use changes on economic development under different
scenarios can be analyzed, helping determine which land use practices are more conducive
to economic growth.
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4. Discussion
4.1. Complex Interactions Between ESs, Urbanization, and Differentiated Regulation Strategies

ESs play a pivotal role in evaluating regional sustainable development, demanding
a nuanced understanding of the mechanisms driving ecosystem functioning [44]. The
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accelerated urbanization in China has led to evident environmental depletion, marked
by the loss of cropland, declining biodiversity, and environmental pollution, particularly
in urban agglomerations—regions now highly ecologically fragile and focal points for
environmental treatment [45,46]. There is a complex coupling relationship between urban-
ization and the ecological environment [47], exhibiting both stage and spatial variability.
Many researchers have quantified this coupling relationship, revealing patterns such as
a double-exponential or inverted U-shaped curve [48]. However, the imbalance between
urbanization and ecosystem services across different local areas in the watershed neces-
sitates further exploration of the causes and driving mechanisms of this imbalance [49].
Differentiated and precise regulatory strategies are also required in the HRB.

The results show that CCD in the HRB has significant spatial differences, both in the
scale of prefecture-level city units and provincial administrative units over the past 40
years. Therefore, the regulation and control of CCD in the HRB should adopt differentiated
optimization measures. For example, in the eastern region, efforts should focus on further
improving the quality of coupling state, while in the middle and western areas, the priority
should be addressing shortcomings in the two coupling subsystems. Addressing the chal-
lenge of coordinated development between ecosystem services and urbanization requires
comprehensive research into the value of ecosystem services and their strategic application
in optimal land allocation. A differentiated regulatory strategy is crucial for promoting the
coordinated development of ecosystem services and new urbanization in the HRB. This
study introduces a strategy system based on “one framework, two methods, and three
pathways” to address complex interactions and ensure the effective implementation and
evaluation of these strategies.

The framework layer establishes a differentiated regulatory strategy tailored to the
ecological characteristics, urbanization processes, and resource carrying capacities of vari-
ous regions within the HRB. This framework aims to resolve conflicts between ecological
protection and urbanization, promoting sustainable development across the basin. Two
methods are employed to assess the effectiveness of the strategies: (1) qualitative methods,
including expert evaluations, social surveys, and feedback from local governments and
residents, to assess the acceptability and execution of the coordination between ecological
protection and urbanization; (2) quantitative methods that use models such as the Syn-
thetic Control Method (SCM) [50] to objectively assess the differentiated strategies across
regions. Furthermore, the study proposes three implementation pathways: (1) the regional
management pathway, which tailors goals based on local ecological and urbanization
characteristics (e.g., water resource protection, wetland conservation), and establishes cross-
regional collaboration mechanisms, ensuring coordinated governance across upstream
and downstream areas; (2) the policy incentive pathway, which employs fiscal subsidies,
tax incentives, and other policy measures to support green development, particularly in
ecological restoration and green infrastructure projects; and (3) the technological innova-
tion pathway, which promotes the application of green technologies, clean energy, and
intelligent urban management systems to enhance ecological protection and improve the
quality of urbanization.

4.2. Urbanization and Ecological Regulation Insights Based on Multi-Scenario Simulation

The HRB, positioned as the central link connecting the eastern and central parts of
China, boasts good industrial infrastructure. However, the correlation among cities in the
basin remains relatively loose. Over the nearly 40 years from 1980 to 2020, the cold spot
area depicting the CCD remained largely unchanged, persisting in the central depression of
the basin. Conversely, the coupling of urbanization and ecosytem services in southeastern
cities has significantly improved. This indicates that major and core cities in the HRB have
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limited influence on neighboring cities, resulting in insufficient coordination in resource
use, environmental enhancement, industrial development, and socio-economic growth.
Consequently, there is a lack of sufficient driving force in integrating urban and rural
areas, improving urbanization quality, and addressing other related issues. This finding
aligns with existing studies [51], suggesting that future research should leverage dynamic
simulation technology to further explore the driving force and complexity of the coupling
mechanism [52,53]. By simulating and predicting geographic processes historically, and
with the support of algorithms such as long time series, multi-source big data fusion, and
artificial intelligence, the complex evolutionary trends and dynamics between ecosystems
and urbanization can be effectively revealed.

The simulation of ES value in 2050 was carried out by using the PLUS model. In
comparison with 2020, the total ES value of the HRB in 2050 under the ND, EP, and CD
scenarios increased gradually, while the total ES value under the CP scenario showed a
decreasing trend. Under the EP scenario, the change rate of built-up land was signifi-
cantly reduced, and ecological land such as forestland and water body could be effectively
protected, contributing to the maintenance of ecological security in the HRB. Under the
CD scenario, the area of water body with a high ES value and built-up land significantly
increased, which enhanced the ES value and ensured the demand for urban construction
land. However, there was a substantial reduction in cropland, highlighting the necessity to
avoid destroying and occupying high-quality cropland. Strengthening land preparation
and reclamation is crucial for improving food productivity and ensuring food security.
These research findings offer valuable decision-making support for regulating ecosystem
function and promoting high-quality development in the HRB.

4.3. Limitations of This Study and Potential Follow-Up Work

In this study, we comprehensively evaluated the ES value and the new urbanization
index in the HRB from 1980 to 2020. Addressing the shortcomings of existing studies on the
coupling of urbanization level and ecosystem services value, we detected the characteristics
of the spatial heterogeneity of the coupling state and its driving force factors. Previous
studies have also found that for watershed studies involving cross-administrative units,
there is a need for in-depth exploration of how urbanization affects the ES value in different
regions at multiple scales. Although our current study has obtained preliminary findings,
in-depth and refined studies are still required. In addition, our study applies a multi-
scenario simulation approach through the PLUS model and finally reveals the spatial
characteristic of land use change in the HRB and predicted future trends for ecosystem
service value in 2030, 2040, and 2050, respectively. These results provide insights into the
dynamic evolution of land use and ES value in the HRB under different scenarios, which
helps determine the future growth direction of urban boundaries for the regulation of
ecosystem services [54]. The shortcomings of our study primarily include the lack of high
data precision and a detailed analysis of the mechanisms influencing regional industrial
layout development and ecosystem function. In future studies, we plan to strengthen the
application of high-precision long-term data to obtain accurate and multi-scale data in
the watershed. This will enable a more precise and diversified ecological management
approach, providing decision-making support for the development of scientifically flexible
spatial planning and industrial development layouts in the watershed.

5. Conclusions
Strengthening the exploration of the response and coupling mechanism of long-term

ESs to urbanization development is of significant importance for ecological security and
high-quality development in the HRB. This study introduces a new multidimensional
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urbanization indicator system for the HRB, unveils the driving mechanisms behind the
spatial heterogeneity of the CCD between new urbanization and ESs, and identifies the
dominant factors. From 1980 and 2020, land use changes in the HRB followed a pattern
of “four decreases and two increases.” Over the 40-year period, the ES value in the HRB
exhibited an initial decline followed by an upward trend, with 1990 marking a pivotal
turning point. However, the growth rate of the ES value decelerated from 2010 to 2020.
The comprehensive urbanization index exhibited consistent annual growth over the four
decades, notably with a significant rise in the urbanization index of key cities such as
Nanjing, Zhengzhou, and Hefei. The CCD between the ES value and new urbanization in
the HRB progressed through varying stages of moderate dysfunction, barely coordinated,
and high-quality coordinated, respectively. The CCD shows notable spatial clustering
characteristics. These factors, such as precipitation, distance from water body, elevation, and
per area GDP, emerge as the primary drivers of spatial disparities in the CCD. Simulation
analysis forecasts a positive trajectory in the ES value from 2020 to 2050 under the scenarios
of EP, CD, and NP. However, the scenario of CP indicates a certain degree of decline in
the ES value. The results of the multi-scenario simulation analysis offer valuable insights
into the formulation of a differentiated regulatory strategy in the HRB. The findings of
this study are expected to assist watershed management authorities in better balancing
ecological protection with urbanization.
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